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CONCURRENT SESSION 1: JULY 29, 1-3 PM

Symposium: Hawai‘i Coral Reef Initiative: Past and Future

1-1 Hawai‘i Coral Reef Initiative: Ten Years of Scientific Innovation
Kristine Davidson
University of Hawai‘i, Honolulu, HI

Since its inception in 1998, the Hawai‘i Coral Reef Initiative (HCRI) has sponsored a rich and diverse set of over 80 scientific
research and monitoring projects aimed at improving our understanding of our islands’ marine habitats and enhancing
capacity to effectively manage them. HCRI has worked with agencies, organizations, and educational institutions to assess
native coastal reef-related ecosystems and the major threats posed to them; build resource management capacity; train
scientists and resource managers; develop databases and information systems on coral reef ecosystems; and conduct
public awareness and education programs to cultivate ocean literacy. Throughout its ten years, HCRI has sponsored
groundbreaking research, including the first statewide alien algae, invasive invertebrate and marine disease assessments.
Results have increased the scientific and technical capacity of resource managers by providing over 200 briefings and
reports to resource managers; sponsoring five fellowships within the state’s Department of Land and Natural Resources;
and holding over 20 technical and scientific workshops. The program has pioneered innovative outreach programs and
products; outputs to date have included organizing and participating in six major community or industry events (reaching
over 13,000 adults and children), developing six brochures, six posters, four booklets, two trading card series, five videos,
two Web sites, one video game, and the soon-to-be released K-2 marine science curriculum - Reef Pulse. Activities and
research conducted under the auspices of HCRI have generated over 100 scholarly articles, 70 newspaper and magazine
articles, and spawned dozens of spin-off projects and partnerships involving agencies, organizations, and the business
community.

1-2 Estuaries, Salt Marshes and Tidal Flats from a Plant Perspective
Kimberly A. Peyton1, Adonia R. Henry2, Christina M. Ryder3

1University of Hawai‘i – Mānoa; Department of Botany, Honolulu, HI, 2U.S. Fish and Wildlife Service, Honolulu, HI, 3DLNR,
Division of Forestry and Wildlife, Honolulu, HI

Widgeongrass (Ruppia) is the only seagrass with a worldwide distribution that extends from temperate to tropical climates
including Hawai‘i. At least 28 species of wetland birds reportedly feed directly on the widgeongrass or on invertebrates
associated with live or decomposing Ruppia mats. Surveys conducted in Hawaiian coastal wetlands in 2007 revealed that
widgeongrass was rare or absent in most ponds. This was unexpected since there is extensive Ruppia habitat in wetlands
set aside as waterbird sanctuaries. Tilapiine fishes were intentionally introduced globally because their high fecundity, wide
salinity and temperature tolerances and omnivory made them well-suited for aquaculture, recreational fishing and for
biocontrol of aquatic insects and weeds. Unfortunately, this same suite of attributes has predisposed tilapia to be invasive.
Empirical work conducted on O‘ahu and Kaua‘i tested the hypothesis that the high densities of tilapia in Hawaiian wetlands
negatively impacted Ruppia. Ruppia transplanted into fish exclosures grew successfully in areas otherwise infested with
tilapia. These results indicate that unfavorable water quality and/or sediment characteristics cannot explain the absence of
Ruppia. Therefore, overgrazing by tilapia is suggested. Additional experiments revealed that tilapia fed differentially on
seagrass. Work with tilapia demonstrated how the fish disrupts Ruppia’s ability to flower and thus produce seeds that are
essential for the plant to persist in Hawai‘i’s wetlands when they dry out over the summer. Entire wetlands have lost this
seagrass when tilapia invaded these areas. This research is the first to demonstrate negative impacts of invasive fish on a
seagrass species.

1-3 Populations of Endemic Hawaiian Limpets (Cellana spp.) Show Limited Connectivity Among Islands on Time
Scales Relevant to Fisheries Management
Christopher Bird, Robert Toonen
Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

The marine environment offers few obvious barriers to dispersal for broadcast-spawning species, yet population genetic
structure can occur on a scale much smaller than the theoretical limits of larval dispersal. Comparative phylogeographic
studies of sympatric sister species can illuminate how differences in life history, behavior, and habitat affinity influence
population partitioning. We previously used an mtDNA marker (612 bp of COI) to investigate the population structure of
three culturally important, commercially harvested, endemic, Hawaiian, broadcast-spawning limpets (Cellana spp.) with
planktonic larvae that are competent to settle within four days. We found that each species had a unique pattern of
population structure, but all three species exhibited limited gene flow between the main Hawaiian islands (MHI) and the
Northwestern Hawaiian islands. Here we further investigate the population structure of Cellana spp. with a number of
nuclear microsatellite markers in the MHI, where the Cellana fishery is based. We find that for all of the islands we
investigated, Cellana populations maintain panmixia within islands, but are significantly differentiated among islands. This
result indicates that the Cellana fishery must be managed on an island by island basis.
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1-4 Carrying Capacity and Management of Nearshore Reefs in Hawai‘i
Mark D. Needham
Oregon State University, Corvallis, OR

As popularity of Hawai‘i’s beaches and reefs increases, there is a need to measure and monitor recreation carrying capacity
indicators to ensure that coastal resources and user experiences do not deteriorate. This project measured: (a) social and
facility indicators of recreation carrying capacity (e.g., crowding, encounters) to reveal thresholds when impacts become
unacceptable; (b) support and opposition toward management strategies for minimizing impacts (e.g., educate, limit use)
and how situational factors (e.g., reef damage, use levels) differentially influence support; and (c) the extent of conflict
among activity groups. Data were obtained from surveys of users (n = 2,821) at Waikiki Diamond Head Shoreline Fishery
Management Area (FMA), Pupukea Marine Life Conservation District (MLCD), and Kailua Beach Park. Results from
statistical analyses (e.g., conjoint, cluster, impact acceptability curve) showed that despite high encounters and crowding at
some sites, most visitors encountered fewer people than their maximum tolerance, suggesting that social capacity indicators
were not being exceeded at each site. At some sites, there were not enough facilities (e.g., tables, showers, bathrooms) to
accommodate current use and demand, suggesting that some facility capacity indicators had reached their thresholds.
When rating acceptance of user education, the most important factor was recreation damage to reefs. In rating acceptance
of limiting use, the most important factor was use level. When rating acceptance of improving site maintenance and
providing facilities, the most important factor was condition of facilities. Finally, results showed substantial conflict at some
sites, especially among surfers, windsurfers, kitesurfers, and other groups. Implications for research, management, and
conservation will be discussed.

1-5 Hawai‘i Coral Reef Initiative: Future Direction
Michael Hamnett
University of Hawai‘i, Social Science Research Institute, Honolulu, HI

In addition to marking the International Year of the Reef, 2008 represents a fundamental transition in scientific research
funded by the Hawai‘i Coral Reef Initiative (HCRI). Building on the breadth of past results, the program is embarking on
targeted, site-specific ecosystem research integrated with management and stakeholder participation to develop and
implement policies and actions to improve the health of near shore habitats. The management committee has identified two
areas of ecological concern to serve as the sites of 2008 projects: the Kahekili region (Maui) and Maunalua Bay (O‘ahu).
Over the last several years, the Kahekili area of Maui has become inundated with invasive algae. The spread of invasive
algae on coral reefs is relentless and by no means a simple problem to deal with; however, there are compelling reasons to
believe that management approaches focusing on the recovery of herbivore population by prohibiting or otherwise severely
limiting their take might be highly effective. Research conducted in Kahekili will investigate the potential for herbivore
recovery as an invasive algal control mechanism. In Maunalua Bay, historical changes both on land and in the coastal
waters have been documented, and provide a basis for examining the impacts of urbanization, changes in use patterns,
coastal pollution, eutrophication, sedimentation, effects of introduced species and resource exploitation. Research
conducted in the bay will emphasize understanding the present state of the bay, identifying main sources of ecosystem
stress, and determining options for mitigation and recovery, per the requests of a range of community stakeholders.

1-6 Integrated Management of a Coral Reef Ecosystem: An Ecosystem Recovery Area in Maui Coastal Waters
Celia Smith
University of Hawai‘i, Botany Department, Honolulu, HI

A dramatic increase in alien algae and corresponding declines in coral cover around populated parts of Maui emphasize the
urgent need for practical ecosystem restoration. Given that reefs surrounding Kahekili have not degraded to the level seen
in Kihei, the State of Hawai‘i’s Division of Aquatic Resources (DAR), with the support of local stakeholders, has submitted
new regulations to set aside the Kahekili region as a trial herbivore recovery area by the end of 2008. This designation will
test whether the prohibition of herbivore fishing or take will increase their population and, as a result, eat away much of the
problem alga, Acanthophora spicifera. Funding from the Hawai‘i Coral Reef Initiative (HCRI) allows for characterization of
the benthic community to allow for ‘Before-After” comparisons. This project represents a partnership among DAR,
researchers from the University of Hawai‘i Botany Department, local environmental nongovernmental organizations, and the
Maui community.
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Ecosystem Management in Hawai‘i: New Developments and Lessons Learned

1-7 One-stop Information Shop for Managers and the Masses: A Science Communications Data Delivery System on
the Web for 11 Pacific Island National Parks
Leslie HaySmith, Corbett Nash
National Park Service, Volcano, HI

The Pacific Island Network has developed numerous science communication tools to communicate natural resource history,
resource issues, and trend results of the Inventory and Monitoring Program. However, along with developing a Science
Communication Plan, the Network is outlining a communications strategy for several components of the program including:

a. The Vital Signs (i.e., indicators of ecosystem health) monitoring program and scientific trends results of
monitoring

b. Effectively communicating complex scientific information to diverse audiences through web-based applications
of data trends analyses, and

c. Adaptive management feedback loops facilitated by science communications mechanisms.
The key component of this science communications plan is an interactive program on the Pacific Island Network (PACN)
Web site, wherein each park webpage begins with a conceptual diagram including all relevant monitoring protocols. By
clicking on the Vital Sign icons on the diagram the user can “drill down” to status and trends reports, and then “drill” further
to synthesized data. We believe that this proposed interface will enable us to effectively and efficiently convey monitoring
data and results to stakeholders, natural resource managers, academicians, and the general public in a single package.
Along with our Vital Signs monitoring “drill down” data-delivery system, we plan to enhance the user experience by including
other pertinent information on the web such as resource briefs and Vital Signs introductory videos.

1-8 Atlas of Hawaiian Watersheds and Their Aquatic Resources – an important tool to aid in statewide watershed
management.
James Parham1, Glenn Higashi2, Eko Lapp2, Darrell Kuamo'o3, Robert Nishimoto3, J. Michael Fitzsimons5, Dan Polhemus2,
William Devick6, Skippy Hau4

1Bishop Museum, Honolulu, HI, 2Division of Aquatic Resources, Honolulu, HI, 3Division of Aquatic Resources, Hilo, HI,
4Division of Aquatic Resources, Wailuku, HI, 5Fitzsimons & Associates, LLC, Baton Rouge, LA, 6Division of Aquatic
Resources - Retired, Mililani, HI

The Atlas of Hawaiian Watersheds and Their Aquatic Resources was developed as a joint effort between the Division of
Aquatic Resources (DAR) and Bishop Museum. The Atlas provides data currently known to state aquatic biologists which
includes data from historic and present statewide stream surveys as well as information from over 200 reports and
publications. The Atlas combines survey information from a relational database (MS Access) with spatial information from a
geographic information system (ArcGIS) to provide tabular and map-based results for the State’s main watersheds. It
contains a description of each watershed’s physical information, streams and reaches, sampling effort, species
observations, stream status, watershed threats, and a bibliography. The Atlas covers 436 watersheds from the 5 main
Hawaiian islands, 13,180 surveys which include 8 survey types, and 90,528 animal observations representing 372 species
in 9 phyla. Additionally, all streams are rated according to their biological resources, watershed characteristics, and biotic
integrity. Included with each rating is a weighting factor to help readers assess data strength used to develop the rating. The
strength depends on the number, geographical distribution, and taxonomic diversity of the surveys. The Atlas will provide
the basis for partnering with community watershed groups, other agencies and organizations, and researchers in providing
direction for stream monitoring, research and management and aid in the overall mountain to marine management efforts
statewide.

1-9 Atlas of Hawaiian Stream Species – Describing Habitat and Distribution of Stream Animals Statewide
James Parham1, Glenn Higashi2, J. Michael Fitzsimons3, Eko Lapp2, Robert Nishimoto4, Darrell Kuamo'o4, William Devick5,
Skippy Hau6, Dan Polhemus2

1Bishop Museum, Honolulu, HI, 2Division of Aquatic Resources, Honolulu, HI, 3Fitzsimons & Associates, Baton Rouge, LA,
4Division of Aquatic Resources, Hilo, HI, 5Division of Aquatic Resources - Retired, Mililani, HI, 6Division of Aquatic
Resources, Wailuku, HI

To aid in the determination of critical habitat statewide, the Hawai‘i Division of Aquatic Resources and Bishop Museum have
collaborated on the production of the Atlas of Hawaiian Stream Species, as part of a major effort to organize, catalog, report,
and disseminate information on the status of Hawaiian streams and their aquatic resources. The information in the Atlas
includes data from historic and modern state stream surveys as well as information from over 200 reports and publications
from experts statewide. The Atlas combines species observation information stored in a relational database (MS Access)
with spatial information from a geographic information system (ArcGIS) to provide tabular, graphical, and map-based results
for more than 30 of the most commonly observed native and introduced animals. Animal descriptions include habitat
characteristics like habitat type (riffle, run, pool, etc.), depth, and substrate, as well as instream distributional characteristics
like elevation, maximum downstream barrier height, and distance inland. The Atlas’s design provides for easy updating of
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the species information to allow new survey data to be rapidly included in future web and printed versions. The Atlas
provides insight into important factors affecting habitat and distribution of aquatic animals and improves decision-making for
habitat and instream flow issues among the different watersheds.

1-10 Treasure Hunting In Hawai‘i – Finding Additions to the Natural Area Reserves System
Emma Yuen, Randy Kennedy
Department of Land and Natural Resources, Honolulu, HI

This presentation will address how the State of Hawai‘i is prioritizing the addition of new lands into the Natural Area
Reserves System (NARS). Following a discussion of the historical background of Hawai‘i’s NARS, these issues will be
covered: What metrics and tools do we use to measure where the most native-dominated ecosystems occur, and which of
those ecosystems are most rare or threatened? Which frameworks for evaluating land (e.g., maps, scoring systems, general
guidelines) are most helpful to guide the NARS Commission which is dedicated to recommending new additions to the
NARS? How is the knowledge and input of on-the-ground staff incorporated into those recommendations? In Hawai‘i, every
native community can be considered vulnerable based on continual threats from fast-spreading invasive species
introductions, climate change, development and public use pressure. Join in this discussion on how the Natural Area
Reserve System is planning for the long-term and fulfilling the mission of representing unique native ecosystems by
prioritizing and re-designating areas determined to need management that “solely and primarily” addresses native
ecosystem conservation.

1-11 Shifting Priorities in Unpredictable Situations: The Positive Results of Adaptive Management
Brian Tucker
Colorado State University, Fort Collins, CO

At Pōhakuloa Training Area (PTA), Hawai‘i Island, Natural Resources Staff (NRS) face management challenges that require
the ability to adaptively deal with unforeseeable environmental fluctuations. Managing PTA’s natural resources involves
extensive budgeting and planning, prioritizing and scheduling, and utilizing the best available research and technologies.
Despite these efforts, uncontrollable factors remain the most influential driving forces behind which field activities are
implemented. Most particularly, plant vigor is observed as highly dependent upon weather, namely precipitation, for which
there is no consistent annual trend. Additionally, there is relatively little natural history information, namely complete
distribution and phenology, known on the fifteen endangered plant species at PTA. As NRS conduct scheduled field
activities, these variable factors often result in unanticipated field observations. Several recent cases have yielded
unprecedented or rarely observed occurrences, resulting in immediate management to control threats and evaluate larger
areas. To accommodate such situations, we have incorporated a multi-temporal planning approach to include adaptive
management. This enables NRS to shift priorities within weekly scheduling by postponing lower priority activities determined
during quarterly planning. These baseline priorities are determined by long-term management objectives created to remain
in compliance with federal regulations. This flexibility in response to unpredictable situations has produced many positive
findings that benefit endangered species. Furthermore, NRS utilizes experimental design methodologies in implementing
management activities in order to extract useful information to feed back into scheduling. The Army’s recognition of PTA’s
unique, dynamic environment and cooperation with this management strategy has been essential to our continuous learning
process.

Symposium: Ecology and Management of Coastal Lowland Wetlands in Hawai‘i:
The Past, Present, and Future (Part 1)

1-12 Historical Perspectives on Ten Coastal Wetlands of Kaua‘i
David Burney1, Lida Pigott Burney2

1National Tropical Botanical Garden, Kalaheo, HI, 2Makauwahi Cave Reserve, Kalaheo, HI

Ten coastal wetlands on Kaua‘i have been studied stratigraphically and radiocarbon dated, providing insight concerning
their age, formative processes, and subsequent evolution. These features include lagoons created by long-shore sand
deposition (Lawai-kai), a coastal swale of possible tsunami origin (Limahuli Fen), floodplain deposits (‘Anini, Hulei‘a, Keali‘a,
Kawaiha‘u, and Waipa), a sinkhole paleolake (Makauwahi Cave), and two Polynesian fishponds (Alekoko and Kekupua).
Natural ponding began along these coasts six to seven thousand years ago as rapidly rising postglacial sea levels paused
at approximately their current level. Sedimentation rates prior to humans were exceptionally slow in most sites, although
there is evidence of tsunamis larger than any historically recorded in many of these coastal sites. Slight sedimentation
increases occur after Polynesian arrival, but the greatest increases are recorded in the two centuries since European
contact, as much as two orders of magnitude in some sites. Prehuman sediments of coastal wetlands are often rich with
fossils of extinct birds, land snails, and other biota, including pollen, seeds, and wood of plants now rare or extirpated from
the island’s lowlands. Dates for the construction of prehistoric fishponds indicate origins six to eight centuries ago. The
sinkhole paleolake at Makauwahi Cave is noteworthy as the richest fossil site in the archipelago and a unique subaqueous
midden, containing a thousand-year continuous record of human diet, life-ways, and environmental impacts. Current work
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focusing on fossil seeds, fish bones, and insects provides new insights to the composition of prehuman and Polynesian
coastal ecosystems and inspiration for new initiatives in conservation and restoration.

1-13 Assessment of Vegetation, Soils, and Water Quality of Hawai‘i’s Coastal Wetlands
Gregory Bruland1, Meris Bantilan-Smith1, Richard MacKenzie2, Adonia Henry3, Christina Ryder4

1University of Hawai‘i Mānoa, Honolulu, HI, 2Institute of Pacific Islands Forestry, Hilo, HI, 3U.S. Fish and Wildlife Service,
Honolulu, HI, 4Ducks Unlimited, Honolulu, HI

Due to the loss and degradation of coastal wetlands throughout Hawai‘i, wetland creation and restoration are becoming
more common practices. However, a comprehensive ecological assessment of these wetlands has yet to occur, and it has
not been determined whether created wetlands (CWs) and restored wetlands (RWs) provide the same ecological functions
as natural wetlands (NWs). To address these concerns, the vegetation, soils, and water quality of 40 coastal wetlands were
sampled in March 2007. The vegetative survey revealed that only 17 of 101 plant species identified were native. The soil
analyses illustrated that NWs had high soil organic matter (SOM) and clay, and low bulk density (BD) and pH. In contrast,
soils in RWs were characterized by high BD and clay, and low SOM, while soils of CWs were characterized by high BD and
sand, and low SOM. Analysis of surface water samples from a subset of 20 sites sampled quarterly since March 2007
showed that water quality was highly variable among sites and across sampling dates. Certain sites exhibited large
seasonal variations in parameters such as salinity, total nitrogen, and total phosphorus. These results indicated that invasive
plants are a major problem for all Hawaiian coastal wetlands, soils of RWs and CWs were considerably different than those
of NWs, and that surface water in these wetland sites shows high seasonal variability. Further research and management
are needed to increase our ability to protect and restore these valuable ecosystems that serve as a link between terrestrial
watersheds and coral reefs.

1-14 Quantifying the Phosphorus Sorption Capacity of Hawai‘i's Coastal Wetlands
Gwen DeMent, Greg Bruland
University of Hawai‘i at Mānoa, Honolulu, HI

Coastal wetlands, situated between the land and sea, are valuable ecosystems, responsible for many important functions
including the biogeochemical cycling of phosphorus (P). Too much P can lead to eutrophication, invasive species
dominance, and coral reef degradation, the latter being of particular concern to Hawai‘i. The objectives of this study were:
(1) to measure the P sorption capacity of coastal wetlands in Hawai‘i and (2) to determine if sorption varies within sites
along hydrologic gradients or among sites of different types (i.e., soil orders). To accomplish these objectives, 40 coastal
wetlands on the 5 major Hawaiian islands were sampled. At each site, 6 soil cores were collected and the P sorption
capacity quantified with a comparative index (PSI). The PSI is a proven gauge of P sorption that allows for meaningful
comparisons between different soils. Across all wetlands, the mean PSI value was 139.9 (±14.9). PSI values showed
considerable differences across hydrological gradients and soil orders. A one-way ANOVA showed that hydrological zone
accounted for a significant proportion of the variance. On average, the wet zone exhibited higher PSI than the intermediate
and dry zones. A Tukey’s test of the means revealed the difference between the wet and dry zones was significant. Among
wetlands, soils classified as Histosols and Inceptisols generally exhibited higher PSI values than the other soil orders. The
results of this study will help to elucidate P dynamics within coastal Hawaiian wetlands as well as assist in protecting and
preventing degradation of valuable coastal areas.

1-15 Impacts of Invasive Fish Communities on Hawaiian Coastal Wetlands
Richard MacKenzie1, Gregory Bruland2, Caitlin Kryss1

1USDA Forest Services Institute of Pacific Islands Forestry, Hilo, HI, 2University of Hawai‘i at Mānoa, Honolulu, HI

Invasive fish represented 50-90% of average fish densities sampled from 38 coastal wetlands across the 5 main Hawaiian
islands (Hawai‘i, Kaua‘i, Maui, Moloka‘i, O‘ahu) in March 2007. Poeciliids were the dominant invasive fish collected, which
was largely due to elevated densities of mosquitofish (Gambusia affinus) and Mexican mollies (Poecilia sp. hybrid). Tilapia
(largely Sarotherodon melanotheron) were also present, but in much lower numbers compared to poeciliids. While some
information is available on the impacts of tilapia on algal and submergent plant structure in wetlands, very little is known on
the impacts of poeciliids in Hawaiian wetlands and aquatic ecosystems. Studies have shown that introduced poeciliids can
directly impact native species through introduction of parasites, competition of food sources, and direct predation.
Preliminary analyses of our data suggest that the high poeciliid densities may also impact the nutrient dynamics of these
coastal wetlands. The abundance of poeciliids in Hawaiian coastal wetlands underscores the need to increase our
understanding of how these invasive fish are impacting native birds, native fish, and overall ecosystem function of coastal
wetlands.
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1-16 Wetland Flies Predict Breeding Phenology of Endangered Laysan Teal on Laysan Island
Michelle Reynolds1, Lisa Crampton2, James Breeden1, Cindy Rehkemper1

1U.S. Geological Survey Pacific Island Ecosystems Research Center, Hawai‘i National Park, HI, 2Hawai‘i Cooperative
Studies Unit (U.H. Hilo), Hawai‘i National Park, HI, 3U.S. Fish and Wildlife Service, Honolulu HI

Little is known about factors that influence island waterfowl breeding behavior. Brine flies (Scatella sexnotata) are an
important wetland prey to Laysan teal on Laysan Island. Wetland flooding triggers emergence of aquatic dipterans, and
prolonged dry periods reduce fly emergence. In hyper-saline environments, salt tolerant species dominate and can reach
very high densities. Laysan teal were radio tracked in some years, and surveyed during the breeding season to identify new
broods and timing of breeding initiation during 1998-2006. Temperature, rainfall, and abundance of Brine flies, a native
wetland Ephydrid, were also measured in all years. Our objectives were to examine the influence of Brine Fly abundance,
rainfall, and temperature on variation in nesting phenology and duckling production. The initiation of incubation, at the start
of the breeding season each year, varied from December to July, and differed significantly between years. Ephidrid
abundance, temperature, and rainfall also varied seasonally and significantly between years. The earlier the brine fly
abundance peaked, the longer the duration of the Laysan teal’s breeding season. The length of the breeding season,
measured as the number of days between the first and last clutches, varied from 83–192 days. Annual brood production
was positively correlated with spring peak abundance of Brine flies. There was some evidence that it was negatively
correlated with the number of adult female ducks in the population. Rainfall, temperature, prey abundance, and the density
of other birds on Laysan Island interact to influence Laysan teal’s highly variable nesting phenology and productivity.

1-17 Developing a Hawai‘i Wetland Condition Index Using the Landscape Development Intensity Index and the
Floristic Quality Assessment Index
Susan Carstenn1, Eric Guinther2

1Hawai‘i Pacific University, Kāne‘ohe, Hawai‘i, 2AECOS, Inc., Kāne‘ohe, Hawai‘i

Biological indicators of ecosystem integrity are increasingly used in rapid ecological community assessment protocols,
evaluation of management and restoration projects and to assess water quality. Many states have developed multi-metric
indices to provide a quantitative and scientifically defensible assessment of community condition or biological integrity. Index
development requires identifying a system of attributes and metrics that describe a full range of wetland conditions, verifying
the ability of the metric to distinguish between wetlands along a continuum of conditions; assembling the metrics into a
parsimonious index; and calibrating and validating the method against sets of quantitative data representing more intensive
measures of wetland condition. An objective measure of the human disturbance gradient, against which individual metrics
and the multimetric index can be assessed, calibrated and validated, is required. The Landscape Development Intensity
Index (LDII) is such a measure. LDI coefficients are assigned to land uses based on nonrenewable energy use and the
area-weighted index is used to rank wetlands along the human disturbance gradient. Individual metrics, such as
macrophyte, algae, macroinvertebrate, or fish community composition, are assessed based on the strength of their
correlation with the LDII; the most parsimonious set of metrics demonstrating high correlations to the LDII are assembled
into a wetland condition index that is also assessed based on the strength of its correlation to LDII. We address the
application of the LDII for assessing the efficacy of several macrophyte metrics, including the Hawai‘i Floristic Quality
Assessment Index for assessing wetland condition in Hawai‘i.

Symposium: Energy Conservation and Energy Efficiency

1-18 Energy in Hawai‘i: Managing Energy Use with Energy Efficiency
Dave Waller
Hawaiian Electric, Honolulu

With energy costs increasing and greater concerns about climate change, effective programs to manage energy efficiency
and conservation are important issues for our community. These challenges are amplified by Hawai‘i’s reliance on
petroleum as its primary source of energy. The presentation will review the current energy situation in Hawai‘i including
sources and uses of energy, the renewable content (or renewable portfolio standards), and trends in consumption. Based
on Hawaiian Electric’s experience, a review of programs to manage energy use will be provided. In addition to incentive
programs, energy awareness and educational efforts will be reviewed, as an understanding of energy use and how to save
energy is critical to the success of the programs. More recent efforts to implement a demand response program have
resulted in moderating the peak use of energy.

1-19 Opportunities in Energy Efficiency and Conservation
Brian Kealoha
Energy Industries, Honolulu, HI

Energy conservation and efficiency currently represents the most cost effective option to reducing Hawai‘i’s dependence on
foreign oil. Sustainability begins with the prudent consumption of our resources, with energy being one of the most
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important. There are a wide range of energy efficiency technologies that have a long track record of success, unlike some of
the renewable energy technologies that are still being refined. The implementation of these technologies usually offer a 35
to 80% return on investment. On the surface, these ROI’s may seem exaggerated; however, the fact is that energy prices
and utility rebates are at an all time high. As a result, investment into energy efficiency technologies is currently very
attractive. This presentation will highlight some of these energy efficiency technologies and success stories which
demonstrate the reduction of energy expenses, oil consumption, and carbon emissions. It will also highlight how these
technologies can be implemented with no upfront cost and positive monthly cash flow.

1-20 Residential Photovoltaics in Hawai‘i
Andrew Keith
Hawaiian Electric Co., Inc., Honolulu, HI

The generation of electricity using photovoltaic (PV) technology has been around for decades, but with the rise in fuel costs,
PV and other forms of alternative energy have returned to the forefront of public discussion. One Kahalu‘u homeowner is
successfully utilizing this technology and, on an annual basis, self-generates more electricity than his home consumes. The
concept of photovoltaics and 10-plus years of experience will be presented. Included in this presentation will be the basics
of how PV works, costs and maintenance, pros and cons of different configurations of residential systems, building-
integrated PV and the current status of availability of equipment, local suppliers and installers. Also addressed will be
Hawai‘i’s Net Metering law – why it exists, what it does, and how it improves economics for the customer.

1-21 Sunrise for Solar: The Adoption of Grid-connected Residential Photovoltaic Energy on the Island of O‘ahu
Jeffrey Mikulina
Sierra Club, Hawai‘i Chapter, Honolulu, HI

The steadily decreasing cost of photovoltaic (PV) energy, coupled with fossil fuel’s implication in global climate change,
position PV as an energy innovation that could challenge the dominant electricity generation paradigm on tropical islands.
This study sought to answer the questions of who is adopting PV and why and how they are making the adoption decision.
The diffusion of innovations research tradition was used to examine the adoption of residential grid-tied PV in Hawai‘i. A
sample of O‘ahu households who recently purchased a solar water heater (n = 245) was surveyed on characteristics,
motivations, and PV purchase desire and intent. Residential PV adoption interest and intent were shown to be most strongly
correlated with the beliefs that PV will be financially beneficial and that PV is the “right thing to do” for the environment. It
was also found that PV adoption desire and intent were significantly correlated with the level of PV knowledge, pro-
environmental beliefs, participation in pro-environmental behaviors, among other attributes. A decision path model was
formulated that explained 36% of the variance in PV adoption interest, with the latent constructs for environmental
motivation and persuasion showing the strongest overall effect on adoption interest. A rapid acceleration in the adoption of
residential PV is anticipated to occur within the next decade based on estimates of willingness to pay for PV and current
trends. This study concludes by offering strategies for overcoming barriers to the adoption of residential PV and discussing
PV’s potential as a “disruptive technology.”

1-22 Energy Efficiency’s Central Role in Global Warming Policy
Audrey Chang
Natural Resources Defense Council, San Francisco, CA

Both California and Hawai‘i have established mandatory limits on their statewide emissions of global warming pollution.
California is currently in the process of implementing its Global Warming Solutions Act of 2006 (AB 32), and the state is due
to put forward its implementation plan for achieving its goal of reducing its greenhouse gas emissions to 1990 levels by
2020. At the cornerstone of the state’s strategies to combat global warming is energy efficiency. Largely due to its historical
energy efficiency accomplishments, California already out-performs the rest of the nation as a whole in per capita carbon
dioxide emissions and electricity consumption, and the state is well-poised to continually improve in both these areas. This
speaker reviews the potential lessons Hawai‘i can take from the model policy framework that has allowed for California’s
efficiency success in establishing one of the most aggressive efficiency programs in the history of the utility industry that will
also help the state meet its greenhouse gas reduction goals.

1-23 University of Hawai‘i, Sustainable Saunders Experience
David Nixon
University of Hawai‘i, Honolulu, HI

Energy conservation is often recognized as one of the first steps on the road towards sustainability. But conservation
intentions don’t translate into conservation behavior without specific incentives, according to most research. One effort to
improve the link between conservation values and behavior focuses on enhancing feedback to individuals. Another effort to
improve the link between conservation values and behavior focuses on leveraging social reinforcements. This presentation
will provide a unique insight on current research being conducted to combine feedback enhancement and social
reinforcement to achieve energy conservation. Our experiment in Saunders Hall on the University of Hawai‘i campus
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provides real-time delivery of data about a floor’s energy use to each individual in the building, both through a central and
highly visible kiosk on the ground floor of the building and through a publicly available Web site. The energy use feedback is
provided within the context of an energy use reduction competition between the floors. The project takes its inspiration from
the very successful inter-dormitory energy conservation competitions employed at several universities across the country.
Based on experience with office building competitions, we project a 10% annual reduction in electricity use for Saunders is a
conservative estimate of the likely savings. Our project is built around rigorously and scientifically analyzing best practices
for energy conservation competitions in an environment where they have not been examined.

CONCURRENT SESSION 2: JULY 29, 3:20-5 PM

Symposium: Coral Reef Health in Hawai‘i

2-1 Partnerships between Managers and Researchers Help Increase Our Understanding of Diseases in Marine
Ecosystems.
Thierry Work
U.S. Geological Survey, Honolulu, HI

Diseases in marine ecosystems are taking increasing visibility, particularly for certain organisms like corals. In the
Caribbean, diseases of corals and echinoderms have led to severe degradation of coral reef ecosystems. Over 90% of coral
reefs under U.S. jurisdiction lie in the Pacific Ocean, highlighting the importance of understanding the factors that drive
mortality of marine organisms in this region. Yet compared to the Caribbean, there are relatively few data on causes of
disease in coral reef ecosystems in the Pacific. Recent collaborative efforts between managers and scientists in federal and
state agencies have shed some light on potential causes and ecology of diseases in various marine organisms such as
corals and fish in Hawai‘i and the Indo-Pacific. This partnership has also led to an approach that allows us to systematically
investigate the potential causes of mortality in a variety of different marine organisms, and in particular, corals where great
confusion exists in the literature on nomenclature of diseases. An outline of this approach is presented along selected case
studies for organisms like sea turtles, corals, and reef fish are presented. Diseases that have been documented in Hawai‘i
include invasive parasites of reef fish, growth anomalies and tissue loss in corals, and fibropapillomatosis of sea turtles, and
selected aspects of these will be discussed.

2-2 Coral Disease across the Hawaiian Archipelago
Greta Aeby1, Thierry Work2, Teresa Lewis1, Steve Coles3, Jean Kenyon4

1Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI, 2USGS National Wildlife Health Center, Honolulu Field Station, Honolulu,
HI, 3Bishop Museum, Honolulu, HI, 4Joint Institute for Marine and Atmospheric Research, University of Hawai‘i, Honolulu, HI

Coral disease is emerging as a problem worldwide and is now being investigated on the reefs of Hawai‘i. In order to manage
coral disease it is critical that we begin to understand the underlying mechanisms affecting disease occurrence. The role
human stressors may play in the occurrence of coral disease can be examined by comparing disease prevalence in areas
with different levels of anthropogenic impacts. In the Hawaiian archipelago, baseline surveys were conducted to quantify
and characterize coral disease in both the pristine reefs of the uninhabited Northwestern Hawaiian Islands (NWHI) and the
impacted reefs of the populated main Hawaiian Islands (MHI). Eighteen different disease states were documented with
Porites trematodiasis the most common disease in both regions. There were differences between the main and
Northwestern Hawaiian Islands in other types and levels of diseases with a major difference being in the occurrence of
growth anomalies in two coral genera (Porites and Montipora). Porites growth anomalies were found at 60% of the sites
surveyed in the MHI compared to 5.2% of the sites within the NWHI. Likewise, Montipora growth anomalies were found at
25% of the MHI sites compared to 4.5% of the NWHI sites. The level and types of diseases also differed among the four
dominant coral genera (Acropora, Porites, Montipora, Pocillopora) found on Hawaiian reefs. Disease outbreaks are
emerging as a problem in Hawai‘i with an outbreak of Montipora white syndrome currently under study within Kāne‘ohe Bay
and Acropora white syndrome damaging reefs at French Frigate Shoals in the NWHI. Future work will include studies to
understand mechanisms of disease transmission and determining the etiology of diseases of concern. Developing the
capacity to recognize and rapidly respond to future disease outbreaks in Hawai‘i is critical and work is currently underway to
address those needs.

2-3 Bacterial Community Profiles of Montipora capitata and Montipora White Syndrome in Kāne‘ohe Bay.
Ashley Smith1, Teresa Lewis1, Greta Aeby1, Thierry Work2, Jo-Ann Leong1

1Hawai‘i Institute of Marine Biology, Kāne‘ohe HI, 2USGS National Wildlife Health Center, Honolulu HI

Montipora white syndrome (MWS) is a tissue loss disease that affects Montipora capitata. This disease was first identified in
the Hawaiian Islands in 2004 and we have been characterizing MWS in Kāne‘ohe Bay using a combination of field,
histology, and molecular microbiological methods. Bacteria are a normal part of the coral holobiont and the first step in
identifying putative bacterial pathogens associated with MWS is identifying the bacterial community associated with healthy
M. capitata. While many factors may contribute to the development of MWS, knowledge about the bacterial community
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profile in MWS versus healthy coral will advance our understanding of this coral disease. Serial dilutions of coral mucus
were plated on glycerol artificial seawater (GASW) and thiosulfate citrate bile salt sucrose (TCBS) media to determine
CFU/ml of cultured bacteria as well as relative abundance of Vibrio spp. Colony count data revealed an average 1.6 x103

CFU/ml of mucus from healthy fragments whereas mucus collected from the zone of disease progression had 2.0 x104

CFU/ml. Comparison of samples from healthy and MWS samples revealed a five-fold increase of Vibrio spp. in the MWS
samples, from an average 0.55% increasing to 2.67% Vibrio spp. respectively. Molecular analysis of 16S rDNA sequences
from individual colonies identified each bacterium, providing a community profile for healthy and MWS-affected M. capitata.
Generating these comparative profiles provides an important baseline for further experiments with M. capitata and MWS.
Research funded by NOAA HCRI-RP #NOA06NOS4260200

2-4 Impact of Global Warming and Ocean Acidification on Hawai‘i’s Coral Reefs
Paul Jokiel1, Ku‘ulei Rodgers1, Ilsa Kuffner2, Andreas Andersson3, Evelyn Cox1, Fred Mackenzie4, Steve Coles5

1Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI, 2U.S. Geological Survey, St. Petersburg, FL, 3Bermuda Institute of Ocean
Sciences, St. George's, Bermuda, 4University of Hawai‘i Department of Oceanography, Honolulu, HI, 5Bernice P. Bishop
Museum, Honolulu, HI

Within this century the level of atmospheric carbon dioxide (CO2) is predicted to double relative to pre-industrial times due to
continued burning of fossil fuels with consequent increases in global temperatures and higher sea surface temperatures in
Hawaiian waters. Also, surface water carbonate chemistry will shift toward equilibrium with the increasing CO2 in the
atmosphere, causing a decrease in pH and carbonate saturation state, a phenomenon often referred to as “ocean
acidification”. Higher temperatures will lead to more severe and more frequent coral “bleaching events” and increases in
coral mortality. “Ocean acidification” will severely impact recruitment and growth of crustose coralline algae (CCA) and
decrease coral growth. CCA play an important role in the growth and stabilization of carbonate reefs, so these changes will
weaken reef structure. A growing body of observational data, experimental data and modelling results on Hawaiian reefs
provide the means for refining predications of future changes on Hawai‘i’s reefs.

2-5 Effects of Bleaching on Reproduction of a Hawaiian Scleractinian Coral, Montipora capitata
Evelyn Cox
Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

Bleaching is generally expected to produce detrimental impacts on coral reproduction. This study compared the fecundity of
bleached and unbleached colonies of the Hawaiian coral, Montipora capitata. Given that previous studies have shown that
M. capitata can increase heterotrophic feeding following bleaching and maintain lipid levels, I hypothesized that bleaching
would have no effect on reproduction in this species. Reproductive parameters, total reproductive output (bundles released
ml-1 coral colony), number of eggs bundle-1, and egg size, measured in the summer of 2005 did not differ between colonies
that bleached or did not bleach during 2004. These data were collected following a single bleaching event and therefore
cannot be used to predict the impacts of bleaching should bleaching episodes become more frequent or severe, as
predicted in many scenarios. More research is needed to determine if other species have the ability to alter rates of
heterotrophy and their responses to bleaching episodes, the ability of M. capitata to continue reproduction following frequent
bleaching events, and how differences in responses to bleaching might affect coral community structure in the future.

2-6 Modeling Hawaiian Coral Reef Ecological Condition
Ku‘ulei Rodgers1, Paul Jokiel1, Eric Brown2

1Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI, 2National Parks Service, Kalaupapa, HI

Using a wide range of metrics at numerous sites allows a quantitative ranking of reef condition along a continuum analogous
to the index of biotic integrity (IBI). Coral reef bioindicators were tested and descriptive models designed to evaluate coral
reef ecological status using the basic techniques frequently used in coral reef surveys. Over 40 variables surveyed across
the main Hawaiian islands were analyzed to identify specific factors that were useful metrics for describing reef condition.

The common practice of using “reference sites” for paired site comparisons was evaluated. This use of reference sites
proved to be subjective and unreliable, especially when multiple factors and multiple sites are involved. Multiple variables
that have an influence on the biological communities follow overlapping and often dissimilar continuous gradients that
confound boundary definition. A more objective Ecological Gradient Model (EGM) has been developed that can be used to
compare reefs across a wide range of conditions. This model has the advantageous of using a large number of sites within
each habitat classification and ranking these sites along a continuum by purely objective criteria. Consequently, reef
condition can be defined in comparison to a wide range of other reefs within its habitat classification. Statistical power also
increases as additional sites are added.

This model can provide ecological insights into the importance of ecological factors in determining coral reef condition and
aid managers in comparing reefs across the state that have been subjected to natural and anthropogenic disturbances.
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Symposium: Ecology and Management of Coastal Lowland Wetlands in Hawai‘i:
The Past, Present, and Future (Part 2)

2-7 Fulfilling Combat Readiness and Collaborative Conservation Objectives in Marine Corps Base Hawai‘i (MCBH)’s
Coastal Lowland Wetland Management and Restoration Projects
Diane Drigot
1Marine Corps Base Hawai‘i, Kāne‘ohe Bay, HI, 2Affiliate Graduate Faculty-University of Hawai‘i Natural Resources &
Environ Mgt. Program, College of Tropical Ag and Human Resources (CTAHR), Honolulu, HI

This presentation reviews results, regional contributions, and remaining challenges after 25 years and $5M have been
invested in wetland/watershed restoration projects at MCBH. These projects involved U.S. Fish and Wildlife Service and
Hawai‘i Dept. of Land and Natural Resources partners using an ecosystem management approach. MCBH’s key role in
restoring biologically-rich but stressed Ko’olaupoko region’s wetland/watershed areas is recognized in state and federal
endangered species recovery and invasive species/non-point pollution control plans. MCBH projects to be reviewed are
relevant to Hawai‘i resource managers and scientists in terms of lessons learned, challenges ahead, and data gaps
revealed: (1) 25 years of annual, plow-like training maneuvers by 27-ton amphibious assault vehicles in MCBH wetlands to
control invasive pickleweed and increase endangered waterbird numbers; (2) 25 years teamwork among Marines,
managers, volunteers, and contractors to remove 30 acres of invasive mangrove from MCBH waterways; (3) a 2004
renovation of 3 half-acre wetlands on a busy golf course to reduce flooding and maintenance, enhance endangered
waterbird habitat, and establish native plants; (4) a 2006 replacement of a weedy drainage ditch with an expanded wetland
lined with native plants, to reduce flooding to adjacent urban areas and enhance native waterbird habitat; (5) a 2007
replacement of part of a channelized stream with a meandering, native plant-lined segment to reduce flood risk, restore
native habitat, improve sediment and stormwater retention;and (6) a 2008-completed interagency marine biological survey
in MCBH waters that revealed healthy offshore reef conditions in certain areas, likely linked to improved conditions in
adjacent MCBH wetlands.

2-8 Wetland Trends and Needs in the Hawaiian Islands
Terrell Erickson
NRCS, Washington, DC

Not enough is known about wetlands in Hawai‘i. Robust data for analyses of wetland trends, classification, and ecological
service contributions are sparse. This presentation will begin with information that exists, including Hawaiian manuscripts,
old maps, and the National Wetlands Inventory data on wetland trends of the largest historical wetland losses on Lāna‘i and
Kaua‘i, and the more recent small yet cumulative losses on Maui and O‘ahu. I will show that the typical classification
schemes of Cowardin and Brinson do not fit Hawai‘i’s conditions, particularly for coastal or slope wetlands in the islands,
and explain how Hawai‘i can incorporate mainland classification into its own protocols. I will conclude with a description of
future wetland research and regulatory assessment needs for Hawai‘i.

2-9 Wetlands and the Pacific Islands Plant Restoration (PIPR) Database
Christopher Puttock1, Laura Crago2

1Science & Conservation Consultant, Honolulu, HI, 2Consultant, Kailua, HI

There are currently 58 wetland species in the restoration database for the Hawaiian Islands. The Pacific Island Plant
Restoration (PIPR) Database is a decision tool to determine a list of plants best suited to site-specific restoration projects in
Hawai‘i and most of the United States Pacific Island Territories. Users interrogate the database with answers to site-specific
and desired habitat questions. The answers remove species that do not meet these selection criteria. Plants included in the
database have been used locally or have potential to be used in landscape restoration projects. Species included in the
database are largely common matrix species, rather than uncommon species in the flora. The database promotes
restoration with native species, although some non-natives have been included. The information page of each species
provides descriptions, natural distribution, images, and more. This presentation will provide some background to the
database and how to use it. The database is free software that will be made available on the Hawai‘i Conservation Alliance
web site. Funding for the development of this project over the past five years has been provided by U.S. Department of
Agriculture Natural Resources Conservation Service, Environmental Protection Agency, Hawai‘i Department of Health Clean
Water Branch, Group 70 and the Lennox Botanical Research fund.

2-10 Wetlands Restoration in a Hawaiian Cultural Context
Scott Fisher
Maui Coastal Land Trust, Wailuku, Maui, HI

Conducting ecological restoration work in coastal areas of Hawai‘i requires a special awareness of the presence of various
cultural sites. This is particularly true of coastal wetlands, where habitation sites (hale), temple sites (heiau), and taro
patches (lo‘i) are often located in close proximity to one another. This discussion will focus on the considerations wetlands
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managers must give when conducting ecological restoration work in these sensitive areas by using the Maui Coastal Land
Trust’s Waihe‘e Coastal Dunes and Wetlands Refuge on Maui’s northwest coast as an example. The Waihe‘e refuge
contains over 93 archaeological sites, including two villages, three heiau, a large inland fishpond (loko kalo i‘a) and
habitation sites dating back to at least 941 A.D. Ecological restoration work in this 27-acre coastal wetlands system has
been ongoing since July, 2004 and has been shaped and defined by the presence of these cultural sites. Special
consideration will be given to the ways managers can benefit from these cultural sites when involving community groups in
ecological restoration work.

Symposium: Biofuels – Panacea or Pandora’s Box?

2-11 Hawai‘i’s Biofuels Assessment Project and Bioenergy Master Plan
Maria Tome
State of Hawai‘i, Department of Business, Economic Development, and Tourism, HI

A two-year project to conduct a statewide, multi-fuels biofuels production assessment kicked off in July of 2007. Potential
feedstocks and technologies, economics, and possible contributions to Hawai‘i’s energy needs by ethanol, biodiesel, and
renewable hydrogen are being examined. A complementary effort, the creation of a Bioenergy Master Plan, is addressing
water and land use issues, labor, technology, permitting, barriers, incentives, financing, research, development, testing,
environmental concerns, and policy requirements. The master planning effort will invite input from and partnerships with
stakeholder groups to address concerns and explore opportunities for sustainable solutions. Act 240, Session Laws of
Hawai‘i 2006, established State support for achieving alternate fuels standards of 20% by 2020. Act 159, Session Laws of
Hawai‘i 2007, created an Energy Feedstock Program. Act 253, Session Laws of Hawai‘i 2007, assigned to DBEDT the
responsibility for developing a Bioenergy Master Plan for the State of Hawai‘i. The objective of the Hawai‘i/U.S. Department
of Energy’s Clean Energy Initiative is for 70% of Hawai’s in-state energy needs to be met by clean energy sources
(efficiency and renewables) by 2030. Solid and liquid biofuels, for the production of electricity and for transportation, are the
most similar to the fossil-based fuels in use today in terms of energy density and portability. However, successful and
sustainable production of bioenergy and biofuels must address a diverse and very complex set of issues that involves many
public and private stakeholders.

2-12 The Good (Jojoba), the Bad (Jatropha) and the Ugly (Chinese Tallow): Using Weed Risk Assessment to Select
Non-Invasive Biofuel Crops in the Hawaiian Islands.
Charles Chimera, Chris Buddenhagen
1Hawai‘i-Pacific Weed Risk Assessment, Makawao, HI, 2Hawai‘i Invasive Species Council, Honolulu, HI

Rising energy prices and concerns about global warming have generated increasing interest in development of alternative
fuel sources in the Hawaiian Islands. In particular, funding and research are currently being directed toward the evaluation
of potential biofuel crops that could be used for the production of ethanol, biodiesel or burned directly as biomass. Despite
the positive connotations of the “bio” label, however, many biofuel crops possess characteristics of serious environmental
weeds. Although several of the proposed biofuel crops are already present in Hawai‘i and some have been documented to
be invasive in the islands, others are not currently widespread or have not yet been imported. The pursuit for greater energy
independence, however, should not come at the cost of worsening Hawai‘i’s invasive species problem. The Weed Risk
Assessment (WRA) system is an objective tool that can help predict which plants are likely to become problems by
investigating their biology, ecology and history of invasiveness elsewhere. Using these protocols, we analyzed over 20
proposed biofuel species and ranked them according to the weed risk they pose to the environment. Our results indicate
that approximately 60% of potential biofuel crops pose a high risk as invasive species. The risk of invasion will become even
greater if these crops are widely planted, leading to an increase in propagule pressure. We provide recommendations that
can minimize the invasion risk and identify low-risk alternatives.

2-13 Identifying 2nd Generation Biofuel Crops and Their Capacity for Invasiveness in Hawai‘i
Michael Poteet
Hawai‘i Agriculture Research Center, ‘Aiea, HI

Weed scientists, conservation biologists, and agricultural researchers have noted that scientists isolate and promote
potential crops that have invasive properties. The same qualities that are sought in potential biofuel crops, i.e., ease of
propagation, heavy seed or biomass yield, environmental adaptability, are also primary characteristics of many invasive
species. There are two distinct categories of biofuels with mostly-distinct species associated with each – lignocellulosic and
oil-producing. Lignocellulosic species are plants such as sugarcane, ‘energy’ grasses, and fast-growing tree species. Oil-
producing species include plants such as oil palm, soybean, canola, and jatropha. Current agronomic research efforts are
focused on species from each category to provide what are often referred to as ‘2nd generation’ biofuel crops. 2nd generation
biofuel crops are often experimental crops that have little to no historical efforts at domestication. These crops are promoted
based on their reduced competition for food, ability to utilize marginal lands, and/or generate greater yields than some
currently utilized crops. Some of the species being studied have already been deemed invasive through WRA’s, including
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jatropha, kukui, and guinea grass. In agronomic studies the jatropha tree has been tracked in Hawai‘i to show it is capable
of producing over 60,000 fruits (~160,000 seeds) per acre (@1,000 trees per acre) in its first year of growth under managed
conditions with adequate moisture. Collaborative research efforts should enable production agriculturalists, weed ecologists,
environmental advocates, and public servants to make informed decisions about the risks involved with the production of
potentially invasive biofuel species.

2-14 A GIS Approach to Evaluating Ethanol Production Potential: A Hawai‘i Case Study
Scott Turn, Vheissu Keffer, Donald Evans, Charles Kinoshita
University of Hawai‘i, Honolulu, HI

An assessment of ethanol production potential from dedicated energy crops was conducted for the State of Hawai‘i
considering lands, crop species, and conversion technologies. Evaluation of the spatial distributions of soil types, zoning,
and annual rainfall, was conducted using geographic information system data. Sugar cane, banagrass, Leucaena, and
Eucalyptus were selected as potential feedstocks for sugar-based and lignocellulosic ethanol production. The analysis
shows that only one cropping scenario applied to all available agriculturally zoned lands in the state would be capable of
producing enough ethanol to meet the state's current motor gasoline consumption on an energy equivalent basis. State
goals of displacing 20% (volume) of highway fuels by 2020 could be met by 14 of the 16 cropping and land use
combinations. This indicates that the State of Hawai‘i could promote energy diversification through its choice of land leases.
Distribution of suitable lands among islands is not consistent with motor fuel demand, suggesting that provisions must be
made to support development of adequate storage and harbor facilities to enable movement of fuel between points of
production and use. Comparison of possible production volumes with economic plant sizes indicate that sufficient
feedstocks could be available on Maui, Hawai‘i, O‘ahu, and Kaua‘i to realize economies of scale in production facilities. This
study should be refined in the future to adequately address issues of environmental preservation, water consumption, and
land use to provide additional guidance for policy and economic decision making.

2-15 Cleaning Up Island Ecosystems with Plastic and Biofuel Refineries
Howard Wiig
Department of Business, Economic Development, and Tourism, Honolulu, HI

It is estimated that there are at least 5 million of tons of plastic debris in the North Pacific. Focus has been on large
entanglements of net abrading reefs and strangling wildlife. However, smaller debris may be just as damaging. Cigarette
lighters and plastic bits are ingested by Midway Island’s Laysan albatross and other birds, causing death by starvation to
tens of thousands yearly. Marine plastic decomposed to particulate size becomes “magnets” for hydrophobic toxins on the
ocean surface. The Bisphenol A component of plastic itself may bioaccumulate at particulate size. There is concern, but not
proof, that these toxins move up the food chain to supermarket shelves. In the short term, the small plastic debris problem
can be partially solved by converting the debris to fuel oil. There are seventy mini-refineries in Japan that process different
types of plastic to high-grade diesel oil. Siting one of these refineries on Midway to initially process the 3 to 5 tons of plastic
debris that wash ashore yearly would serve as a pilot project. Given successful results, Midway could accept plastic debris
from other Northwest Hawaiian Islands. Continued success may result in the deployment of refineries to remote Pacific
areas where plastic is a problem and diesel oil is expensive. In the longer term, Midway may be an ideal cellulose biofuel
refinery site as the golden crownbeard bush is an uncontrollable weed that seriously impedes the breeding sites of the half-
million Albatross that nest there each year. Biofuel research is increasingly focused on breaking down and maximizing sugar
content in cellulose, the woody material found in plants like the golden crownbeard.

CONCURRENT SESSION 3: JULY 30, 10 AM-12 PM

Symposium: The Science Supporting the Management of Papahānaumokuākea Marine National Monument:
Microbes to Monk Seals

Session 1: Genetic Connectivity of Hawaiian Fauna

3-1 The Introduction of Ta‘ape to the Hawaiian Islands: Using Genetics to Investigate an Invasion
Michelle Gaither1, Serge Planes2, Rob Toonen1, Ross Robertson3, Howard Choat4, Vanessa Messmer2, Brian Bowen1

1Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI, 2University of Perpignan, Perpignan Cedex, France, 3Smithsonian
Tropical Research Institute, Bocas del Toro, Panama, 4James Cook University, Queensland, Australia

Here we use molecular techniques to characterize the introduction and spread of ta‘ape (Lutjanus kasmira) in the Hawaiian
Islands. Ta‘ape inhabit coral reefs throughout the Pacific and Indian Oceans; however, they are not native to the Hawaiian
archipelago. In the 1950’s the Hawai‘i Division of Fish and Game introduced a total of 3,163 ta‘ape from Moorea and the
Marquesas Islands to the Hawaiian Island of O‘ahu. Following their introduction, ta‘ape quickly spread throughout the
archipelago at a rate of approximately 60 km/year. Analysis of the mitochondrial control region and 3 nuclear introns have
shown little genetic structure across this Indo-Pacific range of this species with the exception of the Marquesas Islands. This
population is highly divergent from the rest of the Pacific and Indian Ocean populations. When comparing the two source
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populations we observe a 5.5% divergence in the mitochondrial control region and strong population structure in the nuclear
genome (Fst = 0.49). Based on the high level of genetic divergence between the two source populations we have
demonstrated that descendents of fish from both Moorea and the Marquesas are present throughout the archipelago and
have colonized with seemingly equal success. We found no indication of a loss of genetic diversity either during the initial
introduction or during the subsequent spread of this species indicating that ta‘ape met few barriers to reproduction and
establishment here in Hawai‘i. Our findings add to the understanding of how invasive species spread allowing for more
informed management of these altered systems.

3-2 Population Genetics, Larval Dispersal, and Demographic Connectivity In Marine Systems
Kimberley Weersing1, Robert Toonen2

1University of Hawai‘i at Mānoa, Honolulu, HI, 2Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

We survey 300 published studies to synthesize life-history and population genetic structure data from a broad array of
benthic marine taxa (including ten coral species and 62 reef-associated species) to determine how well pelagic larval
duration (PLD) correlates with population genetic estimates of dispersal. Expanding on earlier studies, we also explore other
potential biophysical correlates of population substructure (genetic marker class, habitat type, and larval swimming ability)
that have not been considered in previous meta-analyses. In contrast to previous studies concluding that planktonic periods
correlate well with inferred dispersal ability, we find that average PLD was poorly correlated with population connectivity
(FST). A 3-way ANCOVA instead reveals that genetic marker class (mtDNA, allozymes, and microsatellites) is responsible
for most of the variation in FST (F = 7.113, df = 2, p = 0.001), while neither habitat nor swimming ability were significant
factors. In contrast to the general expectation that microsatellite-based studies provide the finest resolution of population
structure, we find that significantly higher values of FST are obtained with mtDNA than with either microsatellites or
allozymes (which were not significantly different). Useful predictors of the pattern and scale of dispersal play a central role in
both ecological and evolutionary studies, but as yet remain elusive; this study suggests that mean PLD is at best a weak
predictor of population genetic structure and that estimates of larval dispersal will need to encompass both behavioral and
physical transport processes.

3-3 Endemism and Dispersal: Comparative Phylogeography of Three Surgeonfishes Across the Hawaiian
Archipelago
Jeff Eble, Robert Toonen, Brian Bowen
Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

It remains controversial whether a general correlation exists between range size and dispersal ability, where range-
restricted endemism is indicative of lower dispersal ability. To evaluate this hypothesis we surveyed mitochondrial
cytochrome b sequence variation in three surgeonfish species with vastly different ranges: Ctenochaetus strigosus,
Hawaiian endemic, N = 531; Zebrasaoma flavescens, North Pacific, N = 560; Acanthurus nigrofuscus, Indo-Pacific, N = 298.
Collections were made throughout the 2500 km expanse of the Hawaiian archipelago and adjacent Johnston Atoll. Analyses
of molecular variance demonstrate that each species is capable of maintaining population connectivity on a scale of
thousands of kilometers. However, collections of the endemic C. strigosus revealed significant restrictions to gene flow
within the Papahānaumokuākea Marine National Monument. These results are consistent with current surveys of Hawaiian
reef fauna where widely distributed species exhibited genetic homogeneity across the archipelago while endemics revealed
significant population subdivision over the same range. These findings invoke the tantalizing hypothesis that Hawai‘i’s
endemic marine fauna evolved from species with reduced dispersal ability that, after initial colonization, could not maintain
contact with parent populations.

3-4 Two Sea Cucumber Species (Holothuria atra and Holothuria whitmaei) Show Links Between Johnston Atoll and
Hawai‘i
Derek Skillings, Christopher E. Bird, Robert Toonen
Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

We examined the genetic population structure of two common sea cucumbers Holothuria atra and Holothuria whitmaei
across Hawai‘i and Johnston Atoll. These sea cucumbers are abundant on most reefs throughout the Hawaiian archipelago
with a range that extends from the Red Sea to the Panamaic region of the eastern Pacific. Previous authors have suggested
close connectivity between the Hawaiian archipelago and Johnston Atoll. Tissue samples were collected non-lethally from
13 islands and atolls throughout the central Pacific. Genetic analysis using the mitochondrial COI gene indicate different
patterns of connectivity in these closely related species, though both show high connectivity between Johnston Atoll and the
central Northwestern Hawaiian Islands. This study presents the first direct evidence of genetic connectivity between
populations in the Northwestern Hawaiian Islands and Johnston Atoll. This evidence suggests that Johnston Atoll may be a
gateway to the Hawaiian archipelago, and that consideration of Johnston Atoll may also be important for the management of
the Papahānaumokuākea Marine National Monument.
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3-5 Age and Origin of Hawaiian Endemic Fishes in the Papahānaumokuākea Marine National Monument
Zoltan Szabo1, Randall Kosaki2, John Randall3, Brian Bowen1

11Hawai‘i Institute of Marine Biology, University of Hawai‘i, Kāne‘ohe, HI, 2Papahânaumokuâkea, Honolulu, HI, 3Bernice P
Bishop Museum, Honolulu, HI

The Hawaiian archipelago has one of the highest levels of marine endemism (25% for fishes) and is among the most
isolated reef habitats in the world. In this research program, we are examining the age and source of colonization events
that enhance Hawaiian biodiversity, especially in the new Papahānaumokuākea Marine National Monument. Three of these
Hawaiian endemics (HE) are blennies with an unambiguous sister species in the Indo-West Pacific (IWP) which allowed us
to resolve the age of colonization events. Based on a 659 bp fragment of mitochondrial cytochrome b, we observed
approximately d = 7% sequence divergence between Cirripectes vanderbilti (HE) and C. variolosus (IWP) and about the
same level of divergence between Plagiotremus ewaensis (HE) and P. rhinorhynchos (IWP). Between Plagiotremus goslinei
(HE) and P. tapeinosoma (IWP) we observed d = 0.3% (2 bp differences) indicating a very recent arrival. A conventional
molecular clock for fishes places the first two colonization events at approximately 3.5 million years ago, and the third event
at approximately 150,000 years ago. Ongoing research will indicate whether Johnston Atoll, 800 km south of Hawai‘i, is the
essential gateway into the archipelago, and whether a pulse of colonization occurred at 3.5 million years before present. Our
finding for P. goslinei may prompt a re-examination of taxonomic status.

3-6 Where Have All the Larvae Gone? Genetic Patterns of Connectivity in the Hawaiian Archipelago.
Rob Toonen, Iliana Baums, Chris Bird, Anuschka Faucci, Derek Skillings, Jeff Eble, Brian Bowen
University of Hawai‘i, Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

The Papahānaumokuākea Marine National Monument, encompassing all of the Northwestern Hawaiian Islands, is the
largest Marine Protected Area in the world (>350,000 km2), and studies of connectivity between reef habitats across this
broad region are currently lacking. To this end, we are surveying a broad range of fish and invertebrate species to
understand connectivity patterns throughout the Hawaiian archipelago. We now have data for more than a dozen species,
and have determined areas of restricted gene flow across many species within the Hawaiian archipelago. We also show that
variability among even closely-related species is the norm, and argue that such broad taxonomic surveys are necessary to
draw robust conclusions about general patterns of connectivity that will guide management or conservation efforts. Our data
show a number of concordant breaks that were previously unknown and suggest that population structure across the
Hawaiian archipelago does not fit predictions based on simple isolation by distance, broad-scale oceanographic current,s or
advection-diffusion models of larval dispersal driven by geostrophic flow.

Symposium: Hawaiian Monk Seal

3-7 Captive Feeding Programs to Increase Juvenile Monk Seal Survival: A Case Study and Future Applications
Charles Littnan1, Tenaya Norris2, Frances Gulland2, Bob Braun1

1NOAA Fisheries, Honolulu, HI, 2The Marine Mammal Center, Sausalito, CA

The Hawaiian monk seal population is critically endangered, with approximately 1,200 individuals, and continues to decline
by 4% per year. The decline is due in part to extremely low juvenile survival related to, among other things, limited food
resources. In 2006-2007, a nutritional supplementation study was conducted to enhance the survival of young female seals
at Midway Atoll. This pilot study was designed to test the feasibility and efficacy of such a program in future conservation
efforts. Six weaned female seals were brought into a captive care project and all gained weight commensurate with their
duration in captivity, 89 to 297 days, with weight gains of 31 to 143%. One emaciated yearling died after 23 days in captivity
from stress-associated complications. The surviving captive-fed females and three control seals were instrumented with
satellite/VHF tags to monitor post-release foraging behavior and survival. Satellite tags transmitted between 38 and 96 days.
Initially, the captive-fed seals foraged closer to shore, used less of the atoll, and dived to shallower depths relative to
controls (< 30 m vs.> 60 m). After several weeks all seals foraged similarly and utilized the outer reefs and slopes. Treated
seals gained weight in captivity, foraged normally and maintained body condition after release; however, they had high post-
release mortality due to factors other than starvation. Therefore, an expanded captive-feeding program modified to address
the results of this study, could be a useful tool for salvaging and preserving Hawaiian monk seal reproductive potential in the
future.

3-8 Efforts to Reduce Male Aggression in the Endangered Hawaiian Monk Seal (Monachus schauinslandi)
Thea Johanos1, Brenda Becker1, Jason Baker1, Timothy Ragen2, William Gilmartin3, Tim Gerrodette4

1NOAA Fisheries, PIFSC, Honolulu, HI, 2Marine Mammal Commission, Bethesda, MD, 3Hawai‘i Wildlife Fund, Volcano, HI,
4NOAA Fisheries, SWFSC, La Jolla, CA

High female mortality due to male aggression in Hawaiian monk seals led us to investigate the role of habitat use and social
structure on sex ratios and aggression at Laysan. The sex ratio was strongly skewed towards males in the early 1980s and
this, combined with a male dominance hierarchy, asynchronous reproduction, and terrestrial habitat use patterns, resulted in



Oral Presentation Abstracts

2008 Hawai‘i Conservation Conference  Island Ecosystems: The Year of the Reef 15

dramatic sex ratio imbalances in particular areas. Ratios approached 1:1 in the northeast, whereas in the southeast the
overall ratio was 5:1 and ranged up to 25:1. Most aggressive incidents were observed in the southwest and females hauling
out in this area were more likely to be injured. To reduce aggression we removed 37 males between 1984 and 1994,
bringing the adult sex ratio to parity. Here, we evaluate the effect of this correction on aggression and female mortality.
Before the removals male aggression accounted for an average annual mortality of 4.1% of adult females (range 0 to
12.9%), with up to 8 females killed per year. The male removals, together with natural processes, decreased the absolute
sex ratio from 2.1:1 in 1983 to 0.9:1 in 1994. Both the rate and absolute number of injuries and deaths declined afterwards.
Although some adult females still incurred severe mounting injuries, the rate of loss decreased to 0.3% per year (range 0 to
2.6%), and only three females are believed to have been killed through 2005. Thus, intervention to adjust the sex ratio
proved a valuable tool in reducing mortality in this endangered species.

3-9 Galapagos Sharks and Hawaiian Monk Seals: Ongoing Efforts to Mitigate Predation on Young Pups
George Antonelis1, Albert Harting3, Brenda Becker1, Suzanne Canja2, Shawn Farry2, Robert Dollar1, Daniel Luers3, Aaron
Dietrich3

1National Oceanic and Atmospheric Administration (NOAA), Honolulu, HI, 2Joint Institute for Marine and Atmospheric
Research (JIMAR), Honolulu, HI, 3NOAA Contractor, Honolulu, HI

Predation by Galapagos sharks (Carcharhinus galapagensis) is the single greatest source of mortality for endangered
Hawaiian monk seal (Monachus schauinslandi) pups at French Frigate Shoals (FFS) in the Northwestern Hawaiian Islands.
This unique predatory behavior likely involves a small number of sharks that have learned to prey on preweaned and
recently weaned pups. Pup mortalities peaked in 1997 and 1999 with 31and 22 mortalities, respectively, and equaling 33-
24% of the annual cohort. An experimental mitigation project was initiated in 2000 and 12 sharks were subsequently
removed over the next 6 years. Predation mortality subsequently decreased by at least 50% and has remained relatively
stable, but still significant over the last 5 years, with 8-12 losses annually, equaling 18-21% of the annual cohort. Shark
presence and behavior were monitored by direct observation of the nearshore waters during daylight hours from 2000 to
2003. Despite continued predation losses, the number of patrolling Galapagos sharks observed declined over the 4 years,
suggesting the sharks modified their behavior to avoid daytime detection, capture, and harassment. Efforts to remove
Galapagos sharks in 2006 and 2007 were unsuccessful, likely due to heightened sensitivity of sharks to direct or indirect
human interaction. Hence, alternate nonlethal methods of mitigation are planned for 2008. The sharks’ unique physiology
and their avoidance of humans will be used to develop “tools” to deter them from monk seal pupping sites.

3-10 Extremely Low Genetic Diversity in the Endangered Hawaiian Monk Seal (Monachus schauinslandi)
Jennifer Schultz1, Jason Baker2, Robert Toonen1, Brian Bowen1

1University of Hawai‘i, Mānoa, HI, 2Pacific Islands Fisheries Science Center, Honolulu, HI

Hunted to near-extinction in the late 19th century, the endangered and endemic Hawaiian monk seal (Monachus
schauinslandi) exhibits low genetic variation at all markers tested to date. Here we confirm extreme paucity of genetic
diversity, conducting a thorough survey of the entire genome. We find polymorphism in only 8 of 154 microsatellite loci
tested (143 novel species-specific loci, 10 loci from Antarctic seals, and one previously characterized locus). This screening
reveals levels of allelism and heterozygosity (A = 1.1, He = 0.03) that are lower than any mammal tested to date. Analyzing
2409 Hawaiian monk seals at the eight polymorphic loci, we find evidence for a population bottleneck (P = 0.002) but little
indication of contemporary inbreeding (FIS = 0.02) or metapopulation structure (K = 1 population). The minimal genetic
variation did not prevent partial recovery by the late 1950’s and may not be driving the current population decline to ~1200
seals. Nonetheless, genotyping nearly every individual living during the past 25 years sets a new benchmark in the genetics
of endangered species, revealing unprecedentedly low diversity.

3-11 The Status of Monk Seals in the main Hawaiian islands
Tracy Wurth1, Albert Harting3, Jason Baker2

1Joint Institute for Marine and Atmospheric Research (JIMAR), Honolulu, HI, 2NOAA Fisheries, Honolulu, HI, 3NOAA
Contractor, Honolulu, HI

The endangered Hawaiian monk seal population has been declining for more than 20 years, and the species is in crisis.
Although most of these seals are found in the Northwestern Hawaiian Islands (NWHI), there is a small and potentially
growing sub-population in the main Hawaiian Islands (MHI). In recent years there has been an increase in the number of
reported seal sightings. Aerial surveys of all the MHI were conducted in 2000 and 2001 and counted 45 and 52 seals,
respectively. In 2007, the minimum number of seals identified in the MHI was 88. This number is largely based upon
opportunistic sighting data from the general public. Conditions in the MHI appear to be favorable for continued population
growth. Pups wean with greater girths and lengths, parturition tends to occur more commonly with younger females, and all
age/sex classes appear to be in better condition in the MHI than in the NWHI. The number of annual births has steadily
increased since the mid-1990s with 13 pups born in 2007. Seals in the MHI also have higher juvenile survival rates
compared to seals in the NWHI with survival from weaning to one year ranging from 76% in the MHI to 49% in the NWHI.
While these trends are promising for the species’ future in the MHI, there are challenges that come with recolonizing in an
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area densely populated by humans. Increased population monitoring and ecological investigations are needed to better
understand and conserve this increasingly important population of seals.

3-12 Hawaiian Monk Seal Management Issues and Programs in the main Hawaiian islands
David Schofield
NOAA National Marine Fisheries Service, Pacific Islands Region, Honolulu, HI

The critically endangered Hawaiian monk seal (Monachus schauinslandi) population is declining at a rate of 4% per year.
Less than 1,100 Hawaiian monk seals exist in the Northwest Hawaiian Islands (NWHI), and as few as 100 seals are
estimated to inhabit the main Hawaiian Islands (MHI). The outlook for the population in the NWHI is dismal, with critical
threats such as prey availability constraints, habitat loss, and shark predation. However, in recent years, Hawaiian monk
seals appear to be thriving in the MHI as observed by large sized adults, increased births and a few occurrences of natural
migration from the NWHI to the MHI. Currently, the carrying capacity of the MHI is not known but this region of the
archipelago may play a significant role in the recovery of the species. Reports of human-related threats in the form of
disturbance to Hawaiian monk seals are a daily occurrence as the level of near-shore activities and interactions increases.
One of the four major objectives of the U.S. National Marine Fisheries Service’s Recovery Plan for the Hawaiian Monk Seal
proposes measures to “ensure the continued growth of the Hawaiian monk seal in the MHI by reducing threats.” This
presentation will provide an overview of the management issues and concerns, along with proposed and ongoing mitigation
programs. These include volunteer response programs and outreach initiatives throughout the MHI. Extensive and
coordinated conservation efforts are essential to accomplishing the goals of protecting and recovering the Hawaiian monk
seal.

Symposium: Land-Sea Connections: Integrated Watershed Management as a Tool for Coastal Coral Reef
Conservation – Lessons from the Pacific Islands

3-13 Watersheds and Coral Reefs: Conservation Science, Policy and Implementation
Robert Richmond
University of Hawai‘i at Mānoa, Honolulu, HI

Coral reefs throughout the world are being degraded by human-induced disturbances, resulting in ecological, economic and
cultural losses. Runoff and sedimentation impacts are among the greatest threats to coastal reefs surrounding high islands
and adjacent to continental landmasses. Data were collected from three watersheds and their adjacent coral reefs in Palau,
Guam and Pohnpei. Runoff and associated sediments from these watersheds had significant impacts on the diversity,
abundance, distribution and physiological functioning of corals, fish and a variety of invertebrate species. Additionally,
pollutants were found to affect the life history and cellular biology of exposed corals at both lethal and sublethal levels over
large distances from sources. These data demonstrate that marine protected areas (MPAs) alone are insufficient for coral
reef protection and that integrated watershed management practices are also needed. Notable gaps in the effectiveness of
environmental policy, legislation and regulatory enforcement have resulted in the continued degradation of these Pacific
coral reefs. Data demonstrated that efforts for restoration of reefs must focus on restoring those conditions that allow natural
recovery to occur. Participating communities involved in this program, with intact resource stewardship and traditional
leadership systems, have been able to apply research findings, integrating traditional ecological knowledge and land use
practices with coral reef management policies, relatively quickly. Three case histories in the Pacific Islands provide insight
on how biophysical data was used to manage human activities and behaviors responsible for coral reef destruction through
the application of the social sciences.

3-14 Reducing Land-based Pollutant in Hawai‘i’s Watersheds: A Multi-Agency, Community Approach to Protect
Coral Reefs
Katherine Chaston, Carl Evensen
NOAA Pacific Services Center, Honolulu, HI

Land-based pollutants, such as sediments and nutrients, are among the leading threats to coral reef ecosystems globally.
Recognizing this threat, the United States Coral Reef Task Force identified addressing land-based pollution as one of six
priority areas for future work by federal and state agencies to protect coral reefs. In Hawai‘i a watershed-based strategy
incorporating holistic management aspects of traditional land and natural resource management at the watershed or
ahupua‘a level was developed. A collaborative planning process was used to develop the overall goals and objectives of the
strategy and a steering committee was formed to facilitate development and improve coordination between key federal and
state agencies and stakeholders. Three priority watersheds were selected for initial focus in the main Hawaiian Islands and
a fourth watershed was recently added. This presentation gives an overview of the on-going state-wide strategy to reduce
land-based pollution, highlighting research on the links between land-based pollution and coral reef health. Lessons learned
from 3 years of strategy implementation will also be shared.
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3-15 Understanding Impacts of Sedimentation on Mangroves and Coral Reefs to Improve Land Use in a Wet
Tropical Island, Pohnpei, Micronesia
Steven Victor1, Yimnang Golbuu1, Willy Kostka2

1Palau International Coral Reef Center, Koror, Palau, 2Micronesia Conservation Trust, Kolonia, Pohnpei, Micronesia,
Federated States of

Pohnpei is one of the wettest places on earth. Rapid deforestation of upland watershed areas to plant sakau resulted in the
degradation of coastal coral reefs and the loss of fisheries resources. The Pohnpei Conservation Society (CSP), armed with
quantitative data collected by regional researchers was able to work with local communities and traditional leaders to
effectively address the impact of soil erosion on coastal marine areas. Researchers from the Palau International Coral Reef
Center conducted studies to determine the impacts of sediment on mangroves and coral reefs along a gradient of
sedimentation. CSP then used these biophysical data to conduct a series of community meeting/presentations to rally the
support of community to change farming practices. This has been one of the successful examples of using scientific data
through a locally connected non-governmental organization (or NGO) to influence environmental practices and policy in
Micronesia.

3-16 Collaborative Research and Utilizing Indigenous Knowledge as Viable Strategies for Marine Conservation
Charlotte Severne, ‘Aulani Wilhelm
1National Institute of Water and Atmospheric Research, Ltd., Hamilton, New Zealand, 2NOAA, Papahānaumokuākea Marine
National Monument, Honolulu, HI

For several decades, New Zealand fisheries and marine ecosystems have seen an increase in intensive commercial,
recreational, and customary harvests; leading to additional anthropogenic effects which impact a variety of “desirable”
taonga or treasured marine species that are significant to Mäori (indigenous people of New Zealand). These pressures are
further compounded by issues including the lack of fisheries and ecosystem information, little or no customary fisheries
monitoring, confusion of regulatory and management roles amongst governmental, non-governmental and Māori; and a lack
of process with all responsible parties. The result has been the erosion of empowerment and rights guaranteed to Māori
under the Treaty of Waitangi (Fisheries Claim) Settlement Act 1992. In 1959, Hawai‘i became a state of the United States of
America, setting the stage for tremendous system-wide socio-political and economic change, including the management of
Hawaiian marine resources zero to three miles seaward. Prior to statehood, Native Hawaiians held customary
responsibilities to actively manage and conserve their marine resources to achieve optimal productivity of near-shore marine
ecosystems. Today, as the Hawaiian marine environment steadily declines, Native Hawaiians and western scientists alike
are seeking a wider array of tools and approaches to jointly improve the condition of Hawai‘i’s marine systems. This talk will
describe the collaborative approaches being explored to expand participation and engagement of indigenous people in
marine management within New Zealand and the Northwestern Hawaiian Islands. We will also discuss the potential value
traditional knowledge presents to the marine resource management and conservation arena in the Pacific.

3-17 Pacific Approaches to Improving Stewardship of Marine, Coastal and Island Ecosystems Utilizing Traditional
Ecological Knowledge
Moani Pai
NOAA Papahānaumokuākea Marine National Monument, Honolulu, HI

The Papahānaumokuākea Marine National Monument (Monument) will conduct an International Year of the Reef expedition
to Nihoa, Mokumanamana, and French Frigate Shoals for educators from July 13 to 25, 2008. The purpose of this education
expedition is to promote a broad partnership of educators across Oceania devoted to conserving coral reefs and inspiring
the next generation to care for their reefs. The expedition is tied to the commitments outlined in the Our Sea of Islands:
Regional Forum for Oceania on Marine Managed Areas and World Heritage Communiqué issued in January 2007 and
promotes the 2008 International Year of the Reef, which aims to highlight the great diversity and wealth of Oceania's coral
reefs. The primary objectives of this expedition are to enhance the network of marine educators across Oceania and the
sharing of information; promote education as a tool to improve marine and terrestrial conservation; and share their
experience in the Monument with local and international students and audiences. A significant component of this voyage will
be sharing approaches to utilizing traditional ecological knowledge as it relates to marine, coastal and island ecosystems, as
well as following local cultural protocols, and learning about the cultural sites within the Monument. Participants will share
knowledge of their local marine environments and how they affect change in their local communities and strive to improve
stewardship of marine resources. The learning exchanges and experiences from this expedition will be presented.
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3-18 Ridge to Reef: Linking Watershed Science to Coral Reef Health on Moloka‘i
Michael Field1, James Jacobi2, Matthew Rosener1, Gordon Tribble4, Jonathon Stock3

1USGS. Pacific Science Center, Santa Cruz, CA, 2USGS Hawai‘i National Park, Hilo, HI, 3USGS, Menlo Park, CA, 4USGS
Pacific Science Center, Honolulu, HI

The south coast of Moloka‘i has a broad reef flat, with extensive coral reef growth on the reef front and slope. There is
concern that deforestation and invasive species have increased the sediment flux from land to coastal waters, and that this
increased flux is decreasing coral reef health. In response to this concern, the USGS is collecting information on factors that
may control the mobilization and movement of sediment in the watershed. In the marine environment, the USGS is
collecting information on the distribution of terrestrial sediment on the reef, the residence time of this sediment, and the
dynamics of sediment resuspension. The goal of this work is to develop models that can assist watershed and coral reef
managers in conservation and restoration decisions.

Forested Ecosystems: Challenges and Opportunities

3-19 Protecting Hawai‘i’s Forests from the Rust Disease, Puccinia psidii
Anne Marie Larosa, Robert Hauff
1USDA Forest Service, Hilo, HI, 2Division of Forestry and Wildlife, Honolulu, HI

The rust disease, Puccinia psidii, was first found in Hawai‘i in April 2005 on ‘ohia seedlings in an O‘ahu nursery and quickly
spread throughout the state. While options for managing a rust disease in the environment are few, limiting its genetic
variability may prevent the disease from broadening its host range or increasing its virulence over time. Temporary
quarantine regulations ban the import of host species from countries known to be infested with P. psidii. However, little is
known about the genetic diversity of the disease other than the appearance of multiple strains based on variation of host
specificity and virulence. Hawai‘i Division of Forestry and Wildlife, USDA Forest Service, and University of Hawai‘i are
working together to understand the phylogenetics of the disease and determining whether genotypes occur that would pose
a greater threat to native ecosystems. This information will inform decision making for state and federal quarantine
agencies.

3-20 Brush Cherry (Eugenia paniculatum): A New Host for Ohia Rust (Puccinia psidii).
David Simmons, Chris Kadooka, Janice Uchida
University of Hawai‘i, Honolulu, HI

Puccinia psidii, a highly invasive and threatening introduced rust, was first found on potted ‘ohi‘a (Metrosideros polymorpha)
on O‘ahu and has been severe on rose apple (Syzygium jambos). In Kamuela, brush cherry (Eugenia paniculatum) is
infected with a rust disease which was suspected to be P. psidii. Brush cherry is widely used as a landscape plant, hedge,
or potted ornamental. Our objective was to confirm the identity of this rust. Diseased plants were collected and examined
microscopically. Typical urediniospores were found, which fit the description of P. psidii. In 2007, Zhong compared 4 isolates
from Florida, 4 isolates from Brazil and 11 isolates from Hawai‘i. 8 different strains were found, with all 11 isolates from
Hawai‘i matching one of the strains from Florida. Molecular analysis was completed for the brush cherry rust and it is similar
to the other P. psidii strains collected in Hawai‘i. Each strain of P. psidii is believed to attack different hosts based on early
studies. The Hawai‘i strain causes severe disease on rose apple. Categorizing and monitoring the movement of P. psidii in
Hawai‘i and globally will help to understand the distribution of this rust in different temperatures and humidity levels.

3-21 New Research Findings for Puccinia psidii, the ‘Ōhi‘a Rust, in Hawai‘i
Chris Kadooka, Janice Uchida
University of Hawai‘i, Honolulu, HI

Statewide collection of ‘ōhi‘a rust samples was begun in 2008. We developed extraction protocols, and were successful in
obtaining DNA using less than 1mg of urediniospores as starting material. Molecular analysis of over 60 specimens showed
that currently, the population diversity for this rust in Hawai‘i is low. This is probably due to its recent introduction in 2005. In
germination studies of urediniospores, water agar made with 0.75% Bacto agar was the best media for spore germination.
Temperature studies showed that germination of fresh rust spores was nearly 100% at 16ºC, but 0% at 36ºC. The effect of
light on spore germination was also investigated and revealed that continuous light at 24ºC was not inhibitory to
urediniospore germination. ‘Ōhi‘a and rose apple plants were successfully inoculated by inoculating the underside of young
leaves with urediniospores and incubating the plants in 100% humidity for 2-4 days. An incubation time of 24 hours was
sufficient for disease development, but the rate of disease development increased with longer periods of incubation.
Although it’s impractical to spray mature ‘ōhi‘a trees in the forest to control the rust, fungicide trials are in progress at
commercial nurseries to identify effective compounds to protect ‘ōhi‘a seedlings from infection. Management strategies
should focus on continued monitoring of the current strain, and on preventing the introduction of other possibly more virulent
strains by restricting import of myrtle and other highly susceptible host plants into Hawai‘i.
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3-22 Endemic Hawaiian Bark Lice: Diverse, Abundant, and Undiscovered
Emilie Bess
University of Illinois Urbana-Champaign, Champaign, IL

Bark lice (Order Psocoptera) are the most abundant insects in many Hawaiian forests, yet little is known about their
diversity, ecology, or evolutionary history. These small insects live on many native and introduced trees and shrubs and eat
fungus, lichens, and algae. Currently, 90 endemic species are known from Hawai‘i, but estimated diversity is more than 400
species. Three genera of bark lice are native to Hawai‘i: Kilauella and Palistreptus (Elipsocidae) and Ptycta (Psocidae). This
study focuses on the diversity, distribution, and biogeographic history of Ptycta, a large genus of bark lice that are
distributed throughout the tropics and have undergone a dramatic radiation on the Hawaiian Islands. Ptycta are found in
mid- to high-elevation mesic and wet forests and scrublands on all of the islands. During this talk, I’ll introduce Hawaiian
bark lice, discuss collecting techniques and sampling strategy, and preview preliminary results of the study. Preliminary
DNA sequence data suggest two exciting results: (1) Ptycta may have diversified extremely rapidly, possibly faster than any
other Hawaiian lineage, and (2) that Ptycta may have colonized Hawai‘i more than once, a pattern that has not been
documented in any other Hawaiian insect group. Documenting the diversity and species ranges of these endemic insects
assists in conservation efforts by identifying local hotspots of endemism and improving knowledge of biodiversity on the
islands.

3-23 Remote Sensing of Acacia koa Forest Growth, Productivity, and Health Across Elevation and Climate
Gradients
Rodolfo Martinez Morales1, Travis Idol1, James B Friday1, Qi Chen1, Paul Scowcroft2
1University of Hawai‘i at Mānoa, Honolulu,HI, 2Institute of Pacific Islands Forestry, Hilo, HI

Successful management of Acacia koa forests depends on (1) understanding the separate and combined regulatory effects
of soil nutrient and water availability on productivity and (2) developing silvicultural practices to manipulate these resources
to increase timber production. In this project, we are combining field measurement techniques, allometric relationships,
LiDAR imagery and the analysis of several vegetation indices calculated from fine resolution satellite imagery (0.6-m pixel
Quickbird images), to assess koa growth and productivity at the individual-tree and plot levels. This will allow determining
important relationships between measured and remotely-sensed estimated forest productivity indices such as stand basal
area and leaf area index for the development of statistical models that allow spatial predictions of forest productivity over
entire landscapes across the environmental gradients. Remote sensing imagery may also be used to assess forest health
and disease. We will present preliminary results on the development and validation of this methodology.

CONCURRENT SESSION 4: JULY 30, 1-3 PM

SYMPOSIUM: The Science Supporting the Management of Papahānaumokuākea Marine National Monument:
Microbes to Monk Seals

Session 2: Coral Communities of PMNM

4-1 Assessing the Biogeographical Distribution of Bacterial Communities Associated with Reef Water and Corals of
the Papahānaumokuākea Marine National Monument and Greater Pacific Basin
Jennifer L. Salerno2, Michael S. Rappe1

1Hawai‘i Institute of Marine Biology, SOEST, University of Hawai‘i at Mānoa, Kāne‘ohe, HI, 2Department of Zoology,
University of Hawai‘i at Mānoa, Honolulu, HI

The structure of bacterial communities associated with corals and seawater across the Hawaiian archipelago, as well as
Johnston Atoll and American Samoa in the Pacific Ocean, was investigated using 16S rRNA-based terminal restriction
fragment length polymorphism analysis. Overlap in the bacterial communities associated with the reef-building coral Porites
lobata was observed for the majority of islands and atolls within the Hawaiian archipelago, although significant variation
amongst different colonies within an island or atoll was also detected. Interestingly, bacterial communities associated with P.
lobata colonies from French Frigate Shoals atoll were unique in that they were more similar to one another than to any other
colonies located within the archipelago. These observed differences have important management implications, as corals
with different assemblages of resident bacteria may respond differently to environmental changes. The analysis of reef
seawater samples revealed that bacterioplankton communities from the Hawaiian archipelago overlapped, and were more
similar to one another than to the other regions examined. Bacterioplankton communities from American Samoa were quite
variable, but distinct from the Hawaiian Islands. Johnston Atoll bacterioplankton communities shared similarities with both
the Hawaiian Islands and American Samoa. Samples from Kāne‘ohe Bay, O‘ahu grouped separately from all other locales.
Overall, the biogeographic patterns of bacterial communities physically associated with the coral P. lobata differed from
those observed in planktonic bacterial communities, indicating that the underlying factors affecting the dispersal and
proliferation of bacteria associated with this benthic host versus those within the plankton are different.
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4-2 Acropora Disease at French Frigate Shoals, NWHI
Greta Aeby1, Thierry Work2

1Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI, 2USGS, National Wildlife Health Center, Honolulu Field Station, Honolulu,
HI

Disease outbreaks are now occurring across the Indo-Pacific with an outbreak of Acropora white syndrome (AWS)
discovered on one reef at French Frigate Shoals (FFS) in 2003. Reefs in other Indo-Pacific regions have been degraded by
AWS and so focused studies were initiated in 2005 to investigate diseases on acroporid reefs at FFS. Surveys in 2006
revealed that AWS is spreading on reefs at FFS with seven reefs now affected and 27 new cases recorded within
permanent sites. Individual colonies affected by AWS were tagged (n=41) and followed through time. AWS is a virulent and
progressive disease with 97.6% of the tagged colonies suffering moderate to total tissue mortality after one year. During
surveys, another disease, Acropora growth anomalies (AGAs), was discovered and investigated. Five of eight tagged
colonies had an increased number of growth anomalies that ranged from 2 to 19 new tumors/colony after one year. 57.1%
of the colonies had growth anomalies with necrosis and seven new colonies with growth anomalies were recorded.
Acropora growth anomalies produce an apparent energy drain on colonies that reduce reproductive output. All polyps
examined from healthy colonies (n=5) were gravid (presence of egg and sperm bundles) compared to only one out of six
samples of healthy tissue from AGA affected colonies. Acropora populations at French Frigate Shoals are at risk for decline
through time from the combined effects of increased mortality from AWS and partial mortality and reduced reproduction from
AGAs. Future work is needed to understand the ecology, etiology and transmission of these diseases so that methods of
disease management can be developed.

4-3 Dinoflagellate Endosymbionts in the Corals of the Papahānaumokuākea Marine National Monument: Why are
they important?
Michael Stat, Ruth Gates
Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

Dinoflagellates belonging to the genus Symbiodinium form symbiotic interactions with a wide range of marine invertebrates
and single celled protists. Symbiodinium is a genetically diverse genus that contains eight broad phylogenetic groups
(clades A-H) that each contains multiple sub-clade types. Partitioning of different symbiont types occurs due to
biogeography, host identity and depth of the animal host in the ocean environment. Different symbiont types are biologically
variable, which translates to functional differences in host-symbiont assemblages. Specifically, resistance to elevated sea
surface temperatures and growth rates in corals are affected by the identity of the symbiont hosted by specific corals.
Understanding the diversity of Symbiodinium in a coral reef ecosystem therefore ultimately contributes to our understanding
of factors that determine the resistance and resilience of coral reef ecosystems to changes in the environment. We have
sampled a variety of corals from atolls that span the Papahānaumokuākea Marine National Monument and characterized
the diversity of Symbiodinium present in these hosts using two DNA markers - the ITS2 region of the nuclear rDNA, and the
plastid borne 23S rDNA. Our analyses show that Symbiodinium types common to reefs in the Pacific are found in the
Papahānaumokuākea Marine National Monument, but that this coral reef ecosystem also hosts novel types that may be
endemic to Hawai‘i. The functional implications of this diversity are discussed against the backdrop of reef health and global
climate change.

4-4 Population Connectivity Between Acropora cytherea in the North Western Hawaiian Islands and the Central
Pacific.
Gregory Concepcion, Robert Toonen
Hawai‘i Institute of Marine Biology, Kāne‘ohe

Although Acropora is one of the primary genera of shallow water reef-building corals worldwide, there are only a few species
found in Hawai‘i. Acropora cytherea is well distributed throughout the Indo-Pacific but in Hawai‘i, its distribution is restricted
mostly to the North Western Hawaiian Islands (NWHI) with populations centered around French Frigate shoals. Recently
several colonies of A. cytherea have been found at Mana reef off of Kaua‘i. Where did A. cytherea in French Frigate Shoals
originate? What is the degree of connectivity among corals in the Papahānaumokuākea Marine National Monument? What
are the likely source populations of A. cytherea found off of the coast of Kaua‘i? To answer these questions, we’ve used 8
microsatellite markers to determine genetic relatedness between different populations of Acropora from the NWHI, the
Marshall Islands, Kingman reef, Johnston Atoll and Christmas Island. Global Analysis of Molecular Variance (AMOVA)
averaged across loci indicate an Fst value of 0.08568 with a p-value< 0.0001. Preliminary evidence indicates a pattern of
isolation of the Hawaiian archipelago from coral populations of both the Line and Marshall Islands, and connectivity between
French Frigate Shoals and Johnston Atoll.
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4-5 Management and Visualization of Ecological Data Collected in the Northwestern Hawaiian Islands
Erik Franklin
Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

The management and visualization of data is an important aspect to any research project. This talk will describe the
infrastructure, standards, and software tools utilized for the Northwestern Hawaiian Island Coral Reef Partnership between
the Hawai‘i Institute of Marine Biology and the Papahānaumokuākea Marine National Monument. The visualization of the
data with desktop and web-based applications will be demonstrated with technologies that include ArcGIS Server and
Google Earth. In addition, an overview of methods to access and utilize marine ecological information will be discussed.

Invasives – From Mauka to Makai (Part 1)

4-6 The Residual Activities of Imazapyr and Glyphosate on Dormant Pennisetum setaceum (Forssk.) Chiov.
(Fountain Grass)
James Leary1, Alyssa Cho1, Kelsey Loeffler1, Joe DeFrank1, Mike Bressel2, Creighton Litton1

1University of Hawai‘i at Mānoa, Honolulu, HI, 2Center for Environmental Management of Military Lands, Colorado State
University, Fort Collins, CO

The U.S. Army Pohakuloa Training Area (PTA) encompasses 44,045 ha located between Mauna Kea and Mauna Loa
volcanoes. This location is known for its arid conditions with low precipitation, strong desiccating winds and high solar
radiation and currently harbors large infestations of the drought-tolerant C4 species Pennisetum setaceum (Forssk.) Chiov.
(fountain grass). Fountain grass is a fire-adapted species that creates hazardous fuel loads interfering with the conservation
of other native vegetation. Herbicide suppression is an important fire management tool, but conventionally has been limited
to brief seasonal intervals when the grass is actively growing. Yet, fountain grass is dormant for most of the year. To test the
utility of herbicide suppression on dormant fountain grass, a replicated herbicide trial was established in April 2007 using the
active ingredients imazapyr (0.45 kg ae ha-1) and glyphosate (1.0 kg ae ha-1). Accumulated precipitation from April-Aug 2007
was only 3.0 cm with no observable growth or herbicide effects during this period. However, accumulated precipitation
during Sept-Dec 2007 increased to 23.4 cm with grass regeneration and herbicide effects finally observed at 31 weeks after
treatment. While glyphosate showed no grass suppression in this trial, field observations and bioassays have shown
imazapyr to be highly suppressive on fountain grass regeneration. The residual activity of imazapyr demonstrated in this trial
could become a new fire management tool that would greatly expand the time frame for effective herbicide applications,
thereby giving greater flexibility in the decision-making process to mitigate fire risks.

4-7 Maximizing Image Resolution to Solve the Problem of Species Identification
Stephen Ambagis2, Trae Menard1, Dana Slaymaker3

1The Nature Conservancy, Lihue, Kaua‘i, 2USGS HCSU, Hilo, Hawai‘i, 3Resource Mapping, Turners falls, MA

Over the past 3 years The Nature Conservancy (TNC) in cooperation with USGS and Resource Mapping have been
working to find a way to consistently and cheaply map and monitor key weed species from the air. The first attempt at this
incorporated the use of high resolution satellite imagery from the Quickbird sensor. Three things became abundantly clear
from that exercise. First, persistent cloud cover is a real problem. Secondly, extreme topography on the island of Kaua‘i
presented difficulty due to sun angle. Lastly, one of the main species of concern Australian Tree Fern (ATF) was not
distinguishable from other ferns using automated image analysis. Given these issues the next obvious step was to attempt
to collect aerial imagery over the study area when cloud and sun angle could be solved for and higher resolutions could be
obtained. Resource mapping was contracted through USGS to do this test. The results were mixed but overall positive.
Topography was still somewhat an issue but now cloud cover was eliminated and at a resolution of 15cm ATF was now
distinguishable from other native ferns with visual interpretation. Recent tests however have shown that even higher
resolutions are necessary for visual identification of a number of other species. Resource Mapping with major funding from
TNC is now producing imagery at ultra high resolution on the order of 1 to 2cm per pixel. At this resolution a large majority of
species are distinguishable from the air. The analysis relies primarily on image interpretation from botanical experts with
some early automated image analysis steps to increase efficiency where appropriate. The system produces a low-cost
interpretable product that can be evaluated again and again as results are required for a given species.

4-8 Pheromone Disruption of Argentine Ant Trail Integrity: A New Approach to Control?
Robert Peck1, D. Max Suckling2, Lee-Anne Manning2, Lloyd Stringer2, Justin Cappadonna1, Kirsten Snook1, Ashraf El-
Sayed2, Melody Euaparadorn1, Paul Banko3

1USGS Hawai‘i Cooperative Studies Unit, Pacific Aquaculture and Coastal Resources Center, University of Hawai‘i at Hilo,
Hawai‘i National Park, HI, 2HortResearch, Lincoln, New Zealand, 3U.S. Geological Survey, Pacific Island Ecosystems
Research Center, Kilauea Field Station, Hawai‘i National Park, HI

Argentine ants (Linepithema humile) are among the most aggressive invasive species worldwide and can have profound
impacts on habitats in which they invade. Island ecosystems may be especially vulnerable to Argentine ant invasion due to
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potentially lower resilience reflecting the impoverished nature of some native ant faunas. In Hawai‘i, where ants are not
native, Argentine ants are generally restricted to mesic and dry habitats above 1200 m elevation, where they continue to
expand their range into new areas. Contributing to the success of Argentine ants is their ability to create pheromone trails
that result in rapid recruitment to ephemeral, high-value food resources. If trail formation is inhibited or trails are destroyed,
the fecundity of nests may be reduced. Because conventional, toxin-based poisons are generally ineffective at eradicating
Argentine ants, alternative measures are needed to control their spread. Our collaborative research investigated the use of
large quantities of trail pheromone to mask existing trails and inhibit the formation of new trails. In lab trials, we used video
to document and quantify near-immediate disruption of trail use following application of pheromone. Subsequently, trail
pheromone was formulated for slow release via micro-encapsulation and tested to determine whether trail following and trail
development could be inhibited in field plots. In replicated plots, we found micro-encapsulated pheromone to effectively
reduce trail formation and recruitment to bait for at least 14 days. Alone, or in concert with toxin-based baits, application of
trail pheromone may offer a new approach to controlling Argentine ants in Hawai‘i.

4-9 Importance of Nest Predation By Alien Rodents, Avian Pox Virus, and Scale of Threat Management on
Conservation of O‘Ahu ‘Elepaio
Eric VanderWerf
Pacific Rim Conservation, Honolulu, HI

The importance of threats to endangered O‘ahu ‘Elepaio (Chasiempis sandwichensis ibidis) were investigated in Kuli‘ou‘ou,
Pia, and Wailupe Valleys in southeastern O‘ahu from 1995-2008 and the success of conservation efforts were evaluated.
Rodents were controlled with snap traps and bait stations, with valleys switched from control to treatment sites over time. A
total of 92 ‘Elepaio were mist-netted and color-banded, inspected for pox virus symptoms, and survival was estimated using
multi-state mark-recapture models. The success of 193 nests were monitored and annual reproduction of each breeding
pair were determined. The oldest known O‘ahu ‘Elepaio was 14 years and 3 months old. Survival of females was higher with
rodent control (0.80±0.05) than without (0.56±0.12), but survival of males was not affected by rodent control (0.85±0.03 with
vs. 0.82±0.04 without). Survival of ‘Elepaio with active or inactive pox-like lesions was 5-8% lower than survival of ‘Elepaio
with no pox symptoms. Rodent control resulted in higher nest success (61% vs. 33%) and annual fecundity (0.71±0.05 vs.
0.33±0.07 fledglings per pair). The population growth rate calculated from survival and fecundity estimates was stable with
rodent control (1.03±0.04) but declining without rodent control (0.65±0.06). ‘Elepaio experience some mortality from pox
virus, but nest predation by rodents is a more serious threat. Rodent control continues to be an effective tool for reducing
nest predation, but ‘Elepaio numbers in the study sites have declined slightly despite rodent control, possibly because some
young birds disperse into unmanaged areas that act as sinks. ‘Elepaio will continue to decline unless rodent control is
implemented on a larger scale.

4-10 Putting Together the Big Picture for Rodent and Mongoose Control in Hawai‘i: A Unified Inter-Agency
Approach
Katie Swift, Jeffrey Herod, Karl Buermeyer, Earl Campbell III
Agency Coordination Team for Rodent Control, Honolulu, HI

With the approval of hand and aerial broadcast of diphacinone in Hawai‘i for the protection of native species, landowners will
soon be able to utilize the full array of tools available for broadscale rodent control. This presentation is intended to update
the conservation community on the multi-agency planning process for a long-term program of rodent and mongoose control
in conservation areas within the State. Seven cooperating state and federal agencies will prepare a programmatic
Environmental Impact Statement which summarizes rodent and mongoose impacts to Hawaiian species; describes the
available control methods; evaluates the impacts of rodenticides and application methods to non-target species, human
health, and the environment; develops site selection and prioritization criteria; details methods for pre- and post-application
monitoring of rodent populations, non-target species, and the environmental fate of the rodenticides; documents the positive
and negative effects of rodent removal on native species; lays the framework for regulatory oversight, legal accountability,
and technical guidance; and implements a coordinated public outreach campaign. This EIS will document and analyze
components of an integrated program that can be tiered to on a site-specific, project basis. The benefits of this process are
that it allows a number of entities to pool resources for specialized expertise, equipment, and public outreach. This
coordinated effort will eventually include the broader community and will represent the vision of how Hawai‘i will implement
rodent and mongoose control in the years to come.
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4-11 Predator Control Techniques from Mainland Islands in New Zealand: Trapping, Baiting, and Predator-proof
Fencing
Stephen M. Mosher1, Stephen M. Mosher2, Jobriath L. Rohrer1, Jobriath L. Rohrer2, Darren Peters3

1Pacific Cooperative Studies Unit, Botany Department, University of Hawai‘i at Mānoa, Honolulu, HI, 2 O‘ahu Army Garrison,
Natural Resources Division, Schofield Barracks, HI, 3Department of Conservation, Predator Control, Wellington, New
Zealand

Hawai‘i and New Zealand are both unique in originally only having bats as their only native land mammals and in having
large numbers of native bird species. Both island groups have had intentional and accidental introductions of small
mammals that have lead to severe declines or extinctions of native forest birds. In Hawai‘i and New Zealand introduced rats
(Rattus sp.) are major predators of forest birds. Seeking to gain first hand knowledge of small mammal predator control
techniques and to review predator-proof fencing designs, Army Staff traveled to the North island of New Zealand in March
2008. Two Mainland Island projects were visited that integrated large scale bait station grids or snap trapping grids to
control rats for the conservation of rare and endangered forest birds. In the Te Urewera National Park, rat control is
conducted over an area of 1,600 ha with more than 7,000 snap traps, and in the Boundary Stream Mainland Island Reserve
about 950 bait stations cover over 800 ha. The large scale control effort at the Te Urewera National Park relies on
contractors to maintain traps throughout the year. We visited four predator-proof exclosures to examine designs, materials,
and topographic limitations. With the restrictions and limitations of hand and aerial broadcast usage of rodenticide in Hawai‘i
and the high costs of predator-proof fencing, the integration of large scale trapping and/or bait station grids for rat control are
methods natural resources managers in Hawai‘i can use for the conservation of endangered plants, tree snails, and birds.

Coral Reefs (Part 1)

4-12 Moving Beyond the Shallows: Mesophotic Coral Ecosystem Programs
Lara Hinderstein, Felix Martinez, Michael Dowgiallo
NOAA, Silver Spring, MD

Coral ecosystem work has typically focused on relatively shallow (< 30 m) environments due to difficulties in sampling
beyond this depth with conventional SCUBA techniques. Advances in technical diving methods and instrumentation are
increasingly providing easier access to deeper realms. Accordingly, more recent coral ecosystem studies have extended to
intermediate (30-100 m) depths. Coral ecosystems in the intermediate depth range can be referred to as “mesophotic” and
are distinct from those ecosystems dominated by “true” deep water azooxanthellate corals that occur at greater depths and
are not light-dependent. NOAA’s Center for Sponsored Coastal Ocean Research recently held a Workshop to identify
research priorities and management needs for mesophotic coral ecosystems (MCEs). We will present preliminary findings
from this Workshop as well as recommendations for future research priorities. Of particular importance is that MCEs may
act as refugia for threatened shallow water species and thus should warrant special resource management attention and
protection to help maintain local and/or regional biodiversity and connectivity.

4-13 Autonomous Reef Monitoring Structures as a Measure of Biodiveristy and Ecological Monitoring
Amy Hall1, Russell Brainard2, Julian Caley3, Scott Godwin4, Leslie Harris5, Nancy Knowlton6, Tito Lotufo7, Joel Martin5,
Kaylyn McCoy8, Megan Moews1, Russell Moffitt1, Gustav Paulay9, Laetitia Plaisance10

1JIMAR/University of Hawai‘i, Honolulu, HI, 2NOAA/PIFSC, Honolulu, HI, 3Austalian Institute of Marine Science, Townsville,
Queensland, Australia, 4Hawai‘i Institute of Marine Biology, Honolulu, HI, 5Natural History Museum of Los Angeles County,
Los Angeles, CA, 6Smithsonian Institution, National Museum of Natural History, Washington, D.C., 7Laboratorio de Ecologia
Animal, Instituto de Ciencias do Mar, Fortaleza, Brazil, 8State of Hawai‘i, Division of Aquatic Resources, Honolulu, HI,
9Florida Museum of Natural History, University of Florida, Gainesville, FL, 10Marine Biology Research Institute, Scripps
Institution of Oceanography, La Jolla, CA

Coral reefs are high diversity ecosystems, but methods to assess this diversity can be problematic, particularly for small and
cryptic organisms. Autonomous Reef Monitoring Structures (ARMS) have been developed and are being tested as a
standard method to mimic the structural complexity of coral reef habitats and attract colonizing non-coral invertebrates. With
an increasing scarcity of trained invertebrate taxonomists, ARMS will enable researchers to obtain indices of invertebrate
biodiversity utilizing molecular techniques that would otherwise be challenging and time consuming using traditional
morphological analyses. In October 2006, ARMS were deployed in a preliminary study at French Frigate Shoals in the
Papahānaumokuākea Marine National Monument, Northwestern Hawaiian Islands, and subsequently recovered and
analyzed in October 2007. ARMS were deployed at sites selected on the basis of habitat characterization and the analyses
were designed to look at both, the effectiveness of the instruments across the range of habitats and taxa collected. ARMS
were most productive in sampling molluscs (28%), ascidians (24%), crustaceans (19%), and bryozoans (11%) in forereef
and lagoon patch reef habitats. In addition, DNA barcode analyses were conducted to characterize crustacean biodiversity
associated with ARMS in comparison to dead Pocillopora heads from other sites in the Pacific. These results suggest that
coupling ARMS with taxonomic and molecular analyses can be an effective method to assess and monitor understudied
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coral reef invertebrate biodiversity. Additional ARMS deployments around the main Hawaiian Islands, Pacific remote island
areas, American Samoa, Australia, and Brazil will enhance our ability to monitor coral reef ecosystem change globally.

4-14 Leptoseris and Hawai‘i’s Deep Water Corals Reefs
Samuel Kahng1, James Maragos2, Eric Hochberg3, Andrew Rossiter4, Robert Bidigare5

1Hawai‘i Pacific University, Kāne‘ohe, HI, 2U.S. Fish and Wildlife Service, Honolulu, HI, 3Hawai‘i Intitute of Marine Biology,
Kāne‘ohe, HI, 4Waikiki Aquarium, Honolulu, HI, 5University of Hawai‘i, Honolulu, HI

Despite its ecological importance, the photosynthetic deep reef below 50 m is poorly understood. Most coral reef research is
performed within recreational SCUBA diving depths. However, zooxanthellate scleractinian corals build reefs far deeper in
clear, oligotrophic waters. In Hawai‘i, photosynthetic corals have been observed growing in situ down to 153 m off the Big
Island. Around most of the main Hawaiian islands, there is extensive deep reef habitat associated with the insular shelves
which extend laterally several km offshore to depths of 100-120 m where they are typically bordered by steep fossil
carbonate slopes. In 2001-2006, HURL deep-water surveys in Hawai‘i revealed that the dominant shallow-water
scleractinians (i.e., Porites, Montipora, and Pocillopora) were rare below 60 m. However, zooxanthellate scleractinians of
the genus Leptoseris were abundant between 60-120 m. In many areas, coral cover exceeded 50% providing complex
habitat for an abundance of reef fish and invertebrates. To date, taxonomic analysis has identified Leptoseris hawaiiensis,
Leptoseris yabei, and at least two undescribed, congeneric species. Research conducted with the Waikiki Aquarium
suggests that the coral growth rates are comparable to shallow-water corals but light absorption capabilities are much
higher higher. Leptoseris spp. thrive in low light as obligate autotrophs. Further research into Leptoseris physiology and
ecology is needed to properly manage these important habitat builders. Examining Leptoseris growing at deep water
environmental extremes (i.e., low light, temperature, and saturation state) will also provide insight on how reef building
corals may react to changes in climate and optical water quality.

4-15 Recruitment Dynamics of Scleractinian Corals in a Network of National Parks and Marine Protected Areas:
West Coast Hawai‘i Island
Larry Basch1, James White2, Angela Leemhuis2, William Walsh3

1National Parks Service, Honolulu, HI, 2University of Hawai‘i, Hawai‘i-Pacific Islands Cooperative Ecosystems Studies Unit,
Honolulu, HI, 3Hawai‘i State Department of Land and Natural Resources, Division of Aquatic Resources, Kailua-Kona, HI

Maintenance of adequate levels of coral recruitment is vital to sustain living coral reefs. Because early life stages are often
more susceptible than adults to environmental stressors, data on settlement and recruitment can help predict effects of
disturbance from, and resilience to, environmental change. This study is a large scale, multi-year effort to assess
recruitment of corals along the west coast of Hawai‘i Island in support of long term benthic monitoring and marine protected
area management. Terra cotta tiles have been used at nine sites over 2.5 years as settlement substrates to help determine
spatial and temporal variation in coral recruitment. Several spatial and temporal trends are evident in this ongoing study.
Peak settlement of coral larvae consistently occurred across years in summer (approximately April-September) in taxa with
and without planktonic larvae. Most taxa showed spatial patterns in settlement at the 1-10 km scale (between sites). The
northernmost site, Waiakailio Bay, had significantly higher densities of juvenile corals with settlement among sites
decreasing toward the south. Porites spp. had the highest recruitment overall, followed by Montipora spp., then Pocillopora
spp. for most sites. The north to south pattern in settlement density suggests large scale oceanography may not be driving
settlement-recruitment dynamics. Possible alternative influences include smaller, sub regional differences in ocean currents,
habitat structure, disturbance regimes, or anthropogenic influences. Combined with emerging oceanographic data, this work
provides an initial basis for long term benthic monitoring of ecological change in, and conservation of, park’s and other
protected areas marine resources.

4-16 Assessing the Importance of Fishing Impacts on Hawaiian Coral Reef Fish Assemblages Along Regional Scale
Human Population Gradients
Ivor Williams1, Bill Walsh2, Robert Schroeder3, Alan Friedlander4, Benjamin Richards3

1Hawai‘i Cooperative Fishery Research Unit, Honolulu, Hawai‘i, 2Hawai‘i Division of Aquatic Resources, Kona, Hawai‘i,
3Coral Reef Ecosystems Division (CRED) NOAA, Honolulu, Hawai‘i, 4NOAA/NOS/NCCOS/CCMA- Biogeography Branch,
Honolulu, Hawai‘i

Humans can impact coral reef fishes directly, by fishing, or indirectly, through anthropogenic degradation of habitat.
Uncertainty about the relative importance of those can make it difficult to develop and build consensus for appropriate
remedial management. To evaluate the significance of fishing as a factor potentially driving fish trends on a regional scale,
we assessed relationships between fish assemblages and human population density using data from 18 locations widely
spread throughout the main Hawaiian islands (MHI). Fish biomass in several groups was negatively correlated with local
human population density and a number of lines of evidence indicate that fishing was the prime driver of those trends. First,
declines were consistently evident among fish groups targeted by fishers, but not among lightly fished or non-target
groupings, which indicates that declines in target groups were not simply indicative of a general decline in habitat quality
along human population gradients. Second, proximity to high human populations was not associated with low fish biomass
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where shoreline structure prevented ready access by fishers. Relatively remote and inaccessible locations within the MHI
had 2.1-4.2 times the biomass of target fishes compared to accessible and populous locations, and may therefore function
as partial refugia. However, stocks in those areas were clearly far from pristine, as biomass of large predators was more
than an order of magnitude lower than at more intact ecosystems elsewhere in the Pacific.

4-17 Localized Outbreak and Feeding Preferences of the Crown-of-thorns Seastar, Acanthaster planci, on Reefs off
O‘ahu, Hawai‘i
Jean Kenyon1, Greta Aeby2

1NOAA Pacific Islands Fisheries Science Center Coral Reef Ecosystem Division, Honolulu, HI, 2Hawai‘i Institute of Marine
Biology, University of Hawai‘i, Honolulu, HI

The crown-of-thorns seastar Acanthaster planci is a selective corallivore that has caused widespread destruction on
numerous reefs throughout the Indo-Pacific. A localized outbreak discovered during towed-diver surveys along the north
coast of O‘ahu in July 2005 was examined in further detail by free-swimming divers during rapid ecological assessment
surveys. Seastar densities quantified by towed divers within a 2260 m2 tow swath and by free-swimming divers within a 100
m2 transect belt (0.44 and 0.45 seastars m-2, respectively) were more than three orders of magnitude higher than densities
determined by towed divers since 2000 throughout the Hawaiian archipelago. The seastars preferentially targeted Montipora
patula and Pocillopora meandrina as prey disproportionate to their representation in the coral community. Of the targeted
prey species, seastars preferred P. meandrina colonies less than 10 cm maximum diameter and M. patula colonies larger
than 20 cm maximum diameter. Knowledge of the feeding preferences of A. planci in Hawai‘i could provide managers with
more informed predictions concerning reefs at potential risk from seastar predation.

Native Plant Ecology and Conservation

4-18 Are We Targeting Hawai‘i’s Endangered Plants for Extinction?
Bruce P. Koebele
Ka‘ala Farm, Inc., Wai‘anae, Hawai‘i

Several current recovery documents for endangered Hawaiian plants recommend stabilization targets of 20 to 100
reproducing plants or mature individuals. However, it is the effective population size, Ne, that determines a population’s
ability to maintain genetic diversity. Meta-analysis by Frankham (1995) yielded a mean of effective/actual population size
ratios (Ne/N) of only 11%. This means the effective population size of the above-mentioned endangered species are likely
an order-of-magnitude less than stabilization targets (e.g., 2 to 11). Such low effective population sizes will result in rapid
losses of genetic diversity and evolutionary potential, inbreeding depression, and, ultimately, extinction. In addition, despite
little or no evidence of genetic distinctiveness, many clusters of endangered plants are being managed as separate
populations because of an exaggerated fear of outbreeding depression. Recommended remedies: (1) Increase stabilization
targets by at least ten-fold. (2) Determine the genetic diversity of endangered Hawaiian plant species. (3) Restrict the use of
the term “population” to demonstrated genetic entities. (4) Use artificial migration to reestablish gene flow between isolated
plant clusters.

4-19 Flower Visitation Among Hawaiian Scaevola
Michelle Elmore, Donald Drake
University of Hawai‘i at Mānoa, Honolulu, HI

The genus Scaevola (Goodeniaceae) occurs as shrubs to small trees from coastal strand to montane rainforests in Hawai‘i.
Extensive floral variation suggests pollinators differ among species. Bees (Hylaeus spp.) and honeycreepers (Drepanidinae)
are the putative native pollinators, but their diversity and abundance have declined over the last century. High rates of
extinction among the Hawaiian fauna and the introduction of alien generalists underscores the timeliness of understanding
the roles of current flower visitors. Flower visitation rates and visitor behavior were quantified for all nine extant species of
Scaevola (178.5 observation hours). Visitation was primarily diurnal, ranging from 0.2-3.0 visits . flower-1 . hour-1 during the
day, with 4-15 visitor taxa per species. Non-native visitors, mainly honeybees (Apis mellifera) and ants, were the most
frequent visitors for most species. Hylaeus were infrequent visitors to three species and common only at S. chamissoniana.
Birds were the main visitors to S. glabra and S. procera, with the alien Zosterops japonicus a primary visitor to both species,
and the native Hemignathus kauaiensis also a primary visitor to S. glabra. Visitation was often conducive to pollination for
most species. Visitor interactions differed for each species of Scaevola, and in several cases may impose pollination
limitations. Non-native species may be depriving native visitors of floral resources and may limit plant reproduction if alien
visitors are less effective pollinators than native species. Alternatively, alien visitors may pollinate Scaevola species whose
native pollinators have declined or shifted to new resources for unrelated reasons.
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4-20 Pollination Efforts for Hesperomannia arbuscula: an Inter-agency Achievement in Rare Plant Collection
Lauren Weisenberger1, Ane Bakutis2, Susan Ching-Harbin1, Matthew Keir1

1O'ahu Army Natural Resources Program, Schofield Barracks, HI, 2Plant Extinction Prevention Program, Pearl City, HI

Hesperomannia arbuscula, a rare endemic species of Asteraceae in the Waianae Mountains of O‘ahu, has severely
declined in recent years. Four populations remain with eleven plants total. Fruit and seed set have typically been low for
various reasons, but recent years have yielded very little viable seed. A significant effort, therefore, was made to pollinate all
mature individuals in the spring 2007 by Oahu Army Natural Resources Program (OANRP) and Oahu Plant Extinction
Prevention Program (PEP). Eleven hand pollinations were made as plants were visited 21 times from February through
August 2007. Resulting seed set from this effort was>20% and germination>55%. Seventy-two seedlings resulted from the
six fruit collected that contained viable seed. Pollen was collected and stored undried at 4C. Pollen age served as an
indicator for germination success. Pollen over one month old produced very few viable achenes. Typical for Asteraceae,
pollen may be difficult to store and proper handling may be important to extend viability throughout the entire flowering
season. Based on these results, pollinations this year followed new protocols to collect and handle pollen and to pollinate.
Guidelines included using pollen within one month of collection, keeping pollen cool in the field and in transport, and
creating sketch maps of plants to track pollinations as flowers are typically out of reach to tag with pollen donor and date
information. These multi-agency pollination attempts have provided a better understanding of the breeding system and have
produced plants to establish the first reintroduction for this species.

4-21 Survival, Growth and Photosynthetic Light Response of a Native Fern, Microlepia strigosa (Thunb.) K. Presl, to
Varying Understory Light Conditions
Cynthia Nazario-Leary, Tamara Ticktin, Travis Idol
University of Hawai‘i at Mānoa, Honolulu, HI

Microlepia strigosa, also known as palapalai, is a terrestrial fern found in the understory of Hawai‛i’s mesic forests. It is 
traditionally used in Hawaiian lei making and hula; however, little is known regarding its ecological requirements. This study
was undertaken to determine the survival, growth and photosynthetic light response of the native fern grown under different
understory conditions. M. strigosa was outplanted in research plots at the Harold Lyon Arboretum in Mānoa Valley where
different understory light conditions were created by either clearing or leaving intact a mid-story dominated by the invasive
shrub Ardisia elliptica. Survival and growth parameters were measured quarterly for two years and compared to soil
moisture content and percent shade. Photosynthetic gas exchange measurements were made at nine light levels ranging
from 0 to 800 μmol m–2 s–1 and used to generate a light-response curve of net CO2 assimilation vs. photosynthetically active
radiation. Ferns showed higher survival and growth rates in cleared plots with increases in growth corresponding to
increases in soil moisture content and light availability. Maximum rates of photosynthesis, quantum efficiency and the light
saturation point were also significantly higher in ferns outplanted under cleared mid-story. In conclusion, greater survival and
growth of M. strigosa is due not only to increases in light and water availability through removal of an invasive mid-story but
also increases in photosynthetic capacity which enables the fern to take advantage of the increased light.

4-22 Changes in Pollination Across an Elevation Gradient on the Island of Hawai‘i
Heather Sahli1, Donald Drake1, Andrew Taylor1, Tadashi Fukami1, Elizabeth Stacy2

1University of Hawai‘i at Mānoa, Honolulu, HI, 2University of Hawai‘i at Hilo, Hilo, HI

Pollinators are an essential resource for plant reproduction for the majority of angiosperms in Hawai‘i. However, very little is
known about the pollinators of most of Hawai‘i’s native plants. In this study we took a community approach to studying
pollination in Hawai‘i by studying how plant-pollinator interactions change along an elevation gradient on the island of
Hawai‘i. We quantified pollinator visitation rates to all of the flowering plant species in communities on an 1855 lava flow to
understand how pollination webs and the integration of native and alien species change with elevation. Pollinator
observations on eight flowering plant species at six sites ranging from 880-2400m were conducted. Plants at mid-elevation
sites (1570-1820m) received the highest visitation rates, with steep declines above and below these elevations. In addition,
the proportion of native pollinators changed along the elevation gradient, where up to 50% of visits were from alien
pollinators at low elevation, as opposed a maximum of 20% of visits by alien pollinators at mid to high elevations. In
particular, three species of native Hylaeus bees made up to 84% of all visits at these mid and high elevation sites, whereas
Hylaeus were in extremely low abundances at low elevations. Our finding of low visitation rates at low elevations, where
Hylaeus were rare, suggests that important native pollinators may not be easily replaced by aliens. Our study also highlights
the importance of native bees for plant reproduction in early succession habitats in Hawai‘i.

4-23 Inter Situ Restoration Techniques: Creating a Third Front in Hawaiian Plant Conservation
Lida Pigott Burney1, David Burney2

1Makauwahi Cave Reserve, Kālaheo, HI, 2National Tropical Botanical Garden, Kālaheo, HI

A human-caused extinction catastrophe is currently taking place in the Hawaiian Islands. Recent studies reveal that
conventional in situ and ex situ conservation strategies have been inadequate to the huge challenge of protecting a flora in
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which nearly half the species are at risk. The fossil record fully supports the idea that creating new populations in formerly
much larger late prehistoric and early historical ranges of declining species may provide a reliable and cost-effective hedge
against extinction. Advantages of this inter situ approach include improved husbandry through better access than many in
situ populations, increased opportunity for study and monitoring, potential for accelerated low-cost production of large
numbers of propagules, opportunities for reversing the deleterious genetic effects of fragmentation, and increased security
against disturbance. Examples of large-scale prototypes on Kaua‘i include Makauwahi Cave Reserve and the Grove Farm
Ecological Restoration Project. Aspects of this approach have also been incorporated into the ongoing restoration programs
at the Limahuli and Lāwai gardens of NTBG. Survival statistics and economic analyses show that this “rewilding “approach
to Hawaiian plant conservation represents a viable new tool-kit for conserving this imperiled flora. Some rare plants can be
grown on economically marginal land using farm machinery and automated irrigation to scale up conservation efforts to
produce large populations of species otherwise on the brink of extinction. Although more conventional in situ and ex situ
strategies should be continued and expanded, inter situ strategies may represent a crucial “third front” in the struggle to
save declining species.

CONCURRENT SESSION 5: JULY 30, 3:20-5 PM

Symposium: The Science Supporting the Management of Papahānaumokuākea Marine National Monument:
Microbes to Monk Seals

Session 3: National Marine Fisheries

5-1 Long-term Trends in Basking Hawaiian Green Turtles in the Northwestern Hawaiian Islands
Melissa Snover, Mark Sullivan
Pacific Islands Fisheries Science Center, Honolulu, HI

In general, very little information exists regarding trends for sea turtle populations at any stage other than nesting adult
females, and this lack of information hampers population assessments. Hawaiian green turtles exhibit a basking behavior
where juveniles and adults emerge from the water to rest on beaches. This behavior allows for unique estimates of
abundance to be made on life stages other than adult females. The main rookery for Hawaiian green turtles is at French
Frigate Shoals (FFS) in the Northwestern Hawaiian Islands (NWHI) where over 90% of nesting in the Hawaiian archipelago
takes place. From 1983 to present, the Marine Mammal Research Program at the Pacific Islands Fisheries Science Center
has been monitoring the Hawaiian monk seal population at six main sites within the NWHI. Despite the project’s focus on
monk seals, data were also collected on green turtles observed basking at FFS, Laysan, Lisianski, Pearl and Hermes Atoll,
Midway, and Kure, including information on size class and sex for adults. Analyses of these data has provided unique
information on changes in the proportions of the different size classes observed basking, relative abundances for these size
classes through time, and sex ratios of adults. In addition, correlations between nesting turtles and adult basking turtles
demonstrate that basking adult turtle abundance at FFS is positively correlated to nesting turtle abundances, while basking
adult turtle abundance at other locations is not. Together this information will improve our ability to assess and monitor the
status of the Hawaiian green sea turtle population.

5-2 Integrated Ecosystem Observations of Coral Reef Ecosystems of the U.S. Pacific Islands with a Focus on
the Northwestern Hawaiian Islands
Russell Brainard1, Jean Kenyon2, Jamison Gove2, Marc Lammers2, Benjamin Richards2, Robert Schroeder2, Bernardo
Vargas-Angel2, Susan Vogt2, Peter Vroom2

1NOAA Pacific Islands Fisheries Science Center Coral Reef Ecosystem Division, Honolulu, HI, 2University of Hawai‘i
Joint Institute for Marine and Atmospheric Research, Honolulu, HI

In an effort to provide scientific information needed to support ecosystem approaches to management of coral reefs in the
Northwestern Hawaiian Islands (NWHI) and other U.S.-affiliated Pacific Islands, a multi-institutional team of scientists led by
the PIFSC’s Coral Reef Ecosystem Division has been implementing NOAA’s Pacific Reef Assessment and Monitoring
Program (RAMP): an integrated ecosystem observing system to map, assess, and monitor the coral reef ecosystems across
the Pacific region. Pacific RAMP has conducted baseline assessments and monitoring around 50 island ecosystems in the
Hawaiian and Mariana Archipelagos, American Samoa, and the remote U.S. Line and Phoenix Islands. Monitoring efforts
include rapid ecological assessments of corals, other invertebrates, fish, and algae; spatial towed-diver surveys of benthic
composition and the abundance of ecologically and economically important macroinvertebrates and large fish; mapping of
shallow and moderate depth benthic habitats; passive acoustic monitoring of biotic and anthropogenic sounds; and
oceanographic and water quality monitoring using shipboard surveys and moored instrument arrays. Multidisciplinary
ecosystem observations initiated in the NWHI in 2000 are being integrated into a comprehensive Coral Reef Ecosystem
Monitoring Report for the Hawaiian Archipelago: 2000–2007, which will describe the spatial and temporal patterns of the reef
ecosystems of both the MHI and NWHI. Use of consistent multidisciplinary methods allows an unprecedented opportunity to
perform biogeographic and ecological comparative analyses across diverse ecological, environmental, and socioeconomic
gradients. Patterns of variability of reef fish biomass, coral cover and disease prevalence, algal diversity, acoustic energy,
oceanographic conditions, and other reef metrics will be presented.
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5-3 Geologic Aspects of Coral Reef Ecosystems of the NWHI and Implications for Their Understanding and
Management
John Rooney, Charles Fletcher, Pal Wessel, Jason Baker, Ronald Hoeke
1JIMAR, Univ. Hawai‘i and NOAA Pacific Islands Fisheries Science Center, Honolulu, HI, 2Department of Geology and
Geophysics, University of Hawai‘i, Honolulu, HI, 3NOAA Pacific Islands Fisheries Science Center, Honolulu, HI

The Northwestern Hawaiian Islands (NWHI) represent the only large-scale coral reef ecosystem on the planet that is mostly
intact. As such, they are deservedly the target of a wide range of biologically oriented research. The purpose of this
presentation is to review a small portion of the work that has been done in the NWHI that has geological components and to
discuss some of their implications for understanding and managing the living marine resources there. The NWHI are located
in the middle of the Hawaiian-Emperor Seamount chain. The chain is composed of 129 volcanoes, 104 of which have
formed islands. Rates of formation, maximum elevation, lifespan and spacing between islands have all changed over time,
with significant implications for the area’s biogeography. Glacial-interglacial fluctuations in sea level with periods and
magnitudes of approximately 100,000 years and 130 m respectively, occurring over much of the Quaternary Period, have
exerted a primary control on the location and extent of coral reef accretion and erosion. Changes in sea level over the last
10,000 years have had important effects on the present morphology and function of coral reef ecosystems in the NWHI as
well. The loss of terrestrial habitat in the NWHI over the last several decades is probably largely a consequence of more
recent changes in sea level and has significant implications for many species. Reef accretion has the potential to at least
partially counteract sea level rise, but published rates of reef accretion must be interpreted with caution.

5-4 Community Structure of Hermatypic Corals at Seven Reef Systems in the Northwestern Hawaiian Islands
Jean Kenyon1, Casey Wilkinson1, Matthew Dunlap1, Greta Aeby2, Peter Vroom1, Kimberly Page1, Caitlin Kryss3

1Joint Institute for Marine and Atmospheric Research, University of Hawai‘i, Honolulu, HI, 2Hawai‘i Institute of Marine
Biology, University of Hawai‘i, Honolulu, HI, 3University of Hawai‘i at Hilo, Hilo, HI

Detailed quantitative descriptions of coral community structure have been completed for French Frigate Shoals, Maro Reef,
Laysan, Lisianski/Neva Shoal, Pearl and Hermes, Midway, and Kure from surveys conducted from 2000–2004. Coral
percent cover and relative abundance were derived from analysis of imagery recorded during towed-diver surveys, video
transects, and photoquadrats. Colony densities and size class distributions were derived from censuses within belt
transects. Towed divers surveyed more than 372,000 m2 of benthic habitat, from which 14,810 images were analyzed.
Video transects, photoquadrats, and belt-transect censuses were conducted at 144 sites. All three methods showed coral
cover was highest at Lisianski/Neva Shoal and Maro Reef, and lowest at Midway. Massive and encrusting taxa of Porites,
chiefly P. lobata, dominated at all reef systems except the three northern atolls, where Montipora and Pocillopora were more
important contributors to coral cover. Porites had the highest average colony densities at all islands/atolls. Size class
distributions of Porites, the greatest overall contributor to coral cover, varied among reef systems, with the highest
percentage of large (>40 cm maximum diameter) colonies found at Maro Reef and Lisianski. These demographic data are
discussed in the context of the differential responses of the major coral taxa to salient determinants of coral community
structure including bleaching, disease, crown-of-thorns seastars, and recruitment. These data provide a detailed baseline of
the composition of shallow-water coral communities in the early years of the 21st century that will serve as a comparative
benchmark for examining long-term change.

5-5 Marine Algal Diversity and Distribution in the Northwestern Hawaiian Islands (NWHI)
Peter Vroom, Kimberly Page-Albins, Molly Timmers
NOAA PIFSC CRED, Honolulu, HI

Before the inception of NOAA’s Coral Reef Ecosystem Division, knowledge of the algal flora of the NWHI was limited to
incidental collections from lobster traps or from sporadic shore-based surveys. Starting in 2000, concerted collection efforts
from multiple subtidal habitats surrounding every island in the NWHI began greatly increasing our understanding of algal
biodiversity and led to expansion of known species ranges, the description of species new to science, and the discovery of
previously unknown algal reproductive processes. In 2002, a quantitative survey method was instigated that allowed for
collection of relative algal abundance and species-level percent cover. Distributional maps of common algal species were
created for the first time and subsequent multivariate analyses using relative abundance data suggested that changes in
algal community structure occurred in conjunction with coral bleaching events at the three northern-most atolls in the
Hawaiian archipelago. In-depth percent cover analyses found very low cover of live coral species, with most habitats in the
NWHI being dominated by algae. The foliose green alga Microdictyon setchellianum was particularly abundant in southern
forereef regions, and species of the calcified, sand-producing, green algal genus Halimeda were common in lagoonal
environments. Statistical analyses using the PRIMER software package revealed distinct habitats around each island that
were characterized by distinct mixed algal assemblages. Using this percent cover data, a correlative study linked algal
distributional patterns to wave exposure regimes while another study found huge temporal differences in algal abundance
between sampling years, possibly due to an El Niño-Southern Oscillation event.
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Invasives-From Mauka to Makai (Part 2)

5-6 Alien Macroalgae Distribution and Management in Hawai‘i
Brian Hauk, Anthony Montgomery, Sara Pelleteri
Hawai‘i Division of Aquatic Resources, Honolulu, HI

Invasive marine algae are a serious threat to shallow water ecosystems around the main Hawaiian Islands. Tremendous
efforts are being made by a number of organizations to prevent and control the spread of introduced species throughout the
rest of the Hawaiian archipelago. The Hawai‘i Division of Aquatic Resources has been conducting visual surveys for five
major invasive marine macroalgae species (Gracilaria salicornia, Kappaphycus/Euchuma spp. complex, Acanthophora
spicifera, Avrainvillea amadelpha, Hypnea musciformis) around the state since 2005. Surveys typically extend from shore to
the barrier reefs of potential habitats and are conducted on snorkel, making straight line swims from beach to reef. Portable
global positioning system devices are used to record spatial data along with relative algal abundances. Data points are
imported into ArcGIS software allowing the generation of accurate maps that project algal abundance and distribution.
These data can also be projection with NOAA’s benthic habitat maps for further validation. These maps are essential for
determining further algal management strategies. The division is currently collaborating with the University of Hawai‘i and
The Nature Conservancy to develop strategies for two problem areas on O‘ahu. Managers, using the distribution maps,
have focused efforts in Kāne‘ohe Bay and Maunalua Bay and are planning new efforts of control. New methods include
mechanical removal via super sucker barges/community events, increasing herbivory by protecting certain species through
gill net restrictions, education, and nutrient/runoff improvement.

5-7 A Life History Investigation of Mugilids in the Hilo Muliwai
Troy Sakihara, Troy Shimoda, Robert Nishimoto
Hawai‘i Division of Aquatic Resources, Hilo, HI

There are two common Mugilid species in Hawai‘i’s estuaries- the native Striped mullet, Mugil cephalus, and the exotic
Kanda mullet, Valamugil engeli. Since the unintentional introduction of V. engeli in Hawaiian waters in 1955, there has been
a discernable shift in large populations of M. cephalus to large populations of V. engeli. Unlike M. cephalus, V. engeli is not
considered valuable to recreational fisheries or as a food fish due to its smaller size. Coupled with its overwhelming
numbers and its competition for food and habitat, V. engeli may be considered a serious threat to the native mullet
population in Hilo Bay. Over the past 17 years, The Division of Aquatic Resources has conducted an on-going bi-monthly
survey in Hilo Bay to obtain fundamental life history information of M. cephalus and V. engeli. Sampling was done using cast
nets to take non-random samples of M. cephalus and V. engeli throughout Waiakea Pond, Wailoa River and Reed’s Bay in
Hilo. Data collected throughout this survey has confirmed dramatic shifts in population size of both mullet species in Hilo
Bay and also showed noticeable differences in juvenile recruitment of both species. Our goal is to determine what
mechanism(s) drives these processes, which may ultimately be the basis for making sound management decisions and
practices.

5-8 Eradication of the Introduced Corallimorph Actinodiscus nummiformis in Hawai‘i
Kaylyn McCoy, Tony Mongomery, Brian Hauk, Jamie Marchetti
Hawai‘i Division of Aquatic Resources, Honolulu, HI

In December 1997, the corallimorph Actinodiscus nummiformis was discovered in a small boat harbor on O‘ahu, HI. These
popular aquarium organisms are believed to have been intentionally placed in the harbor for later harvesting. An
unsuccessful eradication attempt was made by Hawai‘i Division of Aquatic Resources divers. Surveys in August of 2005
revealed Actinodiscus sp. still confined to three discrete sections of the harbor. The Aquatic Invasive Species Team, Hawai‘i
Division of Aquatic Resources, and Hawai‘i Department of Agriculture attempted another eradication. Initial removal was
performed by divers manually chiselling rocky substrate to which the organisms were attached. The specimens were then
placed in buckets filled with a water/bleach solution. After several attempts, large numbers of very small organisms were
found. So, a smothering technique utilizing sandbags was developed. Surveys were conducted weekly until all remaining
polyps were destroyed. Subsequent surveys over two years revealed no remaining polyps. Due to the sensitive nature of
this case and the fact that the Department of Agriculture is investigating this matter, we are not disclosing the location of the
infestation. However, if any colonies are sighted, contact the Division of Aquatic Resources at 808-587-2276.

5-9 Life History Traits of Hawai‘i’s Most Invasive Marine Invertebrate
Sam Kahng1, Daniel Wagner2, Yehuda Benayahu3

1Hawai‘i Pacific University, Kāne‘ohe, HI, 2University of Hawai‘i, Honolulu, 3Tel Aviv University, Tel Aviv, Israel

Since its initial discovery on O‘ahu in 1966, the azooxanthellate octocoral, Carijoa riisei (Duchassaing and Michelotti, 1860),
has spread across the main Hawaiian Islands and proliferated in abundance. C. riisei which is commonly called snowflake
coral is arguably the most invasive marine invertebrate in Hawai‘i. To help understand the substantial ecological success of
C. riisei in Hawai‘i, its life history traits including sexual reproduction were examined. C. riisei exhibits exceptionally fast
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growth which enables it to overgrow/overtop competing benthic fauna. Its stolons enable it to survive seasonal disturbance
caused by long period swells which excludes benthic fauna that would otherwise compete with it. These stolons also enable
C. riisei to survive and recolonize substrata following mechanical removal. Carijoa riisei is gonochoric and exhibits
asynchronous, continuous spawning of negatively buoyant gametes which suggest external fertilization and possibly benthic
larvae. Under favorable conditions, C. riisei exhibits high polyp fecundity. This mode of reproduction is unusual among
corals, forgoes the advantages of concentrating gametes in space and time, and requires dense aggregations of male and
female colonies in close proximity to ensure fertilization success. Other life history traits such as fast growth, early age of
sexual maturity, vegetative propagation, and superior competitive ability enable C. riisei to form dense, multi-colony
aggregations, thereby facilitating sexual reproduction. Provided C. riisei can achieve a critical density, this unusual sexual
reproductive strategy probably enables it to exploit the ephemeral availability of space across time with a high and
continuous production of larvae.

Coral Reefs (Part 2)

5-10 Reproductive Biology of Three Native Hawaiian Goatfish, Mulloidichthys vanicolensis, Mulloidichthys
flavolineatus and Parupeneus porphyreus (Perciformes: Mullidae)
Heather Leba, Kathleen Cole
University of Hawai‘i, Mānoa, Honolulu, HI

Research has shown that knowledge of life history patterns, such as size and age at first maturity, is critical for fisheries
management, yet this information is lacking for most of Hawai‘i’s eleven goatfish species. Mulloidichthys flavolineatus, M.
vanicolensis, and Parupeneus porphyreus contributed 80% of the total poundage (39,703) of goatfish landed for O‘ahu’s
inshore reef fishery in 2005. Though these species constitute an important commercial fisheries resource, we know virtually
nothing about their reproductive biology. For this project, fish of each of the three species were taken within Kāne‘ohe Bay
and along the South Shore of O‘ahu. Using histological analyses, an atlas of oocyte stages was created for each species.
Asynchronous ovarian development is exhibited in all three species, suggesting a common oogenic pattern. Monthly
gonado-somatic index calculations revealed that M. vanicolensis probably spawns from February to May. This study is the
first to use histology to examine Hawaiian mullid reproduction and provides critical biological information for effective
fisheries practices directed towards the protection of this fishery.

5-11 Bioerosion of Coral Reefs by Two Hawaiian Parrotfishes: All a Matter of Size
Ling Ong, Kim Holland
University of Hawai‘i at Mānoa, Honolulu, HI

Parrotfishes can be significant bioeroders and sediment producers on coral reefs but there are no quantitative data for
Hawaiian reefs. We quantified the bioerosion rates of two similarly sized Hawaiian parrotfishes, each with a different feeding
mode. The red-lipped parrotfish Scarus rubroviolaceus is a scraper whereas the spectacled parrotfish Chlorurus
perspicillatus is an excavator. It has been hypothesized that the stronger jaw musculature of the excavator species would
result in significantly more bioerosion than the scraper. Bioerosion rates were calculated for different size classes of both
species by directly measuring bite scar volume, feeding rates and the proportion of feeding bites that actually resulted in
bioerosion. Contrary to expectations, the main determinant of bioeorsion rates was the size of the individual fish regardless
of species or feeding modes. Bioerosion rates increased with individual biomass, with the largest individuals (S.
rubroviolaceus 45–54 cm) bioeroding up to 38067 kg.indiv.-1yr-1. Parrotfish grazing consumed 60% of the carbonate
production of the fore reef area of the bay. Larger sized S. rubroviolaceus contributed disproportionately more to bioerosion
and sediment production than the equivalent biomass of smaller conspecifics. The threshold size for onset of bioerosion of
the two species was determined to be 5-14 cm. The proliferation of individuals in this size class would not compensate for
the loss of overall bioeroding function if larger parrotfishes were removed. Therefore, management strategies designed to
retain normal reef bioerosion rates should preserve the historical size structure of S. rubroviolaceus populations and protect
the larger size classes.

5-12 Undoing of a Phase Shift: Recovery and Change in Reef Flat and Reef Slope Communities of Kāne‘ohe Bay,
O‘ahu
Nadiera Sukhraj
1University of Hawai‘i at Mānoa, Honolulu, HI, 2Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

From the late 1960s until 2006, Kāne‘ohe Bay possessed a high standing crop of the native green alga Dictyosphaeria
cavernosa, which was noted to smother and directly or indirectly kill coral. D. cavernosa displaced coral on many of the
Bays reefs; this type of change has been referred to as a phase shift. In the spring of 2006 the cover of D. cavernosa was
drastically reduced in Kāne‘ohe Bay due to 42 days of continuous rain and overcast conditions. Episodic freshwater “kills”
appear to have played an important role in restructuring the local reef communities, but this reduction in cover was evidently
not caused by exposure to freshwater. The alga responsible for the phase shift disappeared almost completely, but coral
and red macroalgal species (Acanthophora spicifera, Kappaphycus sp., Gracilaria salicornia, Euchema denticulatum)
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growing at the same depths were not affected. Phase shifts, changes in reef communities from coral domination to algal
domination, are a common conservation problem in tropical waters. Recovery rates of reef flat corals have been low in the
past 2 years (<3% increase coral cover/year), while D. cavernosa has shown virtually no recovery. Despite the fact that
herbivorous fishes, the major reef herbivores, have strong feeding preferences for red algae, the cover of these algae has
not markedly increased in the past two years. The sudden loss of the major competitor for space on these reefs makes it
possible to examine to what extent the reef community will display resilience and return to a coral dominated state.

5-13 Urchins on Midway Atoll Can Directly Impact Live Corals
Wendy Cover, Donald Potts
University of California, Santa Cruz, Santa Cruz, CA

Understanding the key processes that influence the survival and spread of corals is critical to the conservation of coral reef
ecosystems. Sea urchin grazing on macroalgae is known to have a strong indirect benefit on coral cover and reef resilience.
Sea urchins and corals are usually thought to interact through these indirect processes, and direct impacts of urchins on live
coral tissue are rarely reported. We investigated the potential for direct urchin predation on live coral, and whether such
interactions vary by species of urchin and coral. We conducted experiments at two sites in the backreef of Midway Atoll (NW
Hawaiian Islands) during 2006-2007 using three coral species (Pocillopora ligulata, Montipora c.f turgescens, and Porites
lobata) and two urchin species (Echinometra mathaei and Heterocentrotus mammillatus). We epoxied coral fragments of
each species into plots with and without each urchin species. Most fragments of all coral species placed in plots with E.
mathaei present were grazed down increasingly over a period of several weeks, often resulting in a complete removal of
coral tissue and skeleton. Fragments of M. c.f. turgescens were grazed down more quickly than those of P. lobata.
Fragments in plots with E. mathaei removed and fragments in all H. mammillatus plots were unaffected over the course of
the experiment. We conclude that E. mathaei can exert a clear direct negative impact on live corals, and the rate and
relative impact can vary by coral species, with implications for coral recruitment and reef management and conservation.

5-14 Midway Atoll as a Model System for Exploring Conservation of Marginal Reefs
Donald Potts, Wendy Cover, Kristin McCully
University Of California, Santa Cruz, CA

Midway Atoll is an ecologically and latitudinally marginal reef, set in the environmental gradients between the warm
equatorial systems and the cool North Pacific Gyre. It also experienced more intense anthropogenic disturbance during the
20th century than any other Papahānaumokuākea Marine National Monument (PMNM) reef. Many habitats appear degraded
with corals becoming rare in some potentially suitable habitats, and with physical and biological erosion apparently
outstripping rates of reef accretion. Midways’s harbors, air access, extensive infrastructure and accomodation are unique in
the PMNM, and Midway’s sustainability is essential not only for the longterm persistence of the Midway Atoll National
Wildlife Refuge, but also for success of the PMNM. While all reefs now face additional challenges from climatic and
oceanographic changes, sea-level rise, and ocean acidification, Midway’s history may affect its ability to respond.

A multi-disciplinary program of biological and geological studies began in 2005 to establish baselines for the dynamic
processes determining the structure, functioning and ecological services of Midway Atoll's reef ecosystem, to detect
ecologically important changes, to evaluate continuing consequences of past disturbance, and to consider possible
management measures to enhance sustainability. The approach integrates field observations, habitat monitoring,
experiments to quantify rates of key processes affecting reef growth and reef degradation, and biogeophysical models for
exploring responses to IPCC projections for environmental change. Current projects concentrate on interactions of
scleractinian corals, coralline algae, fleshy algae, cyanobacteria, sea urchins, fishes, sediment production and transport,
framework accretion and erosion.

Bats and Birds

5-15 Seasonal Movements and the Occurrence of Hoary Bats in Hawai‘i
Frank Bonaccorso, Paulo Gorresen, Christopher Todd, Christina Cornett
U.S. Geological Survey, Hawai‘i National Park

Providing optimal management for highly mobile flighted species requires knowledge of the seasonal movement patterns.
The winter range and ecological requirements of the endangered Hawaiian hoary bat, Lasiurus cinereus semotus, is poorly
understood. To test the hypothesis that hoary bats move seasonally across the island, we deployed arrays of automated
ultrasound detectors along elevational gradients to examine seasonal occurrence on both dry leeward and wet windward
sides of Hawai‘i Island. Bat occurrence was very low in the windward lowlands during winter with a dramatic increase in
activity from late spring through autumn. Sites above 1600 m had highest occupancy during the winter months. Hawaiian
hoary bats move upward in elevation in winter possibly to enter short periods of torpor during winter storms. Continued
research on seasonal occupancy of low and high elevation habitats of this bat should provide critical information that will
permit informed management decisions for the better protection this island endemic species.
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5-16 Parasitic Mites (Knemidokoptes jamaicensis) Found in Hawai‘i ‘Amakihi (Hemignathus virens) on the Island of
Hawai‘i: A New Threat to Hawaiian Honeycreepers?
Jacqueline Gaudioso1, Dennis LaPointe2, Patrick Hart1
1University of Hawai‘i at Hilo, Hilo, HI, 2U.S. Geological Survey, Pacific Island Ecosystems Research Center, Volcano, HI

Lesions resembling knemidokoptic mange on the feet and tarsometatarsi of two Hawai‘i ‘amakihi (Hemignathus virens) were
observed while mist-netting wild passerines in Manukā Natural Area Reserve on the island of Hawai‘i between June 14th and
June 19th, 2007. During subsequent mist-netting from September through February, 2008 we found that 25.9% (7/27) of the
Hawai‘i ‘amakihi caught were affected. Microscopic evaluation of skin scrapings from lesions of affected individuals revealed
Knemidokoptes jamaicensis (Acari: Knemidokoptidae). This is the first report of a Knemidokoptes spp. found in wild
passerines in the Hawaiian Islands. No other wild passerines (n=573) have been found with knemidokoptic mange during
our island-wide study of Hawai‘i amakihi.

5-17 Nesting Behavior of the ‘Akikiki or Kaua‘i Creeper
Jeremy D. Russell, Jennifer L. Anderson, Lucas A. Behnke
Kaua‘i Forest Bird Recovery Project, Hawai‘i Department of Land and Natural Resources, Division of Forestry and Wildlife,
Waimea, HI

The ‘Akikiki, or Kaua‘i creeper (Oreomystis bairdi) is one of the United States’ most poorly known birds. The species was
first described in 1887, but it has never been the sole focus of any research program and its most basic life history details
remain undescribed. This single-island endemic’s small population size — estimated at less than 1500 individuals — and its
drastic decline since 1970 underscore an acute need for life-history data of any type. We present the results of behavioral
observations of nesting ‘Akikiki made during 2007 and 2008 in the Alaka‘i Wilderness Preserve on Kaua‘i, including the first
observations of a nest attended by a color-banded pair. Time budget and pair interaction data suggest that male ‘Akikiki
exhibit high energetic investment during nesting. This was supported by frequent courtship feeding of the incubating female,
which was often followed by both birds leaving the nest area to forage together. Our observations provide insight into the
breeding ecology and pair dynamics of this imperiled Hawaiian honeycreeper and may inform future management actions to
ensure the ‘Akikiki’s persistence in the remnant native rainforest of Kaua‘i.

5-18 Fifteen-year Nesting Study of a Hawaiian Honeycreeper
Chris Farmer1, Kevin W. Brinck1, Paul C. Banko2

1USGS Hawai‘i Cooperative Studies Unit, Hawai‘i National Park, HI, 2U.S. Geological Survey, Hawai‘i National Park, HI

The highly endangered Palila (Loxioides bailleui) is the last finch-billed honeycreeper remaining in the main Hawaiian
Islands and the population has declined sharply over the last 5 years. We have studied its population and behavior for the
last 22 years, including monitoring 944 nests during 1988–2002, generating one of the longest datasets for any songbird.
Females laid a mean of 1.8 eggs (mode = 2), and 48% (434/904) of eggs successfully hatched. Age-related and individual
variation in nesting attempts was apparent. Second-year birds comprised 21% of the Palila population, but of 127 banded
breeding birds only 5% of females were in their second-year, and no breeding males were second-year birds. The maximum
observed nesting attempts for a single female was four over 6 years, while a different female made four attempts (two
successful) within a single breeding season. We used a Bayesian analysis to estimate daily nest survival rates to account
for heterogeneous survival among years, irregular monitoring schedules within years, and uncertainty of nest age when
discovered. There were substantial differences in our annual nest detection rate (nests/ha), but across years the nest
density was 2-7 times higher in māmane-dominated forest compared to naio-dominated forest. There was no significant
correlation between estimates of summer nest density and January population estimates in the same or following year. The
Palila’s age-specific nest survival rate was greater than many species with stable populations, suggesting that low nest
survival was not a major factor in the recent population decline.

5-19 Translocation and Restoration: Moving Hawaiian Birds "Out of the Box"
David Leonard, Holly Freifeld, Thane Pratt
1Hawai‘i Department of Land and Natural Resources, Division of Forestry and Wildlife, Honolulu, HI, 2U.S. Fish and Wildlife
Service, Honolulu, HI, 3U.S. Geological Survey, Pacific Island Ecosystems Research Center, Hawai‘i National Park, HI

Since the arrival of humans, more than half of Hawai‘i’s known endemic birds have been lost, including entire taxonomic
groups. These losses have resulted in major ecological changes in the islands, and these changes continue. Species can
be viewed as important from a conservation perspective because of their phylogenetic distinctiveness, the role they play in
maintaining ecological processes, or their potential as progenitors of future speciation. The Hawaiian avifauna, especially
the honeycreepers, encapsulates all three of these perspectives: most Hawaiian birds are unique to Hawai‘i; they perform
critical functions as pollinators and seed dispersers for plants with which they have coevolved; and as a speciose group,
even the few remaining taxa hold significant potential for future speciation. To date, conservation efforts to preserve the
remaining endemic Hawaiian birds have focused largely on individual species. To preserve the indigenous biological
diversity of Hawai‘i through time, however, conservation efforts must focus on ecosystems as well as species. Although few
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translocations of Hawaiian birds have been conducted or are being planned, such efforts should continue and expand to
explore moving species outside of their known ranges and moving closely related or ecologically equivalent species to
replace extinct taxa. Focusing on Oceania, we examine the conservation basis for translocation, review translocations that
have been proposed or conducted, and suggest additional translocations to consider in Hawai‘i.

CONCURRENT SESSION 6: JULY 31, 8-10 AM

Symposium: Long-term Forest Succession in Hawai‘i

6-1 The ‘Maui Forest Trouble’ Revisited
Dieter Mueller-Dombois
University of Hawai‘i at Mānoa, Department of Botany, Honolulu, HI

In 1905, a dieback of lowland tropical Metrosideros rain forest was observed over a 35 km stretch on the lower east slope of
Haleakala Mountain on Maui Island. This was dubbed ‘The Maui Forest Trouble.’ Although the synchronous decline of so
many trees was initially believed to be caused by an epidemic disease, a decade of research yielded no pathogen. The
conclusion was that the Hawaiian flora consisted primarily of colonizer species that were unable to continue growing on
aging soils. This made ecological sense at that time but it was a rather limited and thereby unfortunate conclusion. Further
research has shown that the Maui Forest Trouble was a ‘bog-formation dieback’, a natural process of vegetation dynamics
not only related to the aging of soils but more broadly to geomorphic aging and fundamental landscape change. This
process is clearly a marginal–site syndrome, but a natural process of profound consequences for speciation and biological
conservation. This will be further explained as a paradigm for vegetation ecology.

6-2 Evidence for Long-Term Cohort Dynamics in a Monodominant Tropical Rainforest
H.J. Boehmer1, H.H. Wagner2, G.C. Gerrish3, J.D. Jacobi4, D Mueller-Dombois5

1Technical University of Munich, Department of Ecology, Landscape Ecology (LOEK), Munich, Germany, 2University of
Toronto, Department of Ecology and Evolutionary Biology, Mississauga, Ontario, Canada, 3University of Hawai‘i at Hilo,
Biology Department, Hilo, HI, 4U.S. Geological Survey, Pacific Island Ecosystems Research Center, Honolulu, HI,
5University of Hawai‘i at Mānoa, Department of Botany, Honolulu, HI

Population dynamics of the dominant species Metrosideros polymorpha (Myrtaceae) are of key importance for the future of
Hawai‘i’s montane rainforests. This ecosystem was affected by a serious decline (‘ōhi‘a dieback’) of the forest canopy in the
early 1970s. Based on ten years of research, a conceptual model was presented in 1987, predicting the full recovery of the
rainforest. This hypothesis was based on the assumption that the forest decline was a natural demographic phenomenon
due to a postulated widespread cohort structure of the Metrosideros populations. We used detailed field data from 25
permanent plots for analyzing regeneration success over 6 time steps from 1976-2003 in order to assess evidence for the
long-term cohort dynamics theory of Metrosideros polymorpha as postulated in 1987. Plots represented a variety of different
substrates ranging from ca. 200-10,000 years in age. Data collected include the total number of i) Metrosideros polymorpha
seedlings, ii) saplings in five stem height classes, and iii) the DBH for all trees. Tree vigor was quantified in five classes.
Seedling and sapling development was significantly different between dieback and non-dieback plots. On dieback plots, the
forest decline of the 1970’s was followed by a regeneration wave that by 2003 led to a new cohort of Metrosideros
polymorpha trees. On non-dieback plots, no such saplings wave could be observed. We conclude that populations
dynamics of Metrosideros polymorpha since 1976 confirm the population structure model of 1987 in main parts. Cohort
establishment is widespread even thousands of years after volcanic disturbance. We conclude that long-term cohort
dynamics of Metrosideros populations are likely to be determined not by catastrophic physical disturbance but by extreme
climatic fluctuations.

6-3 Tree Age, Growth, and Death in an Ancient Hawaiian Wet Forest
Patrick Hart
University of Hawai‘i at Hilo, Hilo HI

How old are ‘ōhi‘a trees, and how fast do they grow (and die)? Understanding the factors that influence the dynamics of
Hawaiian forests is central to their conservation, restoration, and management. Here I present results from a long-term
study that uses tree diameter measurements and radiocarbon dating to examine the age, growth rate, and mortality rate of
‘ōhi‘a trees at Hakalau Forest NWR. Over 5000 trees were tagged and measured within two 1 sq. km. study areas in the
mid-1990’s and re-measured in 2004-2005. Growth rates varied unexpectedly with tree diameter at breast height (DBH) and
predictably with crown class. The growth rate of trees growing adjacent to or beneath other trees was significantly less than
for those with fewer neighbors. Annual mortality of ‘ōhi‘a was highly variable with size, and peaked at 1.75%/yr for trees
between 15-20 cm DBH. Most saplings growing under other trees die, indicating shade intolerance. Age of trees was
estimated through growth curves and radiocarbon dating. Large trees at Hakalau are commonly at least 400 years old, with
the oldest dated by C14 at approximately 600 years old, making ‘ōhi‘a the oldest known broadleaf trees in the United States,
and Hakalau perhaps the most ancient broadleaf forest in the northern hemisphere. Large trees that are critical as habitat
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for rare and endangered forest birds are generally not falling faster than they are being replaced, which is good news for
birds, trees, and people.

6-4 Effects of Invasive Alien Ginger (Hedychium gardnerianum) on Native Plant Species Regeneration in a Hawaiian
Rainforest
Vanessa Minden, Hans Juergen Boehmer, Jim Jacobi, Stefan Porembski
1University of Oldenburg, Oldenburg, Germany, 2Technical University of Munich, Munich, Germany, 3U.S. Geological
Survey, Honolulu, HI, 4University of Rostock, Rostock, Germany

Hedychium gardnerianum (Zingiberaceae) is one of the most problematic invasive alien plant species in the montane
rainforest of the Kilauea area (Hawai‘i Volcanoes National Park) on the island of Hawai‘i. This study investigates whether H.
gardnerianum i) replaces native understorey species, ii) suppresses natural regeneration of native plant species, iii)
increases the invasiveness of other non-native plants into the area, and iv) whether native forests are able to recover after
removal of H. gardnerianum. Study sites included i) natural plots without impacts of alien plants, ii) ginger plots with a H.
gardnerianum dominated herb layer, and iii) cleared plots treated with herbicide in summer 1998 to remove alien plants.
Data collection comprised measurement of abundances of native and invasive saplings (50 cm – 5 m) and seedlings (2 – 50
cm). Results from ANOVA yielded in significantly higher abundances of native species (Metrosideros polymorpha, Ilex
anomala) on natural and cleared area types, whereas lowest quantities of native tree seedlings and saplings were found on
ginger dominated plots. On ginger plots H. gardnerianum showed highest seedling abundances with significant differences
to the other two plot types. However, H. gardnerianum did not show negative effects on the invasive alien tree species
Psidium cattleianum. Both of these species probably are, in the long term, capable of completely changing the structure and
species composition of Hawai‘i’s montane Metrosideros rainforest. In cleared plots, native species regenerated successfully;
presumably, these sites will regain their natural species composition and forest structure unless H. gardnerianum
successfully reinvades the area.

6-5 Climate Change in Hawaiian Terrestrial Ecosystems: Synergistic Processes and Management Implications
Jonathan Price
University of Hawai‘i at Hilo, Hilo, HI

The biological consequences of human-induced climate change are frequently discussed in terms of shifting bioclimatic
envelopes, where suitable habitat for a given species of concern is mapped under present and future climates. A pilot study
seeks to translate global and regional climate change projections into parameters that can be used in mapping bioclimatic
envelopes in Hawai‘i. Despite the potential usefulness of such models, Hawaiian organisms have historically declined as a
function of numerous stressors. A review of the spatial distributions of stressors in light of climate change projections
underscores the role of active management, rather than simplistic reserve design considerations. First, even where models
accurately predict future climate, rates of response for individual species are expected to vary as a function of intrinsic traits
and inter-specific interactions. Second, the role of invasive species is unclear and must be included in modelling transition
scenarios. Third, synergy among stressors (including climate change, habitat loss and invasive species) greatly outweighs
the impact of climate change alone. Considering this, management activities should respond to climate change primarily by
accentuating efforts to mitigate those stressors most likely to synergize with climatic shifts. Examples include:
1) mitigation of elevational shift in mosquito-borne disease through targeted ungulate removal and vector control, 2)
strategic spatial control of incipient invasive plants to retard their ability to respond to climate change, and 3) directed control
of seed/fruit/nest predators (particularly rats) in areas most likely to promote a positive response from native organisms.

Symposium: Rare Plant Conservation – CSI: Collaboration, Succor, and Innovation

6-6 Road to Recovery: The Plant Extinction Prevention Program Focuses on Making a Difference
Joan Yoshioka
Research Corporation of the University of Hawai‘i, Plant Extinction Prevention Program, Hilo, HI

The Plant Extinction Prevention Program (PEP) was created to preserve Hawai‘i’s unique floral biodiversity, which has the
highest endemicity in the world (90%). However, we are losing these species at an alarming rate due to a myriad of threats.
Already, we have lost at least 100 of these species to extinction. This trend is continuing and almost 200 of the 1,500 native
plant species in Hawai‘i are at risk of going extinct within the next several years. To counter this trend, the Hawai‘i Rare
Plant Restoration Group (HRPRG), a consortium of 25+ agencies and organizations, initiated the Plant Extinction
Prevention Program (formerly, Genetic Safety Net). This statewide program focuses on the preservation of Hawai‘i’s most
critically rare plants, which have 50 or fewer individuals in the wild. The focused goal of the PEP Program is to collect
propagules from all known founders of PEP species and place them in cooperating ex situ facilities for safekeeping to
ensure genetic representation is preserved while the threats to the founders are addressed. In addition, the PEP Program
conducts surveys for additional populations, monitors all known populations to track their health and numbers, mitigates any
threats to ensure their survival, and establishes individuals in protected areas to create new populations. In 2007, this
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program was able to place over 100 PEP species in ex situ protection. The PEP Program is highly collaborative, results-
oriented, and focuses on the protection of entire species that span landownership boundaries.

6-7 New Approaches to Rare Plant Conservation: A Field Perspective
Steve Perlman
National Tropical Botanical Garden, Lawai, HI

While land acquisition and landscape-scale management through watershed partnerships and other conservation programs
have resulted in significant ecosystem benefits, Hawai‘i continues to lose native biodiversity through extinctions. The current
generation of field botanists has haplessly watched the extinctions of Hibiscadelphus hualalaiensis, Delissea undulata,
Silene perlmanii, Kokia drynarioides, Cyanea superba, Cyanea kolekoleensis, Cyanea dolichopoda, Cyanea kuhihewa and
many others. There are many lessons from our numerous failures and limited successes. To improve the success of
conserving Hawai‘i’s rare plants, new and innovative approaches are urgently needed. These new approaches will be
discussed from a field perspective: broadening programs that retrieve genetic material from wild individuals (founders);
increasing the number of propagules sent to tissue culture laboratories; improving seed storage facilities; quickly
incorporating new storage techniques; improving tissue culture (micropropagation) facilities; cultivating founders using
lesser-used techniques, such as grafting; greatly expanding outplanting programs in managed areas; and increasing the
number of restoration projects using inter-situ techniques.

6-8 Role of Ex Situ Facilities in Plant Recovery
Nellie Sugii
Harold L. Lyon Arboretum, Micropropagation Lab, Honolulu, HI

In recent years, ex situ or offsite facilities have been working in greater collaboration with conservation organizations to
stabilize entire rare plant species. Fruit, cuttings, buds or other propagules collected from wild plants by approved plant
collectors are immediately sent to these facilities for safekeeping. The plant material is stored as tissue cultures in test tubes
(at Lyon Micropropagation Lab), as seeds at numerous storage facilities (University of Hawai‘i’s Lyon Arboretum/Center for
Conservation, Research and Training; U.S. Army Environmental; National Tropical Botanical Garden ), or as potted plants
(at Volcano, Kōke‘e, Pahole, Olinda Rare Plant Facilities; botanical gardens and arboretum) until they are ready to be
reintroduced to protected natural habitats. The process from collection to outplanting requires substantial coordination with
all agencies involved. Improvements in this area has resulted in better tracking of individual accessions so that a collection
of seed from a particular plant, for example, can be tracked while in storage, micropropagation, or as a seedling. This allows
agencies to plan genetic mixes of plants to outplant as part of a thoughtful and intentional reintroduction program.

6-9 Role of Botanical Gardens and Arboreta in Hawaiian Plant Conservation
Christopher Dunn
Harold L. Lyon Arboretum, Honolulu, HI

Collaboration of botanical gardens and arboreta in Hawai‘i is a vital ingredient for plant conservation efforts in Hawai‘i. Dr.
Christopher Dunn brings to his position as Director of the Lyon Arboretum, 12 years as experiences as Executive Director at
some of the world’s finest botanical gardens (Morton Arboretum and Chicago Botanic Garden). At Lyon Arboretum,
Christopher leads the strategic and master planning efforts to revitalize Lyon Arboretum and reaffirm it as a leading
horticultural, scientific, cultural institution in Hawai‘i and the United States. Botanical gardens must often serve multiple
conservation roles and balance the preservation of the world’s dwindling biodiversity while managing living collections and
educational/scientific research programs. Judicious decisions have to be made about additions to their collections to ensure
the species do not add to the invasive species problem statewide. Dr. Dunn will outline ideas/plans for Hawai‘i’s botanical
garden community to contribute to Hawai‘i’s rare plant conservation efforts, including the role of micropropagation and seed
storage in rare plant conservation. In addition to Lyon Arboretum other botanical gardens such at the National Tropical
Botanical Garden, Maui Nui Botanical Garden, and Bishop Museum’s Amy Greenwell Ethnobotanical Garden have
contributed significant staff time, resources, and effort to the Plant Extinction Prevention (PEP) Program and to rare plant
conservation programs throughout the state.

6-10 The Silversword Project: An Example of An Effective Plant Recovery Program
Marie Bruegmann1, Vickie Caraway2

1U.S. Fish and Wildlife Service, Honolulu, HI, 2DLNR Division of Forestry and Wildlife, Honolulu, HI

The Mauna Loa silversword (Argyroxiphoium kauense) is probably one of Hawai‘i’s highest profile plants and its recovery
program is just as worthy of recognition. This species, which is confined to the southeastern and eastern flanks of Mauna
Loa on the island of Hawai‘i, has suffered the plight of so many other endemic species, declining severely due to feral
ungulates. It is now known from 3 subpopulations of about 500 plants. The Mauna Loa silversword outplanting program is a
joint effort of the State Division of Forestry Wildlife, Silversword Alliance, National Park Service, Biological Resources
Division of the U.S. Geological Survey, Volcano Rare Plant Facility, U.S. Fish and Wildlife Service, and the Three Mountain
Alliance. The objective of the partnership is to reintroduce 20,000 to 25,000 plants into intact or restored native ecosystems
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in multiple protected sites across its historical range. A managed breeding program in progress uses as many founders from
the remnant population as possible to allow the control of their representation in the reintroduced population. The
partnership has implemented an outplanting program involving large numbers of seedlings each year. The success of the
program stems from its sustained involvement of all conservation partners, careful planning of all reintroductions to prevent
under-representation or over-representation of a particular maternal line, and a steady stream of trained volunteer help. The
project was not without complications and setbacks. However, through the continued efforts of those involved, the Mauna
Loa silversword is well on its way to recovery.

6-11 The Statewide Rare Plant Database: The Future of Data Management
Matt Keir
Oahu Army Natural Resources Program, Schofield Barracks, HI

After many years of discussing the need for a user-friendly rare plant database that meets the demands of plant recovery
programs of various agencies across all islands, such a statewide rare plant database will make its debut this year. The
State Division of Forestry and Wildlife funded the development and testing of this database through the cooperation of the
Hawai‘i Rare Plant Restoration Group (HRPRG). This unprecedented database will allow agencies to track the health of
populations, individual plants, and recovery actions for entire species, over time. Dealing with the wealth of monitoring data
collected over time can be daunting. However, an organized data management system such as this is of critical importance
if species recovery programs are to succeed. This statewide database attempts to provide conservation agencies with a
system by which all rare species information can be accessed and shared, including a quick and easy means to summarize
the status of species under its purview. This database expands the scope of a similar database, developed by the Pacific
Basin Information Node and Hawai‘i Biological Mapping Program for the Oahu Army Natural Resources Program on Oahu
and takes advantage of their 5+ years of testing and tweaking. Expanding the scope statewide will not be without
challenges. However, the members of the HRPRG will be integrally involved in its development after initial evaluation by the
statewide Plant Extinction Prevention Program.

Symposium: The Mariana Islands: Issues in Island Conservation (Part 1)

6-12 Climate Change Effects and Reef Fishes in the Mariana Islands
Terry Donaldson
University of Guam Marine Laboratory, Mangilao, GU

Reef fishes face considerable challenges from climate change effects upon coral reef systems in which they live. This is true
of reef fish assemblages found in both the coral-rich systems of the southern arc of the Mariana Islands, and the coral-poor
systems of the volcanic northern arc of this archipelago. The effects may include the negative impacts of habitat loss from
coral bleaching, and threats to both habitat and larval/post-larval development because of increased ocean acidification.
These impacts may be direct in that fishes will experience a loss of obligate or facultative microhabitat, food supply and
breeding sites, or larvae/post-larvae may fail to develop skeletal systems properly because of decreasing pH levels that may
inhibit the assimilation of calcium ions during bone formation. The impacts may be indirect also in that community phase
shifts from coral to algal domination may occur, with corresponding effects upon fish assemblage structure, or populations of
non-obligate coral reef species may decline because of the loss of prey associated with corals. In addition, cumulative
negative effects upon reef fish diversity and abundance from other sources may accrue. Over-exploitation of target and by-
catch species are expected to continue regardless of local and regional declines in their diversity and abundance from
climate change effects. The sum of impacts will have a profound effect upon human users of reef resources. The application
of methodologies that can be used to gain an understanding of how species respond to negative impacts, as well as how we
might minimize extinction risks and conserve species at various scales, is necessary.

6-13 Introduced Small Mammal Density and Biomass in the Mariana Islands: Implications for Island Ecology
Andrew Wiewel, Amy Yackel Adams, Gordon Rodda
U.S. Geological Survey, Fort Collins, CO

Although introduced small mammals are known to have detrimental effects on island ecology, quantification of these effects
is frequently complicated by incomplete knowledge of small mammal density and biomass. Such information is especially
critical in the Mariana Islands, where small mammals are important prey for the introduced brown tree snake (Boiga
irregularis) and small mammal density is inversely related to the effectiveness of brown tree snake control efforts. We used
mark-recapture sampling to determine small mammal density and biomass in the major habitats of Guam, Rota, Saipan,
and Tinian. Rattus rattus/R. tanezumi (genetic-based differentiation in progress) were captured across all habitats and
islands. In contrast, Mus musculus was rarely captured at forested sites and Suncus murinus was not captured on Rota.
Small mammal density and biomass were dramatically higher on Rota, Saipan, and Tinian than on Guam, most likely due to
brown tree snake predation on the latter island. R. rattus/R. tanezumi and M. musculus density and biomass were greatest
in grassland, whereas S. murinus density and biomass were greatest in Leucaena forest. The high densities documented
during this research suggest that small mammals likely have negative impacts on native lizards, birds, and bats in the
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Mariana Islands. Ecological processes such as plant regeneration may also be affected. Further, brown tree snake control
efforts which rely on mouse attractants will have reduced effectiveness on Rota, Saipan, and Tinian, and high-density small
mammal populations will facilitate successful colonization and rapid population growth if or when brown tree snakes reach
these islands.

6-14 Seven Visions for Vertebrate Recovery on Snake-infested Guam
Gordon Rodda1, Earl Campbell2
1USGS Fort Collins Science Center, Fort Collins, CO, 2U.S. Fish and Wildlife Service, Honolulu, HI

The Brown tree snake (Boiga irregularis) is widely credited with having eliminated most of the native forest vertebrates of
Guam. Recovery of most extirpated species is theoretically possible, as most are still alive elsewhere (zoos or nearby
islands). However, eliminating the snake has proven difficult, and otherwise suitable habitat is disappearing rapidly from
Guam. In ascending order of recovery area size, seven visions to address this dilemma have been implemented to some
degree: 1) Recover species on offshore islets; 2) Hyper-local control, of nest trees or roosts; 3) Mainland island creation,
combining snake barriers and local eradication; 4) Continuous trapping of large landscapes; 5) Continuous toxicant
application to large landscapes; 6) Periodic decimation of the snake population islandwide, using toxicants; and 7)
Coexistence of predator and prey following post-irruption decline in snake numbers (i.e., no action to reduce snake
numbers). Each approach has its champions and advantages, but none has yet progressed to the establishment of a
repatriated population. Costs are relatively high for most approaches, and the technology is not mature. I will report on
recent tests of control technique efficacy based on our Closed Population study area and evaluate the feasibility and
probable cost of the seven approaches. Feasibility will be judged in relation to snake control achieved, species potentially
recoverable, and amount of habitat available for each approach in light of the military expansion and change of
management authorities planned for Guam.

6-15 Nesting and Foraging Strategies: Do Generalists Have a Better Chance of Surviving in Rota’s Changing
Forests?
Sheldon Plentovich1, John Morton2

1University of Hawai‘i, Mānoa, Honolulu, HI, 2U.S. Fish and Wildlife Service, Soldotna, AK

Avifaunal richness on the 15 Mariana Islands has declined since humans colonized almost 4,000 years ago. Rota, the
archipelago’s third largest island, has lost 13 of 22 bird species and two extant species are listed as Endangered. This
depauperate bird community is presumably due to anthropogenic habitat loss and alteration, exploitation, and introduced
competitors and predators. In recent decades, an increasingly younger and more open forest may be driven by increasing
cyclonic activity. Surveys in 1982 and 2003 indicate declines in all forest birds except Micronesian starlings (MIST) and two
introduced species, Eurasian tree sparrows and black drongos (BLDR). We hypothesized that avian nesting and foraging
generalists are more likely to adapt to Rota’s changing forests. During 1997-99, we monitored 382 nests and observed 383
foraging bouts of nine species. Nests of most birds were concentrated in native forest; however, Mariana crows (MACR) and
white-throated ground doves (WTGD) nested only in native forests while BLDR and MIST nested in a variety of areas
dominated by introduced species. Seasonal peaks in nesting were observed and nest success ranged from 28% in rufous
fantails (RUFA) to 63% in BLDR. Foraging specialists included WTGD, Mariana fruit dove, Micronesian honeyeater, and
RUFA. MACR and MIST were foraging generalists. Collared kingfishers and BLDR ate arthropods and vertebrates,
including other birds. Interestingly, BLDR focused on significantly larger prey items than any other forest bird. Overall,
declining species were indeed specialists. One exception was the MACR, which was a habitat specialist but a prey
generalist.

6-16 Population trends, breeding biology and nesting success of the endangered Mariana Crow or Aga on Rota,
Mariana Islands
Lainie Berry1, John Morton2, Sheldon Plentovich3, Tino Aguon4, Arjun Amar5, James Ha1, Renee Ha1

1University of Washington, Seattle, WA, 2U.S. Fish and Wildlife Service, Soldotna, AK, 3University of Hawai‘i, Honolulu, HI,
4Division of Aquatic and Wildlife Resources, Mangilao, GU, 5Royal Society for the Protection of Birds, Edinburgh, Scotland

The Mariana crow or Aga (Corvus kubaryi), a federally endangered species, is found only on the islands of Guam and Rota,
Mariana Islands. It has been all but extirpated from Guam by the introduced brown tree snake (Boiga irregularis). The
population on Rota has declined from around 1300 individuals in 1982 to 234 breeding adults in 1999 and 120 breeding
adults in 2008. We found and monitored 169 active crow nests on Rota from 1996 to 2007. Clutch size, brood size and
number of fledglings per successful nest remained stable among years. The mean number of fledglings per pair per year
varied from 0.13 in 1997 to 0.82 in 1998. Mayfield nest success estimates have remained around 20-40% per year, except
in 1997, a typhoon year, when it dropped to 12%. Nest success was highest in nests initiated in October, November and
February, and lowest for those initiated in September, December and January. This seasonal effect was independent of
typhoon activity. Nest success rates were not uniform across the island – some areas had significantly lower nest success
than others. We filmed seven crow nests during the 2007 breeding season. Three nest failure events were captured on
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video – two adult crows appeared to kill and remove a nestling from a nest; an adult crow removed eggs from a nest; and
two Micronesian starlings (Aplonis opaca) removed eggs from a nest.

6-17 Demographic Modeling of the Rota Aga Population: Interim Results
James Ha, Alyssa Butler, Renee Ha
University of Washington, Seattle, WA

The Mariana crow (Corvus kubaryi) is a species of forest crow originally found only on the adjacent islands of Guam and
Rota in the Mariana Islands of the western Pacific Ocean. This species experienced a drastic decline in population since the
1980’s. While the Mariana crow’s population decline to near zero on Guam has been associated with the introduced brown
tree snake (Boiga irregularis), biologists have suggested that nest predation and habitat loss are the two most likely
candidates for the widespread decline of the crow on Rota, which is listed by the U.S. Fish and Wildlife Service as an
endangered species. Given the critical nature of this population, it is important to document the specifics of its population
demographics. In this report, we have estimated the age-specific survival rates of the population on Rota, and then used
these results to produce a series of population forecast models. The outcomes of these models allow us to assess the future
population size under varying assumptions of mortality and fertility. Specific forms of the model were also created to
incorporate the possible effects of catastrophic events, such as typhoons and human nest removal for captive rearing and
breeding. The results provide insight into sensitive stages in the life history of this species which may help determine future
research directions and management decisions.

Greater Marine Ecosystems: Research, Management, and Protection

6-18 Seabirds Indicate Plastic Pollution in the Marine Environment: Quantifying Spatial Patterns and Trends
David Hyrenbach1, Hannahrose Nevins2, Michelle Hester3, Kara Lavender4, Erik Zettler4, Skye Moret4, Andrew Titmus1,
Carol Keiper3, Sophie Webb3, James Harvey2

1Hawai‘i Pacific University, Marine Science, Kāne‘ohe, HI, 2Moss Landing Marine Laboratories, Moss Landing, CA, 3Oikonos
- Ecosystem Knowledge, Benicia, CA, 4Sea Education Association, Woods Hole, MA

As far-ranging predators, seabirds are valuable biological indicators of climatic and human-related perturbations of marine
food webs, including the incidence of plastic pollution in coastal and oceanic waters. In this paper we review plastic
ingestion by seabirds, with special emphasis on North Pacific species. Several ecological factors influence the incidence of
plastic ingestion by seabirds: oceanic species that feed opportunistically at the surface are most susceptible to ingest
plastic. In particular, several tubenose seabirds (order Procellariiformes) are highly susceptible, with 62 - 84% of northern
fulmars and 100 % of black-footed and Laysan albatross examined in recent studies containing plastic. We also report on
two studies we initiated to characterize plastic ingestion by tubenose seabirds and to investigate whether oceanographic
processes mediate this interaction. Using standardized methods, we are examining stomach contents of seabird carcasses
salvaged from longline fisheries in Alaska and from beaches along their migration routes. This research will provide
information on the magnitude (% birds containing plastic, weight of ingested material) and the type (industrial/post
consumer) of ingested debris. We are also characterizing concurrent marine debris and seabird distributions to identify the
oceanographic habitats where floating plastic aggregates and where far-ranging seabirds forage at-sea. It is our hope that
these studies will facilitate regional comparisons of plastic distributions and seabird ingestion rates across the North Pacific.
The development of standardized time series is critical to monitor trends in plastic pollution in the marine environment and to
track the effectiveness of waste reduction efforts.

6-19 From Molecules to Management: Conservation Genetics For The Non Geneticist Using Laysan Albatross as a
Model
Lindsay Young
University of Hawai‘i, Honolulu, HI

The use of genetics is an increasingly popular tool in managing populations of declining species. Molecular markers can
supply conservation biologists and resource managers with a wealth of information that can be used to make informed
management decisions such as: effective population size, the amount of migration between breeding colonies, the source of
migrants for newly formed colonies and the colony of origin for animals killed as bycatch in fisheries or in the illegal wildlife
trade. However, the methods used and how to correctly interpret them are often lost in translation from researcher to
manager. This talk will cover current types of molecular data in a simplified format, and how they can be applied to a variety
of species using Laysan albatross (Phoebastria immutabilis) as an example. Laysan albatross are large, pelagic seabirds
that once bred on oceanic islands spanning the sub tropical North Pacific. They are characterized by their high dispersal
ability, low reproductive output and high natal philopatry. Feather hunting, egg collecting and other anthropogenic
disturbances over the last 200 years extirpated most breeding colonies leaving only those located in the Northwestern
Hawaiian Islands. However, in the 1970’s Laysan albatross began re-colonizing sites in Japan, the main Hawaiian Islands
and off of Mexico. Genetic results indicate that there is population separation between colonies and that multiple colonies
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are supplying recruits for these ‘new’ colonies across the Pacific. These results can be used to assist in prioritization of
conservation actions on a colony by colony basis.

6-20 Marine Benthic and Fish Communities in Hanalei Bay, Kaua‘i Since 1992: Spatial and Temporal Trends in a
Resilient Hawaiian Coral Reef Ecosystem
Eric Brown1, Alan Friedlander2

1National Park Service, Kalaupapa, HI, 2NOAA/NOS/NCCOS Center for Coastal Monitoring and Assessment, Biogeography
Branch and the Oceanic Institute, Waimanalo, HI

The benthic and fish communities in Hanalei Bay, Kaua‘i were surveyed over a 14 year time period. This bay is situated in a
dynamic and relatively harsh natural environment that is influenced by high wave energy, heavy fresh water influx, and high
turbidity. These conditions result in overall low coral cover (< 20%) that is dominated by encrusting forms adapted to high
wave energy. Average percent coral cover increased non-linearly among 20 permanent transects from 1993 to 2005.
Between 1993 and 1999 there was a 34% relative increase in live coral cover from 14% to 19%. From 1999 to 2005 coral
cover remained relatively stable. Hanalei Bay is one of the few areas in Hawai‘i that has shown an increase in live coral
cover over the past decade. Some of the highest documented coral larval settlement in the world from 2003 to 2005 may
help explain the increase. Fish species richness, biomass, and diversity were higher in habitats with high spatial relief
adjacent to reef-sand interfaces. Fish assemblage characteristics did not vary significantly between 1992 and 2005 although
trends in biomass suggest an increase over time. Increases in total fish biomass since the early 1990s can partially be
attributed to introduced species, but other elements of the fish assemblage have also increased over this time period.
Multivariate analysis of both the benthic and fish communities revealed cyclical patterns with community structure in 2005
similar to 1992 conditions. These patterns suggest ecosystem resilience to natural factors rather than increasing
anthropogenic impacts.

6-21 Impacts of a Marine Protected Area Network in West Hawai'i on the Abundance and Sustainability of the
Aquarium Fishery for the Yellow Tang, Zebrasoma flavescens
William Walsh1, Ivor Williams1, Jeremy Claisse2, Brian Tissot3, Kosta Stamoulis1

1Hawai‘i Division of Aquatic Resources, Kailua-Kona, HI, 2University of Hawai‘i at Mānoa, Honolulu, HI 3Washington State
University, Vancouver

It is widely accepted that marine protected areas (MPAs) are effective in enhancing fish stocks within their boundaries. But it
is less clear if reserves also supplement stocks or enhance fisheries outside of the areas protected. The impacts of fishing
and area protection on the yellow tang, the most heavily collected aquarium fish in West Hawai‘i, were assessed over an 9
year period. Data was utilized from aquarium catch reports as well as from in-water monitoring of a network of 9 protected
areas established in 2000 and comparable open and long term protected areas. Catches of yellow tangs have increased
dramatically from 1976 with the 4 most recent years being the highest on record. Prior to the establishment of the MPA
network, yellow tang densities were broadly comparable at open and proposed MPA sites. Within the protected areas there
was a 5 fold greater density of prime targeted size juvenile fishes in 2007. Additionally adult densities were greater inside
MPAs and in adjacent open areas relative to open areas more distant from MPA boundaries. The substantial spillover over
moderate-to-large distances means the MPA network ensures high adult densities over large portions of the West Hawai‘i
coastline. Given the long- life-span of the yellow tang relative to the duration of protection and the increasing level of fishing
effort in recent years, the MPAs, in addition to other benefits (e.g. reduction in user conflicts), provide a bulwark against
overexploitation of the fishery and therefore promote its long term sustainability.

6-22 The Influence of Habitat Characteristics on Recruitment in Marine Protected Areas on the Island of Hawai‘i
Jim Beets1, Mark Manuel1, Brian Tissot2, Mark Hixon3, Bill Walsh4

1University of Hawai‘i-Hilo, Hilo, HI, 2Washington State University, Vancouver, WA, 3Oregon State University, Corvallis, OR,
4State of Hawai‘i, Division of Aquatic Resources, Kona, HI

Marine Protected Areas (MPAs) have numerous hypothetical benefits, such as the increased reef fish abundance and
biomass documented for fully-protected MPAs. However, increased postlarval recruitment within MPAs and enhanced larval
dispersal to adjacent fished areas has not been well documented. A continuing investigation on the Kona Coast of the island
of Hawai‘i (West Hawai‘i Aquarium Project) demonstrated greater juvenile abundance of ornamental-trade species within
several MPAs. The present study was designed to investigate whether benthic habitat characteristics influenced the greater
recruit densities associated with ‘successful’ MPAs. Standard transect sampling for juvenile fishes and benthic habitat
characteristics was conducted at eight (8) sites around the Island of Hawai‘i. Results suggest that substrate complexity
(increased shelter) contributes to greater recruitment of certain species, and that management level and other factors may
also be important contributors. This investigation supports the hypothetical benefits of MPA protection and emphasizes the
importance of habitat characteristics for successful MPA replenishment and ‘seeding effects’ for adjacent areas.
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CONCURRENT SESSION 7: JULY 31, 10:20 AM-12 PM

Symposium: Issues in Ungulate Management (Part 1)

7-1 Increasing Efficiency in Ungulate Management: A Case Study from Santa Cruz Island, CA
Scott Morrison
The Nature Conservancy, San Francisco, CA

For over a quarter century, The Nature Conservancy has managing ecologically destructive non-native species on Santa
Cruz Island, CA; much of that work over the past decade has been conducted in partnership with the National Park Service.
Projects include the eradication of over 40,000 sheep and 5,000 feral pigs from the rugged, 94 square mile island. These
projects were implemented using a variety of different approaches, so collectively they provide an opportunity to examine
how such work might be conducted more efficiently and effectively. Lessons from this case study – such as the value of
disciplined engagement of the target population, strategic sequencing of restoration projects, and intensification of effort
through the application of advanced technologies – can be applied generally to help accelerate restoration of island
ecosystems elsewhere. How such lessons may also apply to conservation management of ungulates on the Hawaiian
islands – even though management goals may not be eradication, per se – will be discussed.

7-2 Eradicating Feral Pigs from Santa Cruz Island, California: Lessons for Hawai‘i?
John Parkes1, Dave Ramsey2, Scott Morrison3, Norm Macdonald4

1Landcare Research, Lincoln, New Zealand, 2Arthur Rylah Institute, Melbourne, Australia, 3The Nature Conservancy, San
Diego, 4Prohunt Inc, Ventura

Since March 2005, 5036 pigs were removed from the 25,128-ha Santa Cruz Island. The last ‘wild’ pig was killed in June
2006 and the last radio-collared Judas pig was removed in January 2007. The Nature Conservancy (TNC) required the
hunting contractor (Prohunt Inc.) to record the location of pigs killed and track their hunting effort using GPS. This allowed
novel analyses with implications for current pig control in Hawai‘i: (1) the probability that pigs remained despite absence of
any killed between the last ‘wild’ pig killed and removal of the last Judas pig could be calculated using Bayesian methods.
The hunting data (effort and search patterns) were used to estimate detection probabilities, i.e. since the number of pigs
present per zone was known in retrospect, the probability that one search sweep by helicopter or ground hunters would
detect a pig could be calculated; (2) the amount of extra monitoring (either aerial or ground sweeps) required to increase the
probability that no pigs remained despite lack of sightings to some level based on TNC’s risk aversion needs (e.g. costs of
falsely declaring success) could be calculated; (3) the use of GPS collars on pigs gave information of pig movements in
relation to habitat, to fences when the animals were moved from their natural home ranges, and to the hunting methods; and
(4) the methods by which the last few pigs were removed from each area were explored. Ground and aerial hunting
removed most, while the use of Judas pigs was not very successful.

7-3 Results of a Pilot Ungulate Control Contract at Waikamoi Preserve Utilizing the New Zealand-based Company
Prohunt
Mark White1, Alison Cohan1, Francis Quitazol1, David Allen1, Sean McKnight2
1The Nature Conservancy, Maui, HI, 2Prohunt, Inc., Ventura, CA

As part of a broader statewide effort to evaluate its ungulate control programs and test new methods, The Nature
Conservancy contracted Prohunt, a professional animal control company from New Zealand, to remove pigs through
helicopter-assisted strategic ground hunting from Waikamoi Preserve and adjacent private lands on East Maui. Additionally,
demonstration projects were conducted to assess the efficacy of fences and “natural barriers” and to elucidate pig
movement patterns. Over a five month period (Oct. 2007 to Feb. 2008), Prohunt conducted successive sweeps of
management units with teams of hunters and dogs. Track density (hunter effort, km/km2) of management units ranged from
6.1 to 43.4 km/km2 per sweep. This resulted in removal of 52 pigs from the 26 km2 (6,500 acre) project area and required 67
days hunted. The first sweep of each of the 5 management units yielded the highest pig catch, and the first sweep of 2 units
alone resulted in the capture of 66% of all pigs captured (35 of 52 pigs). Some areas were found to be pig free and there
was some association with pig capture numbers and the previous control method employed. Nine of the 52 pigs were
outfitted with GPS collars and translocated outside the project area. Detailed results and analyses will be presented in light
of historical animal control efforts throughout Waikamoi Preserve. Initial next steps for the Waikamoi Preserve ungulate
control program as a result of the Prohunt test will be presented.

7-4 Ungulate Control in Hawai‘i Island Natural Area Reserves
Nicholas Agorastos
Natural Area Reserve System, Hilo, HI

The Natural Area Reserve System (NARS) statewide has a very clear mandate, “Preserve and Protect, in perpetuity,
examples of Hawai‘i’s unique terrestrial and aquatic natural resources . . .” Chapter 195 HRS. The scope and task of
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fulfilling this mandate is much bigger and more complex than what is written. In recent years, we have made great strides in
stabilizing many of the areas located within the Hawai‘i Island NARs. For many of the areas, some of our oldest adversaries,
weeds and ungulates, are still the greatest threats. Many of our stabilization projects begin with ungulate control. The
success of ungulate control projects in large fenced landscapes requires some key ingredients: highly motivated staff, pro-
active planning, thorough understanding of target species, application and understanding of appropriate control
methodologies, in-depth knowledge of landscape both political and physical, adequate funding, up front compliance-cultural,
biological, and regulatory, flexibility, adaptation, and partnering. Many of our control strategies are not new. They are
adopted from our partners, tweaked to fit our scenario and context. Progress and success has not come easily, there are
many hurdles, obstacles, and disasters along the way. A brief overview of a few of our projects will not only demonstrate the
complexity of ungulate control within the NARS, but how we have been an active participant in the broader Watershed
Management Community.

7-5 Tools and Techniques for Feral Hog Management: The view from the Mainland
Michael Bodenchuk
USDA APHIS-Wildlife Services, San Antonio, TX

Feral hogs are listed as one of the world’s “100 Worst Invaders” by the World Conservation Union (IUCN) Invasive Species
Specialist Group. On the mainland U.S. they have become resident in at least 26 states. Feral hog control strategies and
methods have been developed based on population size, conservation need and the resources available to deal with the
problem. Eradication, where practical, requires a significant commitment of resources. Many states are left with the option to
manage feral hog damage while recognizing that eradication may no longer be an option. Damage management is a
resource based decision and feral hogs damage multiple resources. States are dealing with domestic hog and cattle
diseases, Type A influenza’s, crop damage, property damage, competition with native wildlife, changes in vegetation due to
rooting and invasive plants, soil losses due to rooting, and water quality issues. Each issue has a different management
objective and while most require the removal of feral hogs the portion of the population targeted, the timing of removals and
the performance measures for each resource may be different. Management objectives and performance measures are
discussed. Additionally, many of the tools used for feral hog removal have been evaluated for efficacy. Tools include aerial
and ground shooting (including night shooting), foot and neck snares, dogs and live traps. Toxicants registered in Australia
are not available in the United States. A discussion of the selection of the appropriate tool needs to be kept in context with
the management objectives

Symposium: The Mariana Islands: Issues in Island Conservation (Part 2)

7-6 Nest Site Selection in the Endangered Mariana Crow (Corvus kubaryi)
Renee Ha1, John Morton2, James Ha1, Lainie Berry1

1University of Washington, Seattle, WA, 2Kenai Wildlife Refuge, USFWS, Kenai, AK

The reasons for the decline of the Mariana crow (Corvus kubaryi) on the Western Pacific island of Rota are currently
unknown, but a need to protect nesting habitat has been suggested. A vegetation survey of 56 nesting plots and 60 random
plots matched within the same six study areas was conducted from 1997-1999 in an effort to determine the specific nesting
habitat needs of this species. The percentage of vegetation covering the nest was significantly higher for real nest sites
compared to matched random sites, for all three of the measures taken under and around the nest. Real nest sites were
almost twice as far from a road as random nest sites. Discriminant function analyses suggest that the presence of papaya
tree species, higher nest cover, and a smaller DBH of four bush or tree species associated with disturbed habitat or
understory, results in a correct classification of a potential habitat as nesting vs. random in 94% of cases. These findings
suggest that papaya (an introduced species) may be an important resource for nesting crows and that damage to habitat
from anthropogenic or natural causes may be limiting nesting habitat. Validation of these findings with current nesting areas
should reveal the direction for management of this habitat.

7-7 Saving the Mariana Crow on Guam through Aviculture Intervention
Suzanne Medina
Division of Aquatic and Wildlife Resources, Agana, GU

The endangered Mariana crow, (Corvus kubaryi; Aga), is endemic to the islands of Guam and Rota in the Marianas. On
Guam, the decline of Aga is due to nest predation by the introduced brown tree snake (Boiga irregularis); on Rota the causal
factors are not as clear. Current theories suggest the decline on Rota is due to habitat loss, persecution, as well as
predation by introduced rodents. The Guam population consists of ten birds, all of which were translocated from Rota to
Guam as chicks or eggs. The chicks and eggs were artificially incubated and hand-reared at the Guam Department of
Agriculture’s Wildlife Lab and released in a snake-reduced area. With a minimal number of birds and an effective predator, it
is imperative that every nest be individually protected and aviculture intervention applied. When nests are found, snake
barriers are applied, eggs are pulled for artificial incubation and dummy eggs placed in the nest. If early in the breeding
season, double clutching is preferred however incubating the dummy egg to full term serves to test the efficacy of the snake
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barrier. Once eggs hatch at the Wildlife Lab, they are either hand-reared or returned to the nest as day old chicks to be
reared by the adults. This paper provides an overview of the challenges and successes of the Aga recovery project,
including the importance of age of birds at release, issues with isolation, limited expertise, equipment and supplies, as well
as the continual learning curve of incubation and hand-rearing protocols.

7-8 Status and Trends of the Land Bird Avifauna on Saipan, Mariana Islands, With Emphasis on the Endangered
Nightingale Reed-Warbler (Acrocephalus luscinia)
Richard Camp1, Thane Pratt2, Annie Marshall3, Fred Amidon3, Laura Williams4

1USGS Hawai‘i Cooperative Studies Unit, University of Hawai‘i at Hilo, Hawai‘i National Park, HI, 2USGS Pacific Island
Ecosystems Research Center, Hawai‘i National Park, HI, 3USFWS Pacific Islands Office, Honolulu, HI, 4CNMI Division of
Fish and Wildlife, Saipan, MP

The avifauna of the Mariana Islands, an archipelago in the west Pacific, faces the dual threats of rapid economic
development and the spread of a voracious predator, the brown tree snake (Boiga irregularis). In this paper, we examine the
status and trends of the land bird fauna of Saipan Island based on three island-wide surveys conducted in 1982, 1997, and
2007. During this period, the human population on Saipan increased more than four-fold and much of the island has been
developed. The surveys employed standard point-transect methods. Remarkably, we found that in 2007 nearly all species of
land birds — 11 native species and 3 introduced species — to be common or abundant, with population densities ranging
from 11 birds/km2 for yellow bittern (Ixobrychus sinensis) to 4,713 birds/km2 for the bridled white-eye (Zosterops saypani).
The exception was the Micronesian Megapode (Megapodius laperouse), a historically rare species that was not observed
on the 2007 survey, although it persists on Saipan, its populations are faring better on more remote islands. A repeated
measures analysis of variance comparison of species densities among the three years showed that seven species, mainly
fruit and seed-eaters, had increased and three species of insectivorous birds had decreased — the rufous fantail (Rhipidura
rufifrons), nightingale reed-warbler (Acrocephalus luscinia), and golden white-eye (Cleptornis marchei). Of these three, the
nightingale reed-warbler was listed by the U.S. Fish and Wildlife Service as an endangered species. The 2007 survey
yielded a density of 22 reed-warblers per km2, compared to 58 birds per km2 in 1982.

7-9 Guam Rail Translocation and Establishment, Rota CNMI: 1989-2008
Paul Wenninger
Guam Dept. of Agriculture, Mangilao, Guam

The accidental introduction of the invasive brown tree snake (Boiga irregularis) resulted in the disappearance of nine of
Guam’s native forest birds during the 1980’s. The capture of the last 21 Guam rails (Gallirallus owstoni) in 1985 enabled
Guam’s Division of Aquatic and Wildlife Resources to begin a captive breeding program. In order to re-establish a wild
population, from 1989 through 2008 we released 918 captive-reared rails at six release sites on the snake free island of
Rota. We put radio transmitters on 36% (327/ 918) of rails released on Rota. Radio tracking allowed us to determine
sources of mortality, dispersal, home-range size and habitat preference. Playback surveys allowed us to document
establishment and population trends. Despite our cat removal efforts predation remains the largest single identifiable source
of mortality for instrumented rails on Rota. Rails choose edge habitat and pairs establish home range sizes of approximately
1.5 hectares. On Rota we observed breeding at 5 of 6 release sites and the establishment of a persistent and expanding
population of approximately 70 rails in the Duge area.

Symposium: Managing Dynamic Alien Species Invasion Scenarios in Terrestrial Ecosystems:
Management Experiences and Research Needs

7-10 Toward a Rationale and Strategy for a Collaborative Statewide Program of Early Detection of Incipient Invasive
Plant Species in Hawai‘i
Lloyd Loope
USGS Pacific Island Ecosystems Research Center, Makawao, HI

Deliberate introduction of non-native plant species brings benefits and costs that may accrue to different sectors of society.
Hawai‘i’s landscape industry is steadily expanding, and the need for alternative energy is stimulating creation of a biofuels
industry; both these industries rely on non-native species, some of which may become invasive. Meanwhile, the enterprise
of protecting ecological services (e.g., watersheds) and biodiversity conservation seems to be thriving, at least based on
attendance figures at the annual Hawai‘i Conservation Conference. Hawai‘i’s island Invasive Species Committees” have
evolved over the past decade to the point that significant on-the-ground efforts are being expended to combat the spread of
certain species that are believed to pose very significant economic threats to society. Opportunities exist for biological
control of only a limited number of the most damaging invaders in Hawai‘i forests. The sciences of invasion biology and
weed risk assessment have matured substantially over the past decade. The concept of early detection of incipient plant
invaders has been promoted internationally, nationally, and locally as a potentially cost effective strategy. This presentation
will attempt to use concepts of invasion biology and assessment of weed risk to provide a rationale for a statewide program
that attempts to 1) identify and assess potential targets for biologically and politically feasible eradication or containment,
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and 2) provide as objective as possible evaluation of the status quo and predictions of future invasions. Ideally, such a
program would have broad support of diverse stakeholders and an economics component.

7-11 Long Term Management of Invasive Plant Species at Hawai‘i Volcanoes National Park – A Review of the Last
20 years, or Where do we go from here?
Rhonda Loh1, Tim Tunison2

1Hawai‘i Volcanoes National Park, Hawai‘i National Park, HI, 2No affiliation, Volcano, HI

Invasive plant management at Hawai‘i Volcanoes National Park emphasizes control of widespread invasive species in
Special Ecological Areas (SEA). The SEA approach developed from the perceptions that 1) management of widespread
invasive plant species on a parkwide basis was beyond conventional means of control except in localized areas, 2) there
was a need to protect the most intact, most representative and most biologically rich sites of the Park from disruptive
invasive species, 3) integration of invasive plant control with feral animal control, with research on native and invasive
species, and ecosystem processes, with monitoring of key species, and with interpretation of biological resources to Park
visitors was needed, and 4) the most effective management of invasive biota has occurred incrementally. In 1985, the first
eight SEAs (12,954 ac) were established. Currently, the Park manages twenty-four SEAs (70,000 ac) that included rain
forest, dry forest, subalpine shrubland, and pioneer lava flow communities. Expansion of SEAs is possible when initial
populations can be significantly reduced and maintained at very low levels; recruitment of alien plants is low; and work loads
drop significantly after initial control efforts. Weaknesses of the SEA approach is that follow-up treatment is required
indefinitely, surrounding areas will increase in alien plant densities and recruitment may become unmanageable, and small
areas may be too low to maintain fitness or evolutionary potential. Managers are challenged to maximize program
effectiveness by optimizing intervals between follow-up treatments, applying new search and control technology, and
developing partnerships with the community and adjacent landowners.

7-12 Using Ecological Genetics and Molecular Tools to Improve our Understanding of Invasive Species
Gabi Jakobs, Curtis Daehler
University of Hawai‘i, Honolulu, HI

Initially, the spread of invasive species is dependent on pre-adaptation to local conditions. Molecular techniques can reveal
the origin of introduced populations, allowing high-risk invasion sites to be identified through climate matching, and guiding
searches of biological control agents in the native range. At the same time, molecular tools can help identify vectors of
introduction and spread, which allows targeting and management of the high risk vectors. In the invaded habitat, introduced
species usually experience an array of novel selection pressures, forcing them to rapidly adapt. Recent studies indicate the
significance of additive genetic variance as stimulus for adaptive changes, particularly in life-history traits. Hybridization
between closely related introduced or introduced and native species can increase additive genetic variance and
heterozygosity, allowing some hybrid lineages to have wider ecological niches or higher competitive abilities than either of
the parent species. Multiple introductions may also provide genetic resources necessary for adaptation to novel
environments, thus efforts should be directed towards preventing secondary introductions. Assuming fast evolutionary
adaptations, control efforts should target populations at the population margins that experience more extreme conditions so
as to limit the potential for adaptation. In contrast, if the invasiveness of a species is defined by a wide phenotypic plasticity
(general purpose genotype), eradication efforts should focus on populations with the highest reproductive output (often
central populations), especially when the invader has wide dispersal ability, because the most vigorous populations are
likely to contribute disproportionately to the spread of the invader.

7-13 Predicting the Potential Spatial Distribution of Invasive Alien Plants with Niche Modeling: Concepts and
Applications
Christoph Kueffer, Curtis Daehler
Department of Botany, University of Hawai‘i, Honolulu, HI

We introduce the concept of niche or species distribution modeling (SDM) and discuss potential uses of SDM for invasive
alien species management. SDMs are a promising approach for predicting the geographic distribution of invasive plants
based on the bioclimatic niche of a species as well as other predictors such as soil or land use. We suggest three uses of
SDMs for invasive species management. First, SDMs identify areas at high risk of invasion so that pro-active measures can
be taken to minimize transport and establishment of invasive plants into those areas. This also helps to improve the
efficiency of early detection and eradication efforts. Second, SDMs provide spatial visualizations of invasion patterns and
processes across patchy landscapes, allowing managers to develop efficient strategies for containment and control, and to
evaluate the cost-benefits of different control strategies. Finally, because SDMs are easily refined as new data and
qualitative knowledge on invasive plant ecology and occurrences become available, they are easily integrated into an
adaptive management framework. Because of the tangibility of spatial visualizations SDMs may be particularly helpful in
facilitating interactions and knowledge exchange among researchers and managers. We use the case of European weeds
that have invaded across a tropical-to-alpine elevation gradient in Hawai‘i to illustrate the functioning and use of SDMs.
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Further, we discuss the generality of results from SDMs developed for Hawai‘i based on data from a global network on plant
invasions into mountains (Mountain Invasion Research Network, MIREN, www.miren.ethz.ch).

7-14 Assessing IAS Impacts and Management Outcomes with Remote Sensing
Gregory Asner (canceled)
Carnegie Institution, Stanford, CA

Airborne remote sensing is gaining value for monitoring the location, ecological impacts, and management results related to
invasive alien species (IAS). In Hawaiian ecosystems, new airborne mapping approaches that use hyperspectral and lidar
sensors are now providing detailed maps of the location of specific IAS, and how those species are changing the functional
and structural properties of native systems. In rain forest systems on the Big Island, airborne 3-D imaging showed the
location of both tree and understory invasive plants, and allowed quantification of their impacts on the nutrient conditions
and light environment. The airborne measurements also allowed for mapping of vegetation biomass, which could provide
guidance to managers seeking to identify areas of new versus establish IAS infestations. Biomass maps of invasive trees
could allow managers to plan management strategies based on cutting/removal, herbicide, or biocontrol techniques. Finally,
new airborne measurements are providing 3-D maps of fire fuels in grassland-to-woodland transitions, which could be used
by conservation and management to plan specific mitigation and containment strategies. This presentation will highlight
these new, operational airborne mapping approaches, and will draw connections to the specific management and
conservation outcomes that might be achieved in Hawai‘i.

CONCURRENT SESSION 8: JULY 31, 1:40-4 PM

Symposium: Issues in Ungulate Management (Part 2)

8-1 Cultural and Community Outreach Considerations in Ungulate Control
Evelyn Wight, Samuel M. ‘Ohukani‘ōhi‘a Gon
The Nature Conservancy of Hawai‘i, Honolulu, HI

In this presentation we discuss how to use targeted outreach to move from contentious relations to information sharing and
discussion, using The Nature Conservancy’s Forest Recovery Project as an example. Some key elements for success
include extensive but targeted outreach, clear research that provides scientific support for the project need, and where
appropriate, meaningful connections to Hawaiian cultural values. Native forest protection in Hawai‘i has a clear cultural
connection and provides a direct benefit to the public at large by protecting forests and oceans. Native forest provides the
foundation for Hawaiian culture, both in a material and spiritual sense. And watersheds provide Hawai‘i with our fresh water
supply and protect oceans from erosion and sedimentation. Nonetheless, projects to preserve natural areas by managing
threats are sometimes met with vehement opposition. Ungulate control in particular is sometimes opposed because at least
one ungulate – the pig – also has a strong cultural connection in Hawai‘i and is valued for hunting. There is an apparent
dichotomy that pits the multiple values of intact ecosystems and native species against the value of a single introduced
species (the pig), as a cultural symbol and subsistence resource. Successfully conducting ungulate control therefore
requires a conversation that bridges the gap between many versus one; culture versus conversation; and hunting versus
preservation. Ultimately, what is needed in Hawai‘i is continuous outreach to build an active, supportive constituency for
conservation that values science, Hawaiian culture, and the needs of a wide range of natural resource users.

8-2 An Evaluation of the Market Opportunity for Contract Ungulate Control in Hawai‘i.
Ariel Rivera-Vicente2, Paul Holthus2, Michelle Clark3, David Allen1, Suzanne Case1

1The Nature Conservancy of Hawai‘i, Honolulu, HI, 2Tetra Tech EM Inc., Honolulu, Hawai‘i, 3University of Hawai‘i Pacific
Business Center, Honolulu, HI

Believing in the need for the broadest possible array of natural resource management service providers to control feral
ungulates — from volunteers to paid staff, and from partners to specialized contractors — The Nature Conservancy of
Hawai‘i (TNCH) sought to specifically evaluate the effectiveness and applicability of contract animal control as a
conservation tool. To test this concept in Hawai‘i, TNCH, in conjunction with Prohunt, Inc. and Landcare Research of New
Zealand, designed and implemented a series of test projects on TNC-managed conservation landscapes on Maui, Moloka‘i
and Kaua‘i. In addition to field tests, TNCH recognized that a full examination of contract hunting viability in Hawai‘i must
include an analysis of market capacity for these services. To explore the demand side of the contract hunting model further,
TNC partnered with Tetra Tech EM Inc. and the University of Hawai‘i’s Pacific Business Center to conduct a broad study of
the market potential for private conservation and land management services in Hawai‘i. This study was specifically designed
to complement the field results from the project. A working group of local conservation contract service providers contributed
to the study’s development. Results discussed in this presentation will include: assessment of market size and demand for
contract natural resource management companies in Hawai‘I, estimation of start-up and annual operating costs for a new
operation, examination of liability concerns and insurance requirements, overview of complementary services and potentially
viable business models, and potential competitive advantage for locally-owned contract service providers.
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8-3 Feral Ungulate Control Techniques and Strategies from New Zealand: Using Local Contract Hunters for
Conservation
Jobriath L. Rohrer1, Jobriath L. Rohrer2, Stephen M. Mosher1, Stephen M. Mosher2, Darren Peters3, Lindsay Wilson4, Shane
Gebert4
1Pacific Cooperative Studies Unit, Botany Department, University of Hawai‘i at Mānoa, Honolulu, HI, 2Oahu Army Garrison,
Natural Resources Division, Schofield Barracks, HI, 3Department of Conservation, Predator Control, Wellington, New
Zealand, 4Department of Conservation, Northern Te Urewera Ecosystem Restoration Project, Opotiki, New Zealand

The recent controversy with New Zealand contract hunters in Hawai‘i lead to the Oahu Army Natural Resources Program’s
interest in reviewing New Zealand strategies for feral ungulate control. Seeking to gain first hand knowledge of ungulate
control strategies, Army Staff traveled to New Zealand in March 2008. Ungulate control strategies and techniques used in
the Northern Te Urewera Ecosystems Restoration Project and the adjacent Waioeka-Urutawa-Raukumara Goat Control
Project were reviewed. Managers use a combination of staff and contract hunters to control red deer (Cervus elaphus) over
a 2,500 ha area and feral goats (Capra hircus) over a 75,000 ha area. Ground based contract hunting occurs with individual
local hunters that are rated with an extensive review system that considers many factors including efficacy on previous
contracts, certifications, experience level of dogs, and bid price. Contract goals are either set at a certain number of kills or
at a total number of hunting hours with incentives for reaching targets. Hunters are required to carry GPS units to record
tracking data and kill locations. A central GIS database is used to help managers adapt hunting strategies in response to
number of kills and gaps in hunt coverage. Aerial shooting and Judas goats are consistently used to support the ground
based contractors. Extensive vegetation monitoring is conducted using both fecal pellet counts and palatable seedling plots.
These techniques have removed 550 red deer and 10,500 feral goats. These techniques and strategies are directly
applicable for the use by natural resource managers in Hawai‘i.

8-4 An Examination of the Effects of Feral Pigs (Sus scrofa) on Water Quality and Soil Loss within a Hawaiian
Watershed
Chad Browning, Greg Bruland
University of Hawai‘i, Honolulu, HI

Previous research has linked feral pig activity to the decline of native bird species and the spread of invasive plants across
Hawai‘i. While a variety of anecdotal evidence exists, few studies have attempted to quantify the effects feral pig place on
runoff, erosion, and nutrient transport in forested watersheds. This study attempted to fill these knowledge gaps by
constructing eight fenced exclosures on sites of various slopes (< 30%) throughout the Mānoa watershed on O‘ahu. At each
site, paired runoff plots were constructed with one plot inside the exclosure and the other in the adjacent area open to feral
pig activity. Soil samples were collected from each plot in September 2007 to determine the baseline edaphic
characteristics. Runoff from both plots was collected monthly from November 2007 through February 2008 following rain
events and analyzed for total amount, total suspended solids (TSS), total dissolved solids (TDS), and chemical content.
Prior to each event, antecedent conditions were recorded, including canopy cover, soil cover and soil moisture. Antecedent
conditions, throughfall, and slope were then analyzed as predictors of runoff, TSS, TDS, and nutrient load. Results showed
high variability in runoff and TSS throughout the watershed and across the four months. Soil moisture was found to be the
best predictor of TSS in runoff followed by percent cover of bare ground. An investigation of changes in soil cover and TSS
over the four months showed decreasing cover and increasing TSS in unfenced plots, whereas fenced plots displayed
increasing vegetation cover and decreasing TSS.

8-5 Understanding the Links between Ungulates and Ecosystems in Hawai‘i: Critical Gaps in Scientific Research
Steven Hess
U.S. Geological Survey Pacific Island Ecosystems Research Center, Kilauea Field Station, Hawai‘i National Park, HI

Many of the methods currently used to control ungulates were pioneered and refined by managers of the National Parks in
Hawai‘i beginning in the early 1980s in response to documented ecosystem damage. Federal lands represent the largest
areas in the Hawaiian Islands where ungulates are managed for conservation objectives. There are now concerted efforts in
Hawai‘i to control and eradicate ungulates outside these areas. Despite these renewed efforts, there have been few
attempts to coordinate research and monitoring on the landscape effects of ungulate management. Critical gaps in scientific
research include the links between: feral pigs and avian malaria, ungulates and coral reef sedimentation, effects of
ungulates on water quality and watershed function effects of ungulates on specific threatened and endangered plants,
ungulates and ecosystem processes (e.g., nutrient cycling), and ungulates and zoonotic diseases (e.g., cryptosporidiosis,
leptospirosis). Consequently, there is no basis for relating any single process to any particular level of ungulate abundance
in Hawai‘i. For example, there is no scientific evidence to support that any particular level of ungulate abundance is
acceptable with respect to any of these processes. One of the biggest failures in monitoring has been the inability to quantify
ungulate abundance beyond simple presence or absence. Collaboration and integration is needed to document the form
and magnitude of effects linking ungulates and ecosystems in Hawai‘i. Land managers and research specialists should
cooperatively clarify research and monitoring needs relative to ungulate control and identify suitable locations for integrated
management and research.
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Pacific Island Management: Engaging Communities

8-6 Collaborative Community-Based Research and the Development of Resource Management Tools-A Pacific
Water Case Study
Gail Tipa, Kelly May, Mahina Duarte
1National Institute of Water and Atmospheric Research, Ltd., Hamilton, New Zealand, 2NOAA, Papahānaumokuākea Marine
National Monument, Honolulu

Indigenous communities are sensitive to the use and development of natural resources; as they hold distinct perspectives
which concern their identity, attachment to place, knowledge, and custodial obligations. In a New Zealand context, Māori
cannot divorce themselves from the challenges associated with resource management. Māori recognize that their
environment is shared, and place significant importance in preserving their cultural interests and developing appropriate
resource management tools to effectively communicate and protect their values. Native Hawaiians share similar
perspectives regarding the use and development of natural resources. Recently, to aid in the recovery of marine
ecosystems, Native Hawaiians have brought traditional management tools and approaches to the fore of the conservation
and management arena including: the Hawaiian moon calendar, ahupua‘a systems (eco-system based management), and
ho‘omalu and kapu (fishery management processes). A formidable challenge Māori, Native Hawaiians, and other
indigenous communities face is to convey to decision makers how management decisions affect their cultural interests as
many existing methods are predicated on Western science techniques. This presentation will: introduce the Cultural Health
Index (CHI), a resource management tool to facilitate the input and participation of Mäori into land and water management
processes and decision making; describe a pilot project to expand the utilization and integration of Native Hawaiian
knowledge into North western Hawaiian islands management approaches; and discuss emerging processes and
frameworks to facilitate collaborative community-based research within Hawai‘i.

8-7 Effects of Swim-With-Wild-Dolphin Activities on Spinner Dolphins in Two South Kona Bays
Jan Ostman-Lind, Linda Preskitt, Ania Driscoll-Lind
Kula Nai‘a Foundation, Kamuela, HI

Commercial swim-with-spinner-dolphin-activities have been offered in Kealakekua Bay since the late 1980’s. Swim-with
tours now occur daily along the Kona Coast and focus on spinner dolphin resting areas. This study assessed the impact of
these human activities on the dolphin’s behavior. Two key spinner resting areas, in Kealakekua and HōnaunauBays, were
monitored by community volunteers between March-06 and May-07. Over 250 hours of data were collected, including 136
activity scans. The data show that people approaching the dolphins closer than 200 yards were associated with significantly
elevated frequencies of acrobatic behavior (5.5 times), and fast swimming and maneuvering behavior (18 times). The inner
part of Kealakekua Bay was closed to human use, due to safety concerns following an earthquake-generated landslide on
the side of the bay, in October 2006. The closure area included the majority of the spinner dolphin resting area, and thus
provided the study with a natural experiment where the dolphins were left undisturbed for three weeks. The frequency of
both acrobatic and lower energy behavior dropped significantly compared to before the earthquake. The data further
suggest that the dolphins used the bay at pre-swim-with occupancy levels and were more involved in social interactions
during the complete closure period. The frequency of acrobatic behavior returned to pre-earthquake levels after the closure
period. The data therefore suggests that the ability of spinner dolphins to rest is highly impacted by the presence of humans
in their resting areas, and that the effects are reversible if humans are kept out.

8-8 The Cost-Effectiveness of Integrated Approaches to Population and Coastal Management: Evidence from the
Philippines
Leona D’Agnes, Joan Castro
PATH Foundation Philippines Inc., Makati City, Philippines

This study used a quasi-experimental design to evaluate the impacts of three distinct interventions that were introduced to
different island ecosystems in Palawan, Philippines. Coastal resource management (CRM) was implemented in one area,
while population (POP) interventions were introduced in a second location. In the third site, an integrated population and
coastal management (IPOPCORM) approach was implemented. Socio-demographic surveys and ecological and habitat
assessments were conducted before (2001) and after (2007) the interventions were applied. The same locations and
methods were used in both survey rounds. Eighteen CRM indicators are included in the analysis, grouped under three
clusters: coral reef, reef fish, and mangroves. Nine POP indicators are also examined under two categories: reproductive
health (RH) and food security. For all indicators, trends are determined for each site and year using regression analyses
methods. Results indicate IPOPCORM outperformed the sectoral approaches for both the CRM and POP indicators.
Statistically significant increases in coral and mangrove condition indices and RH practices are found in the IPOPCORM site
which also experienced significant declines in fishing effort and reported use of dynamite and cyanide. By comparison, the
sectoral approaches each generated fewer positive and statistically significant trends for both the CRM and POP indicators.
Moreover, IPOPCORM cost less to field than the combined cost of the sectoral approaches. Conclusions: Integrated
approaches to coastal management can simultaneously conserve island ecosystems and improve human health while
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family planning is necessary to ensure long term sustainability of management and prevention of over use of coastal
resources.

8-9 Who, What and How: Audience, Message and Delivery Method
Christy Martin
Pacific Cooperative Studies Unit (University of Hawai‘i at Mānoa), Honolulu, HI

Public outreach is an important line of defense for the prevention, response and control of invasive species. Effective public
outreach programs identify a target audience, a motivational message, and a delivery method that ensures the target
audience receives your message. There must also be periodic measures of efficacy, although repeated measures of
environmental public awareness is rare in Hawai‘i. The Coordinating Group on Alien Pest Species (CGAPS) has worked
since 1995 to raise the awareness of the public, officials and special interest groups about invasive species issues using a
variety of methods in order to effect a change in perception, actions or funding for invasive species programs. Since public
outreach is an ongoing process, CGAPS conducts statewide public awareness surveys, focus group studies, and other
measures to determine the efficacy of outreach messages and methods. Results show that some messages have been well
received by target audiences, while other messages are not being effectively communicated. Some messages reached the
target, but repetition and saturation will be necessary to achieve or motivate change. In other cases the outreach method
missed the target audience. In addition, segments of the population fall outside the realm of our traditional target audiences,
messages, and even traditional methods. Efforts range from newspaper articles to radio jingles, pens to viral videos and
more. Results will help those planning the “who, what and how” of public outreach.

Symposium: The Mariana Islands: Issues in Island Conservation (Part 3)

8-10 Relative Abundance and Distribution of Mariana Swiftlets (Aves: Apodidae) in the Northern Mariana Islands
Justine Cruz2, Shelly Kremer1, Gayle Martin2, Laura Williams2, Vicente Camacho2

1USFWS, Honolulu, HI, 2CNMI Division of Fish and Wildlife, Saipan, MP

The endangered Mariana swiftlet (Aerodramus bartschi) occurs in its native habitat on only three islands worldwide–Guam,
Saipan and Aguiguan. It is locally extinct on the islands of Rota and Tinian and numbers have declined on Guam. On
Saipan and Aguiguan, the bird remains common. We present previously unpublished data from reports lodged with the
Commonwealth of the Northern Mariana Islands’ Division of Fish and Wildlife combined with an analysis of arrival count
data from surveys conducted regularly on Saipan (1985–2005) and opportunistically on Aguiguan (1985–2002). Direct
counts of swiftlets arriving at nesting caves did not permit island-wide population estimates but provided an index useful for
assessing relative abundance. On Aguiguan, swiftlets occurred only in a few of the available caves; the population was
small, more densely concentrated than on other islands, and relatively stable. On Saipan, swiftlet numbers declined for the
first part of the monitoring period (1985-1992), then increased significantly (1998-2005), and now stand at their highest level
(> 5,000 birds) since 1985. Large between-year fluctuations, high variation in colony attendance patterns, and occasional
abandonment and re-colonization of some caves were evident during the 20-yr monitoring period. There continue to be
potential constraints to the population such as disturbance from humans and ungulates in the nesting caves and nest
predation from cockroaches. Conservation measures may have lessened some disturbance events and cockroach
predation, while other measures, such as translocation, may improve the species’ chances of persistence.

8-11 Breeding Biology of the Endangered Mariana Swiftlet (Aerodramus bartschi) on Guam and Recommendations
for their Recovery
John Morton1, Fred Amidon2

1U.S. Fish & Wildlife Service, Soldotna, AK, 2U.S. Fish & Wildlife Service, Honolulu, HI

The Mariana swiftlet is a cave-dwelling, disturbance-intolerant bird species and study of their breeding behaviors has been
problematic. During 1996-97, we studied nest attendance, productivity and other breeding behaviors of 8 swiftlet pairs in
Mahlac Cave on Guam using an 8-mm time-lapse video with infrared emitters. We scored behaviors at 6-min intervals>48
hrs per week for a complete calendar year; time budgets of both diel nest attendance and annual breeding cycle were
derived. We also scored behavioral responses at 1-min intervals for 30 minutes pre- and post-disturbance induced by
research activity. We sampled seasonal and spatial variation in aerial insect abundance with Malaise traps. Swiftlet breeding
activity was bimodal, peaking in March - April and August - September, coinciding with aerial insect abundance. Both adults
roosted in their nest regardless of breeding activity, except when foraging or disturbed. We documented considerable egg
dumping in apparent response to acute disturbance, swiftlet egg and body parts in captured brown tree snakes (Boiga
irregularis), and colony visitation by snakes, a feral cat, and Varanus lizard. Hives built by mud dauber wasps (Vespula sp.)
also contributed to reproductive failure by causing nests to break free from the cave ceiling. The distribution of existing
active nests suggested that the snake-free area of the cave ceiling may limit nesting. To test this hypothesis, we attached 8
artificial substrates to a smooth-surfaced portion of the ceiling; swiftlets nested on these substrates shortly thereafter and
continued to use them for> 5 years. Other recommendations for population recovery are discussed.
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8-12 Diet of the Mariana Swiftlet (Aerodramus bartschi)
Charles Kohley1, Eric Kershner2, David Garcelon3

1Zoological Society of San Diego - Hawai‘i Endangered Conservation Program, Volcano, HI, 2AC/S Environmental Security,
Camp Pendleton, Camp Pendleton, CA, 3Institute for Wildlife Studies, Arcata, CA

The Mariana swiftlet (Aerodramus bartschi) is endemic to the Mariana Islands within Micronesia. Population declines and
their limited distribution prompted the U.S. Fish and Wildlife Service to list this species as endangered in 1984. Swiftlets
were once common on the island of Rota but were extirpated after 1976. Aerial application of pesticides in the 1960s and
1970s on Rota may have reduced prey resources resulting in their extirpation. A primary objective of the 1992 species
recovery plan is the reintroduction of swiftlets to Rota from the island of Saipan, where the source population occurs. Before
translocations can be initiated, a better understanding of the diet of these aerial insectivores was needed to determine if
prey resources have recovered on Rota since the pesticide-use era. In an effort to describe and quantify swiftlet diets on
Saipan, we collected fresh guano samples in pans placed below nest and roost sites in caves during both the wet and dry
seasons. The 9 orders and 24 families identified in the guano, combined with their foraging behavior, suggest that Mariana
swiftlets are aerial insectivore generalists. Hymenoptera and Coleoptera were the most common orders detected and
Formicidae was the most common family detected during both seasons. Recent work has shown that the insect
communities on Rota have recovered sufficiently and are similar to the insect fauna on Saipan. Thus, the generalist nature
of swiftlet diets suggests that the translocation of swiftlets from Saipan to Rota remains a viable option for the recovery of
this species.

8-13 Guam Rail Recovery on Guam: Ko’ko’ for Cocos
Diane Vice, Suzanne Medina
Guam Division of Aquatic and Wildlife Resources, Mangilao, Guam

The Guam rail (Gallirallus owstonii), known as ko’ko’ in Chamorro, is a federally listed, flightless bird endemic to Guam. The
goal, of the Ko’ko’ for Cocos Project, is to establish a breeding population of ko’ko’ on Cocos Island. Habitat preparations on
the 83-acre (33.6 ha) island, prior to the release of 16 captive-bred rails, include the eradication of rodents, enhancement of
native forest and the reduction of monitor lizards. In order to prevent incursions to Cocos Island of snakes, rats and other
unwanted pest species, biosecurity procedures have been developed that include inspections by boat owners of vessels
and cargo destined for Cocos Island. Compliance with biosecurity procedures will be promoted by the implementation of a
Rare Pride Campaign focused on the ko’ko’ bird. This talk will provide a brief overview of the project and an update of the
current activities associated with the project.
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Poster Abstracts by Category

Education and Outreach

P-1 The BWET Hawai‘i Ho‘okuleana (To Take Responsibility) Project for Educators
Ellen Federoff, Kelly Ledford
1Alaka‘ina Foundation, Maui, HI, 2Hawai‘i Source Education Outreach, Maui, HI

The Ho‘okuleana Project For Educators was proposed with a vision of providing inspiration, support and guidance to the
Molokai community of educators to “take responsibility for their environment”- building upon a concept of kuleana
(responsibility) through professional development opportunities intended to empower them to be better educators in the
classroom with an understanding of how to be caretakers of their unique island community. The Ho‘okuleana Project was
implemented with 8 teachers (reaching over 200 students) between the 2007 and 2008 school years on the island of
Moloka‘i in grades K-5. The project commenced with a professional development conference that offered training in the
areas of environmental science, field research practice and research protocol, technology tools, and Native Hawaiian
cultural concepts in order to advance the participants’ understanding of the overall Ahupua‘a system and conservation
issues, and to prepare them to use innovative technology to implement year-long environmental monitoring projects with
their students. The project also aimed to improve their effectiveness with students by supporting the participating educators
throughout the school year offering two separate intersession professional development events, on-line resources, and field
activity support that further enhanced their project implementations. At the close of the year - long project, participants
assisted in the capacity building effort by presenting their individual projects at the Moloka‘i Earth Day Celebration, hosted
by the Community Center on Moloka‘i.

P-2 Working to Preserve Pōhakuloa’s Natural Resources Through Public Outreach and Education
Tiana Sudduth
1Colorado State University, CEMML, Fort Collins, CO, 2Pōhakuloa Training Area, Hilo, HI

Pōhakuloa Training Area (PTA) is the largest national military training area in the Pacific and contains the rarest ecosystem
on the planet. Since its establishment in 1956, PTA has been committed to preserving Hawai‘i’s resources while supporting
military training activities. To help protect Pōhakuloa’s 15 threatened and endangered species, PTA’s award winning Natural
Resources Department promotes an ongoing public outreach and education program. The goals of the program are to
inform the public about management activities conducted at PTA and to recruit volunteer assistance from within the
community. To accomplish those goals, PTA Natural Resources Staff (NRS) regularly represent PTA at local events and
host various groups at the installation. Visitors have the opportunity to tour PTA’s Rare Plant Facility and Interpretive
Garden, which host several species of federally listed plants, as well as common native and alien dryland plants.
Throughout the year, student groups also join forces with PTA NRS to help eradicate invasive species such as banana poka
(Passiflora tarminiana) and fountain grass (Pennisetum setacium). Other service projects include seed collection and
cleaning, outplanting, and vegetation monitoring. For some, the chance to work in a rare sub-alpine tropical dryland forest
near endangered plants that are found nowhere else on Earth, is the chance of a lifetime. Public outreach and education
serves to benefit Pōhakuloa’s unique natural resources, the military, and the community members involved. Such endeavors
have been, and will continue to be, a vital component of PTA's natural resources program.

P-3 Using Malama Ke ‘Aina to Teach Science and Math in Hawai‘i
Nicholas DeBoer1, Colby Kearns1, Jessica Herweg2, Donald Price1, Elizabeth Stacy1, Jan Zulich1

1University of Hawai‘i at Hilo, Hilo, HI, 2Hawai‘i Department of Education, Hawai‘i Island

For science education to be effective in culturally diverse classrooms, curricula should be relevant to the local community. In
Hawai‘i, local cultural practices and beliefs are important sources of knowledge for many students. The PRISM Program at
UH Hilo is developing curricula that bridge modern scientific and local cultural knowledge by infusing science lessons with
Hawaiian values, beliefs, and practices. The PRISM curricula that incorporate local beliefs and values enhance student
enthusiasm for science and lead to greater understanding of scientific principles and their connections to traditional
knowledge. An important Hawaiian value, “Malama ke ‘Aina,” or “Caring for the Land,” is infused into many PRISM lessons.
In one lesson, the management of limited resources on voyaging canoes is used to teach concepts of natural resource
management on islands. Another lesson interfaces the Hawaiian sense of connection to the land with the restoration
ecology of native species and ecosystems, while a third highlights the interconnectedness of mountain-to-sea ecosystems in
the traditional Hawaiian land tenure system to teach sustainability and food web ecology. Internal and external (from a
professional evaluator) assessment data from PRISM classrooms indicate positive gains in students’ science content
knowledge and attitude toward science. To date in the PRISM Program, 13 GK-12 Fellows have partnered with 35
elementary and middle school Teachers to develop 12 curricula in marine and terrestrial environments. These curricula
have been implemented in 50 classrooms with over 1,000 students. PRISM’s longer term goals include the development of
an integrated curriculum for K-12 classrooms that promotes scientific literacy and skills to better prepare Hawai‘i’s workforce
for the challenges of the 21st Century.
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P-4 Restoring the Ka‘ala Summit: Volunteers Valued for their Time and More
Candace Russo, Kim Welch
O‘ahu Army Natural Resources Program (PCSU/RCUH), Wahiawa, Hawai‘i

At 4025 feet, Mt. Ka‘ala is the tallest point on O‘ahu and a distinct part of the Wai‘anae mountain range. Roughly half of the
Ka‘ala summit plateau and steep cliffs below are currently managed by the O‘ahu Army Natural Resources Program (NRP),
who focuses on the conservation of endangered plants and animals. A recent project concentrated on the immature bog at
the summit, where volunteers led by the NRP helped kick-start a restoration effort to build upon the work of the NRP staff. In
an area of the bog overrun with an invasive rush, Juncus effusus, volunteers removed enough J. effusus to fill 35 large bags
(33-gallon size), and followed-up by transplanting 40 hapu‘u (Cibotium spp.) trunk buds within the disturbed area. In 2007,
eight volunteer service trips resulted in a total of 160 volunteer work-hours in this area. These efforts can be appreciated for
a cost-savings to the NRP of $2,332.80. Yet the true value extends beyond a dollar amount. This project aids in the
restoration of an endangered habitat while also providing the O‘ahu community with a rare opportunity to experience an
area significant in both ancient and current Hawaiian culture. Along with their service work, volunteers were provided
interpretation of the natural and cultural history of Ka‘ala, and its role in protecting our watersheds. This extends knowledge
into the community and cultivates a relationship between the public and the Army, which can only be valued as intrinsic.

P-5 Volunteering on Vacation - Reinforcing Environmental Attitudes with Hands-on Experience.
Brooke Porter1, Paul Forestell2
1Pacific Whale Foundation, Wailuku, HI, 2Long Island University, Brookville, NY

In 2007 Pacific Whale Foundation (PWF), with support from Hawai‘i Tourism Authority and County of Maui Office of
Economic Development, launched a new program called “Volunteering on Vacation” (VOV). The program serves as a land-
based experiential/service learning opportunity that engages participants in volunteer projects to reinforce positive attitudes
towards conservation. Six VOV projects include beach cleanups, invasive plant species removal, trail maintenance, and
reforestation. Participants learn about Hawaiian history and culture, local flora and fauna, gain access to pristine areas, and
interact with other conservation-minded individuals. VOV is a critical part of a model for marine interpretation programs
developed by Forestell and Kaufman in 1990, and used extensively in PWF marine Eco-tours during the past two decades.
The model proposes a sequence of three phases: establishment of a need for information, presentation of information, and
reinforcement of new learning through follow-up action(s). VOV provides participants in PWF’s Eco-tours an important range
of volunteer activities to reinforce positive environmental attitudes. From February 2007 to February 2008, 298 individuals
volunteered for VOV. Of the 298 volunteers, 40.3% previously participated in a PWF eco-tour. All comments offered from
VOV participants, were overwhelmingly positive, and demonstrated greater awareness of and a desire to do more for the
environment. VOV provides unique opportunities for individuals to actively engage in conservation efforts and boasts great
potential for increasing the likelihood of environmentally appropriate behaviors by the general public. Future efforts will be
directed towards increasing the number of PWF eco-tourists who participate in VOV.

P-6 The County of Maui: Demonstrating its Commitment to Preserving Maui Nui’s Natural Resources Through
Strong Community Relationships
Kuhea Paracuelles, Charmaine Tavares
The County of Maui, Wailuku, HI

The County of Maui (COM) has often been touted as a leader in natural resource conservation. It is the only municipality in
the State of Hawai‘i that provides a full-time Environmental Coordinator position in the Office of the Mayor, specifically to
build and maintain healthy relationships with the conservation community and to assist in advancing their efforts to manage
important natural areas, seek funding opportunities, and support critical legislation. Maui County Mayor, Charmaine
Tavares, lists watershed protection, invasive species, and marine protection as her top three environmental priorities. The
COM provides more than a million dollars annually to local conservation agencies, including the Maui Invasive Species
Committee and the five watershed partnerships on the islands of Maui, Moloka‘i, and Lana‘i. This support has assisted them
in leveraging other funding sources, which allows them to continue their critical work at all levels and facets of their
organizations. In celebration of the 2008 International Year of the Reef, Mayor Tavares led Maui County’s efforts by creating
a community task force to raise public awareness about the status of Hawai‘i’s coral reefs and encourage its residents and
visitors to be more proactive in the protecting them. The Ola Na Papa I Pulama Ia (Cherish the Living Reefs) campaign has
developed and distributed educational materials, reusable shopping bags, manned educational tables at various community
events, and held a major community event in June 2008 at the Maui Ocean Center. The COM is extremely proud to be a
contributing partner to conservation in Hawai‘i!
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P-7 Laying the Baseline for Community-based Monitoring of Coral Reefs in Hawai‘i
Manuel Mejia, Eric Co, Eric Conklin, Kim Hum, Zach Caldwell, Debra Matsukawa, Emily Fielding, Kanekoa Shultz, Pam
Weiant, Marion Ano, Russell Amimoto, Charles Wiggins
The Nature Conservancy, Honolulu, HI

Hawai‘i is the most isolated archipelago in the world and, as such, has one of the highest levels of tropical marine endemism
on earth. One quarter of our reef species are found nowhere else – if we lose them here, they are gone from the world
forever. Hawai‘i’s nearshore reef fish populations have declined significantly over the past century and there is currently no
effective long-term management in place to protect and restore our reefs. Hawai‘i’s geographic isolation means that we
cannot rely on fish from other areas to replenish our reefs – our management must ensure that our fish populations are self-
replenishing. But our experience tells us that they are not. As reef fish abundance and size continue to decrease, so too do
the livelihoods of our fishermen. Our state’s economy also relies on a healthy marine environment as one of the primary
attractions of the tourism sector. In the face of this continuing decline, it is imperative that we work with coastal communities
to manage and protect the nearshore marine resources on which their livelihoods and lifestyles depend. Communities
across the main Hawaiian Islands are pursuing community-based stewardship. Laying the scientific baselines before any
intervention effects occur at these sites is essential for measuring the effectiveness of the communities’ management
efforts. The notable absence of predator species is of major concern. Monitoring marine resources and human uses at these
sites should provide a better understanding of these changes and what can be done to help restore vibrant reef
communities.

P-8 NOAA Fisheries: In Your Communities
Scott Bloom, Dominique Horvath
NOAA/NMFS/PIRO, Honolulu, HI

The National Marine Fisheries Service (NMFS) and the Western Pacific Fishery Management Council (WESPAC) have
partnered to support Pacific islander traditional practices throughout the western and central Pacific. The recently
reauthorized Magnuson-Stevens Fishery Conservation and Management Act (P.L. 94-265) amended section 305 to include
the development of a western and north Pacific community development program. This new section of the Magnuson-
Stevens Act provides authority for program development in areas of marine science and technology education, training and
traditional knowledge perpetuation. In part, Section 109 of the Magnuson-Stevens Act provides that the program shall
include marine science and technology education and training programs; include fisheries and seafood-related training
programs; include outreach programs and materials to educate and inform consumers about the quality and sustainability of
wild or farmed fish products; include programs to identify, with the fishing industry, methods and technologies that will
improve the data collection, quality, and reporting and increase the sustainability of fishing practices; develop means by
which local and traditional knowledge (including Pacific islander and Native Hawaiian knowledge) can enhance science-
based management of fishery resources of the region; and develop partnerships with other Western Pacific Island agencies,
academic institutions, and other entities to meet the purposes of the section. The primary purpose of this section is to target
coastal communities to foster an understanding and practical use of Native Hawaiian and Pacific Islander based knowledge
and technical expertise relative to stewardship of living marine resources. NMFS and WESPAC will continue to partner in
developing a program to support coastal community residents through marine based training and education.

P-9 The Hawai‘i Fish Habitat Partnership: Creating New Opportunities for Stream Restoration
Gordon Smith
Pacific Islands Fish and Wildlife Office, U.S. Fish and Wildlife Service, Honolulu, HI

The Hawai‘i Fish Habitat Partnership (HFHP) was formed with the participation of state and federal resource agencies, non-
governmental organizations, university affiliates, and private partners for the purpose of cooperatively developing and
implementing aquatic habitat restoration projects in Hawaiian streams and estuaries. The HFHP is applying for recognition
under the umbrella of the National Fish Habitat Action Plan which was established to support regional fish habitat
partnerships. Once fully recognized, the HFHP will be eligible to apply for funds to develop and implement aquatic habitat
restoration projects across the state. For 2008, $2.4 million was approved for projects supported by five Fish Habitat
Partnerships nationwide. Stream restoration activities coordinated by the HFHP will focus on perennial streams statewide
and will seek to improve conditions that support native fish and invertebrate fauna. In addition, HFHP projects are
anticipated to include stream systems that form estuaries at their confluences with the sea. Stream-mouth estuaries function
as important nursery habitats for recreationally and commercially important fishes that later inhabit marine environments as
adults. Partnership projects will result in improvement to downstream water quality which will secondarily benefit nearshore
coastal marine habitats including coral reefs. Conservation programs established for the purpose of restoration of Hawaiian
streams and estuaries is supported by a broad constituency of anglers and other stakeholders.
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P-10 The Changing Tides Education and Outreach Campaign: A “Carrot-Centric” Approach to Developing Tools
and Strategies to Reduce Threats to Hawai‘i’s Reefs
Carlie Wiener2, Liz Foote1

1Coral Reef Alliance, Hawai‘i (based in San Francisco, CA), 2Hawai‘i Institute of Marine Biology, HI, 3Project S.E.A.-Link,
Maui, HI

The Changing Tides Education and Outreach Campaign seeks to target and reduce key threats to the coral reef ecosystem
through the linkage of numerous projects integrating unique approaches, tools, and educational strategies. This multifaceted
effort represents a collaboration between several organizations and agencies, and is also supported by community
volunteer efforts. The overall goal of the campaign is to reduce threats and negative impacts to marine recreation sites in
Hawai‘i by providing critical reef stewardship and etiquette messages to a variety of target audiences. The key audiences
include: 1) unguided visitors to Hawai‘i’s reefs; 2) local community members who can be empowered to play a stewardship
role; 3) local youth and students; and 4) marine tourism professionals and other staff of businesses that can interact with
visitors in an educational capacity. The projects that will be described in this presentation have considerable overlap in their
scope and approach, which provides a unifying consistency in the messaging strategy. One of the projects that will be
outlined is the “Take a Bite out of Fish Feeding” campaign, a three-pronged approach focusing on the demand-side, supply-
side, and on leveraging support for legislative action. Other projects include the development of a Reef Etiquette sign; the
design and field-testing of snorkel gear bag tags which present reef etiquette messages; and the production and
dissemination of a new publication designed to allow community members to play an active stewardship role in assisting
resource managers and enforcement agencies.

Management Tools

P-11 High Resolution Land Cover Data for the Island of O‘ahu, Hawai‘i
Jamie Carter1, Christine Feinholz2, Matthew McBride1, Kelvin Raiford3

1Perot Systems Government Services, Honolulu, HI, 2I.M. Systems Group, Honolulu, HI, 3NOAA Educational Partnership
Program, Honolulu, HI

The island of O‘ahu in the state of Hawai‘i has an extraordinarily diverse distribution of coastal land cover types. Natural
geologic structures and climate patterns interact with human activities to create the dramatic landscape we see today.
O‘ahu’s natural resource base supports an extensive array of activities including abundant economic and recreation
opportunities. New high resolution land cover maps capture these resources and the human footprint upon the island, and
enable more informed conservation planning. The NOAA Coastal-Change Analysis Program (C-CAP) develops land cover
data from satellite imagery to monitor natural resources and urbanization for most of the country’s coastal regions, including
Hawai‘i. The C-CAP mapping efforts parallel other national mapping efforts but place particular emphasis on palustrine
(freshwater) and estuarine (brackish) habitats, allowing people to observe and assess the distributions of important wetland
areas. The O‘ahu land cover map is a forerunner of a new generation of high resolution C-CAP products designed to
capture the richly detailed landscapes of O‘ahu and other Pacific islands. NOAA conducts frequent mapping updates
because of the rapidly changing coastal landscape. Documenting changes in the landscape from year to year enables the
public and decision makers to better understand trends in development and natural resources across the island. When
analyzed together, the new 2006 and the older 2000 C-CAP land cover data become invaluable tools in conservation
planning and monitoring terrestrial natural resources and human activities on O‘ahu.

P-12 Ask a Bishop Museum Scientist: An Online Identification Service Improving Public Understanding of Hawaiian
Ecosystems
Shelley James
Bishop Museum, Honolulu, HI

Educating the public about Hawaiian ecosystems is the first line of defense in protecting them. As the State repository for
natural history collections, a staff of more than 35 scientists, and the resources of the Hawai‘i Biological Survey (HBS),
Bishop Museum is one of the best equipped institutions to answer questions about Hawai‘i’s organisms and ecosystems.
With funding from the U.S. Department of Education’s Education through Cultural and Historical Organizations (ECHO)
initiative, Bishop Museum has established an online forum called “Ask a Bishop Museum Scientist”
(http://www.flickr.com/groups/askascientist). Students, members of the public, and scientists alike can submit a question or
image of organisms from terrestrial, freshwater, or marine ecosystems found in the Hawaiian Islands. With descriptive
information provided by the user, Bishop Museum scientists try to identify unknown specimens. We ask questions to assist
in the determination process and encourage the user to explore their organism further. Scientific and common names are
provided, the origin of the specimen, and other interesting information about its role in the environment. In the first four
months of the program, more than 1000 individuals from 50 countries had explored the information web site
(http://hbs.bishopmuseum.org/askascientist), and the online forum has more than 80 users. In return, Bishop Museum staff
can locate and identify new invasive species or a species unknown to science might be discovered using the fresh eyes of
Hawai‘i’s residents and visitors.
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P-13 HIPPNET: Hawai‘i’s Permanent Plot Network for Research, Monitoring, and Education
Rebecca Ostertag1, Christian Giardina2, Susan Cordell2, Lawren Sack3, Lisa Ellsworth1, Faith Inman1

1University of Hawai‘i, Hilo, Hilo, HI, 2USDA Forest Service, Hilo, HI 3UCLA, Los Angeles, CA

Many ecological questions can be ideally addressed in Hawai‘i due to its exceptional natural setting and resources —
including diverse habitats across striking gradients, a 90% endemic flora, and ecosystems stretching from uplands down to
coast. However, to address current critical questions, new infrastructure is essential. The most pressing need is for the
ability to make long-term measurements as well as intensive short-term studies at well-defined sites, characterized to the
highest standards applied to scientific forest sites around the world. To this end, our group is in the process of developing a
network of long-term forest plots, the Hawai‘i Permanent Plot Network (HIPPNET). This plot network will enable the
University of Hawai‘i and collaborating participants to become world-class leaders in studies of (1) Global change; (2)
Ecohydrology - linkages between forest-water-atmosphere; (3) Ecosystem services; (4) Remote sensing; (5) Restoration;
(6) Comparative forest ecology; (7) Community structure and organization; (8) Population genetics and evolutionary
ecology; (9) Biogeochemical processes. The HIPPET plots have recently been accepted into the larger network of
permanent plots organized by the Center for Tropical Forest Science (CTFS). In keeping with protocols used for creating
permanent plots throughout the worldwide CTFS network, the sites are located in areas with good access, strong
commitment from landholders toward conservation, and high native species cover. Protocols for site surveying and mapping
and for ongoing censuses have been developed based CTFS methodology. Climate will be monitored at each of the sites.

Invasive Species – Terrestrial

P-14 Hawai‘i Invasive Species Council: Research and Technology
Priscilla Billig, Christopher Buddenhagen
Hawai‘i Invasive Species Council, Honolulu, HI

The silent invasion of Hawai‘i by insects, disease organisms, snakes, weeds, and other pests is currently the single greatest
threat to Hawai‘i’s economy, natural environment and to the health and lifestyle of Hawai‘i’s people. In Hawai‘i invasive
species are responsible for millions of dollars in crop losses, the extinction of native species, the destruction of native
forests, the spread of disease and government-sponsored spending of at least $40.8 million in 2006. The Hawai‘i Invasive
Species Council (HISC) provides framework for leadership and coordination for a statewide invasive species prevention and
control program. The Hawai‘i Invasive Species Council awards research and technology grants for work on control,
biocontrol, early detection and risk assessments of aquatic and terrestrial invasive species. Focusing on a variety of pests,
HISC awarded a total of $1.98 million dollars to researchers between FY 2005 and 2008. HISC-funded research projects
include promising biocontrol measures investigated for major forest weeds Miconia, Tibouchina and Clidemia; biocontrol
measures for the Erythrina gall wasp; development of the vacuum barge, “Supersucker,” for control of reef-damaging
aquatic invasive algae (Gracilaria salicornia) on Hawai‘i reefs; development of commercial hot water treatment technology to
control coqui frogs (Eleutherodactylus coqui) in shipments of plants from frog-infested areas destined for frog-free areas;
and development of lures to detect and trap the stinging nettle caterpillar (Darna pallivitta) moths introduced from the Big
Island to other islands. HISC will highlight some of these ongoing projects.

P-15 Feral and Free-Ranging Cats and Hawai‘i’s Wildlife
Norma Bustos
DLNR/DOFAW, Honolulu, HI

Feral and free-ranging cats can be found throughout our island state from the lawns of the State Capitol in Honolulu to
isolated forest preserves on the Big Island of Hawai‘i. Although no one knows how many stray and feral cats roam the
islands, Hawai‘i’s cat overpopulation problem has historically been a topic of interest. In Hawai‘i cats are capable of
breeding year round, averaging 3 litters per year with 4-6 kittens per litter. Evolving without mammalian predators, Hawai‘i’s
unique bird species are extremely vulnerable to cat predation. This poster will examine the feral and free-ranging cat
problem in Hawai‘i and provide recommendations on broad policies that should be implemented in our State.

P-16 Conserving Native Hawai‘i Birds from Brown Tree Snake: Priority Species and Locations for Damage
Valuation
Thomas Decker, Carol Ferguson
University of Hawai‘i at Mānoa, Honolulu, HI

Introduction of brown tree snake (BTS) is expected to have serious impacts on Hawai‘i’s human and natural environment.
Policymakers need estimates of monetary damages to justify continued funding of BTS interdiction programs. The averting
expenditures method can value potential avifauna losses due to BTS by costing special conservation measures needed to
prevent extinction. This study identified priority species and locations in the main Hawaiian islands under two hypothetical
scenarios. An inventory of 56 native species and 130 currently occupied places was developed from the literature.
Interviews of wildlife experts indicated priority for protecting endemic birds, particularly endangered species, island-specific
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populations, and forest habitats within BTS range. Interview criteria were applied to the inventory lists to select a total 30
species and 90 prospective conservation areas. Specific areas for BTS damage valuation were identified using two sorting
algorithms that minimize the number of places necessary to cover all target species. The algorithms found 6-7 locations are
needed to provide at least one site for each species. The selected areas are spread across four Hawaiian islands, though
nearly half are located on Kaua‘i. The majority of sites contained forest or mixed forest/open type habitat, and only one was
composed mainly of coastal wetland habitat. All sites have been previously designated special protection areas at either the
federal or state level for native bird conservation and/or bird conservation has become an important management activity.
Ongoing research is investigating appropriate BTS protection measures at these sites, from which respective costs will be
estimated.

P-17 Dynamics of a Controlled Mouflon Population in Hawai‘i
Robert Stephens1, Steven Hess2, Ben Kawakami Jr.3
1Hawai‘i Cooperative Studies Unit (PACRC, UH Hilo), U.S. Geological Survey Pacific Island Ecosystems Research Center,
Kilauea Field Station, Hawai‘i National Park, HI, 2U.S. Geological Survey Pacific Island Ecosystems Research Center,
Kilauea Field Station, Hawai‘i National Park, HI, 3U.S. National Park Service, Division of Resources Management, Hawai‘i
National Park, HI

Eleven mouflon were released at Kahuku Ranch on Mauna Loa from 1968–1974. Hawai‘i Volcanoes National Park acquired
Kahuku in 2003 and began a closely directed volunteer program to control mouflon and curtail further degradation of native
vegetation. We monitored mouflon population dynamics associated with this program. The Kahuku mouflon population was
2,586 ± 705 (90% CI) in November 2004. By December 2006,>1,900 mouflon had been removed and the population
decreased by approximately 30%. We found that rams were selectively removed by the volunteer program, but this has not
significantly increased the mean proportion (± 95% CI) of ewes in the population, which was 0.703 (0.672–0.729) in 2004
and 0.729 (0.708–0.751) in 2007. However, the maximum proportion of ewes observed with lambs increased significantly
from 0.484 (0.412–0.558) in 2005 to 0.667 (0.587–0.750) in 2007. We dissected 23 adult and 8 yearling ewes in 2007.
Eighty three percent of adults were pregnant with a single fetus; no yearlings were pregnant. The sex composition of adults
changed strongly within 2007. Adult rams as a proportion of ewes ranged from 0.160 (0.096–0.228) in May to 0.649 (0.442–
0.955) in September. The directed volunteer control program has been more successful in reducing mouflon abundance
than unsupervised public hunting programs have been for species such as feral pigs elsewhere in Hawai‘i , but population
level responses such as higher potential population growth rates could result, especially if increased reproduction is coupled
with a higher proportion of ewes in the population.

P-18 Rat Eradication on Mokapu Island by Aerial Application of Diphacinone
Peter Dunlevy1, Fern Duvall2, Chris Swenson3, Katie Swift3
1U.S. Department of Agriculture, Honolulu, HI, 2Hawaii Department of Land and Natural Resources, Wailuku, HI, 3U.S. Fish
and Wildlife Service, Honolulu, HI

Surveys showed that invasive rats (Rattus exulans) on Mokapu Island, Molokai, threatened several species of nesting
seabirds and many rare and endangered coastal plants. Therefore, resource management agencies made the decision to
restore the island by eradicating rats, thus allowing natural re-generation of native species rats had been eating.
Rodenticide pellets containing the active ingredient 0.005% diphacinone were applied by helicopter to Mokapu on two
separate occasions in February 2008. This is a newly available tool in Hawai‘i and Mokapu was the first island in the state
where aerial rodenticide application was used to eradicate rats. It was also the first time in the world that an aerial bait
application used diphacinone to attempt rodent eradication. Aerial rodenticide applications in other parts of the world have
always used more potent rodenticides with higher risks of harming non-target species. Monitoring and mitigation of
secondary effects will be discussed. This project demonstrates that aerial diphacinone application is an effective tool for
island conservation in Hawai‘i. Project results will be useful in planning future rat eradications in Hawai‘i.

P-19 Putting Together the Big Picture for Rodent and Mongoose Control in Hawai‘i: A Review of Need
Jeffrey Herod, Katie Swift, Karl Buermeyer, Earl Campbell III
U.S. Fish and Wildlife Service, Pacific Islands Fish and Wildlife Office, Honolulu, HI

With the approval of hand and aerial broadcast of diphacinone in Hawai‘i for the protection of native species, landowners
maybe able to utilize the full array of tools available for broad scale rodent control. But how can the numerous rare and
listed species and geographic areas be prioritized and funded for treatment? We lack a broad ecological understanding of
how rodents have altered native ecosystems in Hawai‘i and of the indirect effects caused by high rodent densities in native
Hawaiian ecosystems. Furthermore, some impacts to native species may occur only during sporadic population irruptions of
rodents. Documentation of the impacts of rodents and mongooses on native species varies from long-term quantitative
monitoring showing declining populations to isolated impacts on individuals. Some of the most comprehensive species-
specific sources of information on the impacts of rodents and mongooses exist in U.S. Fish and Wildlife Service (Service)
documents, such as Recovery Plans and Biological Opinions, and Hawai‘i’s Comprehensive Wildlife Conservation Strategy
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(CWCS). This presentation summarizes information compiled from these documents which gives easy access to
descriptions of where rodent and mongoose control is considered essential for species recovery.

P-20 Early Detection, Control and Containment of Invasive Ants at Pōhakuloa Training Area, Island of Hawai‘i
Caleb Slemmons
1Colorado State Univesity, CEMML, Fort Collins, CO, 2Pohakuloa Training Area, Hilo, HI

Invasive ant species introduced to the Hawaiian Islands, including the big-headed ant (Pheidole megacephala) and
Argentine ant (Linepithema humile), are known to detrimentally affect native arthropods including important native plant
pollinators. Some invasive ants also tend homopterans, such as aphids and scales that pose a significant threat to the
health of native plants. In addition, homopterans can serve as vectors for further spread of plant diseases and pests.
Pōhakuloa Training Area (PTA), located within a sub-alpine dryland forest, has several documented infestations of
introduced ants including big-headed and Argentine ants. These species, and other potential ant introductions, are
considered a substantial threat to the management of 15 federally-listed endangered plant species. Argentine ants have
already been observed tending aphids on endangered pōpolo ku mai (Solanum incompletum) and bridging the sticky stem
of endangered lance-leafed catchfly (Silene lanceolata). The PTA natural resource staff are currently planning a three-tiered
approach to document spread of invasive ants and mitigate potential impacts to threatened and endangered plants. Initially,
a baseline survey will be completed to establish extent of big-headed and Argentine ant spread at PTA. Survey data will
also aid planning for future containment efforts. In the interim, control will begin at a number of test locations to find the most
effective methods to reduce, contain or eliminate invasive ants. Finally, a semi-annual monitoring plan for invasive ants will
be drafted to establish an active, early detection monitoring program for eradication of future incipient invasive ants.

P-21 Alien Species Removal Following Fire Facilitates Native Recovery in Mesic to Wet Forest
Corie Yanger1, Rhonda Loh2, Maya Vaidya1, Sierra McDaniel2
1University of Hawai‘i, Pacific Cooperative Studies Unit, Hawai‘i National Park, HI, 2National Park Service, Division of
Resources Management, Hawai‘i National Park, HI

In 2003, the lava-ignited Luhi fire burned ~5,000ac of mesic to wet forest dominated by ‘ōhi‘a-uluhe (Metrosideros
polymorpha-Dicranopteris linearis) and ‘ōhi‘a-tree fern (Cibotium glaucum) communities in the East Rift region of Hawai‘i
Volcanoes National Park. Small populations of highly disruptive alien species existing before the burn had the potential to
increase and prevent native recovery following fire. One year post-fire, ten 20 x 50m paired plots were established in
managed (weed removal) and unmanaged (no weed removal) areas within the burn to quantify and evaluate fire-effects on
native forest recovery. Vegetation cover, tree and shrub height and species richness were recorded in 2004 and 2007.
Following the 2004 vegetation assessment, a one-time weed control sweep in the managed area of the burn
removed>26,000 individual alien plants, including faya (Morella faya), passionfruit (Passiflora edulis) and strawberry guava
(Psidium cattleianum), as well as 3500 m2 of Tibouchina herbacea. Before weed removal, alien and native woody cover
were not significantly different in managed versus unmanaged areas. However, two years later native cover increased 18%
and alien cover decreased in managed plots. Faya density, also in managed plots, decreased from 200 stems/ha to 50
stems/ha. Comparisons of managed and unmanaged plots for tree fern and shrub density did not differ significantly from
2004-2007. Differences in structural characteristics may be evident in future years. These results support the use of alien
species removal as an effective management strategy for improving post-fire native woody recovery in mesic to wet forest.

P-22 Efficacy of Baits to Control the Big-headed Ant (Pheidole megacephala) in Hawai‘i Volcanoes National Park
Kirsten Snook1, Robert Peck1, Paul Banko2, Justin Cappadonna1, Melody Euaparadorn1

1USGS Hawai‘i Cooperative Studies Unit, Pacific Aquaculture and Coastal Resources Center, University of Hawai‘i at Hilo,
Hawai‘i National Park, HI, 2U.S. Geological Survey, Pacific Island Ecosystems Research Center, Hawai'i National Park, HI

Alien ants can affect habitats they invade by displacing native species, disrupting ecosystem function and altering
evolutionary pathways. Since Hawaiian ecosystems evolved in the absence of ants, they may be particularly sensitive to
invasion by these aggressive insects. The big-headed ant (Pheidole megacephala), a highly destructive species, is
widespread in Hawai‘i, particularly below 1200 m elevation. One conservation goal in Hawai’i, as well as elsewhere in the
Pacific basin, is to halt the spread of this species. Unfortunately, the effectiveness of control measures in natural areas is
not well-established. As the second part of a multi-year effort to develop tools for controlling ants in Hawai’i Volcanoes
National Park, we compared the efficacy of four baits on big-headed ants: two use acute toxins (Amdro® and Xstinguish®)
and two combine a toxin with a growth-inhibiting hormone (Australian Distance® “Plus” and Extinguish Plus®). We found all
but Xstinguish® to decrease ant abundance>99% up to twelve weeks. Xstinguish® decreased ant abundance more than
98% after one week, but populations rebounded to>18% of control levels by week 10. In measurements of presence or
absence of ants, Amdro®, Distance® “Plus”, and Extinguish Plus® were most effective, with ants being found at 0.5%, 1%,
and 1.5% of bait cards, respectively, at week 12, compared to 19.5% of cards in Xstinguish® plots. Although none of the
baits eradicated this ant, our results suggest that several baits can effectively reduce numbers of big-headed ants in native
ecosystems.
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P-23 A Cost-Effective Approach to Weed Management: Incipient Weed Program at Pohakuloa Training Area
Erin Foley
Colorado State University

At Pōhakuloa Training Area (PTA) fifty percent of natural resources personnel time is spent on weed eradication. Plants
such as fountain grass (Pennisetum setaceum) and fireweed (Senecio madagascariensis) have created critical
management problems at PTA. The Incipient Weed Program (IWP) at PTA aims to make weed management more cost-
effective by detecting and eradicating new introductions of invasive plants (incipient weeds) before establishment. To
facilitate identification and search images of weeds and potential weeds, a weed reference manual containing lists of current
weeds and potentially invasive plants is being compiled with input from adjacent land managers, botanists, and other
conservation agencies. Surveys will be focused in disturbed areas including roadsides, firebreaks, high-use areas, and
areas previously treated for weeds. They will also be carried out concurrently with rare-plant surveys, as new weeds may
equally establish in undisturbed sites. Documentation of new weeds will include the collection of plant vouchers, relevant
population data (phenology, density, area covered, etc.), and GPS points or tracks. Upon detection, new weed populations
will be eradicated, with removal techniques adjusted according to species. Annual monitoring of sites will follow eradication.
The program is currently in the initial stages, however since development, a number of incipient weeds have been identified
including: Malta star thistle (Centaurea melitensis) California poppy (Eschscholzia californica), larger roving sailor
(Lophospermum erubescens), and tree tobaco (Nicotiana glauca). Given the limited resources and time for land
management at PTA, the IWP provides a proactive and cost-effective approach to weed control.

P-24 Host Specificity of Cryptorhynchus melastomae, A Potential Insect Biocontrol for Miconia calvescens
Erin Raboin, Frances Calvert, M. Tracy Johnson
USDA Forest Service, Volcano, HI

Cryptorhynchus melastomae is a stem boring weevil from Costa Rica now under quarantine evaluation as a potential
biocontrol agent for Miconia calvescens. Adult Cryptorhynchus feed externally on Miconia foliage and stems, and larvae
bore stems. Twenty eight plants, including a variety of native and non-native species within the order Myrtales, were tested
to assess potential nontarget impacts of this weevil. No-choice (starvation) tests with immature Cryptorhynchus indicate that
newly hatched larvae can feed and develop at least partially within stems of a wide range of nontarget plants. However,
because larvae are relatively immobile, feeding internally in stems, potential impacts are expected only for plants selected
by adult weevils for feeding and egg-laying. No-choice tests with adult Cryptorhynchus reveal a host range restricted to
melastomes closely related to Miconia, all of which are invasive weeds in Hawai‘i. Adults fed mainly on Arthrostema
ciliatum, Clidemia hirta, Pterolepis glomerata, Tibouchina urvilleana, Melastoma candidum, Heterocentron subtriplinervium,
and Tibouchina herbacea; and restricted their egg-laying to a subset of these species.

P-25 Application of HACCP Principles to Non-native Invasive Species: Prevention, Monitoring and Innovation
Jeffrey Herod
U.S Fish and Wildlife Service, Pacific Islands Fish and Wildlife Office, Honolulu, HI

Hazard Analysis and Critical Control Point (HACCP) planning is used by many different organizations and industries (U.S.
Fish and Wildlife Service, SEA GRANT, PILSBURY, NASA). The focus of this poster is how and why HACCP is being
applied to activities involving natural resources. This workshop will provide the basic elements and provide real-world
situations as examples of how non-native invasive species can be inadvertently introduced by Natural Resource Managers
and how this could be prevented. Natural resource managers inadvertently create pathways for the introduction and
population augmentation of non-native invasive species. These pathways can result from conducting activities that are
necessary for regulatory compliance and protection of public resources such as community monitoring, habitat surveys,
habitat restoration, wild land fire fighting, and fish stocking. sU.S. Fish and Wildlife Service, Aquatic Nuisance Species
program, has been providing training and introducing the topic of HACCP to its partners. HACCP is being used as a tool that
meets the spirit and intent of Executive Order 13112 which was signed in 1999 by President William Clinton. U.S. Fish and
Wildlife Service is providing the training, standardized training materials, technical assistance, and follow up to ensure that
support is available to develop, implement, and revise HACCP plans as necessary. The vision for HACCP in the Pacific
Islands is to provide people who interact with natural environments, the opportunity and skills to develop a transparent and
science-based tool. This tool, HACCP, will help reduce the spread of non-native invasive species and make natural
resource activities less prone to inadvertently introducing non-native species.

P-26 The Invasive Species/Wildfire Cycle: Fuel Loads, Microclimate, Fire Potential, and Fire Behavior in
Nonnative Grasslands of Military and Surrounding Lands on O‘ahu, Hawai‘i
Lisa Ellsworth1, Boone Kauffman2, Creighton Litton1

1University of Hawai‘i at Mānoa, Honolulu, HI, 2USDA Forest Service, Hilo, HI

Recurring wildland fires in landscapes dominated by nonnative grasses pose a significant threat to native ecosystems,
landowners, and military preparedness. The 2007 wildfire season on O‘ahu was a clear testament to the severity of this
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problem. It is well known that wildfires burning in areas dominated by invasive grasses – guinea grass (Panicum maximum),
buffel grass (Pennisetum ciliare) and molasses grass (Melinis minutiflora) – have deleterious effects on native ecosystems,
water quality, and human life and property. Wildfires also impact military training activities within the State of Hawai‘i. In
order to more effectively manage Hawai‘i’s natural resources while maximizing military training opportunities, the
grass/wildfire cycle must be aggressively managed, and ultimately eliminated. To do this a better understanding of the fuels,
climatic, and fire behavior components of the grass/wildfire cycle is needed. In particular, land managers and decision
makers need to know how fuel loads, probability of ignitions, and potential fire behavior vary on annual, weekly, and daily
cycles. Our research will directly address these knowledge gaps by sampling fuels and microclimate regularly across a wide
range of sites on O‘ahu. Integration of this baseline information into existing management scenarios will be crucial for
validating and implementing the real-time fire potential and behavior models currently in use in Hawai‘i. This research will
refine existing fire potential and behavior models for Hawai‘i and the Pacific Islands, thus providing a powerful tool to land
managers on military and state lands for minimizing the occurrence and spread of fires in nonnative grasslands.

Fresh Water Systems

P-27 Long-Term Rainfall Trends and Shifts in Mākaha Valley, O‘ahu
Alan Mair, Ali Fares
University of Hawai‘i at Mānoa, Honolulu, HI

The Hawaiian Islands are the most isolated oceanic island group on earth and depend exclusively on precipitation for their
fresh water resources. Consequently, fresh water is one of the most valuable natural resources with significant economic,
agricultural, ecologic, cultural, and aesthetic importance. A decline in rainfall and streamflow has recently been documented
in many watersheds across Hawai‘i. While the long-term streamflow trends are consistent with rainfall decline over parts of
Hawai‘i, the rainfall decline is not spatially uniform and does not explain all observed streamflow trends. Recent studies
have indicated dramatic decline in Mākaha stream baseflow and total streamflow during the period since 1960. However,
analyses to date are inconclusive as to whether rainfall declined in Mākaha valley during the same period. This study
reexamines long-term rainfall data in Mākaha valley. First, we examine the homogeneity of rainfall records and then
estimate values for missing records. Next, we investigate the complete records for trends and shifts, and compare them with
streamflow. Finally, we compare rainfall records with the Hawai‘i rainfall index to better understand the relationship with
state-wide rainfall trends. Our results indicate significant downward trends in annual rainfall since the late 1970s and 1980s,
while no trend is evident since the 1960s. The inconsistency in trends is likely due to high temporal variability over multi-
decadal time scales. Rainfall decline since the late 1970s is generally consistent with streamflow decline in Mākaha valley
and with the downward trend in state-wide rainfall.

P-28 Effects of Non-native Riparian Vegetation on Hihiwai (Neritina granosa) Ecology in Honoli‘i Stream, Hawai‘i
Samuel Brooks
University of Hawai‘i at Hilo, Hilo,HI

Hihiwai (Neritina granosa), are a diadromous, limpet-like, snail endemic to Hawaiian streams. Once common in the
Hawaiian Islands, hihiwai have declined throughout their range and are now found only in relatively pristine streams. Past
studies have explored how damming, water diversion, and urbanization have contributed to their decline, however, foraging
habitat for these benthic algae-eating snails may also be declining due to changes caused by shading from invasive, non-
native riparian vegetation such as Strawberry guava (Psidium cattleianum) and Rose-apple (Syzygium jambos).
Understanding the relationship between ecosystem alterations and hihiwai distribution, abundance, and feeding behavior
may provide information to maintain and promote their populations. In this study I measured hihiwai distribution, density, and
size in shade verses open sun. Algal biomass, productivity, and community composition may be greatly affected by shading
from non-native trees. Preliminary one-way analysis of variance results suggest significantly higher densities of hihiwai in
sunny stream segments over shade segments (P value = 0.000008, F-stat = 40.88(1,48)), thus light availability may be
correlated to hihiwai habitat. Hihiwai diet preferences are currently underway to determine if algae from open areas were
preferred over shade algal species. The project will contribute to an understanding of how shading produced by non-native
riparian trees influences algal distribution and density, which in time alters native fish and hihiwai habitat in windward
streams of the Hawaiian archipelago. The results of this study may aid shaping in management decisions for stream
restoration ecology in Hawai‘i and maintaining hihiwai populations.

P-29 Impacts of Invasive Fish on Nitrogen Dynamics in Hawaiian Coastal Wetlands
Caitlin Kryss1, Richard MacKenzie1, Gregory Bruland2

1USDA Forest Services Institute of Pacific Islands Forestry, Hilo, HI, 2University of Hawai‘i at Mānoa, Honolulu, HI

Poeciliids are a dominant invasive fish in Hawaiian coastal wetlands, representing 51-88% of the fish community sampled
from 38 different coastal wetlands across the 5 main Hawaiian islands (Hawai‘i, Kaua‘i, Maui, Moloka‘i, O‘ahu) in March
2007. Despite their abundance, few studies have documented their impacts to aquatic ecosystems in Hawai‘i. Poeciliids
have been shown to be the source of parasites that now infest native gobies, causing disease and reducing overall fitness of
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native fish. Poeciliids have also been shown to impact native fish by competing for food resources as well as through direct
predation. Preliminary analyses of our data set from 2007 revealed that poeciliid densities, especially Mexican mollies
(Poecilia sp. hybrids), were significantly and positively correlated to total nitrogen (N) concentrations measured in the water
column from these 38 sites. This suggests that elevated poeciliid densities may also impact the water quality of coastal
ecosystems as well as the native organisms that reside therein. To further investigate this phenomenon, we conducted an
intensive N flux study in March 2008. Nitrogen excretion was measured from various invasive and native fish species
collected from a subset of wetlands that were originally sampled in 2007. The results of this experiment will be presented
here.

P-30 Nutrient Uptake and Implementation of Pre-planted Coconut Coir Logs for the Purpose of Stream
Phytoremediation and Erosion Control in Waimānalo and Kahawai Stream on O‘ahu
Carolyn Unser, Gregory Bruland, Andrew Hood, Kristin Duin
University of Hawai‘i, Mānoa, Honolulu, HI

Both Waimānalo and Kahawai Streams are included on the Environmental Protection Agency’s (EPA) 303(d) list of impaired
water bodies of Hawai‘i. Their habitat attributes are degraded leading to eutrophication, bank erosion, and water siltation
which flow into the coastal zones of Waimānalo Bay. The EPA’s and Department of Health’s (DOH) Total Maximum Daily
Loads (TMDL) Implementation Plan for these streams include developing soft engineering methods to stabilize the stream
channel, establish riparian vegetative buffers, and improve the ability of streams to filter pollutants. In response to these
concerns, data on nutrient uptake by native Hawaiian sedges and the successful use of coconut coir logs in Hawai‘i’s
streams warrants further research. An experimental stream mesocosm was designed to expose sedges rooted in coir logs
to varying levels of Nitrogen (N). Monthly tissue N and tissue C:N were analyzed. Preliminary results indicated successful
establishment of sedges in coir log media and initial differences among C:N ratios by species: Cladium jamaicense C:N =
39.6; Cyperus laevigatus C:N = 36.5; Cyperus polystachyos C:N = 63.5; and Cyperus javanicus C:N = 42.0. Field
installation of pre-planted coir logs were secured along 91 meters of both Waimānalo and Kahawai Streams. Successful
installation of coir logs along Hawaiian stream banks will allow sedges to establish their root system into the bank as the
logs degrade, helping to both stabilize the stream-bank against erosion while remediating excess nutrients. This method has
been used frequently in mainland remediation projects but no data exists for its use in Hawai‘i’s streams.

Marine Systems

P-31 New Action Plan to Address Marine Debris in Hawai‘i
Carey Morishige1, Kristine McElwee1, Catherine Courtney2, Susan Polanco de Couet3
1NOAA Marine Debris Program / I.M. Systems Group Inc., Honolulu, HI, 2Tetra Tech EM, Inc., Honolulu, HI, 3U.S.
Environmental Protection Agency, Region 9, Honolulu, HI

The National Oceanic and Atmospheric Administration’s Marine Debris Program is coordinating a series of workshops on
marine debris in identified “hot spots” across the nation. The goals of each workshop are to prioritize regional marine debris
issues, discuss current projects, learn about marine debris legislation and the national program, and open lines of
communication for this shared interest. The first of these regional workshops was held in Honolulu, January 16-17, 2008.
This workshop brought together 30 representatives from government, academia, nongovernmental organizations, and
private businesses working to address the issue of marine debris in Hawai‘i. At this workshop, information on marine debris
activities and priorities, in both the main and northwestern Hawaiian Islands, was discussed. Participants identified marine
debris actions in five separate areas: 1) Research, 2) Outreach, 3) Land-based Debris Prevention, 4) Beach Cleanup, and
5) Reef (In-water) Removal. From this workshop, partnerships were created and a commitment made to begin the
development of a Hawai‘i Marine Debris Action Plan, which would include greater coordination among partners, identifying
potential avenues for funding, and increased communication. This workshop was the first step in developing an action plan
to cooperatively address the issue of marine debris in the state of Hawai‘i. The development of this action plan is being
coordinated by the NOAA Marine Debris Program and U.S. Environmental Protection Agency, Region 9.

P-32 Nets to Energy: Honolulu Pier 38 Port Reception Facility
Lindsay Yates
NOAA Fisheries Service, Restoration Center, Honolulu, HI

Hawai‘i-based longline fishermen encounter derelict fishing nets when traveling to and from fishing grounds and when
fishing in areas where currents converge and marine debris accumulates. Derelict fishing gear from domestic and foreign
sources in the greater Pacific are safety hazards and can cause damage to vessels. Currents carry the nets to the shores of
the Hawaiian Islands, where they damage coral reefs and entangle marine wildlife. Prior to the inception of a port reception
facility, Hawai‘i-based longline fishermen voluntarily brought derelict nets back to shore, which were taken to an already
stressed county landfill. The program has been in operation for more than 2 years and has collected more than 23 tons of
marine debris. Longline fishermen discard nets picked up at sea and used monofilament line into the port reception bin
located at Honolulu Harbor - Pier 38, which is maintained by Pacific Ocean Producers and United Fishing Agency. Schnitzer
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Steel transports the debris to its facility where it is chopped into smaller pieces and hauled to the City and County of
Honolulu's HPower waste-to-energy facility. The program, funded by NOAA, is an exemplary project that has established a
public-private partnership amongst 5 public agencies and 6 private organizations resulting in reduced government costs.
Marine debris is being removed on the high seas which improves safety at sea and prevents harm to marine resources. The
impact to a stressed landfill is being minimized, and the program has allowed for the production of oil-independent electricity
through recycling.

P-33 Recreational Use and Impacts Assessment for Richardson’s Ocean Park, Hilo, Hawai‘i
Colby Kearns
University of Hawai‘i at Hilo, Hilo, Hawai‘i

Richardson’s Ocean Park is one of the most heavily used marine recreation sites on the windward side of the Big Island,
averaging 138,000 visitors annually with increases driven by tourism rates. This study assessed user frequency, behavior,
coral damage, and satisfaction levels for this high-use site. Recreational users were observed in-water while all contacts
with and damage to corals were recorded. Sixty-one percent (n=340) of individuals came in direct contact with corals, most
of which occurred while standing on (45%) or kicking (41%) colonies. Individual users made approximately 2.3±0.2 contacts
per 5 minutes, which is substantially higher than results of similar studies. Additionally, results indicate that nonresidents,
males, and individuals using accessories such as cameras or spears impact corals more frequently than the average user.
The amount of damage caused to corals in the area is increasing monthly and accumulation can potentially double within
only a 3-4 month time period. Furthermore, as user rates increase user satisfaction levels decrease. Therefore, it is
recommended that managers promote “best practice” user behavior through enhanced educational opportunities and
signage on site. Such management solutions are supported by user survey responses of interest in participating in
educational programs and financially supporting marine resource management programs.

P-34 Assessment of Land Based Threats to Coastal Resources at Kaloko-Honokōhau National Historical Park
Sandra Margriter1, Greg Bruland1, Sallie Beavers2, Paula Cutillo3, Barbara Gibson1

1University of Hawai‘i Mānoa, Honolulu, 2National Park Service, Kaloko-Honokohau, 3National Park Service, Ft. Collins

Within the relatively small Kaloko-Honokōhau National Historical Park (469-hectares) there are a diverse and unique array
of coastal ecosystems such as the Kaloko and ‘Aimakapa Fishponds, wetlands, and an abundance of anchialine pools.
These coastal ecosystems are hydrologically connected to both the ocean and the groundwater system. This project used a
Geographic Information System (GIS) to analyze changes in population, land cover, and land use (between 1980 and
2000), and to evaluate how these changes may be impacting the quantity and quality of groundwater supply to coastal
resources within the Park. The population in North Kona more than doubled between 1980 and the year 2000. During a
similar time period (between 1976 and 1997) the total length of roads within the watershed of Kaloko-Honokōhau nearly
doubled (from 58 to 101 miles). GIS analysis between two land cover maps (1976 and 2000) shows a decline in forest,
shrubland, and agriculture and an increase in residential and urban development within the watershed. Furthermore,
between 1978 and 2008 pumping capacity of wells in the high-level aquifer also increased significantly. Water quality
monitoring data provides evidence that these developments may be impacting the quantity and quality of the groundwater
flowing into the National Historic Park. Increases in total and dissolved organic Nitrogen and Phosphorus were measured in
2005 in three groundwater test wells within the Park. Long term salinity and temperature studies (1971-2000) suggest that
salinities in both Kaloko and ‘Aimakapa are increasing.

P-35 Kaho‘olawe Baseline Data from Restoration Efforts and Coral Reef Monitoring in Kaulana and Hakioawa
Watersheds
Paul Higashino1, Lyman Abbott1, James Bruch1, Lopaka White1, Christina Donehower1, Dean Tokishi1, Cheryl King1, Frank
Stanton2

1Kaho'olawe Island Reserve Commission, Wailuku, HI, 2University of Hawa'i Marine Option Program and Leeward
Community College, Pearl City, HI

The Kaho‘olawe Island Reserve Commission (KIRC) has undertaken an extensive restoration effort to heal the island after
generations of ungulate overgrazing and military exercises. The most serious consequences of these environmental impacts
are run-off events during rainfall and the subsequent resuspension of this sediment by wave action, which negatively
impacts nearshore coral reef habitats around the island. From September 2003 to the present, KIRC Restoration Program
staff and volunteers have planted 150,000 native grasses, shrubs and trees in the Kaulana and Hakioawa watersheds in an
effort to reduce soil erosion. In addition, two ocean turbidity monitors, two USGS stream gages, and 75 soil erosion pin
transects have been established to record baseline data and to measure progress in reducing the amount of sediment
entering the waters in these two bays. The KIRC Ocean Resources Management Program partnered with the University of
Hawai‘i Marine Option Program in 2004 to monitor Kaho‘olawe’s coral reefs, another valuable tool to gauge terrestrial
restoration success. Ongoing bi-annual transect surveys focus on fish species diversity and abundance, with coral and
algae percent cover surveyed annually. Likely due to its Reserve status, Kaho‘olawe’s relatively abundant fish populations
remain stable. Small-scale coral bleaching, disease, and other anomalies (possibly indicative of stress caused by
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sedimentation) have been documented since 2006. Turf algae species dominate and invasives are rarely documented,
therefore harmful blooms have not occurred. These cross-disciplined baseline parameters are presented to establish a
frame of reference for future, long-term monitoring of the sedimentation effects on Kaho‘olawe’s nearshore habitat.

P-36 Habitat Restoration in a Hawaiian Coral Pool and Reef Ecosystem Invaded by Alien Red Mangrove
Ann Kobsa1, Mitzi Messick1, David Paul1, Richard MacKenzie2, Caitlin Kryss2

1Malama O Puna, Pahoa, HI, 2Institute of Pacific Islands Forestry, USDA Forest Service, Hilo, HI

The tidal pools and coastal land adjacent to the reef at Wai ‘Opae Marine Life Conservation District Puna, Hawai’i Island,
have been invaded for several decades by the highly invasive red mangrove (Rhizophora mangle) and in the past decade
the coral pools have been invaded. The native coastal flora have been almost eliminated from the areas of densest
mangroves, and the endangered Hilo beach grass (Ischaemum byrone) has been greatly reduced in the past 6 years as the
mangroves have spread. The remaining populations of this grass within the infestation are found in pockets of native
vegetation. We are attempting a restoration of Wai ‘Opae based on eradication of the mangroves by treatment with the
shoreline-approved, systemic herbicides Habitat and Aquamaster, using the drill-inject method on larger trees and foliar
spraying smaller ones. An outreach and education component will involve students and community members in manual
cutting of the most makai mangrove keiki. Previously reported mangrove eradication efforts used manual removal or heavy
machinery and had much higher budgets. We intend this project as a test-case for island-wide eradication of red mangrove
and for restoration efforts on the other Hawaiian islands where this species is still an incipient. We will report on the process
of obtaining governmental clearance for coastal restoration, present herbicide methodologies, and discuss our plans for
extirpation of mangroves and concomitant monitoring of fish community structure in the tidal pools. We hope to inspire
others to initiate mangrove eradication campaigns before populations reach unmanageable sizes.

P-37 Elevated Levels of Selected Metals (Cr, Cu, Mn, Ni, V) in Honolua Bay, Maui: A Potential Threat for Reef Biota?
Laetitia Hédouin, Marc Metian, Ruth D Gates
Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI

A decline in coral cover in Honolua Bay, Maui, has been reported over the last 10 years. Increasing human activities in the
Honolua watershed associated with discharges of sediments from the stream may represent an important threat to this reef
ecosystem. High levels of Ni, Co, Cr, and Mn are measurable in sediments from Honolua Bay (e.g. up to 464 g Ni g-1 dwt)
as compared to other Hawaiian watersheds (e.g. Moloka‘i, O‘ahu,< 27 g Ni g-1 dwt). These concentrations are high enough
to elicit adverse biological effects in reef ecosystem. Concentrations of As, Cd, Co, Cr, Cu, Mn, Ni, Pb, V and Zn were
evaluated in reef organisms and sediments from Honolua and adjacent bays in the West Maui region. A clear gradient of Ni,
Co, Cr and Mn concentrations was observed in sediments from different stations in Honolua Bay; this gradient was not
observed in the tissues of marine organisms, where concentrations were uniformly low. These results suggests that the
presence of high levels of Ni, Co, Cr and Mn in sediments of Honolua Bay is mineralogically-controlled and that they are not
bioavailable to the reef biota (alga, urchin and fish). Ecological surveys have shown that inner stations receiving the highest
inputs of metals displayed the lowest coral cover. Metal bioavailability has not been assessed on coral species so the
potential impacts of such high levels of metals on coral health remain unresolved.

P-38 Towards Conserving the Hawaiian Stony Coral, Montipora dilatata (Studer, 1901), and Other Rare Hawaiian
Corals
Charles Delbeek, Richard Klobuchar
Waikiki Aquarium, University of Hawai‘i at Mānoa, Honolulu, HI

With increased threats to Hawai‘i’s coral reefs such as invasive algae, coral bleaching and diseases, there has come a
heightened awareness of the vulnerability of several of Hawai‘i’s unique coral species. Given the Waikiki Aquarium’s
success in growing and propagating south Pacific and Hawaiian corals, including the federally listed Species of Concern
(SOC) Montipora dilatata, it was chosen to receive federal funding in 2004 to create a small experimental system to house
several rare species of Hawaiian coral. Such a system could serve as a genetic repository and if expanded upon, could
provide material for potential reintroduction of such species should it be deemed necessary and prudent to do so in the
future. In 2006, the Aquarium received additional federal funding via NOAA’s SOC program to create a second, larger M.
dilatata propagation system. This presentation will highlight the construction, collection, and growth of several species of
coral held in the Aquarium’s Hawaiian coral “ark”.

P-39 Reproductive Biology of the Hawaiian Black Coral Antipathes dichotoma with Implications for Future
Management
Daniel Wagner1, Robert Toonen2

1University of Hawai‘i at Mānoa, Honolulu, HI, 2Hawaii Institute of Marine Biology, Kāne‘ohe, HI

Black coral is the official gemstone for the State of Hawai‘i, and the black coral fishery supports a $30 million state-wide
industry. Unlike many other commercial fisheries, the Hawaiian black coral fishery has been heralded as an example of
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sustainable management since its inception in 1958. The Au’au Channel, located between the islands of Maui and Lanai,
contains the largest black coral populations in the State of Hawai‘i. In particular, the commercially valuable black coral
species Antipathes dichotoma and Antipathes grandis have been harvested in the channel since the late 1950’s. Recent
deep water surveys in the Au’au Channel using the Hawai‘i Underwater Research Laboratory’s remotely operated vehicles
and submersibles, suggest that the abundance of large black coral colonies has recently declined both in shallow and deep
water; possible causes of this decline include both overgrowth by an invasive octocoral (Carijoa sp.) and recent increases in
harvesting pressure. Together, these factors have renewed scrutiny on the black coral fishery and raised questions about
whether regulations need to be redefined in order to maintain a sustainable harvest. However, little is known about the
reproductive biology of black corals, complicating effective management of this resource. Our research seeks to elucidate
the reproductive biology of Antipathes dichotoma. This study will answer important questions on the reproductive
characteristics of black corals, which are essential to guide future management efforts, protect these important foundational
species, and ensure a continued sustainable fishery.

P-40 An Analysis of the Prokaryotic Community Associated with the Mucus of Montipora patula
Mali'o Kodis, Nathan Olson
Waiakea High School, Hilo, HI

Coral mucus is the main ecotome, or barrier, between the coral animal and the disease inhibited water column. It has
implications to be an important factor in the study of coral population demise due to diseases. This study addresses that
lack of research with the first step towards understanding the role of the microbial community associated with Montipora
patula in protecting the coral from harmful diseases and pathogens. In this study, the microbial community associated with
the mucus of M. patula was identified to consist of a great diversity of bacteria. Gram staining, ribotype analysis, and
fluorescence in situ hybridization were used to attain the following results: Gram positive and gram negative bacteria were
found to be present within the mucus, and many of the bacteria were found to have known symbiotic relationships with
marine organisms, including sea sponge, tubeworms, and other coral species. The implications for further studies are
toward effective design of conservation efforts, because exposing coral mucus' microbial community composition is the first
step towards studying coral mucus' underlying role in the increasing devastation of coral disease worldwide.

Mali‘o Kodis is the recipient of the 2008 HCA Science Fair Award. At the annual Hawai‘i State Science and Engineering Fair
in April 2008, the HCA provided $950 in awards to two Senior and two Junior Research Projects. The two Senior awardees
are invited to attend the HCC with their winning posters.

P-41 Examination of Algal Diversity And Benthic Community Structure at Palmyra Atoll, U.S. Line Islands
Cristi Braun, Peter Vroom
1Joint Institute for Marine and Atmospheric Research, University of Hawai'i, Honolulu, HI, 2NOAA Pacific Islands Fisheries
Science Center, Coral Reef Ecosystem Division, Honolulu, HI

Palmyra Atoll National Wildlife Refuge is located 1700 kilometers southwest of the Hawaiian Islands and is the second
largest of 10 atolls under U.S. jurisdiction in the Pacific Ocean. Little is known about algal diversity or community structure at
Palmyra, with the most recent algal species lists dating from 1955 and 1966. As part of the National Oceanic and
Atmospheric Administration, PIFSC, Coral Reef Ecosystem Division’s mandate, rapid ecological assessment surveys are
conducted to monitor reef systems and gather baseline data for all U.S. jurisdiction Pacific reefs. In 2006, benthic cover and
algal voucher specimens were collected from 13 sites at Palmyra Atoll. Chondria, Microdictyon, Heterosiphonia, Halimeda,
and Dasya were among the 5 most common algal genera found and were recorded from over 75% of sampled sites.
Halimeda and mixed turf algal assemblages were the most prevalent benthic cover. Preliminary genus-level Cheney ratio of
15, which is above the 6.0 “tropical threshold” indicates a tropical flora, with diversity of Rhodophytes exceeding other algal
groups. Algal diversity coupled with percent benthic cover analyses is allowing for greater understanding of algal community
structure in this protected ecosystem. The compilation of a comprehensive algal taxa list as baseline data will enable future
studies to monitor algal community health, detect ecosystem change, and identify possible invasive exotics for management
of this remote, protected ecosystem.

P-42 New Insights into Hawksbill Nesting Behavior on the Island of Hawai‘i
Anne Farahi1, Will Seitz2, Tahzay Jones1

1NPS I and M Program, Hawai‘i National Park, HI, 2Hawaii Hawksbill Recovery Project, Hawai‘i National Park, HI

The hawksbill turtle (Eretmochelys imbricate) is found in tropical and subtropical waters worldwide and is listed on the IUCN
Red List. The Hawai‘i Hawksbill Turtle Recovery Project has monitored, managed, and protected nesting hawksbills along
the southern coastline of the island of Hawai‘i since 1989. In 2007, 38 nests were observed from 11 females (8 newly
tagged) at four beaches. Several unusual events occurred. First, hatchlings emerged early in June, which is extremely early
compared to the usual July emergence. Second, even though hawksbills typically demonstrate high nest site fidelity,
females were observed utilizing multiple beaches within a 6 mile range. In 2007, a turtle was documented at two sites
approximately 20 miles apart. Third, turtles are occasionally observed with physical deformities. In one instance, a three-
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flippered turtle successfully dug 5 nests. A second three-flippered turtle was observed laying her eggs directly on the sand
without digging an egg chamber on two occasions. Eggs were promptly translocated to a suitable location on the same
beach. The hatch success rates of the translocated nests were lower (36% and 40%) than the average for the beach (69.3%
for 2007). While this is not an ideal situation, without the efforts of project personnel, no hatchlings would have survived. A
small proportion of hatchlings survive to adulthood, underscoring the importance of increasing potential hatch success
through monitoring efforts such as this. Further efforts need to be made to extend seasonal monitoring, widen the coverage
area, and continuously have personnel onsite to increase hatch success.

P-43 Hawai‘i’s Nemobiinae Crickets: Unique Components of Caves and High-energy Marine Ecosystems

Henrietta Croom1, Shelley James3, Rodriqo Valasquez Gonzales3, Fred Stone4, Anna Karsin5, Francis Howarth2

1The University of the South-Sewanee, Sewanee, TN, 2Hawaii Biological Survey, Honolulu, HI, 3Pacific Center for Molecular
Biodiversity-Bishop Museum, Honolulu, HI, 4Hilo Community College, Hilo, HI, 5Univesity of Hawai‘i-Hilo, Hilo, HI

Crickets are important denizens of splash zones of Pacific Island shorelines. They are often the most abundant scavengers
on high-energy boulder beaches, yet are often overlooked in studies of marine habitats. Marine crickets are likely the
founding species for saline-independent endemic Hawaiian ground crickets. We analyzed mitochondrial (mt) DNA
sequences of 11 morphologically distinct nemobiine cricket species from Hawai‘i and three marine cricket populations from
French Polynesia. Data reveal five distinct clades of Hawaiian nemobiines. Thetella tarnis is a homogeneous splash-zone
species found on all high islands. The four clades of Caconemobius consist of: four species found in splash zones on the
high islands and on fresh lava flows on Hawai‘i (Clade I); C. howarthii found only in Maui caves (Clade II); Clade III , an
unnamed species found in Kaua‘i waterfalls; and Clade IV consisting of several species found in caves on Hawai‘i. mtDNA
indicate that Hawaiian Thetella are only half as divergent (10-13%) from the Polynesian species as they are (23%) from
Caconemobius, which have diverged from one another no more than 8%. Thetella shows no adaptation to novel habitats in
Hawai‘i, while Caconemobius show rapid divergence into single-island populations, including colonization of inland
freshwater habitats. DNA Amplified Fragment-Length Polymorphism of Caconemobius species largely supports the mtDNA
data, but also suggests hybridization within the genus. Appropriate conservation strategies for Hawaiian crickets are
dependent on their diversity and distribution, and their history of adaptation to new habitats is an interesting addition to the
archipelago’s record of speciation

Native Plants

P-C Native Hawaiian Plants at the United States Botanic Garden Conservatory in Washington D.C.
(on display in the concourse)
Michelle Clark1, David Burney2, Anne E. O'Malley3, Michael J. De Motta2

1U.S. Fish and Wildlife Service, Lihue, Hawai‘i, 2National Tropical Botanical Garden, Kālaheo, Hawai‘i, 3N/A, Koloa, HI

Thanks to committed individuals in Hawai‘i, the United States Botanic Garden Conservatory (USBG) has a formidable
collection of native Hawaiian plants comprised of over 90 species and 300 individuals. It was not always so. In April of 2002,
native fern propagator Kay Lynch made a trip to the renovated USBG and could barely find two endemic species, plus a
photo of a Haleakala Silversword. Kay called on native Hawaiian plant enthusiasts for action. An ad hoc committee of the
Kaua‘i Native Plant Society (KNPS) spearheaded a project that collected approximately 60 rare and endangered native
Hawaiian plant species to ship to Washington for an exhibit titled “Our Nation’s Crown Jewels: Rare and Endangered Plants
of Hawai‘i.” The exhibit ran from August 28, 2003 through the end of March 2004, approximately 190,000 persons viewed it.
The committee collaborated with nearly 20 national, state and private organizations, including the National Tropical
Botanical Garden, to raise awareness about the plight of Hawai‘i’s native plants. This collaboration proved fruitful for the
National Tropical Botanical Garden as it became one of only 12 botanical gardens from throughout the U.S. chosen to
exhibit in the 2007 summer-long event “Celebrating America’s Public Gardens.” The exhibit, entitled “The National Tropical
Botanical Garden: Rooted in the Past, Growing in the Future,” was viewed by over 300,000 visitors. This poster describes
both exhibits and provides the context for the interpretive panels displayed.

P-44 The Response of Fimbristylis cymosa R. Br. to Three Methods of Hydroplanting
Orville Baldos, Joseph DeFrank
University of Hawai‘i at Mānoa, Honolulu, HI

Establishing native species on any roadside re-vegetation project requires proper species selection and planting techniques.
Hydroplanting is a well established method of large-scale planting which involves the application of seeds, sprigs or stolons
via a water jet. This technology, used to stabilize steep slopes and establish turfgrass in residential areas, is being
developed for roadside establishment of native Hawaiian species. In this study, three aspects of hydroplanting Fimbristylis
cymosa were assessed on compost filled plots (9.3 m2). Treatments consisted of the following: hand sown two month old
seedlings (199 plants/m2) covered with hydromulch (4400 kg paper mulch/ha); hydroseeding (a mix of seed and hydromulch
applied at a rate of 481 seeds/m2 and 2200 kg paper mulch/ha); and a hydroplanted mix of two month old seedlings (199
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plants/m2) and hydromulch (4400 kg paper mulch/ha). The hydroplanting system used to apply the treatments consisted of a
190 liter tank connected a centrifugal pump applying approximately 114 liters per minute. Data collected included plant
counts for the first two months and percent visual cover for the first six months. Hydroseeded treatments exhibited the
highest plant number and percent visual cover over the six month period. Plantlets covered with hydromulch did not
significantly differ with hydroseeding in terms of percent visual cover. Low plant counts and percent visual cover observed in
the hydroplanted seedling-mulch mix was due to mechanical damage incurred as seedlings passed through the centrifugal
pump. These data support the recommendation of hydroseeding for large scale establishment of F. cymosa.

P-45 Demographic Analysis of the Endangered Plant Sanicula mariversa
Susan Ching1, Susan Ching2, Kapua Kawelo2

1Pacific Cooperative Studies Unit, UH Mānoa, HI, 2Oahu Army Garrison, Natural Resources Division, Schofield Barracks, HI

Sanicula mariversa is an endangered perennial herb in the parsley family (Apiaceae) that occurs on exposed, xeric ridges in
rocky soil in the Waianae Mountains of O‘ahu. This species is deciduous, dying back to a fleshy tap root in the dry summer
months. It takes several years to flower and is monocarpic. All of these factors make it difficult to determine population
dynamics from year to year. Two years of demographic data were taken at two of the four known populations.
Measurements of vegetative individuals included: radius of largest leaf, length of the longest petiole, and number of leaves.
The number of fruit produced by each reproductive individual was also noted. A life cycle transition model and stage
structured transition matrix model were created based on this preliminary data set. The matrix model was used to estimate
finite growth rate and predict the number of individuals likely to mature in the next season. In the next year a buried seed
and germination study will help to determine the longevity of the soil seed bank. Following further study, the Army Natural
Resources Program may utilize this type of analysis to determine restoration needs in order to meet population stabilization
goals for this species.

P-46 Management of Young Koa Forests
James Friday1, Paul Scowcroft2, Travis Idol1, Nicklos Dudley3, Janis Haraguchi2, Dean Meason1, Rodolfo Martinez-Morales1

1University of Hawai‘i at Mānoa, Department of Natural Resources and Environmental Management, Honolulu, HI, 2USDA
Forest Service Institute of Pacific Islands Forestry, Hilo, HI, 3Hawaii Agriculture Research Center, Aiea, HI

Koa (Acacia koa) regenerates naturally after logging or fires into very dense, overcrowded stands. Individual trees in these
stands grow slowly, though, and low fertility soils and competition from alien understory grasses may also inhibit growth. We
are developing ways to manage second-growth koa stands to encourage private landowners to engage in sustainable
management and restoration of native forest ecosystems. In studies on windward Mauna Loa and Mauna Kea, we found
that thinning increased diameter growth of selected crop trees in both 23-year-old stands and 9-year-old stands. Trees with
fuller crowns grew relatively faster than trees that had lost much of their crowns. Phosphorus fertilization increased crop tree
diameter growth in the 23-year-old stands on Mauna Loa, and effects of fertilization continue to be evident several years
after the last application. Added phosphorus is recycled in the tree biomass and stored in available forms in the mineral soil.
Controlling alien grasses through use of selective herbicides resulted in a temporary increase in diameter growth. In contrast
to our hypothesis that grass would compete with trees for water, there was little difference in volumetric soil water content
between the herbicided and the control plots. However, volumetric water content was consistently less in plots receiving
phosphorus fertilization. Our results indicate that the combination of thinning, fertilization, and weed control could decrease
the time to a sustainable harvest of koa by up to 30%, thus giving landowners an added incentive to reforest.

P-47 Tree Pruning Residues Increase Soil Carbon and Nitrogen in Shade and Full-Sun Coffee Agroecosystems in
Hawai‘i
Adel Youkhana, Travis Idol
University of Hawai‘i, Honolulu, HI

Currently, there is no information on carbon and nutrient cycling in shaded or open-grown coffee agroecosystems in Hawai‘i,
although both are common. Our objective was to study tree mulch decay and effects on soil C and N in shaded and open-
grown coffee agroecosystems. We measured decomposition, nitrogen mineralization, and changes in soil carbon and
nitrogen over one year after additions of chipped tree pruning residues (mulch) added to coffee plots in full-sun or shaded
with the leucaena hybrid KX2. Mass loss was 80% in the shade system and 64% in the full-sun system. Both followed first-
order decay dynamics. Net N mineralization was positive throughout the entire period. There was significant loss of all
carbohydrate components from the leucaena mulch during the 1-year decomposition period in both the shade and full-sun
systems. Soil N in shade stand was greater than in the no mulch treatment after 12 months. Soil C and N increased
significantly due to mulch additions in both systems. Mulching of leucaena residues may provide an important mechanism
to additionally enrich soil organic matter and conserve C and N accumulated as tree biomass. This may also result in
improved soil physical properties and nutrient-holding capacity. Carbon sequestration benefit in Coffee-Leucaena systems is
a promising incentive for introducing best agroforestry practices and contributing to sustainable land-use as one of
mitigating CO2 emission in Hawai‘i.
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P-48 Forest Structure and Composition on Mauna Kea, Hawai‘i
Chris Farmer1, Kevin W. Brinck1, Paul C. Banko2, Steve Dougill1
1USGS Hawai'i Cooperative Studies Unit, Hawai'i National Park, HI, 2US Geological Survey, Hawai'i National Park, HI

Subalpine dry forests only occur between 1800-3000 m elevation on four volcanoes on Hawai‘i and Maui, but are key
habitats for several Hawaiian birds, especially the endangered Palila (Loxioides bailleui). We characterized tree composition
and structure at 503 plots around Mauna Kea during 1999-2001 to evaluate habitat conditions affecting Palila, which rely on
māmane trees (Sophora chrysophylla). Mean canopy cover was 19%: 11% naio (Myoporum sandwicense), 7% māmane,
and other species<1% cover. An average 40×40-m survey plot had 28.6 naio,14.8 māmane, and 2.0 trees of other species.
We detected naio regeneration on 30% (151/503) of plots and māmane regeneration on 91% of plots, although high
densities (≥100/ha) of seedlings and saplings occurred at only 3% (naio) and 38% (māmane) of plots. Forest vitality was
examined using an index of individual tree health, with 18% of naio and 22% of māmane trees classified as dead or dying.
The mean height of mature māmane trees (≥2 m) was 3.7 m, and 61% of trees were<4 m. Palila were detected more
frequently at sites with numerous, tall māmane (multiple regression, P< 0.001), and nests were found more often in trees>4
m. Scowcroft and Conrad’s (1988) growth model indicates māmane trees<4 m are also<25 years old, signifying that most
māmane trees on Mauna Kea sprouted after ungulate reduction began in 1980. We detected ungulate damage to trees in
219/479 (46%) of plots, suggesting that continued and widespread ungulate impacts could be slowing forest and Palila
recovery.

P-49 Adaptive Management of Portulaca sclerocarpa at Pōhakuloa Training Area (PTA), Hawai‘i Island
Joseph Kern
Colorado State University, Fort Collins, CO

Portulaca sclerocarpa, a low-growing perennial of the family Portulacaceae, is federally listed as endangered and was first
discovered on PTA in 1977. Since 1977, P. sclerocarpa has been found at 9 additional locations on PTA. Declines in
several other populations of P. sclerocarpa off PTA have led PTA Natural Resources Staff (NRS) to increase management
effort for this species. In 2007, 10 new individual P. sclerocarpa were found while 8 of 34 previously identified individuals
died due to unknown causes for a total of 36 known individuals. Severe drought during 2006 and 2007 may have either
directly or indirectly caused mortality by making plants more susceptible to predation or disease. The increased significance
of the PTA population led NRS to establish 3 main goals in management of P. sclerocarpa: 1) Determine possible causes of
mortality, 2) Protect plants from suspected damage by rodents and ungulates, 3) Develop more effective ex situ outplanting
strategies. Meeting these goals will help to maximize the potential for long-term survival of P. sclerocarpa. If further declines
continue in the overall population, land managers at sites having small populations of P. sclerocarpa will need to realize the
significance of these plants and adapt management accordingly. The case of P. sclerocarpa demonstrates the need for
communication and cooperation between endangered species managers across Hawai‘i.

P-50 Limiting Factors of Hibiscadelphus giffardianus Rock in Hawai’i Volcanoes National Park
Joshua Vandemark1, Linda Pratt2, Lloyd Loope3

1Hawaii Cooperative Studies Unit, Pacific Aquaculture and Coastal Resources Center, University of Hawai‘i at Hilo, Hawai‘i
National Park, HI, 2U.S. Geological Survey, Pacific Island Ecosystems Research Center, Kilauea Field Station, Hawai‘i
National Park, HI, 3U.S. Geological Survey, Pacific Island Ecosystems Research Center, Haleakala Field Station, Makawao,
HI

Hibiscadelphus giffardianus Rock, hau kuahiwi, is an endangered tree known only from Hawai‘i Volcanoes National Park. A
single tree was discovered in Kīpuka Puaulu in 1910, and today the species exists only as plantings from one founder.
Genetic problems are suspected but little studied. In 1997-2001, 205 seedlings were planted in Kīpuka Puaulu and Kīpuka
Kī. By 2006, 76% survived, and mean height was 4.5 m. Most out-plants had begun to produce flowers within five years. In
2006-2007, we monitored the reproductive phenology of 52 randomly selected trees. Flowering and fruiting occurred
throughout each year with peak production during spring and summer. We tagged flowers to monitor transitions to fruit; only
1.8% (n=788) were successful. Twenty-three free-standing trees were protected from rats by sheet-metal exclosures circling
the trunks. Bark stripping by rats occurred on unprotected trees episodically. In April 2007, 56% (n=18) of unprotected
sample trees in Kīpuka Puaulu showed rat damage. Total fruit production at a four-month monitoring interval was higher in
protected trees, but the difference in mean production was not significant [t(14) = -1.08, p = 0.30]. In a seed offering trial
conducted in Kīpuka Puaulu 100% of seeds were predated within five days. Field seeding in and outside rat-proof cages
resulted in few seedlings; protection did not increase germination rate. Greenhouse seeding trials yielded an average of
31% germination. An understanding of the factors preventing H. giffardianus from adequately reproducing may assist park
managers in developing strategies to maintain this rare species in its original habitat.
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P-51 The Conservation of the Endangered Nanu (Gardenia brighamii) in Germplasm Storage
Michael Tanabe1, Chelsea Takahashi2
1University of Hawai‘i at Hilo, Hilo, HI, 2Waiakea High School, Hilo, HI

This project’s focus was to study the potential of implementing parafilm and a commercial liquid fertilizer called Maui LCF
into aseptic micropropagation procedures as a means to conserve the endangered native gardenia, scientifically known as
Gardenia brighamii. The Maui LCF was used as a nutrient media source. Seven concentrations of media were made —
0ppm, 320ppm, 640ppm, 1,280ppm, 5,120ppm, and 10,240ppm. Eight Nanu plants were subcultured into each. The use of
parafilm was then tested by sealing half of the replications for each concentration, blocking the exit and entry space for
gaseous exchange. These applications are beneficial to germplasm storage if they are able to 1) maintain genetic stability
through reducing plant growth, 2) reduce economic cost through reducing the need to subculture, and 3) prevent or
suppress contamination. All tested treatments were effective in addressing these concerns probably because they contained
a minimal amount of nutrients, especially sugars. This nutrient deficiency probably forced the Nanu plants to grow
photoautotrophically and would thus explain the observed slowed growth-rate. Water was the best treatment because it
produced the same results as the Maui LCF treatments, it was the simplest to make, and it was the most inexpensive.

Chelsea Takahashi is the recipient of the 2008 HCA Science Fair Award. At the annual Hawai‘i State Science and
Engineering Fair in April 2008, the HCA provided awards to two Senior and two Junior Research Projects. The two Senior
awardees are invited to attend the HCC with their winning posters.

P-52 Research Opportunities in the Big Island’s Hawai‘i Experimental Tropical Forest
Frances Kinslow, Susan Cordell
US Forest Service, Hilo, HI

The Hawai‘i Experimental Tropical Forest (HETF) was established in 2007 to encourage and foster research on native
tropical forests and watersheds of the Pacific. The HETF is managed through a partnership between the USDA Forest
Service and Hawai‘i DLNR Division of Forestry and Wildlife. There are two sections on the Big Island: 12,387 acres of
watershed and rainforest at Laupahoehoe, and 35,540 of tropical dry forest on the flank of Mauna Kea at Pu’u Wa‘awa‘a.
Both sections contain numerous endemic and indigenous species as well as remarkable gradients of climate, forest type,
substrates, and vegetation zones. A portion of the Laupahoehoe section is also a Natural Area Reserve, the highest
designation of protection offered by the State of Hawai‘i. Pu’u Wa‘awa‘a contains critical habitat designated as a sanctuary
for endangered native Hawaiian birds. Long-term projects include core and observational sites for the National Ecological
Observatory Network (NEON) and establishment of the Hawai‘i Permanent Plot Network (HIPPNET). Some current
research projects include testing the effectiveness of a new herbicide on fountain grass, assessing sources and fates of
nutrients along a substrate age gradient, and climate-hydrologic monitoring. Researchers are encouraged to take advantage
of the extensive opportunities available in the HETF, particularly with projects which support the HETF focus on monitoring,
preserving and sustainably managing tropical forests.

Winged Vertebrates

P-53 A Monitoring Protocol for Hawaiian Hoary Bats in Pacific Island National Parks
Heather Fraser1, Leslie Haysmith2, Christopher Todd3

1Research Corporation of the University of Hawai‘i, Honolulu, HI, 2National Park Service, Hawai‘i National Park, HI,
3University of Hawai‘i, Hilo, HI

The endemic Hawaiian hoary bat (Lasiurus cinereus semotus) is the only indigenous terrestrial mammal found in Hawai‘i. It
was listed as an endangered species in 1970 and is protected by law. Information regarding natural history and population
status remains scarce. Population estimates of Hawaiian hoary bats have ranged from hundreds to thousands of individuals,
but these numbers are based on anecdotal and incomplete data. Therefore, the PACN Inventory and Monitoring Program is
developing a protocol, which uses acoustic bat detectors to monitor these bats in six PACN parks. This protocol will allow
long-term trends analyses and address the following objectives: (a) improve understanding of Hawaiian hoary bat
occupancy/use of parks, including seasonal and elevational movements, and (b) assist park staff in developing strategies for
management of high occupancy/use areas. Monitoring protocols emphasize statistically rigorous sampling designs, data
analyses, and trends reports. The sampling design for this protocol focuses on random spatial allocation within selected
national park areas, to allow a broader inference to these areas. AnaBat II detection equipment is used to observe and
record bat echolocation calls. Using the program PRESENCE, bat activity will be quantified with measures of occurrence
and detectability by analyzing detection histories from repeatedly surveyed sites. Activity patterns will serve as a surrogate
for relative abundance, allowing for inferences to be made regarding changes in bat occurrence over time. By monitoring
these parameters, it will be possible to suggest potential foraging areas, allowing resource staff to make more informed
management decisions about these important areas.



Poster Presentation Abstracts

2008 Hawai‘i Conservation Conference  Island Ecosystems: The Year of the Reef 67

P-54 Monitoring Fruit Bats in the National Park of American Samoa: Procedures and Methods for Establishing a
Long-term Monitoring Protocol
Leslie HaySmith1, Gail Ackerman2, Adam Miles2

1National Park Service, Volcano, HI, 2University of Hawai‘i, Honolulu, HI

Two species of frugivorous bats, the white-naped fruit bat (Pteropus tonganus) and the Samoan fruit bat (P. samoensis),
frequent the native and agricultural forests in the National Park of American Samoa (NPSA). The Inventory and Monitoring
Program, Pacific Island Network, is developing a long-term monitoring protocol to determine the relative abundance of these
bat species in and near the park. Pilot studies were conducted from May-August 2007, February 2008, and May-September
2008. The intent of pilot studies is to develop and field-test long-term monitoring strategies in the Tutuila and Ta‘u park units.
Dawn vista survey methods are being tested at 5 terrestrial sites, and 6+ marine sites, whereby flying and foraging P.
samoensis are counted in eight 10-min periods. Weekly variation in foraging for this species changes over the survey
season. In July 2007, a colonial roost (90+ bats, mostly males) formed in the National Park. This data illustrates the
importance of understanding changes in bat behavior and conditions at survey sites. Counts at colonial roosts are being
conducted from boat and land-based stations. Six colonies of P.tonganus ranging from 20 ->1000 bats have been counted.
The larger colonies are distributed over many densely packed trees and at sometimes great distances making accurate
counts difficult. The importance of trained observers is extremely important in reducing measurement variability during
counts. Likewise, a well thought out sampling design with mechanisms to reduce variability in animal counts is critical to the
success of a long-term monitoring protocol for fruit bats.

P-55 Abundance, Distribution and Population Trend of the Hawaiian Hawk: 1998-2007
P. Marcos Gorresen1, Richard J. Camp1, John Klavitter2, Thane K. Pratt3
1Hawai‘i Cooperative Studies Unit, Pacific Aquaculture and Coastal Resources Center, University of Hawai‘i at Hilo,
Hawai‘i Volcanoes National Park, 2U.S. Fish and Wildlife Service, Midway Atoll National Wildlife Refuge, Honolulu, HI, 3U.S.
Geological Survey, Pacific Island Ecosystems Research Center, Hawai‘i Volcanoes National Park

The current population size and distribution of the endemic Hawaiian hawk (or ‘Io, Buteo solitarius) on Hawai‘i Island was
determined as part of a reevaluation of the species’ endangered status. Locations originally sampled in 1998 were
resurveyed in 2007 with variable circular plot (VCP) count methods to produce habitat-specific estimates of density and
assess trends in abundance. In addition, we developed a method for correcting density estimates for the unobserved
movement of hawks attracted to call playbacks. We estimated that the 5,755 km2 breeding range harbored 3,239 hawks
(95% CI = 2,610 to 3,868) in 1998 and 3,085 hawks (95% CI = 2,496 to 3,680) in 2007. No significant difference in densities
was found between years at either regional or island-wide scales. However, pooled 1998 and 2007 densities did show
significant differences among habitats and regions. Our 1998 and 2007 population estimates are as much as twice that of
previous estimates, and we discuss reasons for this including differences among studies in the accuracy of distance
estimation, accounting for unobserved hawk movement, and the extent of area used for the extrapolation of mean densities.
The Hawaiian hawk appears to persist as a viable population well-distributed throughout forest and adjacent habitats on
Hawai‘i Island. However, with a population comprised of about 3,000 individuals confined to a single island, the species is
vulnerable to the effects of human-caused change to its habitat base.

P-56 Release of Captive Reared Hawai‘i Akepa (Loxops coccineus coccineus) and Hawai‘i Creeper (Oreomystis
mana) into Kipuka 21 on the Big Island of Hawai‘i
Adam Lockyer, Robby Kohley, Alan Lieberman
Hawai‘i Endangered Bird Conservation Program, Zoological Society of San Diego, Volcano, Hawai‘i

Hawai‘i creeper (Oreomystis mana) and Hawai‘i Akepa (Loxops coccineus coccineus) are endangered Hawaiian
honeycreepers found in high elevation ‘Ōhi‘a and Koa forests on Hawai‘i Island. In September 2007, 12 Hawai‘i Akepa and
six Hawai‘i creeper were released into Kipuka 21, a native kipuka forest adjacent to mile marker 21 on the Saddle Road on
Hawai‘i Island. The goal of the release was to establish a resident population in native forest with a high public outreach
potential. While transient birds have been noted in the area prior to the release, no breeding has been documented in the
area. A predator-proof release aviary was erected on a raised platform to ease the transition from a captive life to wild
independence. Individuals were transported in a specially designed carrier from the Keauhou Bird Conservation Center in
Volcano, Hawai‘i to the release site. Two soft- release and three hard-release events were staggered over the course of one
month. Supplemental food was offered on the outside of the release cage for post-release birds. Immediately after release,
birds began foraging in the forest canopy. Many birds remained near the release site for several weeks, foraging on wild
resources as well as eating supplemental food. Released birds were seen up to 75 days post release. Unconfirmed reports
of released Hawai‘i creeper near the release site have been noted as long as 165 days post-release. As breeding season
approaches and behavior becomes more conspicuous, we are hoping more released birds will be observed in the Kipuka.
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P-57 Palila Population Plummets
David Leonard1, Paul Banko2, Kevin Brinck3, Chris Farmer3, Richard Camp3, Jay Nelson4

1State of Hawai‘i, Department of Land and Natural Resources, Division of Forestry and Wildlife, Honolulu, HI, 2U.S.
Geological Survey, Pacific Island Ecosystems Research Center, Kilauea Field Station, Hawai‘i National Park, HI, 3U.S.
Geological Survey, Hawai‘i Cooperative Studies Unit, Pacific Aquaculture and Coastal Resources Center, University of
Hawai‘i at Hilo, Hawai‘i National Park, HI, 4U.S. Fish and Wildlife Service, Pacific Islands Fish and Wildlife Office, Honolulu,
HI

The Federally endangered Palila (Loxioides bailleui) is restricted to Mauna Kea’s subalpine māmane (Sophora chrysophylla)
and naio (Myoporum sandwicense) forest and approximately 96% of the population occurs in a small “core” area (less than
30 km2) on the volcano’s western slope. Although Palila suffer from many of the same threats that have decimated other
Hawaiian forest birds, their dependence on māmane seeds for their food increases their vulnerability. This is especially
relevant because ungulates have been degrading māmane forests for over 200 years. Goats have been eradicated from
Palila habitat but qualitative assessments indicate that sheep remain a significant threat even though their numbers have
been reduced sufficiently to allow māmane regeneration in some areas. We analyzed variable circular plot (VCP) counts
from surveys in the core of Palila habitat 1998-2008. Population estimates ranged from a high of 6,285 in 2003 and have
steadily declined to a low of 2,237 in 2008. This is the only decline that lasted longer than two years, and the only
statistically significant trend since surveys were initiated in 1980. If the trajectory continues without change, the species will
be extinct in the near future. The Division of Forestry and Wildlife and its partners are engaged in a variety of efforts to
benefit the Palila, but stopping this decline and preventing the loss of yet another native Hawaiian bird requires, at a
minimum, that known threats to the birds and their habitat be mitigated to their fullest extent.

P-58 Transfer of Maternal Antibodies as Protection Against Disease in Hawai‘i ‘Amakihi
Bobby H. Hsu1, Patrick J. Hart1, Susan I. Jarvi1, Greg Massey2

1University of Hawai‘i at Hilo, Hilo, HI, 2School of Veterinary Medicine, University of California, Davis, Davis, CA

Malaria-resistant Hawai‘i ‘amakihi (Hemignathus virens virens) may improve the survival of offspring by depositing maternal
antibodies in the eggs as an added form of protection against disease in the nestling and early fledgling stage. If maternal-
natal antibody transfer is beneficial to reproductive success, our prediction is that this trait is expressed in the wild
population of ‘amakihi at low elevations where avian malaria (Plasmodium relictum) is prevalent, whereas there is no
antibody transfer at malaria-free high elevation sites. We are conducting a two-part investigation to test this prediction. First,
using Enzyme-Linked ImmunoSorbent Assay (ELISA), we are screening the plasma and eggs of breeding female ‘amakihi
for malaria antibodies at a combination of low and high elevation sites on Hawai‘i. Last breeding season, we obtained 12
eggs and 3 plasma samples from breeding female ‘amakihi at high and low elevations. Preliminary analyses showed
significantly higher antibody level in ‘amakihi eggs from low elevation. Second, we are using captive canaries (Serinus
canaria) as a model to investigate the potential for maternal antibodies to protect hatchling birds against malaria. This is
being accomplished through an investigation of the parasitemia level in blood smears, plasma, and eggs of control and
treatment groups (N=16). Canary eggs from treatment group showed a higher antibody level compared to eggs from control
group. However, plasma samples of canary chicks showed little differences in the antibody levels between control and
treatment groups.

P-59 Acclimation of Palila (Loxioides bailleui) to Captivity
Sara Bebus, Lisa Komarcyzk, Tracey Goltz, Robby Kohley
Zoological Society of San Diego – Hawaiian Endangered Bird Conservation Program, Volcano, HI

The Palila (Loxioides bailleui) is an endangered honeycreeper found only on Mauna Kea. In 1996 a captive breeding
program for the Palila was established at the Hawaiian Endangered Bird Conservation Program’s Keauhou Bird
Conservation Center (KBCC). Chicks hatched from wild-collected eggs were hand-reared to establish a breeding flock. In
August 2007 five wild Palila were mist-netted by USGS-BRD and transferred to KBCC for the purpose of enhancing and
accelerating the captive effort. Upon arrival, each bird was weighed and given a physical examination. The five Palila
consisted of two adult males, two adult females, and one second-year bird of unknown sex. They were individually housed
in cloth-lined “howdy” cages. All readily ate mamane seeds (Sophora chrysophylla) and several ate fruit. Other food items
were introduced to the diet by hand-feeding and coating mamane pods with new food items. As the birds acclimated to their
housing, the cloth-linings were removed. One captive-reared Palila was housed within view of the wild Palila to encourage
the new arrivals to eat the captive diet. All birds had initially lost weight. Once the birds stabilized at their original capture
weight, they were released into small outdoor aviaries, then into larger breeding aviaries. The adult males and females have
been set up as two breeding pairs in conjoining aviaries for the 2008 breeding season. The remaining second-year bird is
housed with a captive-reared male. Chicks produced by the wild pairs will be parent-reared so that the offspring may learn
the species’ complex social and foraging behaviors.
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P-60 Post-Delisting Monitoring of The Tinian Monarch: Preliminary Results
Eric VanderWerf1, Fred Amidon2, Annie Marshall2
1Pacific Rim Conservation, Honolulu, HI, 2U.S. Fish and Wildlife Service, Honolulu, HI

The Tinian monarch (Monarcha takatsukasae) is a forest bird endemic to Tinian in the Mariana Islands, and was listed as
endangered in 1969 due to severe habitat loss before and during World War II. In September 2004, the monarch was
removed from the Federal endangered species list based on surveys and demographic research indicating it has increased
in number and is now stable, and that it is not currently threatened by any factors. The Endangered Species Act requires
that the status of any species delisted due to recovery be monitored for at least 5 years. Here we present preliminary
demographic data collected as part of the post-delisting monitoring program. From 2006-2008, we mist-netted and color-
banded 99 monarchs at three sites on Tinian and estimated survival using mark-recapture models. Thirty of 31 monarch
territories located in 2006 were still occupied in 2007 and 2008, indicating the population was at least locally stable. Territory
size in limestone forest habitat was 0.13±0.01 hectares. Annual survival was higher in males (0.87±0.05) than in females
(0.57±0.09). None of eight birds banded as juveniles or nestlings have been relocated, indicating young birds either
disperse from natal areas or have low survival. Territory fidelity was high in males (76%) and females (71%), and 55% of
pairs stayed together between years. Other aspects of the post-delisting monitoring include annual road-side point-count
surveys, an island-wide Variable Circular Plot survey in May 2008, monitoring and interdiction of the brown tree snake
(Boiga irregularis), and monitoring of land-use on Tinian.

P-61 Measuring Success: Lessons Learned from the Puaiohi (Myadestes palmeri)
Pauline Roberts1, Alan Lieberman2, David Leonard3

1Kaua‘i Forest Bird Recovery Project, Hawai‘i Department of Land and Natural Resources, Division of Forestry and Wildlife,
Waimea, HI, 2Zoological Society of San Diego, Conservation and Research for Endangered Species, Escondido, CA,
3Hawaii Department of Land and Natural Resources, Honolulu, HI

Since the 1960s as many as five endemic songbirds may have gone extinct from the island of Kaua‘i. The Puaiohi or small
Kaua‘i thrush is comprised of a single population restricted to approximately 25 square kilometers of high-elevation
rainforest. A captive-breeding program was initiated in 1995 when the species was thought to number in the low hundreds.
This program has been very successful, and 153 captive-bred Puaiohi have been released into Kaua‘i’s high-elevation
rainforest since 1999. In contrast, evaluating the effectiveness of the release program in bolstering the wild population has
proved challenging. Post-release monitoring is hampered by the species’ inconspicuousness, tendency to disperse over
long distances, and the ruggedness of the species’ habitat. As a result, dispersal and survival data are incomplete for most
years, even when all birds carried radio transmitters. Released birds often have high, but variable short-term survival with ≥
25% to 100% of birds surviving at least 30 days. Mean dispersal distances also varied, from 1.7 km in 1999 to 3.8 km in
2004. We discuss the future of the reintroduction program, the potential for alternative management actions to contribute to
Puaiohi recovery, and the evaluation of release programs for cryptic species.

P-62 Estimating Genetic Diversity of Palila (Loxioides bailleui) and Familial Relationships of Helper Males
Leayne Patch-Highfill, Kiara Bianchi, Susan Jarvi
University of Hawai‘i at Hilo, Hilo, HI

The critically endangered Palila (Loxioides bailleui) found only on Mauna Kea, Hawai‘i is one of the last surviving “finch-
billed” Hawaiian honeycreepers, and currently the most actively studied forest bird in Hawai‘i. Due to habitat loss, predation
by introduced mammals, and avian disease, Palila occupy a fraction of their historical range. Recent population surveys
report that population estimates have drastically decreased and if the current trend continues, Palila could be extinct in the
next ten years. Estimating the level of genetic diversity within the Palila population could give researchers insight as to how
likely Palila can adapt to their changing environment. In this study, a modified Amplified Fragment Length Polymorphism
(AFLP) protocol was used to generate 312 polymorphic loci in 172 Palila. 110 adult Palila were examined to detect overall
genetic diversity within the population. Preliminary results suggest that observed heterozygosity is estimated at 0.220
(Bayesian, Hickory v. 1.0.4), which appears comparable to other finch species. Additional Palila males (helpers) have been
observed at nests of presumed monogamous pairs helping feed incubating females and offspring. Using 25 complete
(n=96) and six incomplete families (n=20), the familial relationship of the helper male was determined. Relatedness tests
based on exclusion and similarity coefficients (Bionumerics v. 2.0) suggest that the helper males appear more related to the
offspring than to presumed unrelated adults in the population. Estimating the relatedness of helper males may help
determine whether Palila are developing cooperative breeding as a strategy to better their chances of survival in a changing
environment.
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P-63 Genetic Diversity of Avian Malaria (Plasmodium relictum) in Amakihi (Hemignathus virens)
Margaret Farias, Susan Jarvi
University of Hawai‘i at Hilo, Hilo, HI

The introduced diseases avian malaria (Plasmodium relictum) and avian pox (Poxvirus avium) are recognized today as one
of the major contributing factors in the limited existence and recovery of the Hawaiian honeycreepers (Fringillidae:
Drepanidinae). The recent discovery of large populations of amakihi (Hemignathus virens) at low elevation on the island of
Hawai‘i suggests that this species may be developing resistance to the malaria parasite and requires revision of earlier
accepted models of the disease system in Hawai‘i. Previous studies have recognized only a single lineage of P. relictum in
the Hawaiian islands, but cloning and sequencing of additional genes suggest a higher degree of genetic diversity. Here we
use a modified single base extension method to explore spatial and temporal distribution of single nucleotide polymorphisms
of the thrombospondin-related anonymous protein (trap) gene in P. relictum infecting 125 hatch-year amakihi on the East
side of Hawai‘i island. Preliminary results show a minimum of two consistently transmitted trap lineages in these birds.
Detailed knowledge of the transmission and virulence of these P. relictum lineages will help to shape future models of the
Hawaiian avian disease system.

P-64 E Ho‘opomaika‘i ia e Na Manu A‘o – Blessings to the Newell’s Shearwaters
Nick Holmes1, Sabra Kauka2, Jackie Kozak4, Thomas Kai‘akapu3

1Kaua‘i Endangered Seabird Recovery Project, Waimea, HI, 2Island School, Puhi, HI, 3Division of Forestry and Wildlife,
Lihue, HI, 4Hawaii Invasive Species Council, Kilauea, HI

Cultural stewardship and education both play significant roles for many endangered species recovery programs throughout
the world. In Hawai‘i, the Newell’s shearwater Puffinus newelli, or ‘A‘o in Hawaiian, is state and federally listed as a
threatened bird, and since 1993, the population is estimated to have declined by more than 60%. Approximately 75% of
Newell’s shearwaters are thought to breed only on Kaua‘i. A‘o are a part of the unique identify of Kaua‘i and it’s people, and
also face many serious threats to their survival, including habitat loss, predation from non-native mammals, and attraction to
artificial lights (‘fallout’). In 2007, a blessing for the A‘o, E Ho'opomaika Ia Na Manu A'o, was undertaken to celebrate and
reinforce the responsibility of Kaua‘i people to these rare and special birds. The event coincided with the Save Our
Shearwater season, and 9 fallout fledglings were released during the ceremony. The blessing was also structured as a
unique educational opportunity, with local elementary students playing a key role in the event. Here we describe the
background and aims of the A‘o blessing.

P-65 A Seabird Social Attraction Project at Kilauea Point National Wildlife Refuge
Trevor Joyce1, Brenda Zaun2, David Kuhn3, Nick Holmes1

1Kaua‘i Endangered Seabird Recovery Project, Waimea, HI, 2U.S. Fish and Wildlife Service, Kaua‘i National Wildlife Refuge
Complex, Kilauea, HI, 3Sounds Hawaiian, Waimea, HI

The Newell’s shearwater Puffinus newelli, or ‘A‘o in Hawaiian, is a State and Federally listed threatened species, and since
1993, the population is estimated to have declined by more than 60%. Approximately 75% of Newell’s shearwaters are
thought to breed on Kaua‘i. Predator control of feral rats, cats, pigs and dogs at active colonies is identified as a high priority
recovery action. However, to date predator control efforts have been limited by the remote and rugged terrain of known
colonies and insufficient resources. Establishing a new colony within the Kilauea Point National Wildlife Refuge represents a
cost effective and easier-to-maintain alternative over the long term because it can piggy-back on ongoing predator control
efforts underway at Kilauea Point. At least two pairs of Newell’s shearwater have bred successfully at the site since 1997
and 2001, respectively, likely the progeny from birds reared in a 1977-1980 cross fostering project at the refuge. In May
2007 we started broadcasting a recording of Newell’s colony sounds over a weather-resistant sound array designed by
MurreMaid Sound-boxes. In March 2008 we added 19 artificial burrows to 8 existing artificial burrows installed during the
cross fostering project in the 1980s. By broadcasting calls we hope to attract prospecting sub-adults and adults to
investigate the artificial burrows. Attracting colonial seabirds to a new nesting site is not an exact science; however we plan
to monitor for the success of the project over a long time scale (10-15 years).

P-66 Feather Imping: Fast Track to Flight
Brenda Zaun1, Scott Sims2, Kathy Batha1, Marilou Knight1, Colett Welsh1, Cathy Granholm1, Keith Swindle1

1U.S. Fish and Wildlife Service, Kilauea, Kaua‘i, HI, 2Pegasus Veterinary Clinic, Kilauea, Kaua‘i, HI

Birds with broken feathers often sustain compromised flight or are unable to fly. Feather imping is a procedure in which
broken feathers are repaired immediately using feathers from the same or another species with similarly-sized feathers. A
red-tailed tropicbird chick (Phaethon rubricauda) at Kilauea Point National Wildlife Refuge, Kaua‘i, Hawai‘i, was unable to fly
at time of fledging due to broken outer primaries as a result of fault bar development during an early starvation period. This
paper describes the first successful feather imping procedure performed on this species with the replacement of portions of
five primary feathers. Feather imping is a quick method of feather repair by which the bird can be released almost
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immediately. It serves as an excellent alternative to holding the bird in captivity and possibly jeopardizing its chances of
survival, particularly if the species does poorly in captive situations.



NOTES

2008 Hawai‘i Conservation Conference  Island Ecosystems: The Year of the Reef72



NOTES

2008 Hawai‘i Conservation Conference  Island Ecosystems: The Year of the Reef 73



NOTES

2008 Hawai‘i Conservation Conference  Island Ecosystems: The Year of the Reef74



NOTES

2008 Hawai‘i Conservation Conference  Island Ecosystems: The Year of the Reef 75



NOTES

2008 Hawai‘i Conservation Conference  Island Ecosystems: The Year of the Reef76


	HCC_2008_abstracts_cover.pdf
	HCC_2008_abstracts_book_final.pdf

