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Introduction

Pacific island landscapes and climates differ dramatically over short distances, producing
a wide variety of life zones. Elevation, rainfall, temperatures, and substrates profoundly
influence the abundance and distribution of native species, many of which have evolved to live
in very specific environments and in close association with other species. Pacific island
ecosystems are notable for their high percentage of endemic species, distinctive ecosystem
composition and dynamics, as well as threats from diverse and powerful disruptive forces.
Invasive species, land-use change, habitat alteration, and limited resilience have resulted in a
well-documented and ongoing series of extinctions and diminished ecosystem function. The
problem is further compounded by growing human populations and changing climate. These
forces of change continue to grow and, in some cases, are accelerating. Because of this, we are
faced with a vast number of scientific challenges and questions by land managers and other
stakeholders seeking to protect biodiversity and ecological services.

The time for action is now. For example, in the main Hawaiian Islands new species are
arriving about 50,000 times more frequently than the rate prior to the first human contact. These
islands are home to 31% of the nation’s plants and animals listed as Threatened or Endangered,
and less than half of the landscape on the islands is still dominated by native plants. A similar
picture describes most other Pacific islands as well. Despite these dismal statistics, the outlook is
favorable. Recent efforts have procured funding to put 20% of all lands in the State under
protective management. Coordination among agencies, non-governmental organizations, and
local communities is high, and the public increasingly demands strong environmental and
ecological management. Equipped with both knowledge and will, it is possible to reverse the
trend and have Hawaii act as a global showcase for biological conservation and ecosystem
management. As we address the challenges of the 21% century, reliable research is critically
needed to frame key issues and evaluate management options.

Goal of this document

This Science Plan provides a forward-looking strategy to guide the work of the U.S.
Geological Survey (USGS) Pacific Island Ecosystems Research Center (PIERC). The Plan is
based on current and anticipated research needs by our stakeholders, national USGS priorities, an
assessment of capacity within PIERC, and an understanding of key collaborators that augment
our work or who are filling other research needs. Source documents used in this assessment are
listed in Appendix A. To be effective, a science plan needs to be flexible and adaptive to
changing conditions, opportunities, and needs. As such, we have focused on a five-year time
window from fiscal years 2015 through 2020.

This Plan respects, but is not limited to, research and other scientific activity that have
been carried out historically at PIERC. The type of information needed by stakeholders changes
over time, as do the research tools available. Though radical changes in the orientation of
research at PIERC are impractical from a staffing aspect, it is important to consider and
incorporate new approaches and directions where possible so that the center is able to face the
opportunities and challenges of the future.
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What is PIERC?

PIERC is a USGS ecology research center serving the needs of resource managers to
tackle current and emerging critical conservation issues. PIERC was established in 1994 from the
consolidation of researchers previously working for the U.S. Fish and Wildlife Service and the
National Park Service in Hawaii. Prior to that time, these researchers directly served their
agencies by providing ecological research to manage island ecosystems and protect rare species,
with a strong focus on upland environments in the Hawaiian Islands. Bringing these researchers
together into the science-based framework of the USGS provided the opportunity for more
complex and far-reaching research that addressed broad ecological issues.

Given its role to carry out ecological research throughout the Pacific, PIERC was
conceived as a “center without borders.” In addition to the State of Hawaii, the PIERC mandate
includes the Territories of Guam and American Samoa, the Commonwealth of the Northern
Marianas, and former Trust Territories that are now three sovereign countries (the Federated
States of Micronesia plus the Republics of Palau and the Marshall Islands). In fact, limited
resources have resulted in most of the center’s research to be directed within the State of Hawaii.
PIERC has offices on Oahu, Maui, and Hawaii Island, with most personnel working out of the
Kilauea Field Station located within Hawaii VVolcanoes National Park.

In recent years, PIERC has operated with a budget of about $5 million, most of which
comes from funds allocated to the USGS Ecosystems Mission Area. Understandably, those
Mission Area priorities strongly influence the direction of research at PIERC. However, we are
also responsive to the needs of other partners, including a mix of other USGS programs, federal
agencies, and local departments and organizations.

Although staff levels vary somewhat from year to year, PIERC typically has a staff of
about 2025 federal employees. About a dozen of these are senior scientists that lead research
projects. These scientists work with an additional 10-12 researchers from the Hawaii
Cooperative Studies Unit under a Cooperative Research Agreement with the University of
Hawaii at Hilo. Although quite variable, an average of six volunteers also contribute to PIERC
research at any given time.
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A

The Pacific Island Ecosystems Research Center Kilauea Field Station is located in Hawaii
Volcanoes National Park and shares facilities with scientists and resource managers from the
National Park Service, US Forest Service, and state and national universities.

Mission
The USGS Pacific Island Ecosystems Research Center
provides scientific leadership in support of national,
regional, and local needs to understand, conserve, and
manage natural resources in Pacific island ecosystems.

Vision
To ensure the long-term health and sustainability of
Pacific island ecosystems by providing reliable,
effective, and relevant science.
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PIERC Research Themes

Research at PIERC is organized along five strategic themes. Recognition is also given to
the overarching theme of data management and the importance of long-term data to understand
trends and changes. Each theme has both scientific rigor and management relevance. These
themes were initially developed by a group of center scientists and managers, improved by input
from all center employees, and refined after feedback from key external stakeholders. Research
needed to meet these themes ranges from ongoing long-term projects with existing expertise to
new directions that require new skills or expanded capacity. These themes are:

1. Understanding the ecology and conservation of imperiled species
2. Understanding the ecological impacts of invasive species

3. Measuring ecosystem functions and services

4. Projecting and modeling ecosystem change

5. Developing tools for restoring natural resources

As part of the USGS, research priorities at PIERC must align with national directions and
goals. These national directions are described by Science Strategies for individual Mission Areas
of the USGS (http: //www.usgs.gov/start with science/). Appendix B contains a table
showing the alignment between the PIERC research themes developed here and priority science
topics for the USGS. As expected, there is great overlap in the PIERC research themes and the
focus areas of the Ecosystems Mission Area. However, it is noteworthy that there is substantial
overlap between the PIERC themes and goals of most of the other USGS Mission Areas.

The following sections describe the importance and relevance of each of the PIERC
research themes. A brief list of relevant capabilities at PIERC is presented along with a
description of additional capacities. Case studies of projects pertaining directly to each theme are
also presented. A table showing the alignment of current PIERC research with each of the five
themes is presented in Appendix C.

Theme 1. Understanding the ecology and conservation of imperiled species

The story of extinction throughout the Pacific islands has been widely told. Perhaps less
recognized are the acute threats to many remaining species. The U.S. Fish and Wildlife Service
considers 581 species as listed, proposed for listing, or candidate for listing as Threatened or
Endangered in Hawaii, American Samoa, the Commonwealth of the Northern Mariana Islands,
and several offshore reefs. Protection and recovery of these species requires knowing the threats
as well as basic biological knowledge such as habitat requirements, life history traits, and key
interactions with other species. Suites of species may be adapted to deserts, rainforests, or alpine
life zones even within a single island. A deep understanding of these requirements provides the
foundation for formulating strategies that land managers can use to protect and conserve
ecosystem processes and the habitats that are essential to prevent extinctions.

Continued research is necessary to gather the information needed for imperiled species.
Observational science has given way to field studies designed to test specific hypotheses relevant
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Case Study: Genetic Diversity of Two Rare Plant Species

Hawaii Volcanoes National Park contains over 70 species of rare plants designated for
special protection. Understanding the biology of these species is necessary for their
protection and recovery. PIERC scientists, working closely with National Park Service
staff, have carried out research on topics such as the distribution, habitat requirements, and
limiting factors for many of these species. Most recently, molecular genetics analysis was
used to assess the degree of diversity of two rare plant species. This information can be
used to design pollination and propagation plans that promote maximum genetic diversity.

Polyscias sandwicensis
e extant

© historical

m extant planting

o historical planting

‘Ohe makai, Polyscias sandwicensis

to the threats and recovery opportunities for listed species. Given the need for ecological
forecasts described later, field and laboratory studies should be designed with the understanding
that the results will be needed to construct and calibrate ecological models.

Existing PIERC capacities:

Population dynamics of native birds

Food web ecology

Distribution of native plant communities

Tracking birds and bats to determine habitat use and patterns of movement
Habitat requirements of seabirds and waterbirds

Hoary bat ecology

Effect of avian disease on native forest birds

Distributions and habitat requirements of rare and endangered arthropods

Future emphasis: Genetic diversity of rare species — Understanding the genetic diversity

of rare species helps in the design of restoration and translocation effects, and developments in
molecular genetic methods makes this an increasingly useful approach.
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Theme 2. Understanding the ecological impacts of invasive species

Invasive species play an increasingly important role in Pacific island ecosystems, which
can include the displacement or cause the death of native species. Research needs to predict the
spread of invasive species and forecast their effects; this allows managers to respond before
threats are developed fully. For this to happen, scientists need to understand both the factors that
control the distribution and abundance of invasive species plus the specific way in which those
species affect native communities. Research on the efficacy of different invasive species control
efforts can identify the most expedient and cost-effective strategies.

Invasive species may also have unanticipated effects that cascade throughout all trophic
levels of biological communities. The ravaging of forest bird species by introduced malaria (and
its mosquito vector) has eliminated natural pollination and seed dispersal agents for many native

Case Study: Ungulate Removal Strategies

For millions of years, the plant and animal life of Pacific islands evolved in isolation prior to
the arrival of people. After Polynesians brought pigs with them to Hawaii, other colonists
introduced cattle, goats, deer, and sheep to various islands. These hoofed animals, or ungulates,
proliferated and fed heavily on plants, denuding forests and endangering many native species.
Land managers have addressed this problem by hunting and constructing fences that exclude
ungulates. PIERC scientists have provided information about the biology and behavior of
ungulates to managers so that effective control methods can be designed. For example, they
have provided estimates of the hunting effort necessary to remove various species of ungulates
from an area, as well as evaluating the effectiveness of different removal strategies. More
recently, PIERC has been working with the National Park Service and other landowners to
assess the effectiveness of forward looking infrared (FLIR) technology to find cryptic and
remnant ungulates in sensitive natural areas that are difficult to manage.
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plants. Invasive species can also change how nutrients move through ecosystems by establishing
mutualistic relationships with soil microorganisms or by consuming other abundant organisms.
Understanding the interrelated processes of native and invasive species is also essential for
reliably predicting the outcome of different management scenarios. Because species have been
lost and introduced at every trophic level, scientists also work to understand unintended effects
when invasive species are controlled.

Existing PIERC capacities:

Strategies to manage introduced ungulates
Interactions between native and invasive species
Integrated management of alien predators

Future emphasis: Ecological consequences of invasive species — Despite much research
on the effects of invasive species, many complex and important questions remain. For example,
how do rodents, reptiles, and invasive birds and insects alter the availability of food for native
animals? What role do invasive species play in the pollination and seed dispersal for both native
and invasive plants? And, to what degree can non-native species provide ecosystem function in
place of native species that may be rare or extinct? Research on such topics is needed to inform
management decisions related to ecosystem function and restoration.

Theme 3. Measuring ecosystem functions and services

A healthy ecosystem is a complex matrix of biological, chemical, and physical
interactions that provide resilience and stability. Typical measures of ecosystem function include
productivity, the abundance and distribution of key species, and vigor in functions such as
reproduction, dispersal, physiological health of organisms, and decomposition of waste. Modern
challenges, or stressors, to functioning ecosystems include species loss, invasive species, disease,
alteration of habitat, and climate change. There are countless types of ecological interactions, and
a key challenge for scientists is to focus research on interactions that are both vital for ecosystem
function and actively impacted by a stressor.

Ecosystems support rich cultural environments and provide a basis for island economies.
Human communities rely on stable environments, reliable sources of food and water, and
preservation of cultural values and recreational opportunities. This is particularly true on islands,
where land is scarce and linked to marine and atmospheric systems. Reliable water supplies,
vibrant reefs, and native biodiversity are products of healthy island ecosystems. Understanding
ecosystem services allows managers and policy-makers to value and protect ecosystems when
faced with competing land-use proposals. PIERC contributes to this understanding through
research that studies the interactions between biological communities and water quality and
quantity.

Current research presents a picture showing the importance of forest ecosystems and watersheds
recharging ground water resources and preventing the degradation of coastal water quality.
Although this may seem obvious to some people, credible research is needed to provide an
assessment of ecosystem services so that they can be understood and properly valued. There is a

8
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critical role for high-quality and unbiased ecological information that is trusted and used by
stakeholders in the complex, and sometimes contentious, discussions about how to best manage
island resources.

Case Study: Ridge to Reef

Watershed degradation on the south coast of Molokai affects coastal water quality and coral reef
health. Teams of USGS scientists have investigated physical and biological processes that link
terrestrial processes with coral reef health. PIERC research has focused on mapping terrestrial
plant communities, how they respond to the exclusion of feral ungulates, and the relationship
between vegetation and erosion. The overall goal of the work is to measure and model how
ecological processes affect the movement of water and sediment from land to the coastal waters,
thereby providing tools that allow managers to assess how watershed protection translates into
downstream ecosystem services such as enhanced groundwater recharge, more sustained
streamflow, and improved coral reef health.
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Existing PIERC capacities:

Effect of forest restoration on water runoff and soil infiltration
Effectiveness of habitat restoration for native species
Understanding alternative energy infrastructure effects on wildlife

Future emphasis: Ecohydrology — To understand the importance of watersheds to water
supply, multi-scale and interdisciplinary studies are needed. Ecological expertise is necessary to
understand the role of the ecosystem in water routing and assess how watershed changes (both
restoration and degradation) will affect water resources.

Theme 4. Projecting and modeling ecosystem change

Ecosystems respond to a variety of agents of change. Models of how species respond to
those change agents provide powerful tools in forecasting future ecosystems. PIERC is currently
working to forecast how climate change will affect the future distribution of over 1000 species of
plants and 20 species of forest birds in Hawaii. These forecasts are based on physical factors
(i.e., moisture availability for plants) that can vary over time and space.

Ecosystems are more than the sum of a series of species distribution maps. Incorporating
interactions among species is a necessary step towards the development of functional models that
forecast ecosystem response. This will require considerations of factors such as nutrition,
reproduction, dispersal, and interspecific interactions. Complicating this modeling is the existing
reality that most Pacific island landscapes are fragmented mosaics created by human land use
and invasive species. Years of field study have produced a rich understanding of the natural
history of many species and components of ecosystem function that can be used to forecast how
ecosystems are changing.

Existing PIERC capacities:

Forecasting the distribution of plant and animal species under climate change
Effect of climate change on interactions between overlapping species
Forecasting trends in the forest bird disease ecology

Measuring and understanding ecosystem changes over time

Forecasting change in anchialine pool ecosystems

Understanding carbon storage and dynamics over time

Future emphasis: Modeling landscape and watershed change — Ecosystem modeling in a
spatial context is needed to understand the trajectory of communities under different types of
change agents (invasive species, land-use change, and climate change) and inform how those
ecosystems will respond to various management measures.

Future emphasis: Coastal ecology — To understand the management and future trajectory
of coastal communities, ecological studies need to be carried out within the context of change
agents and draw on expertise from other disciplines.

10
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Case Study: Sea-level rise and habitat in the Northwest Hawaiian Islands

The northwest islands of the Hawaiian chain constitute the Papahanaumokuakea Marine National
Monument. Many of the islands and shallow water environments provide important habitat for
vulnerable species. On less than 6 square miles of land over 14 million seabirds representing 22
species breed and nest. The islands also provide a home for four species of birds found nowhere
else in the world, including one of the world's most endangered waterfowl, the Laysan duck.
Many of the islands are low-lying and thus vulnerable to sea-level rise. In collaboration with
numerous partners, PIERC has produced detailed topographic maps of most of the islands,
mapped the distribution and habitat preferences for 24 species of birds, and forecasted how sea-
level rise will affect that habitat. Results suggest that a 1-m rise in sea level will reduce land area
by 4% and threaten habitat for several sensitive species such as two species of albatross and the
highly endangered Hawaiian monk seal and Laysan finch. For Laysan Island, data were available
to assess habitat loss under both passive and wave-driven inundation. This analysis suggests that
under a more realistic scenario, which includes wave-driven inundation, land area loss is more
than twice that calculated under the more common passive inundation scenario.

11
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Theme 5. Developing tools for restoring natural resources

Preventing extinction and restoring ecosystems in Hawaii are daunting tasks. The large
number of listed species and the high percentage of land that has been degraded make it plain
that large-scale ecological restoration of landscapes is the only solution that can be effective in
the long term. Although there have been numerous attempts at ecosystem restoration (many
successful), we lack a broad and coherent basis for designing the most effective approaches. In
part, this is due to the large number of influential factors in these ecosystems that are complex

Case Study: Recovery of a native dryland forest at Auwahi, Maui

Over nearly 200 years, ranching and plantation agriculture have extensively degraded dryland
forests in Hawaii. Early surveys at some of these forests revealed very high biodiversity, and
even contemporary remnants often house high biodiversity and many imperiled species.
Restoration of dryland forests provides a holistic approach to management of imperiled species
that may be more attractive than recovery on a species by species basis. PIERC is involved in
adaptive management with stakeholders at several locations, designing monitoring programs
that are capable of detecting subtle changes over time and informing managers of potential
outcomes. In cooperation with the landowner, PIERC scientists have been researching methods
to guide the recovery of a native dryland forest since 1997. The work has demonstrated the
importance of combining fundamental ecological principles with a sound understanding of
natural history and a high level of community involvement. By fencing, eliminating pasture
grass, and planting a native shrub to provide a framework, the ecosystem has responded through
germination of rare and unanticipated native species from a previously dormant seedbank.
USGS scientists and local partners have also demonstrated that the native forest alters the soil
structure such that rain infiltrated deeper and faster than in adjacent pastures; this suggests that
groundwater recharge may be higher in the restored forests.

12
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and site specific. Furthermore, developing restoration strategies that are transferrable to multiple
locations has been hampered by the fact that most pragmatic approaches do not have sufficient
documentation of their effectiveness.

New and sophisticated tools can be applied to managing, conserving, and restoring
ecosystems. To move forward, there is a need to understand what has worked well (and what has
not) in terms of restoration and why. Ecological and geospatial expertise can be used to develop
models to guide restoration efforts. By working with partners, available knowledge can be
synthesized into a science-based strategy to restore functional and resilient ecosystems as well as
habitat for key species.

Existing PIERC capacities:

Tools to restore dryland forests

Strategies for controlling disease ecology in forest birds

Measuring the effectiveness of restoration on community structure and ecosystem
services

Tools to translocate endangered waterbirds

Removal of invasive ungulates and non-native predators

Strategies for forest bird restoration

Building resilience on Department of Defense lands

Future emphasis: Restoration ecology — A research-based approach to restoration offers
the prospect of greater success with species protection and ecosystem restoration. This research
will draw upon existing knowledge and the lessons learned by management partners to construct
models that guide effective restoration strategies.

Overarching Theme: Safequarding and interpreting long-term data

Long-term data on the distribution and status of native species and communities provide
a foundation upon which current management needs and an assessment of future trends may be
based. This is especially important as most of the Pacific island ecosystems continue to be
altered from their natural state as a result of sustained anthropogenic forces, particularly from
invasive species and global climate change.

PIERC manages information dating back before the 1960s, and since that time its
scientists and collaborators have compiled many important datasets. These include forest bird
surveys that were first initiated as the Hawai'i Forest Bird Survey in 1976, vegetation mapping
and plant monitoring efforts that track changes in native and non-native species, as well as
monitoring of avian disease and associated disease transmitters, and invertebrate surveys
throughout the Hawaiian Islands and several other Pacific islands.

Multi-year data sets become both more valuable and vulnerable the longer they operate.
Simply put, because of natural variability there are no existing methods to detect changes
without rigorous long-term data collection. Therefore, long-term data sets must be able to meet
specific strategic and operational needs, and both the stewardship and management of those data
sets must be institutional, rather than individual, to ensure data quality and availability.

13
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Case Study: Management of survey data on Hawaiian forest birds

Starting in 1976 surveys of forest birds by numerous agencies and organizations have been
carried out across most of the main Hawaiian Islands. Data from these surveys are stored in
the Hawaii Forest Bird Interagency Database; housed at PIERC. Data provided by a network
of organizations undergo a rigorous screening and checking before being entered. The
database now contains more than 1.2 million records of over 90 species of birds. These data
result from 642 surveys covering over 17,000 stations. Twenty-five of the bird species are
listed as Threatened or Endangered. Results from these surveys have been synthesized to
provide an understanding of the status and trends of Hawaiian forest birds and have guided
conservation efforts in Hawaii for many years. Some applications of the database include:

* Integrating bird abundance with habitat information derived from digital maps of vegetation,
elevation, and climate;

* Developing models of bird-habitat associations to predict abundance across the landscape
and areas not surveyed;

* Determining the likelihood of detecting individuals of a species given the effects of weather,
observer ability, and time of day and year;

» Applying detection probabilities to observed bird abundance to account for unobserved
individuals and estimate density and population size more accurately;

 Examining regional and state-wide trends in bird abundance and occurrence;

* Assessing the effectiveness of surveys in monitoring species status; and

» Sharing data and study results with the public, researchers, and resource managers.

14
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The availability of ecological data sets boundaries on our ability to understand how the
environment has changed and to forecast how future events may affect island communities.
Long-term data on any population, species, or community provide an understanding of past
trends. Correlations between such data sets and other events such as changes in land use or
climate, invasive species, or just natural variability provide insight into ecological stability and
linkages. As managers are faced with increasingly multifaceted challenges, the need for
researchers to access and analyze complex sets of data grows. This requires a change in the
paradigm of researchers from one of individual data ownership to a mindset of data stewardship
and shared access. Computer infrastructure and data management tools will be needed to support
this paradigm shift.

Existing PIERC capacities:

Database design and construction
Design and assessment of data collection protocols
Quantitative analysis of temporal and spatial trends

Future emphasis: Data stewardship and accessibility — As enterprise-level data sharing
and management becomes the norm, there is a critical need for the center to catalog and compile
data from past and current research into a comprehensive database that will allow for the long-
term maintenance and availability of its information. Shifting data management from individual
desktops to accessible databases may require new processes regarding data sharing and
stewardship. However, the move will provide security and long-term access to legacy USGS
data, as well as allow analyses of more robust and complex data sets.

Future Directions

Forecasting is inherently uncertain. Nevertheless, a view of ecosystem science needs for
Pacific islands can be gained by referring to planning documents from management agencies and
other stakeholders, as well as operational knowledge gained through years of collaborative
endeavors. Similarly, although USGS priorities are subject to change (based on direction from
the USGS and Department of the Interior and funding from Congress), they have been defined in
Science Strategies for the Mission Areas. The path forward for PIERC lies in the intersection of
both local needs and national priorities.

Through an assessment of the PIERC mission, USGS priorities, and local needs, it was
determined that future emphasis should be given to seven new capacities, listed here:

e Genetic diversity of rare species

e Ecological consequences of invasive species
e Ecohydrology

e Modeling landscape and watershed change
e Coastal ecology

e Restoration ecology

e Data stewardship and accessibility

15
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Each of these support and advance the research themes listed above. While they build
somewhat on existing capacity within PIERC, future emphasis on these capacities will represent
a progressive advance in the reach of research offered by PIERC. As such, we will support and
emphasize these capabilities to the fullest extent.

Adding new research directions in the future will require dedicated resources. It is
recognized that increased funding to support federal science is unlikely in the near future. Given
that constraint, new science directions and capabilities will be realized only through reduction of
some current activities. In some cases, projects that have matured and fulfilled their objectives to
provide relevant information will be closed. In other cases, projects may be closed before they
reach their anticipated ending. Specifically, research oriented along the following two themes
will be de-emphasized or concluded so that new directions can be pursued:

1) Research without strong and direct ties to ecological management and informed
decision-making.

2) Research that is oriented on a single species or location and not supported either by
the management agency or landowner.

Changes in program direction can be difficult. Despite that, it is necessary to periodically
reassess how work underway aligns with current and future research needs. In a resource-limited
environment, staying current with new directions requires the ability to refocus work towards
more pressing and future-looking priorities.
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Appendix B

Alignment of PIERC Research Themes with National Priorities

The PIERC research themes support both the mission of the USGS and our need to
provide relevant information on Pacific island ecosystems. The work at PIERC supports nearly
all of the USGS Mission Areas, although it is most strongly connected to Ecosystems. The table
below shows the alignment of the research themes described in this document with priorities that
were described in 2013 by each of the USGS Mission Areas. An ‘X’ indicates the intersection of
a PIERC research theme with a priority from one of the Mission Areas, and an ‘XX’ indicates
strong alignment between the two.

PIERC Research Theme
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Ecosystems Focus Area 1 — Recovery
and management of threatened and XX X X X X

endangered species

Ecosystems Focus Area 2 — Detection
and control of invasive species, X XX X X X
pathogens, and wildlife disease

Ecosystems Focus Area 3 — Evaluation
of tradeoffs between ecological and eco- X XX X
nomic uses of land and water

Ecosystems Focus Area 4 — Adaptation
to and mitigation of ecological effects of
climate change, sea-level rise, nitrogen X XX X
deposition, and the acidification of soils,
freshwaters, and oceans

Ecosystems Focus Area 5 — Design of
strategies for sustaining and restoring

. . X X XX X XX
ecosystem functions and services of
resilient landscapes and seascapes
Ecosystems Focus Area 6 — Identification
of strategies to mitigate the harmful X X

effects of contaminants and pollutants on
vital ecosystem processes and human
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health

Core Science Goal 1 — Provide research
and data to characterize and understand X X XX X X
the Critical Zone

Environmental Health Goal 1 — Identify,
prioritize, and detect contaminants and
pathogens of emerging environmental
concern

Environmental Health Goal 2 — Reduce
the impact of pathogens on the
environment, fish, wildlife, domesticated
animals, and people

XX X X X

Climate & Land Use Goal 1 — Improve
understanding of past global changes in
support of policy and management
decisions

Climate & Land Use Goal 2 — Improve
understanding and prediction of the XX XX X
global carbon cycle

Climate & Land Use Goal 4 — Improve
understanding of land-use and land-cover X XX X
change: rates, causes, and consequences

Climate & Land Use Goal 6 — Improve
understanding and prediction of coastal
response to sea-level rise, climatic
change, and human development

Climate & Land Use Goal 7 — Improve
understanding and prediction of X X XX X
biological responses to global change

Energy and Minerals Goal 4 —
Understand the effects of energy and

. XX X
mineral development on natural
resources and society
Water Goal 2 — Advance understanding
of processes that determine water XX X X

availability
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Appendix C

Alignment of Current PIERC Research with Research Themes

Current research efforts at PIERC have developed through a combination of historic
efforts, stakeholder needs, funding opportunities, and research capacity. The table below shows
areas of alignment between current research projects and the six PIERC research themes
developed here. An ‘X’ indicates the intersection of a PIERC research project with a specific
theme, and an ‘XX’ indicates strong alignment between the two. The text in parentheses at the
end of each project name is an internal USGS tracking code (BASIS+).

PIERC Research Theme
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Ecology and distribution of the endangered
Hawaiian hoary bat (Lasiurus cinereus XX

semotus) (ZBO0BP7.9)

Inventory and monitoring in Hawaii and
Pacific island national parks—avifauna XX X X
ZB00BP7.12.2

Sensitivity of Hawaii high-elevation and
aquatic ecosystems to global change X X XX
(ZB0O0BP7.14)

Anchialine pool ecosystem assessment in

Hawaii national parks (ZB0OOBP7.16) X X XX
Hawaiian Forest Bird Survey design and XX X

data analysis (ZB0O0BP7.19)

Ecology and demography of Hawaiian

forest birds (ZBO0OBP7.24) XX X X
Monitoring and researching bat activity at

wind turbines with infra-red videography X XX

(ZBOOBP7.25)
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Analysis and technical support of avian

surveys, Mariana Islands (ZBOOBP7.26) XX X X

Understanding factors affecting decline of
Samoan swallowtail butterfly XX
(ZB00BP7.27)

Ecology of Hawaiian waterbirds

(ZBOOBP7.29) XX

Dynamics of a koa looper moth outbreak
and response by the native forest X XX
community (ZB0O0BP7.30)

Developing new strategies to manage
mouflon (Ovis musimon) in Hawaii XX X
(ZBOOBPS8.1)

Movement and demographic factors
limiting recovery of endangered koloa XX X
maoli (ZBO0BP8.3.1)

Integrated management of alien predators

(ZBOOBPS.16) XX X X

Assess strategies for invasive plant
management in Hawaii/Pacific islands XX X X
(ZBOOBPS.18)

Experimental control of invasive ant

species (ZBO0BP8.20) XX

Yellowjacket wasp outbreaks in parks and

refuges (ZBOOBPS.21) XX X

Invasive mammals in the Pacific

(ZBOOBP8.23) XX X

Ecology, population dynamics, and
translocation of the endangered Laysan XX X
duck (Anas laysanensis) (ZB00BP9.1)

Palila restoration (ZBOOBP9.3) XX X X

Limiting factors for dryland forest
restoration on Maui Island, Hawaii X X XX
(ZB00BP9.10)

Restoration of native biota in Hawaii parks
and refuges (ZB00BP9.11)

Tracking nene movements across park

boundaries (ZB00BP9.13) XX X
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Environmental science to support sustained
use of the Keamuku Maneuver Area at
Army Pohakuloa Training Area, Hawaii
Island (ZBOOBP9.15)

High elevation cave surveys for bats and
WNS (ZBOOBPA.8)

XX

Status and trends of Hawaiian flora and
fauna (ZBOOBPB.7)

Food webs, arthropod communities, and
bird communities (ZB0O0C6V.2)

XX

Disease ecology in the Pacific basin:
wildlife and public health concerns
(ZB0OOC6V.6)

Developing a science basis for forest
restoration for the Leeward Haleakala
Watershed Restoration Partnership
(ZB0O0C6V.7)

Ridge to reef studies (ZAO0E4J)

XX X X

Climate change impacts on the landscape
(ZBOODMY .2)

XX X

Predicting risks of island extinctions due to
sea-level rise: model-based tools to
mitigate terrestrial habitat losses in the
Northwestern Hawaiian Islands
(ZBOODMY .3)

XX X

Support to the Pacific Islands LCC
(ZBOODMY .4)

XX X

Expanding a dynamic model of species
vulnerability to climate change for Hawaii
and other Pacific island ecosystems
(ZBOODMY .5)

XX X

Hawaii carbon storage and greenhouse-gas
flux assessment (ZBOODMY .6)
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