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Foreword

In 2007, the U.S. Geological Survey (USGS) published a Bureau Science Strategy Facing Tomorrow's
Challenges—U.S. Geological Survey Science in the Decade 2007-2017. It provided a view of the future,
establishing science goals that reflected the USGS's fundamental mission in areas of societal impact such
as energy and minerals, climate and land use change, ecosystems, natural hazards, environmental health,
and water. Intended to inform long-term program planning, the strategy emphasizes how USGS science
can make substantial contributions to the well-being of the Nation and the world.

In 2010, | realigned the USGS management and budget structure, changing it from a structure associated
with scientific disciplines—Geography, Geology, Biology and Hydrology—to an issue-based organization
along the lines of the Science Strategy. My aim was to align our management structure with our mis-
sion, our science priorities, our metrics for success, and our budget. An added benefit was that the USGS
immediately appeared relevant to more Americans, and it became easier for those outside the agency to
navigate our organizational structure to find where within the USGS they would find the solution to their
problem. External partners rarely approached us with a problem in “geology,” but they might need help
with an issue in climate change or energy research.

The new organization is focused on seven science mission areas:

e Climate and Land Use Change
e Core Science Systems

e Ecosystems

e Energy and Minerals

e Environmental Health

e Natural Hazards

o \Water

The scope of each of these new mission areas is broader than the science directions outlined in the USGS
Science Strategy and together cover the scope of USGS science activities.

In 2010, | also commissioned seven Science Strategy Planning Teams (SSPTs) to draft science strategies
for each USGS mission area. Although the existing Bureau Science Strategy could be a starting point for
this exercise, the SSPTs had to go well beyond the scope of the existing document. What is of value and
enduring from the work of the programs that existed under the former science disciplines needed to be
reframed and reinterpreted under the new organization of the science mission areas. In addition, new
opportunities for research directions have emerged in the five years since the Bureau Science Strategy
was drafted, and exciting possibilities for cooperating and collaborating in new ways are enabled by the
new mission focus of the organization.

Scientists from across the Bureau were selected for these SSPTs for their experience in strategic plan-
ning, broad range of experience and expertise, and knowledge of stakeholder needs and relationships.
Each SSPT was charged with developing a long-term (10-year) science strategy that encompasses the
portfolio of USGS science in the respective mission area. Each science strategy will reinforce others
because scientific knowledge inherently has significance to multiple issues. Leadership of the USGS and
the Department of the Interior will use the science vision and priorities developed in these strategies

for program guidance, implementation planning, accountability reporting, and resource allocation. These
strategies will guide science and technology investment and workforce and human capital strategies.
They will inform our partners regarding opportunities for communication, collaboration, and coordination.

The USGS has taken a significant step toward demonstrating that we are ready to collaborate on the most
pressing natural science issues of our day and the future. | believe a leadership aligned to support these
issue-based science directions and equipped with the guidance provided in these new science strategies
in the capable hands of our scientists will create a new era for USGS of which we can all be proud.

Marcia McNutt
Director
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About this Report

This document describes a 10-year strategy to address priority environmental and resource
management challenges for the U.S. Geological Survey (USGS) Ecosystems Mission Area. The
strategy articulates a vision to improve understanding of how and why ecosystems change and
explains how USGS ecosystem science can help inform managers and policy-makers to sus-
tain and restore natural resources, protect vital ecosystem services, and secure the long-term
health and economic well-being of U.S. citizens. Ecosystem science is by nature a collaborative
process involving many scientific disciplines and expertise, and though the USGS has a strong,
interdisciplinary science workforce, it is not the only agency involved in ecosystem research. We
recognize that many Federal, State, and nongovernmental agencies and universities are actively
involved in ecosystem science, and we hope that the strategy articulated in this document will
provide a framework to build on interdisciplinary partnerships for future collaboration.

Fundamental to the ongoing development of the Ecosystems Strategy has been the engage-
ment of external partners and USGS scientists and managers across USGS mission areas. Team
members have participated in more than 25 listening sessions, including sessions held for USGS
regional offices, science centers, offices of other Department of the Interior (DOI) bureaus, and
participants at regional science workshops and national conferences. Input has been received
verbally and in writing from many USGS colleagues, partners, and stakeholders who addressed
the team by way of teleconferences, during listening sessions, and through the USGS Sci-

ence Strategy Planning Team (SSPT) Web site. The team compiled, categorized, and evaluated
verbal and written input from all of these sources and the resulting plan was released for public
comment in June 2012 as USGS Open-File Report 2012—1092. This Circular represents a final
compilation of the input we have received toward developing this science strategy. Future
implementation will involve a collaborative process among USGS associate directors, program
coordinators, science center directors, and DOI partners.
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What to Expect in this Report

This report presents a strategic plan for the USGS that
addresses priority environmental issues. It describes the role
of the USGS based on our unique scientific capabilities that,
traditionally, are applied in collaboration with others. The
strategy is structured around five complementary and inter-
dependent goals. These goals collectively emphasize the
connections between discovery and application and promote
enhanced partnerships. Four high-level cross-cutting strate-
gic approaches provide the path forward toward implemen-
tation of the goals and support the science framework in
the strategy. Proposed actions are presented as examples of
specific activities that address the needs of the Nation and
align with the goals, challenges, and strategic approaches
outlined in the strategy. Text boxes highlight examples of
USGS ecosystem science that inform resource manage-
ment decisions. The report concludes with a vision of USGS
ecosystem science that will be undertaken during the next
decade in collaboration with our partners. The next steps
toward future implementation of this strategy will require
the USGS to work closely with our partners and stakehold-
ers to develop the science foundation for sustaining the
Nation’s natural resources.
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The Earth’s surface is changing at an
unprecedented pace and in uncertain
directions. This set of paired Landsat
satellite mosaic images of the Great
Salt Lake area from 1985 and 2010 are
one example of dramatic changes

that can occur in an area. The 1985
image captures a period when rainfall
and snow melt filled the lake to near
capacity. In 2012, drought impacted the
area. Annual and semi-annual changes
in precipitation can dramatically affect
lake levels and the plants, animals, and
ecosystem services of the region.
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Executive Summary

Ecosystem science is critical to making informed deci-
sions about natural resources that can sustain our Nation’s
economic and environmental well-being. Resource managers
and policymakers are faced with countless decisions each year
at local, regional, and national levels on issues as diverse as
renewable and nonrenewable energy development, agriculture,
forestry, water supply, and resource allocations at the urban-
rural interface. The urgency for sound decisionmaking is
increasing dramatically as the world is being transformed at an
unprecedented pace and in uncertain directions. Environmen-
tal changes are associated with natural hazards, greenhouse
gas emissions, and increasing demands for water, land, food,
energy, mineral, and living resources. At risk is the Nation’s
environmental capital, the goods and services provided by
resilient ecosystems that are vital to the health and well-
being of human societies. Ecosystem science—the study of
systems of organisms interacting with their environment and
the consequences of natural and human-induced change on
these systems—is necessary to inform decisionmakers as they
develop policies to adapt to these changes.

This Ecosystems Science Strategy is built on a frame-
work that includes basic and applied science. It highlights the
critical roles that U.S. Geological Survey (USGS) scientists
and partners can play in building scientific understanding and
providing timely information to decisionmakers. The strategy
underscores the connection between scientific discoveries and
the application of new knowledge, and it integrates ecosys-
tem science and decisionmaking, producing new scientific
outcomes to assist resource managers and providing public
benefits. We envision the USGS as a leader in integrating sci-
entific information into decisionmaking processes that affect
the Nation’s natural resources and human well-being.

The USGS is uniquely positioned to play a pivotal role
in ecosystem science. With its wide range of expertise, the
Bureau can bring holistic, cross-scale, interdisciplinary capa-
bilities to the design and conduct of monitoring, research, and
modeling and to new technologies for data collection, manage-
ment, and visualization. Collectively, these capabilities can
be used to reveal ecological patterns and processes, explain
how and why ecosystems change, and forecast change over
different spatial and temporal scales. USGS science can pro-
vide managers with options and decision-support tools to use
resources sustainably. The USGS has long-standing, collabora-
tive relationships with the Department of the Interior (DOI)
and other partners in the natural sciences, in both conducting
science and applying the results. The USGS engages these
partners in cooperative investigations that otherwise would
lack the necessary support or be too expensive for a single
bureau to conduct.

The heart of this strategy is a framework for USGS eco-
systems science that focuses on five long-term goals, which
are seen as interconnected components that reinforce our
vision of the USGS providing science that is at the forefront of
decisionmaking:

» Improve understanding of ecosystem structure, func-
tion, and processes. The focus for this goal is an
understanding of how ecosystems work, including the
dynamics of species, their populations, interactions,
and genetics, and how they change across spatial and
temporal scales.

* Advance understanding of how drivers influence
ecosystem change. The challenges here are explaining
the drivers of ecosystem change, their spatio-temporal
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patterns, their uncertainties and interactions, and their
influence on ecosystem processes and dynamics.

» Improve understanding of the services that ecosys-
tems provide to society. Here the emphasis is on the
measurement of environmental capital and ecosystem
services, and the identification of sources and patterns
of change in space and time.

» Develop tools, technologies, and capacities to inform
decisionmaking about ecosystems. This includes devel-
oping new technologies and approaches for conducting
applications-oriented ecosystem science. A principal
challenge will be how to quantify uncertainty and
incorporate it in decision analysis.

» Apply science to enhance strategies for management,
conservation, and restoration of ecosystems. These
challenges include development of novel approaches to
monitoring, assessment, and restoration of ecosystems;
new methods to address species of concern and com-
munities at risk; and innovations in decision analysis
and support to address imminent ecosystem changes or
those that are underway.

Closely integrated with the five goals are four strategic
approaches that provide the path forward for the USGS Eco-
systems Mission Area. These approaches cross-cut all of the
goals and are seen as essential to the implementation of this
strategy:

* Assess information needs for ecosystem science
through enhanced partnerships. Work with the DOI
and other agencies and institutions to identify, design,
and implement priority decision-driven ecological
research.

» Promote the use of interdisciplinary ecosystem science.
Design and conduct interdisciplinary process-oriented
research in ecosystem science.

» Enhance modeling and forecasting. Build models to
forecast ecosystem change, assess future management
scenarios, and reduce uncertainties through an adaptive
learning process.

» Support decisionmaking. Use quantitative approaches
to assess the vulnerabilities of ecosystems, habitats,
and species, and evaluate strategies for adaptation,
restoration, and sustainable management.

Following the four strategic approaches are a set of proposed
actions that represent a sampling of specific USGS activities
that align with this strategy and that address the Nation’s most
pressing environmental needs.

The strategy emphasizes coordination of activities across
the USGS mission areas pursuant to these goals. Ecosystem
science is inherently interdisciplinary and requires a broad
perspective that incorporates the biological and physical sci-
ences, climate science, information technology, and scientific
capacity in mission areas across the Bureau. With its emphasis
on coordination, this strategy can provide a critical underpin-
ning for integrated science efforts with scientists from multiple
mission areas of the USGS working together. Of course, the
USGS will continue to conduct discipline-specific and inter-
disciplinary investigations, and both will continue to be vital
parts of the ecosystem science portfolio.

Finally, the strategy stresses the importance of coordi-
nation with other Federal agencies and organizations in the
natural resources community. The USGS collaborates with
resource agencies in the DOI and other organizations through-
out the world to meet societal needs for species and ecosystem
management. Working with these agencies and organizations,
the USGS will play a key role in guiding sound decision-
making during the next decade by advancing the scientific
foundation for sustaining the natural resources that diverse,
productive, resilient ecosystems provide.

Site of former Lake Aldwell after removal of Elwha Dam, Washington, 2012. Photograph by Robin White, USGS.
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Ecosystem science is the study of systems of organisms interacting with their environment
and the consequences of natural and human-induced change on those systems.

Introduction

Why Does the Nation Need Ecosystem Science?

The Nation’s social and economic development hinges
on healthy ecosystems that support living things and natural
processes. Ecosystems produce food and fiber, sequester car-
bon, purify water, detoxify pollutants, sustain and retain soil,
pollinate crops, and dampen the destructive forces of coastal
storms and other natural disasters (President’s Council on
Science and Technology, 2011). In 1997, the global value of
these services was estimated between $16 trillion and $54 tril-
lion annually (Costanza and others, 1997). To ensure human
health and safety and sustain a vibrant economy for present
and future generations, the USGS must provide the credible,
unbiased, and relevant science information that resource man-
agers need to maintain and restore the health of the Nation’s
ecosystems in what is undeniably a fast-changing world. The
pace of human population growth and environmental change
is far-reaching and unprecedented, affecting water availability
and quality, distribution and extinction rates for plants and
animals, the stability of marine and terrestrial ecosystems,
rates and magnitudes of disturbances, and cycling of life-
sustaining elements (carbon, nitrogen, phosphorus). Human
actions have placed three of Earth’s life-support processes—
biodiversity, climate, and the nitrogen cycle (Rockstrom and
others, 2009)—beyond the operating range judged safe for
humanity (Vitousek and others, 1997). In the future, environ-
mental changes and their impacts are expected to accelerate
and interact with sources of natural variability to produce
unknown outcomes.

Land and resource managers are facing decisions of
increasing complexity and urgency to conserve biological
diversity, restore and rehabilitate damaged ecosystems, adapt
to climate change, resolve conflicts of resource allocation, and
assess the changing condition of living resources and their
habitats. This document provides a strategy for USGS ecosys-
tem science that will better enable society to understand how
and why ecosystems change, to predict and forecast future
changes, and to guide actions that restore and sustain ecosys-
tems and their life-support functions.

The removal of the Glines Canyon Dam in Olympic
National Park, and the Elwha Dam downstream,

is the largest dam-removal project in the United
States. The restoration of the river will enable once-
productive native salmon runs to return, restoring
the vital marine-derived nutrients and food sources
for terrestrial and aquatic communities in the water-
shed. In cooperation with local, State, Federal,

and tribal partners, the USGS is developing new
ecological information on fish and wildlife popula-
tions, vegetation patterns and dynamics, sediment
transport and storage in the reservoirs, river chan-
nel and coastal evolution, hydrological processes,
coastal habitats, and beach erosion. Understanding
changes to river and coastal habitats, fate of sedi-
ment, and salmon recolonization in the upper water-
shed provides critical information for restoration

of the Elwha River and comparable dam removal
projects across the country.

Top: photograph of the Elwha Dam before removal,
September 15, 2011. Bottom: Elwha River after removal
of dam, March 12, 2012.

Elwha River Dam Removal
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Vision for USGS Ecosystem Science

Ecosystems are changing rapidly and the integration
of scientific discovery and application will be necessary
to address problems that increasingly affect the welfare of
American citizens and people around the world. Our vision is
as follows:

USGS will be a leader in Ecosystem Science by
bringing unbiased scientific information to the
forefront of decisionmaking processes that affect the
Nation s natural resources and human well-being.

Ecosystem Science encompasses studies of organisms
and their environments at scales from genes to populations
to biomes and entails understanding the effects of ecosystem
change. It requires studies across a spectrum of spatial scales
to better understand how local-scale features of landscapes
(such as water diversions) interact with global- and conti-
nental-scale processes (such as climate oscillations) to drive
changes in biological communities, ecosystem processes, and
social change. Ecosystem science also includes investigations
across temporal scales from short term to millennial (geo-
logic). Exploration of how humans function as integral parts of
ecosystems and how they act as drivers of ecosystem change
is an important component of the science portfolio.

The motivation for USGS ecosystem science is to under-
stand complex systems of living and nonliving components
and their interactions and to apply that understanding to better
support the management of the Nation’s natural resources.
During the next decade, ecosystem science will be challenged
to integrate system responses to climate variability and other
drivers of ecosystem change such as landscape alterations,
introductions of nonnative species, pollutant discharges, and
effects of water and energy development. Effective ecosystem
management requires the integration of scientific discovery
and application to solve problems that will increasingly affect
the welfare of American citizens and global populations.
Because humans are a substantial and growing force of eco-
system change, the integration of natural and social sciences
will be essential for effective application of ecosystem science.

This strategy proposes new directions for interdisciplin-
ary and integrated science to understand how multiple forces
interact to bring about ecological changes. The USGS will
apply a range of scientific approaches including experimen-
tation, process measurements, remote sensing, analyses of
the geologic record, long-term observations, natural history
studies, and modeling to develop and test hypotheses about
ecosystem functions and management. The ultimate goal is to
inform policy and guide sustainable use while reducing uncer-
tainty about the future.

Lake Drying in Alaska

Northern latitude lakes are drying in concert with climate warming.
These lakes provide substantial and essential ecosystem services
that range from national waterfow! production to global carbon stor-

mechanisms are affecting
lake area change? What lake
characteristics affect spe-
cies richness and diversity
of biological communities
associated with lakes? What
are the projected effects of
continued lake drying on bio-
diversity in National Wildlife
Refuges in Alaska? How can
projected climate-related
trends in biodiversity be used
to enhance the management
of these refuges?

age. This ongoing interdisciplinary project relies on collaborations
among the science mission areas of Ecosystems, Climate and Land
Use Change, and Water to address the following research ques-
tions: How variable are the rates and magnitudes of change in lake
surface area in National Wildlife Refuges in Alaska? What landscape
characteristics are associated with these changes? What fine-scale

Above: An example of progressive
lake drying in boreal forest wetlands
within Yukon Flats National Wildlife
Refuge, Alaska, August 2011. Pho-
tograph by May-Le Ng, University of
Alaska Fairbanks. Left: Boreal forest
wetlands within Yukon Flats National
Wildlife Refuge, Alaska, with examples
of floating mat encroachment in the
foreground. Photograph from http.//
www.marysrosaries.com/collabora-
tion/index.php ?title=Category:Images.
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Roles of Scientific Discovery and Application

USGS ecosystem science is an integrated effort of dis-
covering ecosystem function and change and then applying
these discoveries to inform the increasingly complex decisions
faced by policymakers and resource managers (fig. 1). Science
produces new knowledge that is available for application to
address problems of social importance. In turn, the process
of applying knowledge to address problems can highlight
additional science needs, which can help to focus scientific
investigations to discover additional knowledge (fig. 14).

The framework for the association between science and
application shown in figure 14 has proven to be successful
for many decades (Stokes, 1997). However, as society moves
well into the 21st century, this framework is gradually being
supplanted by an enhanced association between discovery and
application in which new knowledge is seen as originating
from the application of existing knowledge by practitioners,
as well as from basic and applied research conducted by
scientists. Thus, learning not only can inform but also can be
informed by resource management, with “application” itself
becoming a way to discover new knowledge along with a
more traditional science approach to discovery. Both forms of

A New knowledge

Discovery

® Understanding ecosystem structure and
function

® Understanding driver-response linkages
in ecosystems

New needs

B New knowledg,
A

Discovery
through
applications

Discovery

New needs

Application

Introduction 5

investigation can be recognized as part of the discovery pro-
cess, with discovery and application seen as overlapping rather
than separate activities (fig. 1B8). The overlap corresponds to
simultaneous application of knowledge and discovery of new
knowledge, such that applications (for example, science-based
interventions) are used to pursue management goals as well as
obtain new knowledge.

Examples of applications-based learning are especially
prevalent in investigations of ecological systems. An example
of the use of interventions to manage and to learn is the man-
agement of nonnative species, in which different interventions
are used in the field to simultaneously control invasives and
understand the mechanisms of their establishment and spread.
Other examples include (1) management of grazing lands, in
which different pasturing strategies simultancously provide
grazing benefits and determine the conditions for sustainable
pastoral landscapes and (2) the regulation of fish and wildlife
harvests, in which harvest strategies are implemented, their
consequences are tracked, and the data are used to improve
understanding about population ecology. In these, and many
other instances, management actions taken by practitioners
offer opportunities to advance knowledge about how ecosys-
tems respond to change.

Application

® Use of ecosystem services to guide
management

® Science-based ecosystem restoration

® |Implementation of management strategy
based on science

N

Figure 1. Ecosystem
science builds on the
interaction between
new knowledge from
scientific discovery
and applications

of that knowledge.

A, Discovery of new
knowledge by scientists
informs applications,
and applications, in
turn, uncover new
needs that lead to
additional discovery.

B, The application of
knowledge can itself be
used to generate new
knowledge.
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Species Recovery in the Missouri River Basin

Along the Missouri River, reservoir management, chan-
nelization, and bank stabilization have been associated
with declines of three threatened or endangered species:
the pallid sturgeon, interior least tern, and piping plover.
Since 1990, the USGS has been working collaboratively with
conservation agencies to understand these species and link
and quantify population responses to management and res-
toration actions. For the pallid sturgeon, this has required
investigation of food-web productivity and energetic
requirements, larval dispersal, and meta-population dynam-
ics in reproductive ecology of the species. USGS scientists
are actively engaged with stakeholders and managers who
rely on the USGS to provide and interpret relevant, credible,
unbiased, and timely interdisciplinary information on the
river ecosystem and species and to apply this information in
structured decision processes.

Top: Unfertilized pallid sturgeon eggs expressed from a female
induced to spawn in the laboratory.

Center: Developing pallid sturgeon embryos.

Bottom: Recently hatched pallid sturgeon free-embryos.
Photographs taken June 2011, by Aaron DeLonay, USGS.

Engagement of people who live and work on
landscapes offers novel opportunities for learning
through application. Native peoples, farmers, com-
mercial fishermen, loggers, and others who make a
living from the land are practitioners of ecosystem
management. As such, they can provide distinct
perspectives on how ecosystems function as work-
ing landscapes. The insights of local people can be
used to focus investigations, develop and constrain
hypotheses, and, in some cases, provide observa-
tions and interpretations that would otherwise not
be available to scientists and managers.

The framework described here extends the
context for scientific investigation to include
science that targets specific applications, science
that is guided by needs identified through applica-
tions, and science that is generated by the process
of science application itself. It ties the USGS
more closely and effectively to the DOI manage-
ment agencies and other partners by encouraging
an active engagement of scientists and managers
in scientific discovery and its application to real
problems. The framework promotes an enhanced
relevance of USGS science to the partners who use
and ultimately must support the science.

USGS researchers measure a pallid sturgeon
(Scaphirhynchus albus) on the Missouri River
near Mondamin, lowa, March 2007. Photograph
by Janice Albers, USGS.



Building on USGS Foundations and Strengths

The USGS is known for its multidisciplinary expertise
and comprehensive, integrative research. In what follows, we
describe some Bureau strengths that provide a foundation for
moving ecosystem science forward during the next decade.

Holistic, Cross-Scale Science Capabilities

The Bureau’s mission is to conduct science that sup-
ports decisionmaking for the benefit of society. The USGS
conducts scientific investigations across a variety of adminis-
trative, geographic, and ecological scales in cooperation with
many research and management partners. Because the USGS
does not have jurisdictional boundaries or regulatory authori-
ties, our science can be conducted across local, State, tribal,
regional, and national jurisdictions. This breadth allows for the
comprehensive investigation of ecosystem components and
their interactions. The interdisciplinary capability of the USGS
workforce can be utilized for addressing complex ecological
problems.

Monitoring, Assessment, and Modeling

The USGS supports regional and nationwide monitoring
of key indicators of the environmental health of terrestrial,
freshwater, and marine habitats, along with assessments of the
abundance and distribution of biota, invasive species, wild-
life disease, and other ecological characteristics. USGS data
holdings and observation networks are unparalleled and vital
for understanding the status, trends, and health of our Nation’s
ecosystems and natural resources. Many of these datasets
include decades-long records of observations with correspond-
ing Geographic Information System (GIS) data layers, col-
lected under strict standards of quality assurance and quality
control. USGS scientists are widely recognized as leaders in
developing methods for estimating ecological attributes from
monitoring data. Such estimates can be used in forecasting
models and in discriminating among competing models of
system dynamics. This combination of monitoring programs,
knowledge of inference methods, and modeling capability is
truly unique and distinguishes the USGS from other agencies
and groups.

“Ecological history will be indispensable in meeting
the environmental challenges of the coming decades.
We can t know where we are, or where we 're going,
without knowing where we 've been.”

(S.T. Jackson, 2007)

Introduction 7

Interdisciplinary Science

The USGS includes biologists, hydrologists, geologists,
geographers, social scientists, and many other specialists who
collaborate to understand the interactions among the biologi-
cal, physical, chemical, and social components of ecosystems.
USGS research ranges across multiple spatial scales, from
the genes of individual species to biomes and oceans. The
research also ranges across temporal scales, from seconds to
geologic epochs. The broad array of disciplinary expertise in
the USGS allows the Bureau to examine ecosystem responses
to large-scale and long-term drivers, by both hindcasting and
forecasting beyond the scientific records of the 19th—21st cen-
turies. These capabilities contribute to improved understand-
ing of system responses to environmental forces that may act
on decadal to millennial timeframes. Long-term data, linked
to the understanding derived from recent studies of living
systems, provide the basis for forecasting human-induced and
natural change into the next century. The USGS is a leader in
investigating and documenting ecosystem changes that have
occurred throughout the Earth’s history.

Science Organization of USGS

The USGS mission areas include a focus on key ecosys-
tem processes that promotes the incorporation of broad-rang-
ing expertise into interdisciplinary ecosystem investigations.
Thus, ecosystems are linked to climatic, land-use, and hydro-
logical patterns. Natural hazards such as flooding and fire
drive ecosystem change, and changes within ecosystems, in
turn, can affect the impact and scope of natural disasters. For
example, loss of vegetation can lead to landslides or greater
impacts from coastal storm surges and tsunamis; flood hazard
zonation can reduce flood damages while increasing biodi-
versity of floodplains; and fuel buildup and treatments can
amplify or mitigate wildfire intensity. The extraction of energy
and mineral resources may degrade ecosystems, while biogeo-
chemical cycling within ecosystems creates and alters energy
and mineral resources. Environmental health is influenced by
the physical and biological quality of the environment, which
can include contaminants, toxicants, and pathogens that result
in disease in wildlife and humans and alter the structure and
functioning of ecosystems. USGS core science systems pro-
vide the tools and technologies for characterizing the human
dimensions and social drivers of ecosystem science and for
observing, analyzing, and utilizing GIS to visualize ecosystem
status and change. Each of the mission areas in the USGS
can play a critical role in the Bureau’s strategy for ecosystem
science.
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Building on USGS Partnerships

USGS ecosystem science can build on the Bureau’s
ongoing collaborations and partnerships to leverage science
resources and to support partner agency information needs.
USGS science centers and cooperative research units are
broadly distributed across the country, and many are co-
located with university or other collaborators. This geographic
structure facilitates the ability of USGS scientists to work in
diverse ecosystems with other local, territorial, State, tribal,
Federal', and nongovernmental organizational partners. Col-
laborative efforts often include USGS centers and sister agen-
cies within the DOI. Cooperative ventures such as the DOI
Landscape Conservation Cooperatives, Cooperative Research
Units, Cooperative Ecosystem Studies Units, and Climate Sci-
ence Centers that promote ecosystem-based adaptive manage-
ment are anticipated to grow. In addition, the USGS will need
to collaborate closely with resource agencies in the DOI to

"Primary USGS Federal partners include Department of the Interior Bureaus
(U.S. Fish and Wildlife Service, National Park Service, Bureau of Indian
Affairs, Bureau of Ocean Energy Management, Regulation and Enforce-
ment, Bureau of Land Management, Bureau of Reclamation) as well as the
U.S. Army Corps of Engineers, the U.S. Environmental Protection Agency,
National Oceanic and Atmospheric Administration, Department of Agricul-
ture, Department of Energy, Department of Defense, Department of Homeland
Security, Department of Transportation, National Institute of Health, and
National Aeronautics and Space Administration.

Red Knots and Horseshoe Crabs

address their needs for species and ecosystem management.
One way to do this is through the establishment of a USGS
science forum that works closely with our DOI partners (see
first proposed action, p. 35).

The USGS will need to coordinate closely with other
mission areas, agencies, and organizations in the science
community to determine where USGS efforts can provide
added value to existing research efforts and identify prom-
ising new directions related to the goals and approaches
outlined in this strategy. In an era of declining budgets it
will be more important than ever for the USGS to develop
complementary research approaches that build on the research
strengths of other agencies, universities, and nongovern-
mental research organizations. Some examples of existing
USGS collaborations with other science agencies include the
Priority Ecosystems Science initiatives that are highlighted
throughout the strategy. Other examples of USGS contribu-
tions to hypothesis-driven, integrated research and monitoring
include the National Ecological Observatory Network, Critical
Zone Observatories, the Consortium of Universities for the
Advancement of Hydrologic Sciences, and the Long Term
Ecological Research Network. As the USGS moves toward
implementation of this strategy, additional communication and
research forums will be necessary to ensure that the USGS
works with our partners to address the most pressing ecosys-
tem science needs of the Nation.

The management of horseshoe crab harvests in Delaware Bay represents
a large-scale decision problem with respect to geographic area, animal
population sizes, and diversity of the stakeholder community. The key

designated as the legal
decisionmaker. An
adaptive management
program was developed
by USGS scientists

and the stakeholder
community for deriving
horseshoe crab harvest
regulations and was
endorsed in 2010 and
formally adopted by the
ASMFC in 2011.

tradeoff is between the horseshoe crab fishery and migrating red knots,
which require crab eggs to attain mass levels that enable the birds to
complete their migration to the Arctic and successfully reproduce. The
diverse stakeholder community includes the U.S. Fish and Wildlife Ser-
vice, State resource agencies, and nongovernmental conservation orga-
nizations, with the Atlantic States Marine Fisheries Commission (ASMFC)

Above: Horseshoe Crabs. Photograph by
Mike Oates. Left: Red Knots. Mispillion
Harbor, Delaware.
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Overview

In the next 10 years, the population of
the United States is projected to grow by more
than 30 million people (U.S. Census Bureau,
2008). Over 50 percent of U.S. citizens reside
in coastal watershed counties that comprise
only 17 percent of U.S. land area, and the
trend of migration to the coasts and warmer
regions is expected to continue. The country
shares extensive borders with Canada and
Mexico, where cross-border issues in resource
use will continue to draw attention (for
example see highlight, p. 30). Pressures on
ecosystem resources will vary widely across
the landscape. The demand for new energy
will increase by 20 percent beyond the current
demand (National Energy Policy Develop-
ment Group, 2001), and basic services such
as clean water and sustainable food supplies
will have to increase to meet the needs of an
increasing human population. Climate change
likely will alter the geographic distribution of
species, test the capacity of plants and animals
to adapt, increase the spread of disease, and
alter the duration and intensity of storms and
drought (Intergovernmental Panel on Climate
Change, 2007).

These natural and human-induced
changes will lead to tradeoffs between increasing use of
natural resources and long-term sustainability. Society needs
new insight into ecosystems and new ways to integrate science
into the process of making decisions about these ecosystems.
The need to make smart choices involving stewardship,
human well-being, and prosperity has never been more urgent.
Resource management issues of broad importance to society
provide the context for the goals and challenges presented in
this plan. These cross-cutting priority societal issues include
the following:

Priority
Societal
Issues

Goals and

Strategic
Approaches

Proposed
Actions

* Recovery and management of threatened and endan-
gered species.

* Detection and control of invasive species, pathogens,
and wildlife disease.

 Evaluation of tradeoffs between ecological and eco-
nomic uses of land and water.

» Adaptation to and mitigation of ecological effects of
climate change, sea-level rise, nitrogen deposition, and
the acidification of soils, freshwaters, and oceans.

* Design of strategies for sustaining and restoring eco-
system functions and services of resilient landscapes
and seascapes.

Challenges

* Identification of strategies to mitigate
the harmful effects of contaminants and
pollutants on vital ecosystem processes
and human health.

These issues transcend the develop-
ment of any strategic plan in that they are
long-standing, increasing in importance, and
broadly recognized as influencing ecosystems
and the services they provide to society. As
such, they provide the context for framing this
science strategy and its goals and challenges.

A common theme that emerges from the
priority societal issues is a general sense of
urgency in expanding our understanding of
ecosystem processes. With increasing human
demands on natural resources, the Nation
needs to take bold steps to move ecosystem
science and management forward. At its most
fundamental level, scientific understanding
of ecosystems, particularly understand-
ing of ecosystem structure, function, and
processes, is incomplete and will need to be
expanded. The need to understand how eco-
systems work, how they vary over space and
time, and how physical and ecological pro-
cesses influence ecosystem services, biodiver-
sity, threatened and endangered species, and
other ecosystem attributes that society values
is fundamental.

At the same time, the Nation is faced with the challenge
of unprecedented ecosystem changes driven by a variety
of sources, including climate change, increasing demand
for energy, food, and water, and biological invasives. To
anticipate and predict the potential changes that may occur
to ecosystems, it is important to advance understanding of
how drivers influence ecosystem change. For example, the
sustainability of future water supplies for ecosystems will be
influenced by climate and human use, and a key need will be
to predict the consequences of actions to increase water sup-
plies for society while accounting for the effects on aquatic
ecosystems.

The services that ecosystems provide to society include
clean water and air; healthy forests, rangelands, and crop-
lands; and diverse plant and animal communities that enhance
the environment and support economic, social, and cultural
systems. Although ecologists understand the benefits of some
ecosystem outputs, there is a need to expand understand-
ing of the services that ecosystems provide to society.

Key questions are as follows: What services do different
ecosystems provide? How do they interact with one another?
Are there critical thresholds that, when reached, result in the
decline or possible elimination of those services? How can
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Waterfowl Harvest

The management of waterfow! harvests for some populations in North America has been based on an adaptive manage-
ment framework since 1995. The resource management problem is large in geographic scale, number and abundances of
managed species, and size and diversity of the stakeholder community, which includes multiple Federal, State, and pro-
vincial management agencies as well as nongovernmental hunting and conservation organizations. The central tradeoff is
between the legal mandate to maintain healthy migratory bird populations and the secondary objective of permitting sport
hunting. USGS scientists were instrumental in developing a science-based adaptive approach to hunting regulations for
the U.S. Fish and Wildlife Service. Its adoption has led to a reduction of uncertainty about population responses to hunting
and has resulted in transparent and defensible hunting regulations for nearly 20 years.
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Models of mid-continent mallards have been developed to help predict changes in populations. These models are used by
U.S. Fish & Wildlife Service as a basis for developing regulatory strategies for wildlife management. Assumptions about
reproduction and annual mortality are incorporat-

ed into the models and the linkage between repro-

duction and population density is incorporated in

two forms—weak and strong density dependence

in reproduction rate. In addition, two forms of the

linkage between annual mortality rate and hunt-

ing are considered (additive mortality, in which

harvest mortality is added to other non-hunting

mortality factors, and compensatory mortality, in

which harvest mortality is compensated by reduc-

tions in non-hunting mortality sources). In com-

bination these forms describe 4 different models,

each with its own predictions about population

changes over time. The models, and measures

of confidence in them, are based on monitoring

data. (Adapted from U.S. Fish & Wildlife Service,

2012; see this publication for details of the model

development.)




decisionmakers weigh tradeoffs among the various services to
make the best informed decisions?

Managing natural resources for ecosystem services and
tradeoffs is increasingly difficult given the multiple needs
and priorities of society at local to national levels. As the
complexity of decisionmaking increases, so does the need
to develop tools, technologies, and capacities to inform
decisionmaking about ecosystems. During the past 20 years,
new satellite and mapping technologies, the evolution of geo-
graphic mapping systems, and new technologies to describe
the genetic makeup of organisms have emerged. Telephones
have evolved from simple communication devices into tools
that can instantly communicate scientific information through
social media and applications. Computational resources
have evolved from handheld calculators to high performance
computing systems capable of trillions of calculations per
second. The USGS must find ways to use these technologies to
assess the ecological consequences of decisions, particularly
given the uncertainty of future climate and land-use changes.
What tools can be developed to help managers better support
their decisions with the right information at the right time?
What new technologies will be needed to examine ecosystem
vulnerability, threshold identification, and other ecosystem
attributes? The emergence of new tools and approaches that
allow ecologists to look at broad landscapes and variability at
multiple scales will provide new capabilities in USGS scien-
tific investigations.

Finally, one of the basic strengths of ecosystem science
in the USGS has been our connection with resource manage-
ment agencies and our ability to work with land managers in
addressing their needs. Agency needs will include large-scale
as well as site-specific studies to help a refuge, park, or district

Ecosystem Science Goals 11

manager with a specific issue. For example, priority ecosys-
tem studies in the Everglades, Puget Sound, Colorado River,
Chesapeake Bay, and San Francisco Bay are addressing spa-
tially large and complex issues related to water management
and ecosystem restoration. In addition, polar bear studies in
the Arctic and grizzly bear studies in Yellowstone and Glacier
National Parks focus on key species in complex environments.
As the complexity of these problems grows, the USGS will
need to work with our conservation partners to provide the sci-
ence needed to enhance strategies for management, conser-
vation, and restoration of ecosystems. An important growth
area for the USGS and other natural resource agencies alike is
the application of adaptive management (Williams and others,
2007; Williams and Brown, 2012) to learn about the effects

of management actions while exploiting that learning to make
better decisions in the future. The science provided by the
USGS will help managers better understand the consequences
of their decisions and, in turn, guide subsequent management
and future research.

The goals and challenges in this strategy were developed
to be complementary and interdependent, rather than indepen-
dent, stand-alone research needs. Collectively, they emphasize
ecosystem science that links discovery with application and
promotes enhanced research and management partnerships
(fig. 1B). Below, we attempt to convey both urgency and
optimism: urgency in providing science to assist resource-
management agencies in finding the right balance between
natural resource conservation and economic development and
optimism that the Nation has the capacity in its science and
institutions to address and resolve these complex environmen-
tal issues.
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Goal 1: Improve Understanding of
Ecosystem Structure, Function, and
Processes

Justification

Along with the production and use
of energy, minerals, water, food, and fiber,
the protection and sustainability of natural
resources and their ecosystems is a national
priority. Scientific and social information,
and particularly inventory and monitoring
information, are essential for developing and
implementing policies to meet these priorities
(Fleishman and others, 2011). However, the
current pace of scientific discoveries, includ-
ing the acquisition of basic monitoring data, is
insufficient to adequately inform U.S. resource
management policy in the next decade (Fleish-
man and others, 2011). The rapid changes
now taking place in all ecosystems make it
imperative to understand ecosystem structure,
function, and processes and how ecosystems
directly or indirectly support human popula-
tions and security of the country. Understand-
ing of the condition and trends of ecosystems
benefits from both discipline-based and mul-

Priority
Societal
Issues

Goals and
Challenges

Strategic
Approaches

Proposed
Actions

tidisciplinary science, along with collaboration with resource
managers and policymakers. Although much has been learned,
current knowledge often is insufficient to resolve managers’
questions about the causes and consequences of change, the
ability of species to adapt to ecosystem change, how ecosys-
tem resiliency can be maintained, or how degraded ecosystems

can be restored.

Major Challenges

* Accelerate learning about how ecosys-
tems and their components (species,
populations, communities, and habitats)
are organized spatially, how changes in
land use and biogeochemical processes
influence ecosystem functions, and how
spatial organization affects ecosystem
and landscape processes.

* Identify and map current species distri-
butions through sustained monitoring
and biogeographic modeling.

* Enhance knowledge of how ecosystems
and their components function, how
they have varied over time, and how
that variability affects ecosystem func-
tions and the communities they support.

* Identify key environmental factors
that regulate biological, physical, and
chemical processes and their interac-
tions, including rates and pathways of
energy transfer, nutrient dynamics, gene
flow, and ecosystem change.

* Advance knowledge of how ecosystem
processes influence attributes such as
biodiversity, sustainability, resilience,
and species-level carrying capacity.

* Enhance understanding of how ecosystem attributes
respond to interacting effects of system variability,
operating at multiple spatial and temporal scales.

* Identify nonlinear thresholds that affect biological and
ecological structure and function.
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Invasion of Asian Carps in the Great Lakes

Asian carps, especially bighead and silver carp, are aggres-
sive, invasive fish that have become abundant throughout
much of the Mississippi River basin. These species now
threaten to invade the Great Lakes, potentially putting a

$7 billion per year commercial fishery resource at risk. In
coordination with partners, the USGS is assessing habitats
of the lakes and rivers of the Great Lakes region for their
capacities to support Asian carps and are developing infor-
mation on control strategies. Related studies also include
understanding Asian carp reproductive biology and food
requirements; quantifying early life-stage habitat needs;
using environmental DNA as a new monitoring tool; model-
ing population dynamics; developing toxicants and phero-
mone attractants and repellents; and using seismic water
guns as barriers to prevent carp advancement.
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Average annual catch per unit effort (plus/minus one standard
deviation) for invasive Asian Carps in the LaGrange Pool of the
lllinois River, showing pulses of rapid increase and decrease
in catch rate among years, indicative of dynamic population
changes. Data are standardized to daytime electrofishing. Data
from the U.S. Army Corps of Engineers’ Upper Mississippi River
Restoration—Environmental Management Program, Long Term
Resource Monitoring Program (LTRMP) element, as distributed
by the U.S. Geological Survey, Upper Midwest Environmental
Sciences Center, La Crosse, Wisconsin (http.//www.umesc.
usgs.gov/data_library/other/ltrmp_monitoring.html).

Facing page: USGS scientists test seismic water guns as a Above: USGS researcher holds large bighead carp on the
potential deterrent to carp movement in the lllinois River system,  Missouri River, July 2003. Photograph by Duane Chapman, USGS.
September 2010. Photograph by Jackson Gross, USGS.


http://www.umesc.usgs.gov/data_library/other/ltrmp_monitoring.html
http://www.umesc.usgs.gov/data_library/other/ltrmp_monitoring.html
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Goal 2: Advance Understanding of How Drivers
Influence Ecosystem Change

Justification

Ecosystems are defined in part by the climatic, geologic,
biogeographic, and cultural context in which they exist. A key
scientific challenge is to recognize patterns and consequences
of change in external drivers. Understanding their influences
on ecosystem processes, such as the flow of energy, the flux of
nutrients, and interrelationships among species, is fundamen-
tal to determining ecosystem resilience and sustainability in
the face of future changes. Ecosystem management decisions
often depend on discrimination of natural from anthropogenic
causes of ecosystem change, and determination of causality
is essential to both understanding and managing ecosystem
change.

Drivers operate across many scales, and the magni-
tude, direction, complexity of response, and rate of change
vary widely from one ecosystem to another. These factors
ultimately influence processes such as population dynam-
ics, speciation, succession, and extinction, which, in turn,
influence the value of services provided by the ecosystem.
Local-scale drivers, such as construction of a dam, applica-
tion of prescribed fire, restoration of a wetland, or introduc-
tion of nonnative species, often affect ecosystem change over
localized areas. Cross-scale drivers can have an immediate
effect on local environments while also affecting ecosystems

over broader areas and periods. For example, the cumulative
effects of urbanization, agricultural land use, carbon dioxide
emissions, sea-level rise, ocean acidification, and extraction of
energy resources can affect ecosystem dynamics locally and
over very large areas (Rice and Herman, 2010). Understand-
ing the interactions within and among drivers, the dynamic
responses of components of ecosystems, and the feedback
loops among the different levels of organization is essential
for informed management of ecosystems and the services they
provide.

Major Challenges

* Identify and quantify the important drivers of ecosys-
tem change.

* Determine the feedback mechanisms between the
influence of drivers on ecosystems and the influence of
ecosystems on drivers.

* Understand the interaction and cumulative effects of
multiple drivers, acting over different scales, on eco-
system change.

* Investigate potential future changes in drivers and fore-
cast how species and ecosystems are likely to respond.

* Quantify the uncertainties in forecasting change in
drivers and ecosystem trajectories.
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Stressors to the Sacramento—San Joaquin Delta

California’s Sacramento-San Joaquin River Delta is a massively transformed landscape, hub of the State’s water-delivery
system, and habitat for 14 imperiled species of fish. Resource managers have struggled to identify the stressors respon-
sible for population collapses of these species. USGS studies provide compelling evidence that loss of native species is the
result of many stressors, including exotic species, contaminants, water exports, habitat fragmentation, and the damming of
rivers. The Department of Interior is contributing to design and implementation of an ambitious Bay Delta Conservation Plan
to ensure “a sustainable water supply for California and a healthy Delta ecosystem.” The plan is based on the principle that
recovery of native biota requires actions to reduce impairments by all the stressors identified in the USGS studies.

A. Early 1800s B. Early 2000s EXPLANATION

Agriculture or non-
native ruderal

- Urban or barren

0ak woodland or
savanna

Grassland
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dune vegetation

- Alkali seasonal

wetland complex
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- Water
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The Sacramento-San Joaquin Delta of the early 1800s (A) was dominated by freshwater emergent wetlands (green), but the Delta
in the first decade of the 21st century (B) is characterized by agriculture (pink) and urban development (gray). USGS scientists
are partners in research to understand how the historical Delta supported native species and use that understanding to develop
landscape-scale ecosystem restoration plans. Historical reconstruction from Whipple and others, 2012; early 2000s data from
Hickson and Keeler-Wolf, 2007. Map courtesy of the San Francisco Estuary Institute-Aquatic Science Center.
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Goal 3: Improve Understanding of the Services
that Ecosystems Provide to Society

Justification

Ecosystems and the biodiversity they embody are the
environmental capital on which human well-being depends,
and this capital is the source of ecosystem services. Here, the
phrase ecosystem services refers to a wide range of benefits
that people obtain from ecosystems, including soil fertility and
water-holding capacity; pollination of plants; production of
fish, game, and natural resources; and recreational, aesthetic,
and existence values from unspoiled landscapes. Recognition
of ecosystem services as valuable natural assets that sustain
human well-being has become widespread in scientific and
policy communities (Daily and Matson, 2008; Carpenter
and others, 2009), but the value of these services is often not
incorporated into management decisions (Larigauderie and
Mooney, 2010; Sukhdev and others, 2010). In the absence of
their recognition and valuation, important ecosystem services
may be unexpectedly degraded, with substantial monetary and
nonmonetary costs to society.

In this rapidly growing field of research, the USGS needs
to play a critical role in providing information to managers and
stakeholders who are facing complex real-world decisions that
require evaluation of tradeoffs in a range of future scenarios.
The USGS and other federal agencies need to increase under-
standing of the production of ecosystem services and enhance

capabilities for their valuation with the intent of incorporating
ecosystem services into planning and management decisions.
USGS research will complement efforts by other governmen-
tal, nongovernmental, and academic organizations to under-
stand and predict the potential impacts of external drivers on
biodiversity and other important components of our Nation’s
natural wealth.

Major Challenges

» Enhance methods to identify, measure, and value eco-
system services.

* Understand the biophysical processes necessary for
ecosystems to provide services of value to humans,
including energy flows and nutrient cycling.

» Explain how external drivers such as climate change,
land use, and resource use—including energy develop-
ment, mineral extraction, and agriculture—affect the
capacity of ecosystems to continue to provide services.

 Assess the associations among multiple ecosystem
services.

* Evaluate critical thresholds at which ecosystem change
can result in large reductions in the production of
services.

Valuing Ecosystem and Economic Services across Land-Use Scenarios in the Prairie Potholes

The USGS is collaborating with Colo-
rado State University to assess the
environmental and economic tradeoffs
under different land-use scenarios
over a 20-year time period in the Prairie
Pothole Region of North and South
Dakota. The investigation of ecosystem
services has focused on the biophysi-
cal and economic values for carbon
sequestration, reduction in sedimen-
tation, and waterfowl production in
croplands and native prairie grasslands,
including lands enrolled in the Conser-
vation Reserve and Wetlands Reserve
Programs. By quantifying ecosystem
and economic tradeoffs of future land-
use scenarios, this study and future
USGS research can help policymakers
and natural resource managers make
more informed, efficient, and defensible
decisions.

Prairie wetland at The Nature Conservancy's Samuel H. Ordway Memorial Preserve,
South Dakota. The Prairie Pothole Region of North American covers more than 444,000
square miles, extending from Alberta to lowa. The highly productive prairies are impor-
tant for wildlife and for agriculture and USGS scientists and cooperators are studying
the ecosystem services provided by the Prairie Potholes and the consequences of
alternative land uses. Photograph by W. Carter Johnson, USGS.
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Ecosystem services provide a wide range of benefits to society including recreation—
whether locally in urban green spaces or in the unspoiled landscapes of our national
parks—food, timber, energy sources, and a number of other benefits that have a
significant impact on our Nation's economy.
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Goal 4: Develop Tools, Technologies, and
Capacities to Inform Decisionmaking about
Ecosystems

Justification

Resource managers are facing complex decisions that
require new ways to collect, analyze, and use scientific data.
At the same time, theoretical and technological innovations
are providing new opportunities to connect science and its
application in natural resource management. Rapid advances
in remote sensing, development of new GIS tools, genetics
and genomics, data management and display, and other new
technologies offer USGS scientists new ways to collect, man-
age, analyze, and display data. Enhanced tools and technolo-
gies are required to address the next generation of information
management and decision-support systems for ecosystem-
based, adaptive resource management for restoration, mitiga-
tion, and adaptation.

Given the rapid changes in both technology and the
drivers that affect ecosystems, the USGS must increase its
competency to understand, model, map, and forecast the
spatial and temporal dynamics of ecosystem drivers and eco-
system responses to management decisions. Strong collabora-
tions within the Bureau and with partners will be required to
integrate knowledge of changing ecosystem conditions and
the consequences of these changes into decisions involving
terrestrial, freshwater, and marine systems. Efforts under this
goal have the potential to change the very nature of ecosys-
tem science in ways that can extend the scope, efficiency, and
effectiveness of ecosystem investigations.

“There is clear value in aligning research in the natu-
ral and social sciences more closely with the infor-
mation needs of decisionmakers.” (Rudd and others,
2011)

Major Challenges

* Develop tools, technologies, and standards to observe,
map, analyze, and model current and future dynamics
of populations and ecosystems.

» Refine methods such as adaptive management and
structured decisionmaking to integrate social and eco-
logical sciences into management decisions.

* Improve methods to analyze and use multiscale data
from ecosystem observation networks to project the
effects of changes in the drivers of natural resource
systems.

» Develop and test decision processes that account for
uncertainty in decision science applied to support envi-
ronmental policy and management.

* Increase the capacity of the USGS and partners to fill
existing data gaps and develop emerging scientific
methods and tools to support decisions.

Everglades National Park. Alligators and wading birds concentrate in watering holes
during dry season as resources diminish, January 2011. Photograph by G. Lynn Wingard.
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Everglades Restoration

An essential component of the Greater Everglades Ecosystem
Restoration is to restore more natural patterns of freshwater flow
through south Florida wetlands and into the estuaries. A criti-

cal question for the U.S. Army Corps of Engineers, National Park
Service, U.S. Fish and Wildlife Service, and other agency manag-
ers responsible for setting targets and performance measures is
how to determine historical freshwater volume. Paleoanalyses

of biotic remains in shallow cores collected throughout south
Florida have established changes to the hydrologic conditions
over the last few centuries. The paleoecologic results were used
to hindcast historical stage and flow in the wetlands, and salinity
in the estuaries. USGS research in collaboration with our partners
has estimated that before canal construction, the Everglades
contained approximately 2.5 times more freshwater flow than the
current regime. These projections are being used to set targets
and performance measures for restoration of the Greater Ever-
glades Ecosystem.

Right: 2001 satellite image of south Florida (including the urban area
of Miami, and Everglades and Biscayne National Parks) with super-
imposed salinity patterns for three time intervals. Historic salinity
patterns are based on assemblages of organisms in sediment cores
collected throughout the region. A, Reconstructed scenario for mini-
mum extent of freshwater environments, indicating that freshwater
habitats extended out into northern Florida Bay approximately 2000
years ago. B, Typical estuarine salinity patterns characterized Florida
Bay around 1900 AD. C, Present day assemblages indicate loss of the
typical estuarine zones, most likely because of the combined effects
of diverted freshwater and sea-level rise.

Mangrove forests horder the coastline of Everglades National
Park. Photograph by G. Lynn Wingard, USGS.
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Goal 5: Apply Science to Enhance Strategies
for Management, Conservation, and
Restoration of Ecosystems

Justification

As managers and policymakers are confronted by
unprecedented challenges to protect and manage resources
in the face of multiple, often conflicting demands, the need
for effective collaboration between managers and scientists
has never been greater. Goal 5 focuses on the integration of
science directly into the management framework, with sci-
entists working closely with managers to ensure that science
informs policy and management and leads to decisions that
are defensible, transparent, and objective driven. Conversely,
managers will be encouraged to work closely with scientists
to ensure that management helps to focus science activities,
leading to relevant and useful scientific results. Ecosystems
respond to management decisions and it is important to use
these responses as learning opportunities to reduce uncertainty
for future decisions. The integration of scientific discovery
and application can be useful at different scales and in differ-
ent decision environments. It is the full integration of science
and management that distinguishes the approach described
here from past efforts to simply supply information. The new
emphasis will be on science and information that are of most
use to managers and their decisionmaking.

Of special importance is engagement of stakeholders
through the entire research process, beginning with prob-
lem identification, agreement on objectives, development of
science-based models, and examination of the consequences of
different management actions. A partner-based approach that
accounts for scientific knowledge as well as uncertainty holds
promise for improving decisions by DOI and other resource

U.S. Geological Survey Ecosystems Science Strategy—Advancing Discovery and Application Through Collaboration

managers. More generally, such an approach can help trans-
form the way science is integrated in wildlife management,
conservation biology, and other natural resource management
disciplines. The USGS can play an important role in helping
to integrate human dimensions and technical assessments in
resource decisionmaking.

Major Challenges

» Advance the application of science to address complex
resource management problems by integrating sci-
entific discovery and adaptive resource management
frameworks.

* Enhance the incorporation of stakeholder values and
the transfer of scientific knowledge into the public
domain through engagement of stakeholders.

* Develop models along with monitoring and assessment
programs that are designed to inform management
decisions and assess their utility.

» Use increased knowledge of species of concern, includ-
ing threatened, endangered, and invasive species, to
clarify management objectives and decision options for
the Nation’s trust resources.

» Use ecological and decision sciences to guide strategies
for achieving management, conservation, mitigation,
and restoration objectives in the face of continuing
climate and land-use change.

* Increase USGS capacity for scientific decision sup-
port through training and strategic recruitment of new
scientists.

Science to Enhance Management of the Chesapeake Bay

Chesapeake Bay is the Nation’s largest estuary, with a watershed that encompasses

e

-
=
S
=
>
=

—)

six States and the Nation’s capital, and includes nearly 17 million inhabitants. The
USGS provides critical interdisciplinary science that addresses the major restoration
goals of the President's Executive Order and the Chesapeake Bay Program (CBP),

a Federal-State partnership working to restore, protect, and manage the bay. USGS
scientists conduct monitoring, modeling, and research in conjunction with partners
in an adaptive management framework. These efforts focus on restoring water
quality, recovering habitat, sustaining fish and wildlife, and conserving vital lands.
The USGS has the lead responsibility, in collaboration with NOAA, to strengthen sci-
ence to support the CBP. It collaborates with 13 different national programs to bring
our full capabilities on the science issues in the Chesapeake Bay.

Left: Mosaic of six Landsat 5 thematic mapper scenes of the Greater Chesapeake Bay

region acquired in 2009 and 2011. Landast imagery can be used to produce high resolu-
tion maps of land-use type, vegetation, and other ecosystem attributes.
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Integrating Ecosystem Science across the USGS

“..it is evident that the innovative and transforma-
tive science that leads to breakthroughs often hap-
pens at the intersections of disciplines.” (Smithson-
ian Olffice of Policy and Analysis, May 2009)

The goals and challenges described in the Ecosystem
Science Goals Section represent a systematic framing of issues
for ecosystem science. The goals are all mutually reinforcing,
in that each is best understood in the context of the others,
and combined they form our vision of providing science
that becomes the foundation of natural resource policy and
decisionmaking. Similarly, the challenges within and among
goals are designed to be reinforcing, each providing context

and focus for the others. The goals and challenges in the
strategy can be seen as synergistic concepts in a framework
that integrates discovery and application of ecosystem science
for all USGS science. Figure 2 illustrates the placement of the
five goals of this strategy along a continuum between discov-
ery and application, while showing the essential interaction
between resource management and science that must occur.

The conceptual model in figure 2 indicates linkages to
the other USGS science mission areas. The report “Facing
Tomorrow’s Challenges” (U.S. Geological Survey, 2007)
states that ecosystem science “is itself an essential direction
for the USGS to pursue in order to meet pressing national and
global needs.” The report also emphasizes that “ecosystem-
based approaches underpin” the other mission areas, “which
all require ecosystem perspective and tools for their execu-
tion.” The framework presented here promotes the integration
of science across the USGS mission areas.

Application

Resource management

Goals and Objectives
Species management
Habitat alteration
Restoration, Mitigation, Adaptation

Infrastructure, Visitor usage
\\
Goal 1:

Ecosystem
Goal 3:
Understand structure,

Understand services
function, processes

New questions arise
New goals & objective
Monitoring strategies

Drivers
Climate
Land Use
Water Availability
Natural Hazards
Disturbances

ecosystems provide
society

Goal 2: _
Understand how BIDta
drivers influence Climate

ecosystem change Water
Geology
Soils

Discovery

Goal 5:
Enhance strategies for
management,
conservation &
restoration

Decision analysis \
Data assessment

Scenarios
Forecasting

Goal 4:
Develop tools,
technologies and
capacities to inform
decision-making

Figure 2. USGS ecosystem science must incorporate the study of an ecosystem and the drivers influencing the system while fully
engaging and integrating resource management in the process. Strategic goals, shown in white, are placed along the continuum

between discovery and application. Links to certain USGS mission areas are highlighted as drivers

(Natural Hazards, Water, and Climate

and Land Use Change). Disturbances include such factors as contaminants, pollutants, invasive species, pathogens, and resource
extraction, which link Ecosystems Science to Energy and Minerals, and Environmental Health Mission Areas. Understanding the
components of an ecosystem—the biota, climate, water, geology, and soils that characterize the ecosystem—Iinks Ecosystem Science

to Water, Climate and Land Use Change, and Core Science Systems Mission Areas.
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Phenology and Climate

Earlier springtime warming since the late 1970s, attributed to greenhouse gas buildup and climate variability, is driving
far-reaching physical and biological phenomena throughout the United States and the world. USGS studies have docu-
mented trends in earlier breakup of stream, lake and ocean ice, increases in rainfall and decreases in snowfall, declining
snowpack, earlier snowmelt and streamflow, more frequent fires, earlier leafing and flowering, and responses of animals
to these changes. These trends in seasonal timing (phenology) are having cascading effects throughout managed and
unmanaged ecosystems, but are poorly understood. The USGS is leading interdisciplinary research focused on seasonal
timing in ecosystem dynamics; the management and monitoring of plant and animal phenology; and its influence on popula-
tion dynamics, species interactions, and ecosystem fluxes and services. The USGS also has taken the lead in developing
collaborative efforts such as the USA National Phenology Network (NPN), which includes citizen scientists, students,
educators and other government agencies to increase our observations of change.
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The Climate and Land Use Change Mission Area
plays a role in ecosystem science by examining key natural
and anthropogenic drivers that influence ecosystem change
and feedbacks among those drivers as they influence structure,
function, and processes of ecosystems and their associated
services. Science pursued under the Climate and Land Use
Mission Area will improve understanding of the global carbon
cycle and land-use and land-cover changes, including rates,
causes, and consequences and will improve understanding and
prediction of coastal response to sea-level rise and climate
change. The Water Mission Area will predict changes in the
quantity and quality of water resources in response to chang-
ing climate, population, land use, and management scenarios.
Water is a fundamental component of ecosystems, a dominant
mechanism of transporting energy, nutrients, and contaminants
through ecosystems, and a potential driver of change. The
Natural Hazards Mission Area will assess and guide deci-
sions that minimize risk from hazards such as fire, volcanoes,
and floods. An understanding of the magnitudes and frequen-
cies of hazards that also may operate as ecosystem disturbance
and regulating mechanisms will be provided. Ecosystem
processes also are highly relevant to Natural Hazards sci-
ence because they influence the impacts of disturbances. The
Energy and Minerals Mission Area will provide accurate,
unbiased inventories of the location, nature, and quantity of
geologically based energy and mineral resources and con-
duct applied research needed to understand costs and benefits
associated with energy and minerals development, and these
costs include impacts on ecosystems. The Environmental
Health Mission Area will identify and improve understand-
ing of the effects of emerging contaminants and infectious

Waterfall, El Yunque National Forest, Puerto Rico.
Photograph by G. Lynn Wingard.
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agents in the environment. The Hazards, Energy and Miner-
als, and Environmental Health Mission Areas share common
domains in the conceptual model, related to questions about
how environmental and socio-economic drivers alter distribu-
tions of energy, materials, contaminants, water, pathogens,
and nutrients in ecosystems, including the human dimension
of the ecosystems. The Core Science Systems Mission Area
provides a framework for organizing information on the geol-
ogy, geomorphology, and soils, along with other physical and
biological components of an ecosystem. Core Science will
develop methods and systems to access and integrate disparate
biogeochemical and socio-economic datasets. Finally, all the
USGS mission areas have the potential to link to decision-ana-
Iytic approaches and applications. These linkages will allow
USGS scientists to examine the interactions that occur within
and between ecosystems across spatial and temporal scales
and the effects that ecosystems have on other earth processes.

In some cases, the USGS mission areas share similar
research goals and approaches. Close coordination and lever-
aging of resources among the mission areas will be required to
effectively and efficiently address the environmental chal-
lenges that are outlined above. Where proposed activities
overlap among the mission areas, future implementation plans
can incorporate decisions about which mission areas will lead
or contribute to interdisciplinary research efforts. There are
many opportunities for such collaborations. USGS ecosystem
science will rely on the resources, information, expertise,
tools, and technologies from each mission area. Potential areas
for integration and coordination between Ecosystems Science
and other mission areas include the following.
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Climate and Land Use Change

Evaluations of effects of past and present conditions
and changing patterns of air and water temperatures,
precipitation, ocean acidification, and land use.

Assessments of rates and magnitude of past ecosystem
change, and projections of future change.

Understanding of impacts of various climate-change
scenarios on ecosystem services.

Development of models and forecasts of how organ-
isms and populations will respond to changing climate
and land use.

Improvements to tools and techniques to assess
global- to local-scale responses to climate and land-use
change.

Sharing of knowledge of climate, land use, and ecol-
ogy to provide comprehensive, holistic understanding
of past, current, and future ecosystem change and to
provide decisionmakers with options for mitigation
and adaptation.

Use of climate forecasting models to examine the
effects of climate change on the structure and function
of ecosystems.

Identification of vulnerable ecosystems and patterns in
ecosystem change that will be driven by climate and
land-use change.

Water

» Assessment of status and trends of water quality, water
use, and water availability and forecasting of changes
in water supplies in response to climate change.

* Development of ecological flow science—explain and
model how changing hydrological water cycles affect
biological and ecological systems.

» Assessment of relationships between changes in water
quality and quantity on the availability of other ecosys-
tem services.

» Evaluation of strategies for sustaining the biological
diversity and vital functions of aquatic ecosystems.

Natural Hazards

» Assessment of the frequency, magnitude, and likeli-
hood of extreme/rare events (earthquakes, volcanic
eruptions, tsunamis, floods, wildfires, and others),
which act as disturbance mechanisms and drivers of
ecosystem change, and the impact of these natural
stressors on ecosystem processes.

» Assessment of resilience of ecosystems to natural haz-

ards and the potential impact of natural hazards on the
provision of ecosystem services, and development of

a better understanding of the services that ecosystems
provide to mitigate or reduce the effects of a hazard.

 Rapid response planning and modeling for anticipating

threats from natural hazards and extreme events.

* Description and modeling of remediation and resto-

ration strategies to minimize long-term impacts of
hazards to human societies while maximizing benefits
to ecosystems and people.

* Identification and prediction of hazards risks to ecosys-

tems, and development of adaptive management strate-
gies that account for hazard risks and uncertainties.



Energy and Minerals

» Assessment of conditions of energy and mineral
resources, chemical concentrations, and their trans-
formation, degradation, and flux, with coordination
on joint efforts on the environmental consequences of
changing conditions.

» Assessment and models of the impacts of past, pres-
ent, and future mineral and fossil fuel extraction on
ecosystems.

 Evaluation of resource life cycles and the impacts of
energy and mineral development on ecosystem ser-
vices and sustainability.

» Rapid responses to environmental disasters associated
with energy and mineral extraction.

* Modeling and decision support for remediation and
restoration strategies to reduce environmental impacts
of energy and mineral resource extraction and use.

* Provision of mineral and contaminant information on
abandoned mine lands for restoration of ecosystem
services disrupted by mineral extraction.

Environmental Health

» Evaluation of past and present conditions and changing
patterns of fish and wildlife health and the population
dynamics of the wildlife host species.

» Assessment of occurrence and exposure pathways for
contaminants, infectious disease transmitted by ani-
mals to humans, parasites, and microbial ecology.

* Understanding of interrelationships among contami-
nants and infectious agents and ecosystem services.
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Modeling of environmental health threats to fish and
wildlife populations and humans.

Development of models, decision support, and adaptive
management approaches to prevent, control, and man-

age pathogens and infectious diseases.

Core Science Systems

Development of new methods for synthesizing,
integrating, mapping, and modeling data related to

ecosystem drivers.

Enhanced retrieval and analysis of relevant data on
abiotic ecosystem components (for example, rainfall,
atmospheric temperature, population demographics,
land use, potential hazards) and the packaging of eco-
logical information into useful products such as GIS

maps and databases.

Development of models and provision of spatial
representations of the flow of ecosystem services to
beneficiaries.

Development of techniques and standards for habitat

classification and biogeographic mapping.

Development of methods to link and merge terrestrial,

aquatic, coastal, and marine data and habitat maps.

Access to databases to evaluate and map patterns of

land use and land change.

Development of software and technology to manage

and display ecological data.
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Strategic Approaches and Outcomes: The Path Forward

The framework and goals described in
this science strategy link science discovery
and application and emphasize collabora-
tion between science and resource manage-
ment. Four high-level cross-cutting strategic
approaches are identified here: (1) assess
information needs for ecosystem science
through enhanced partnerships; (2) promote
the use of interdisciplinary ecosystem science;
(3) enhance modeling and forecasting; and
(4) support decisionmaking. The following
criteria were used to identify these strategic
approaches and the proposed actions that
follow:

Priority
Societal
Issues

Goals and
Challenges

 Address priority societal issues and fill
important knowledge gaps.

Strategic
Approaches

» Align with Administration and DOI
bureau priorities for managing the
Nation’s natural resources.

» Leverage partnerships with other
Federal, trust, tribal, State, and local
institutions and nongovernmental
organizations.

Proposed
Actions

 Use the core capabilities, multidisci-
plinary expertise, and data holdings of
the USGS.

* Be practical, flexible, and opportunistic given the con-
straints of USGS staffing and budgetary resources.

» Advance the USGS Ecosystems Science Strategy and
its five goals.

Individually and together, these strategic approaches
and the proposed actions that follow support the science
framework in this strategy. They promote the collaborative
development of techniques, information, assessments, maps,
and decision-support tools to address ecosystem management
issues. In addition, they provide flexibility in identifying both
the systems to be studied and the scientific approaches to be
used. Importantly, they also are interconnected and can be
effectively pursued simultaneously.

Strategic Approach 1. Assess
Information Needs for Ecosystem
Science through Enhanced
Partnerships

 Support and enhance national and
regional alliances among resource
managers and scientists.

» Develop a spatio-temporal information
framework of ecosystem attributes to
support science discovery and applica-
tion.

» Work with partners to identify priority
management issues for selected species
(for example, threatened and endan-
gered, invasive, superabundant, and
indicator), areas, and ecosystems.

* Collaborate with partners to design,
fund, and implement priority decision-
driven science.

The USGS will collaborate with region-
ally based, multistakeholder alliances to iden-
tify and address priority management issues
in key terrestrial, freshwater, and marine
systems. This strategic approach promotes
existing and new collaborations within and among DOI
bureaus, other Federal, State, and local agencies, tribal and
territorial authorities, academic scientists, nongovernmental
organizations, community organizations, and foreign institu-
tions. Enhanced coordination will strengthen ties within and
among existing regionally based science/management alli-
ances, for example the Landscape Conservation Cooperatives,
DOI National Climate Science Centers, Cooperative Research
Units, Cooperative Ecosystem Studies Units, West Coast Gov-
ernors Alliance, New England Disciplines Management Coun-
cil, USA National Phenology Network (see highlight, p. 22),
and State/Federal/international cooperatives such as the Gulf
of Mexico Alliance and Great Lakes Commission. New efforts
would complement and supplement ongoing monitoring and



United States—Mexico Border
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The Santa Cruz River Watershed (SCW) is located in the
United States—Mexico border region, where surface water
is scarce during much of the year. Groundwater is the pri-
mary water source for industrial, agricultural, and domestic
use in the region. The USGS is investigating ways to identify
risks to water resources and the potential consequences

to riparian ecosystems and, ultimately, human health. To
understand impacts of various management scenarios on
ecosystem services in the SCW, the USGS is developing
decision-support tools that will permit scientists to evaluate
how changes in climate and land use will impact ecosystem
services of flood regulation, erosion control, and habitat
provision, and determine the distribution of the burdens
associated with these impacts. This United States—Mexico
collaboration illustrates the importance of interdisciplinary
continental-scale studies.

research designs in areas like Chesapeake Bay (see highlight,
p- 20), Mojave Desert, Platte River, Colorado River (see high-
light, p. 28), Puget Sound, San Francisco Bay (see highlight,
p. 15), and south Florida (see highlight, p. 19). By fully sup-
porting these regional partnerships, priority ecosystem issues
can be best identified and refined by multiple stakeholders
and thus lead to more collaborative research and more effec-
tive application to management problems. Key geographic
areas, species, and ecosystems will be identified where USGS
contributions to research, monitoring, assessment, mapping,
and modeling can provide important information on ecosystem
structure, function, process, and change.

This strategic approach will ensure that the USGS and its
partners are effectively communicating, planning, and imple-
menting science on a regional basis to address the highest
priority information needs and resource management deci-
sions. Collaborations to identify and address restoration issues
and anticipate and respond rapidly and effectively to environ-
mental disasters will be promoted. USGS scientists and DOI
management agencies will work together to determine priority
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The United States-Mexico border fence cuts through a forest
of saguaro cactus on the Sonora Mexico and Arizona border,
2012. Photograph courtesy of Jack William Dykinga, ©Dykinga
Photography.

science needs. Engagement with stakeholders as they iden-
tify specific management objectives and available manage-
ment actions will promote science that is oriented toward the
consequences of actions. This science focus serves as a filter
for hypotheses that are directly relevant to decisionmaking and
leads to an effective prioritization of science needs.

Through these interactions, funding and other resources
will be leveraged among multiple partners. Sustained invest-
ment in a diverse portfolio of field- and laboratory-based
ecosystem science will yield high returns in fundamental
understanding of ecosystem dynamics through interdisciplin-
ary collaborations, development of fundamental biological
and ecological knowledge, and applications of system model-
ing and analytical frameworks. Hypothesis-based research,
monitoring, and assessment will focus on selected taxa and
representative ecosystems under a strategic, collaborative
planning process, thereby optimizing investment of USGS and
other bureau resources. These focused efforts will strengthen
ecosystem science and increase linkages between science and
its application in resource management decisions.

Canyonlands National Park, Utah, July 2006. Photograph by Robin P. White, USGS.
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Colorado River Management

The Colorado River is one of the most highly regu-
lated and heavily used river systems in the world.
Two principal reservoirs, Lakes Powell and Mead,
along with 49 other large reservoirs, store and
release water for more than 30 million people who
depend on Colorado River water and the ecosys-
tem services the river provides. USGS scientists
are working with managers and stakeholders to
conduct river and riparian monitoring and experi-
mentation of hydrological flows to evaluate physi-
cal, biological, and cultural responses to different
management techniques. The results are being
used to inform management decisions about water
releases and ecosystem management.

Release of water into the Colorado River through Glen
Canyon Dam's powerplant and bypass tubes at approxi-
mately 41,500 cubic feet per second. This 2008 high-flow
experiment lasted for 60 hours and was designed to
enhance wildlife habitat and to learn more about com-
plex natural river systems. The USGS and cooperators
studied the influence of the high flows along the 277-mile
stretch of the Colorado River that runs through Grand
Canyon National Park to understand the responses of
the river system to the experimental high flow.

Strategic Approach 2. Promote the Use of
Interdisciplinary Ecosystem Science

* Encourage and support interdisciplinary ecosystem
research among the USGS mission areas.

» Develop information from interdisciplinary process-
oriented research within ecosystem science in collabo-
ration with other agencies and partners.

* Design and conduct interdisciplinary research to under-
stand ecosystem variability across temporal and spatial
scales that is important to management decisions.

The USGS bureau science plan (U.S. Geological Survey,
2007) emphasized that ecosystem science requires the full
power of an integrated systems approach. Ecosystem science
provides a context to take advantage of the multiple capabili-
ties and strengths of all USGS mission areas to develop a more
comprehensive understanding of coupled socio-ecological sys-
tems. The focus of this strategic approach is on finding com-
mon ground among mission areas to identify priority issues,
leverage budgetary and intellectual resources, and collectively
inform pending and future resource management decisions
through improved scientific understanding.

Solutions to complex problems with coupled socio-eco-
logical systems will require knowledge gained from inte-
grated, interdisciplinary studies that span the mission areas.
As aresult of these activities, the USGS will develop ways to
field teams of interdisciplinary scientists to address informa-
tion needs of DOI agencies and other resource management
organizations. The result will be a more holistic understanding
of socio-ecological systems and more applicable ecosystem
science for management, conservation, and restoration of



ecosystems. Interdisciplinary expertise will be used to explain
ecosystem functions, outputs, and services that are valued by
the American people. These values will be incorporated into
goals and challenges for decisionmaking that are science based
and adaptive. Synthesizing approaches from other disciplines
will produce innovations to help evaluate the benefits that
resilient, diverse ecosystems provide to people.

Strategic Approach 3. Enhance Modeling and
Forecasting

* Design conceptual models of ecosystems for which
there are pressing needs for management decisions.

* Build quantitative models to forecast ecosystem
changes and their implications under a range of future
scenarios, including alternative management strategies.

» Use comparisons of GIS data layers and model fore-
casts against observations to advance understanding
and improve forecasting.

* Identify critical data gaps, design and implement new
monitoring and process measurements, and use the
resulting data to reduce forecasting uncertainties.

This strategic approach involves the implementation of
research and monitoring to support and advance modeling,
mapping, and forecasting of species, ecosystem services, and
other key indicators in selected terrestrial, freshwater, and
marine systems. Observations and research, together with
models and forecasts, help scientists and managers under-
stand environmental variability, explain vulnerabilities and
risk, and evaluate management options. Models can help
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integrate disparate social, cultural, economic, and ecological
data, enabling the evaluation of how different management
options impact resource use and sustainability. By testing and
improving the accuracy of models—for example, using adap-
tive management strategies—tradeoffs between resource use
and sustainability can be better quantified for managers and
stakeholders.

Forecasts of ecosystem change from climate, land use,
and other drivers and their impacts on ecosystems services are
vital to managers for evaluating alternative scenarios and man-
agement options. Developing these forecasts requires knowl-
edge of current and past ecosystem dynamics, the impacts of
external drivers and stressors, and potential synergistic and
cumulative effects. A key focus of modeling and forecasting
will be to facilitate decisionmaking to meet objectives while
reducing uncertainty and thereby improving future decisions.
Model-based forecasts can be compared against new moni-
toring data to refine understanding of model parameters and
processes, which, in turn, can be incorporated into decision-
making in the form of better model forecasts.

These activities will provide systematic analyses of past,
present, and future ecosystem dynamics in key ecosystems.
Decisionmakers will benefit from predictive models of future
ecosystem conditions under various scenarios of changing cli-
mate, water use, and land use. Ecosystem modeling and fore-
casting will lead to quantitative decision-support tools, with
important benefits in prioritizing investments in restoration
strategies and options for mitigation, adaptation, and conserva-
tion. Modeling and forecasting techniques are common to all
USGS mission areas, and we anticipate many practical oppor-
tunities for cross-mission collaboration. The data framework
and modeling techniques used to forecast ecosystem changes
will build on collaborative work and knowledge produced
within the other mission areas.

Glen Canyon National Recreational Area, July 2012.
Photograph by Christopher Wingard.
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Strategic Approach 4. Support Decisionmaking

» Develop quantitative approaches, tools, and capacity to
evaluate success of adaptation, restoration, and other
conservation decisions.

» Use output from forecasting models to assess the
consequences of management actions and evaluate
the services provided by selected ecosystems under a
range of future scenarios and management options.

* Provide managers with information to identify ecosys-
tems, habitats, and species that are particularly vulner-
able to ongoing and anticipated changes, and collabo-
rate with managers in assessment of potential actions.

Golden Eagles in Denali Park

Denali National Park is a popular venue for visitors
and for nesting golden eagles. The key tradeoff in
park management is between the dual National Park
Service objectives of public use and healthy natural
systems, with the possibility that one form of use,
hiking near golden eagle nest sites, may reduce
eagle occupancy and nesting success. Management
involves closure of areas to hiking during the nesting
season, with closure decisions derived as a func-
tion of eagle population status and snowshoe hare
(key eagle prey item) abundance. Adaptive manage-
ment of hiking activity in the proximity of golden
eagle nests at Denali National Park is an example

of successful collaboration between scientists and
managers to meet multiple resource objectives.

Golden eagle, February 2009. Photograph by
George Gentry, U.S. Fish and Wildlife Service.

This strategic approach is at the heart of our vision for
USGS ecosystem science. It involves collaboration with part-
ners to expand capacity, leverage resources, and apply state-
of-the-art mapping and decision science to manage natural
resources in key terrestrial, aquatic, and marine ecosystems.
These collaborations will build on expertise in all USGS mis-
sion areas and partner agencies in ecosystem science, monitor-
ing, data collection, decision analysis, and socio-economic
systems. The tools and approaches of decision assessments
will be developed and applied to ecosystem management
in a context of structured decisionmaking. USGS scientists
will work with partners to design monitoring protocols and
determine data gaps for use in evaluating ecosystem responses
to decisions, determining patterns of ecosystem change, and
improving understanding of ecosystem structures, functions,
and processes. Working with partners, the USGS will promote
the development and use of new technologies for tracking
ecosystems, investigating ecosystem processes, and evaluating
ecosystem services.

The principal outcome of these activities will be to
strengthen ecosystem management and increase the linkages
between science and its application in resource decisionmak-
ing. Depending on the ecosystems and issues under investiga-
tion, decision analysis will focus on specific interactions with
the other mission areas. USGS expertise in decision science
will serve a critical function in integrating interdisciplinary
concepts in the framing of ecosystem decisions. Decision-
analytic frameworks will be developed that allow for adaptive
decisionmaking, with the learning from assessment of ecosys-
tem responses used to inform subsequent management actions.

Denali National Park, Alaska. Photograph courtesy of National
Park Service.
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The following proposed actions are pre-
sented as examples of specific activities that
address the most pressing environmental infor-
mation needs of our Nation and that illustrate
the depth and breadth of USGS ecosystem
science. They highlight our vision of bring-
ing science to the forefront of decisionmaking
and they emphasize the alignment between
societal needs and the goals, challenges, and
strategic approaches outlined in this report.
These actions range across a spectrum from
ongoing mission-critical activities to long-term
strategic activities. Each action focuses on
interdisciplinary science and its application to
decisionmaking. No attempt has been made to
prioritize or categorize these actions because
all are seen as key to meeting the science
needs of the Nation. These actions are steps
that can advance the USGS science strategies
and help to identify priorities for future imple-
mentation plans. Flexibility will be necessary
in the timing and pace of implementation.

Proposed action—Establish a USGS
Ecosystems Science Forum. The USGS
Ecosystems Mission Area needs to coordi-
nate closely with DOI and other stakeholders
on regional and national scales to maximize

Priority
Societal
Issues

Goals and
Challenges

Strategic
Approaches

Proposed
Actions

contributions to ecosystem science. One
method to accomplish better science coordina-
tion is to establish a body for consultation and
communication, a “USGS Ecosystems Science
Forum (EcoForum).” The EcoForum would
be a standing committee coordinated by the
USGS and would include participants from
interested groups within the DOI bureaus. The
EcoForum would be charged with ongoing
broad-scale evaluation of direction, integra-
tion, and quality of USGS ecosystems science
and with formulating recommendations for
how USGS ecosystems science can be better
positioned to contribute integrated USGS sci-
ence to meet partner needs. Early tasks of the
EcoForum would be to recommend strategies
for integrating multiscale investigations of
ecosystems and exploring the feasibility of a
national ecosystem assessment.

Proposed action.—Collaborate with
partners to monitor responses of endangered
species to environmental change. Federal
mandates require the protection of endangered
species, but it is difficult to determine the best
management strategies under rapidly changing
environmental conditions. Agencies responsi-
ble for the management of endangered species

Map of the conterminous
United States showing
terrestrial ecosystems that
were deductively mod-
eled through biophysical
stratification of the area
into ecosystem footprints
(physically distinct areas)
and subsequent attribution
of these footprints with a
NatureServe ecosystem
type (from Sayer and oth-
ers, 2009).
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Integration of Science from Local to

National Scale

Many studies conducted by USGS scientists are used
to answer specific questions from local to regional
scales. Integration of results from these studies
across the Nation can begin to move us toward a bet-
ter understanding of the complex natural interactions
across ecosystems with respect to issues such as
migration patterns, invasives, shifting climate, eco-
logical flows, and a myriad of other natural resource
issues. By combining data from these studies we may
be better able to accomplish the following:

e Understand the nature, rates, and underlying
causes of environmental changes detected
across the Nation's ecosystems.

e Measure the social and ecological costs and
benefits of these changes.

* Project future ecosystem changes as drivers,
such as climate change, alter existing pat-
terns of response.

e Inform policies to sustain ecosystems and the
services they provide in a rapidly changing
world.

Yupik Eskimo students, holding a tundra swan cygnet
(juvenile), assist with annual USGS bird banding program
along the Kashunuk River in Alaska. Citizen scientists
and volunteers are essential to conducting science
across the Nation’s vast landscapes. Photograph by
Craig Ely, USGS.

need tools for understanding the impacts of future changes on
these sensitive populations. The ability to visualize current
distributions and potential range shifts as a consequence of
global climate change is an important component of effective
management of listed species. Range shifts will likely span
land-management and political boundaries, so it is important
to develop consistent and comparable datasets to track species
distributions and populations. The USGS, in collaboration
with our partners, can compile and standardize existing data
on ranges of endangered species, identify information gaps,
and develop a coordinated plan for monitoring changes in the
species distributions. This compiled information can be used
as input for models forecasting movement and population
changes of endangered species in response to environmental
change.

Proposed action.—Improve understanding of the impacts
of alternative energy development on ecosystems. Renewable
energy alternatives that will reduce the Nation’s dependence
on foreign energy resources are receiving increasing attention.
Although these alternatives have been viewed as relatively
harmless by some people, there are environmental conse-
quences that need to be considered. For example, wind turbine
development has affected bird and bat migrations and caused
increased mortality. As new alternative energy technologies
are developed and older technologies are improved, manag-
ers will need to understand the consequences and tradeoffs
of these technologies to ecosystems. USGS interdisciplinary
perspectives are well situated to provide science for selecting
sites for energy development that minimize impacts to species
and habitats, evaluate the consequences of various manage-
ment alternatives, and provide managers with tools that they
can use to improve their decisionmaking.

Proposed action.—Incorporate understanding of past
patterns of environmental variability into forecasting efforts.
Environmental changes are occurring across the United States
at unprecedented rates, with implications for the sustain-
ability of ecosystem services and the Nation’s well-being. A
vast amount of information recording these changes exists
in isolated datasets and reports. There is a critical need to
synthesize, compare, and analyze this existing information
and develop integrated assessments of how and why human
actions and natural events interact to bring about changes in
biodiversity, nutrient cycling, energy flow, and ecosystem ser-
vices. Such syntheses would help answer important questions



about which processes of environmental change are most
important, which are changing most rapidly and where, and
how these altered processes interact to affect life-supporting
functions of terrestrial, freshwater, and marine ecosystems.
These assessments would contribute to the development of
models of ecosystems’ responses to drivers and would lead to
better forecasts of change, including strategies for mitigation
and adaption.

Proposed action.—Improve the ability to predict the
occurrence and consequences of fire across the landscape.
Fire has the ability to substantially alter an ecosystem, yet
our understanding of the potential and consequences of fire
remains limited. The probability of fire at a given location
depends on a number of variables including ignition sources,
vegetation types, and available fuels. Severe and intense fires
may cross a threshold for the ecosystem that impacts the resil-
ience of successional cycles and may lead to completely new
patterns of succession. The resulting ecosystem following such
a fire can represent a completely new situation. The USGS can
work with land-management agencies to develop fire manage-
ment plans that are based on an understanding of potential
outcomes. In addition, fires frequently originate in unman-
aged lands, and they spread across jurisdictional boundaries.
The USGS has the capacity to provide information on the
variability of vegetation and fuels in space and time without
regard to boundaries. This information is critical to under-
standing the hazards to people and property associated with
the risk of wildland fire. Fires also affect carbon sequestration,
water availability, and fish and wildlife habitat. Knowledge
of interactions between ecosystem structure and wildland fire
is critical to modeling and forecasting the future probability
and consequences of fire across the landscape in response to
changing climate and land use.

Proposed action.—Investigate the impacts of acidifica-
tion on ecosystems. Anthropogenic activities are causing
acidification of the Earth’s oceans, primarily from the combus-
tion of fossil fuels, smelting of ores, mining of coal and metal
ores, and application of soil fertilizers. Key issues are the
magnitude of anthropogenic acidification and connections to
the degradation of terrestrial, freshwater, and marine systems
at regional to global scales, and specifically the impact of
more acidic ocean waters on carbonate-secreting organisms,
such as corals and other invertebrates. Cost-effective mitiga-
tion efforts will require a better understanding of the capacities
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for communities and ecosystems to adapt to increasingly
acidic environments. In addition to understanding the biologi-
cal responses, it is essential to understand the compound-
ing effects of multiple drivers of change. The USGS should
develop collaborations with other governmental and academic
efforts to understand how and why alterations in biogeochemi-
cal properties and processes like acidification are affecting
the provision of goods and services that sustain human health,
societal well-being, and national security.

Proposed action.—Work with resource managers to
develop science-based restoration performance measures
and targets. A priority for the USGS is to provide science
to our partner land management agencies in areas that have
been targeted for restoration and rehabilitation. The challenge
for restoration/rehabilitation of ecosystems is to integrate a
strong scientific understanding and institutional commitment
to highly interactive, collaborative decisionmaking involv-
ing scientists, managers, and stakeholders. Resource manag-
ers often are required to develop performance measures and
targets (specific goals) for restoration, yet they are managing
landscapes that have already been altered. In addition, the
resources they manage do not occur in isolation of surround-
ing landscapes. USGS science can provide an understanding
of the ecological processes, past patterns of ecological vari-
ability, and drivers of change across the regional landscape
that lead to the development of scientifically defensible perfor-
mance measures and targets for restoration of the resources.

Proposed action.—Develop teams to investigate the scale
and effects of environmental disasters. Unforeseen natural
and manmade disasters affect ecosystems as well as human
lives, property, and infrastructure. In some cases, ecological
effects may exacerbate disasters, for example by increas-
ing the potential for subsequent floods, landslides, or coastal
flooding until the ecosystem recovers. The USGS should
develop interdisciplinary and collaborative response teams in
coordination with other mission areas to evaluate effects of
environmental disasters on ecosystems and improve forecasts
of their consequences. Following initial evaluation, the disas-
ter response team could establish a coordinated monitoring
effort to document the subsequent changes to the ecosystem,
in order to provide basic scientific information on ecosystem
processes and functions, response to drivers, and impacts of
disasters on ecosystem services. The results of these coordi-
nated and focused studies of disaster response can be applied

Coral reef ecosystem in Florida Keys National Marine
Sanctuary, July 2011. Photograph by Christopher
Wingard.
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to modeling efforts and will provide resource managers with
tools to anticipate and respond rapidly and effectively to future
environmental disasters.

Proposed action.—Incorporate environmental thresh-
olds and resiliency in the assessment of ecosystem dynamics.
USGS research should recognize and address more explicitly
the complex issues involving environmental thresholds and the
prospect of large, potentially irreversible changes in ecosys-
tem behaviors. Nonlinear trajectories, thresholds that separate
them, and complex patterns of change in system dynamics
often characterize large and interconnected ecosystems. As the
scope and scale of issues grow with climate change, land-use
change, and other factors associated with increasing human
populations, the need to describe, model, and assess nonlinear
attributes in the context of sustainable resources is becoming
increasingly urgent. The USGS has the opportunity to expand
its science capacity and infrastructure to better understand
these issues and to integrate that understanding into the
Bureau’s science portfolio.

Proposed action.—Develop integrated models for fore-
casting the consequences of climate change to ecosystems.
Forecasts of changes in ecological systems rely on models that
include the dynamic components of an ecosystem. Though
many existing models include ecosystem responses to change,
they are based on dynamic ecological processes that are
stationary through time. A substantial challenge in accounting
for climate change in ecological models is to recognize that
environmental variation is not stationary. To improve our abil-
ity to forecast the impacts of climate change on ecosystems,
the USGS will need to develop new approaches to modeling
that incorporate nonstationary change. In addition, models will
need to simultaneously examine ecosystem characteristics and
environmental drivers of change in those characteristics. Such
models will provide managers with a better understanding of
the consequences of land-use decisions and climate change on
ecosystems. The applications of this integrated modeling range
from endangered species management to large-scale changes
in species distribution patterns. The USGS should expand its
capacity to develop these integrated models through interdisci-
plinary collaboration and building on existing efforts.

Proposed action.—Evaluate factors that contribute to
the establishment, spread, and control of invasive species.
Invasive species are a leading threat to native species and their
ecosystem services. The magnitude of impact from invasives
on native species assemblages hinges on site-specific charac-
teristics and other drivers of population decline, such as habi-
tat degradation and climate change. A priority for the USGS
is to understand the movement of invasive species across

national boundaries. The USGS also needs to investigate how
invasives affect key ecosystem processes, to predict which
systems are most likely vulnerable to new invasions, and to
develop innovative approaches to control or eliminate the
spread of invasives. Cost-effective rehabilitation efforts will
require a better understanding of how invasive species affect
ecosystems and their communities.

Proposed action.—Build capacity and expertise to quan-
tify the costs and benefits of ecosystem services. An important
research thrust for the USGS during the next decade will
involve defining, measuring, and valuing ecosystem services.
A key research challenge is to describe and assess the linkages
between ecosystem structures and functions, and the produc-
tion of ecosystem services. A second research challenge will
be to evaluate the ecosystem services thereby produced, using
both market and nonmarket valuation methods. This research
will fold directly into a science framework for sustainable
management of natural resources and will contribute to a more
complete accounting and assessment of the resulting ecosys-
tem services. USGS investment in ecosystem services science
will include investigations by USGS scientists and cooperative
interactions with academic and agency partners at the forefront
of this developing field of science.

Proposed action.—Investigate and evaluate the effects
of fossil fuel development on ecosystems. The demand for
fossil fuels and expanded exploration of new energy sources
has placed unprecedented pressures on selected ecosystems
across the country. Though much of the recent expansion has
occurred in the Western United States, exploration is now
occurring in the Midwest and East, as well as coastal areas.
There is an urgent need to provide managers with information
to understand ecosystem effects, predict where those effects
may occur, and develop new mitigation strategies if impacts
do occur. In addition, the development and dissemination of
decision-support technologies are urgently needed as manag-
ers cope with evaluating tradeoffs of various development
alternatives and try to understand the consequences to the
resources they manage. Close coordination with the Water,
Energy and Minerals, and Environmental Health Mission
Areas will be critical to addressing these issues.

Proposed action.—Develop innovative approaches to
ecological flow science. The growing demands for water
resources will increase the already urgent need for science-
based decisionmaking in water management. The interdis-
ciplinary science of ecological flows, linking aquatic and
riparian ecosystems directly to water, will be required to
inform those decisions. Although originally focused on low
flows in regulated rivers, management needs have grown

Glacier National Park, Montana. Photograph at left taken 1913. Photograph at right taken 2008.



into the broader scope of how species are affected by a wide
range of factors involving water quantity and quality, as
influenced by multiple stressors including dams, diversions,
land-use change, and climate change. Progress in ecological
flow science will require the USGS to demonstrate the utility
of approaches that address how hydrologic alterations affect
food webs, population processes, biotic interactions (preda-
tion, competition), disturbance processes, water quality, and
contaminants.

Proposed action.—Develop robust approaches to natu-
ral resource decisionmaking in the face of climate change.
Climate change is expected to exacerbate uncertainties facing
resource managers and to affect all of the major components
of an informed decision process (objectives, actions, models,
monitoring, and alternative assessments). Multidisciplinary
teams of USGS scientists can work with our partners to
address questions of how agencies and societies will (1) con-
tinue ongoing management of natural resources in the face
of climate change and (2) initiate new efforts to mitigate or
adapt to climate change. USGS scientists will be encour-
aged to work with agency managers to develop fundamental
scientific understanding and robust approaches to decision-
making in the face of the increased uncertainty that will attend
climate change. A key component is an increased emphasis on
decisionmaking that incorporates an understanding of dynamic
change and moves away from the concept of equilibrium.

Proposed action.—Develop and use new tools and meth-
ods in the management and conservation of at-risk popula-
tions. USGS science can play a pivotal role in understanding
susceptibility and resistance of species to disease and other
natural or anthropogenic stressors such as habitat change,
contaminants, and genetically engineered crops. Newly devel-
oped genetic and genomic techniques, for example, will play
increasingly important roles in the management of wild popu-
lations, as well as in the investigation of issues in environ-
mental toxicology, epidemiology, and potential threats from
genetically engineered organisms. Genetic and genomic tech-
niques will be important in identifying demographic trends,
determining effective population sizes of species at risk, and
recognizing species and even individuals from environmen-
tal DNA, often by unobtrusive sampling. New technologies
such as these are growing rapidly, and that growth presents an
opportunity for USGS science during the next decade.

Proposed action.—Develop capacity to engage USGS
scientists in design and execution of adaptive management
projects. A priority for the ecosystems strategy is to integrate
science discovery and science application in natural resource
conservation and management. To accomplish this, the
USGS needs to engage partners and stakeholders in a process
of learning-based adaptive decisionmaking that increases
understanding of natural resources and better informs future
decisionmaking. Adaptive management recognizes uncertainty
as to the mechanisms of ecosystem change and the influence
of management on them. It focuses on the reduction of uncer-
tainty through integrated efforts involving scientists, manag-
ers, and other stakeholders in an iterative process of learning
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through management and adjustment of management actions
based on what is learned. USGS scientists have made impor-
tant contributions in characterizing and measuring uncertain-
ties, in the comparative assessment of potential consequences
of management actions, in the design of monitoring programs
that target relevant information for management decisions,
and in the development of approaches to engage managers and
stakeholders in a collaborative process of structured, adap-
tive decisionmaking. However, the demand for these skills by
partners and stakeholders far exceeds the Bureau’s capacity to
meet that demand. This action would build USGS capacity to
both conduct adaptive decision science and contribute decision
support to Federal and State agencies and other organizations
that are engaged in adaptive management projects for ecosys-
tem restoration, adaptation, and management.

The actions discussed above are not intended to be
the exclusive focus of ecosystem science in the USGS.
Rather, they represent steps that can advance the USGS
science strategies and help to identify priorities for
future implementation plans. Efforts by the USGS
and partners to observe, understand, map, and model
ecosystems will vary in response to unexpected events
and priorities at regional as well as national and global
scales.

We emphasize that implementation of the strategic
approaches and the proposed actions will depend on
partners, collaborators, and stakeholders to help iden-
tify and prioritize the scientific information that they
need to enhance the conservation and management of
natural resources. This is in keeping with the vision of
science that is deeply integrated with applications (figs.
1 and 2), such that science is framed, conducted, and
applied by working directly with those who ultimately
use and advance that science. Future actions and priori-
ties will be identified and refined through multiple
feedbacks within the USGS and from working with
collaborators. The overall goal is to provide opportu-
nities for scientists and managers to simultaneously
advance scientific understanding and meet manage-
ment’s information needs.
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Summary and Future of Ecosystem Science for the USGS

The Nation faces complex and urgent environmental and » Develop assessments, models, maps, and forecasts
social challenges that weigh heavily on the future security that deal explicitly with uncertainty to inform resource
and well-being of society. Ecosystem science will be criti- managers about natural hazards; resource extractions;
cal in meeting these challenges, and we envision the USGS land, water, and energy use; climate; and invasive spe-
as a leader in bringing unbiased scientific information to the cies, pathogens, and disease.
forefront of decisionmaking processes that impact the Nation’s
natural resources and human well-being. In coordination with * Provide decisionmakers with tools and techniques to
DOI partners and other Federal, tribal, State, territorial, and explore policy and management options, including the
local institutions and nongovernmental collaborators, the investigation of tradeoffs in the costs and benefits of
USGS will accomplish the following: conservation, mitigation, adaptation, and restoration

» Identify priority issues that concern the use and sus- strategies.

tainability of the Nation’s natural resources. )
 Implement adaptive, ecosystem-based resource man-

» Invest in research, observations, monitoring, assess-
ments, mapping, and modeling of biological, ecologi-
cal, and social systems.

Discover, understand, map, and describe the structures,
functions, and drivers that influence fundamental eco-
system processes.

Explain the distribution, abundance, and dynamics of
the Nation’s natural resources.

Clarify the causes of change in biological and ecologi-
cal systems over multiple spatial and temporal scales,
including alterations in the Nation’s environmental
capital of ecosystem goods and services.

agement protocols and standards involving scientists
and stakeholders who collaborate early and often to
inform decisions within a decisionmaking framework
that effectively integrates scientific discovery with
applications.

By working proactively with stakeholders, building
on USGS’s broad scientific foundation, and integrating our
portfolio of ecosystems science with the other mission area
portfolios, the USGS will accelerate the understanding needed
to manage biological and ecological systems. In so doing, our
Bureau will provide information of fundamental importance
in sustaining the Nation’s natural resource heritage for future
generations.

Volunteers planting marsh grass at Big Branch National Wildlife Refuge, Louisiana, as part of a multiyear land-reclamation project,
which is designed to test the feasibility of larger scale coastal restoration efforts. Photograph by Steve Hillebrand, U.S. Fish and
Wildlife Service.
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This strategy presents a broad, strategic
vision of USGS ecosystem science for the next
decade and represents the first step in a process
that will include a more detailed implementation
strategy for the ideas outlined here. Before the ini-
tiation of the implementation phase, we will need
to coordinate closely with other mission areas,
agencies, and organizations in the science com-
munity to understand where USGS efforts can pro-
vide added value to existing research efforts and to
identify promising new directions consistent with
the goals and approaches in this strategy. In addi-
tion, the USGS will need to collaborate closely
with resource agencies in the DOI to address their
needs for species and ecosystem management. The
establishment of a USGS science forum (see first
proposed action p. 25) provides an opportunity
to foster such collaboration. Additional working
groups like this may be necessary to include other
partners that do not fall under the DOI umbrella.
The important message is that there is still much
work to do to ensure that our implementation
strategy recognizes important ecosystem science
that is being conducted by our partners and that
USGS efforts include the priorities of our partners
and stakeholders, while fundamentally advancing
ecosystem science. Working with these partners
and stakeholders, the USGS will play a key role
during the next decade in developing the science
foundation for sustaining the natural resources that
diverse, productive, resilient ecosystems provide.

A red wolf in the Alligator River National
Wildlife Refuge, North Carolina, July
2009. The endangered red wolf once
roamed the southeastern United States,
but today the species is limited to

the Outer Banks of North Carolina, a
habitat threatened by sea-level rise.
Despite their protected status, red
wolves are frequently shot by hunters.
Researchers studying the red wolf diet
are demonstrating that wolves are not a
threat to domestic animals. Photograph
by Steve Hillebrand, U.S. Fish and
Wildlife Service.
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Adaptation The adjustment of natural or human systems to
a new or changing environment. Adaptation to climate change
refers to adjustments in natural or human systems to reduce
vulnerability to actual or anticipated climate change, or to
exploit opportunities arising from that change.

Adaptive management Management that accounts for
uncertainty about the processes that control natural resource
behavior and the influence of management on resource
changes. Adaptive resource management involves iterative
decisionmaking along with resource monitoring to reduce
this uncertainty through time and thereby improve resource
management.

Collaborator In the context of USGS ecosystem science, a
collaborator is a person, institution, or agency that participates
in a collaborative scientific endeavor. Collaboration is used

as an umbrella term to include peer-to-peer scientific rela-
tions, interactions with management agencies, and information
exchanges with stakeholders (see stakeholder). A partner (see
partner) is considered a specific type of collaborator.

Decision analysis In natural resources management, an
investigation of decisions that can influence resource condi-
tions or processes or both. Decision analysis may focus on a
single decision made at a particular time, or iterative decision-
making with the opportunity to learn through time and adjust
management strategies based on what is learned.

Driver A factor that causes a change in an organism, com-
munity, ecosystem, or other ecological component of the
landscape. An ecological driver may be biotic (for example, an
invasive plant species that causes a decrease in the biological
diversity of a forest) or abiotic (for example, a fire that causes
a decrease in the biological diversity of a forest).

Ecosystem rehabilitation Recovery of ecosystem structure
and function, but not necessarily to a pre-disturbance condi-
tion.

Ecosystem restoration The process of assisting the recov-
ery of an ecosystem that has been degraded, damaged, or
destroyed. The end state or reference condition for ecosystem
restoration is rarely a pristine, natural state and, in most cases,
recovery is defined as a condition that returns the ecosystem to
a socially acceptable level of natural structure, function, and
process.

Ecosystem science The study of systems of organisms inter-
acting with their environment, and the consequences of natural
and human-induced change on those systems.

Ecosystem services Goods and services that create value for
human users and are derived from ecosystem processes such
as nutrient recycling, climate regulation, and maintenance of
biodiversity. Examples of ecosystem services include provi-
sion of clean drinking water, flood risk reduction, pollination
of crops, and decomposition of wastes.

Existence value The value of an ecosystem attribute that
accrues whether or not the attribute is ever experienced.

Examples are the Caribou breeding grounds in the Arctic
wilderness or the mangrove wilderness of southwest Florida.
Many people never experience these places in person but
value their existence.

Feedback A mechanism, process, or signal that is looped
back to control a resource system within itself. In systems
containing an input and output, feeding back part of the output
so as to increase the input is positive feedback; feeding back
part of the output in such a way as to partially oppose the input
is negative feedback.

Partner In the context of USGS ecosystem science, a partner
is an individual, agency, or other group whose participation

in a collaborative scientific endeavor includes investment of
resources.

Resilience The ability of a system to absorb disturbances
and still retain the same basic structure and functions. A
resilient system is flexible and forgiving of external shocks. As
resilience declines, the magnitude of shocks from which the
system cannot recover gets smaller and smaller. Management
for resilience seeks flexible system behaviors that can deliver
desired ecosystem goods and services on a sustained basis.

Stakeholder An individual or organization (for example, a
manager, scientist, private citizen, nongovernmental organiza-
tion) with a vested interest in a shared enterprise. Interests can
include an expectation of received benefit, a perceived threat,
a prior investment of time or resources, or values shared with
others associated with the enterprise. Partners are distin-
guished from stakeholders in that partners bring to the discus-
sion table funds or resources (such as in-kind labor). Collabo-
rators are referred to in this report as an equivalent to scientific
peers in developing studies and conducting research.

Stressor An agent, attribute, or event that induces stress in
a resource system. The factor that triggers the stress response
may be a chemical or biological agent, environmental condi-
tion, external stimulus, or event.

Structured decisionmaking An organized approach to iden-

tifying and evaluating options and making choices in complex
decision situations. The goal is to inform difficult choices and
to make them more transparent and efficient through the inte-

gration of technical analysis with value-based deliberations.

Sustainability The capacity to endure over an extended time.
Sustainable resource systems retain their structure, function,
and ability to provide ecosystem services, and sustainable
management is conducive to such retention. Sustainability is
closely tied to the concept of system resilience (see resilience).

Threshold The limiting value of a resource attribute that trig-
gers a change in management actions. Management strategies
often include thresholds, such that one action is specified for
resource values less than the threshold and a different action is
specified for resource values greater than the threshold.
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