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Executive Summary

apid climate change is the

defining conservation issue of

our generation. The effects of
climate change are increasingly apparent,
from drowned coastal marshes and drying
prairie potholes to melting glaciers. These
climate-driven changes will profoundly
affect our ability to conserve fish and
wildlife and the habitats on which they
depend. Indeed, preparing for and coping
with the effects of climate change—an
endeavor referred to as climate change
adaptation—is emerging as the overarching
framework for conservation and natural
resource management.

The ecological impacts associated with
climate change do not exist in isolation,
but combine with and exacerbate

existing stresses on our natural systems.
Understanding those interactions will be
critical to designing effective conservation
measures. Conservation in an era of
climate change will require that we

not only acknowledge and address the
environmental problems of the past but
also anticipate and prepare for those of an
increasingly uncertain future.

Developing and implementing effective
adaptation strategies first requires an
understanding of the potential impacts

of climate change on our natural world.

To provide the best possible chance for
conserving species and ecosystems in a
rapidly changing climate, it is essential that
managers have the ability to both identify
what we need to do differently in the future,
as well as which existing strategies and
activities continue to make sense from a
climate adaptation perspective.

Vulnerability assessments are a key tool
for informing adaptation planning and
enabling resource managers

to make such judgments.
Scanning the Conservation
Horizon is designed to assist
fish and wildlife managers

and other conservation and
resource professionals to better
plan, execute, and interpret
climate change vulnerability

assessments.

Climate change vulnerability assessments
provide two essential contributions to
adaptation planning. Specifically, they
help in:

¢ Identifying which species or systems
are likely to be most strongly affected by
projected changes; and

¢ Understanding why these resources
are likely to be vulnerable, including the
interaction between climate shifts and
existing stressors.

Determining which resources are most
vulnerable enables managers to better set
priorities for conservation action, while
understanding why they are vulnerable
provides a basis for developing appropriate
management and conservation responses.

Vulnerability to climate change, as

the term is used in this guide, has

three principle components: sensitivity,

exposure, and adaptive capacity.

Executive Summary |



Vulnerability to climate change, as the term
is used in this guide, has three principal
components: sensitivity, exposure,

and adaptive capacity. Vulnerability

and rate of change the species or system

is likely to experience. Adaptive capacity
addresses the ability of a species or system
to accommodate or cope with climate

assessments are, therefore, structured

Key Steps for Assessing Vulnerability to Climate Change

Determine objectives and scope

Identify audience, user requirements, and needed products
Engage key internal and external stakeholders

Establish and agree on goals and objectives

Identify suitable assessment targets

Determine appropriate spatial and temporal scales

Select assessment approach based on targets, user needs, and available resources

Gather relevant data and expertise

Review existing literature on assessment targets and climate impacts

Reach out to subject experts on target species or systems

Obtain or develop climatic projections, focusing on ecologically relevant variables
and suitable spatial and temporal scales

Obtain or develop ecological response projections

Assess components of vulnerability

Evaluate climate sensitivity of assessment targets

Determine likely exposure of targets to climatic/ecological change
Consider adaptive capacity of targets that can moderate potential impact
Estimate overall vulnerability of targets

Document level of confidence or uncertainty in assessments

Apply assessment in adaptation planning

Explore why specific targets are vulnerable to inform possible adaptation responses
Consider how targets might fare under various management and climatic scenarios
Share assessment results with stakeholders and decision-makers

Use results to advance development of adaptation strategies and plans

change impacts with minimal disruption.

Although climate change
vulnerability assessments can be
applied to human infrastructure as
well as natural systems, our focus
here is on approaches designed

to support wildlife conservation
and ecosystem-based adaptation.
Such assessments can target
various levels of ecological or
biological diversity. Because of
their relevance to most wildlife
management and conservation
practitioners, this guidance
focuses on assessments of species,
habitats, and ecosystems,
detailing approaches for assessing
sensitivity, exposure, and adaptive
capacity at each of these biological
levels. Understanding likely

future change is central to these
assessments, and we also provide
an overview and guidance for

the use of climate and ecological
response models relevant to
conducting fish and wildlife
vulnerability assessments.

Climate change vulnerability
assessments are, first and
foremost, intended to support

around assessments of these distinct
components. Sensitivity generally refers to
innate characteristics of a species or system
and considers tolerance to changes in such
things as temperature, precipitation, fire
regimes, or other key processes. Exposure,
in contrast, refers to extrinsic factors,
focusing on the character, magnitude,

Scanning the Conservation Horizon

decision-making, and as such they should
be designed from the start with an eye
toward the needs of the end users, whether
they be on-the-ground managers, policy-
makers, or others in the management or
scientific communities. A critical first step
is to identify the scope and objectives of
the assessment based on the intended



user; their information needs, and existing
decision processes. We also provide
guidance on successful approaches

for engaging stakeholders. Designing
assessments requires attention to several
other key considerations, including
selection of the appropriate geographic
and temporal scales, the features to be
assessed (e.g., species or ecosystems), and
level of detail and complexity. Given the
inherent uncertainties associated with
various aspects of climate projections and
vulnerability assessments, we provide
specific guidance on understanding,
addressing, and documenting uncertainty.
Finally, climate change is not occurring in a
vacuum, and assessments must be carried
out in the context of existing stresses

on our species and systems—from the
fragmentation and loss of habitat to the on-
going deluge of invasive species.

Vulnerability assessments can provide a
factual underpinning for differentiating
between species and systems likely to
decline and those likely to thrive, but

do not in themselves dictate adaptation
strategies and management responses.
Indeed, a continuum of possible adaptation
approaches exists ranging from: (1)
building resistance to climate-related
stressors as a way of maintaining high-
priority species or systems; (2) enhancing
resilience in order to provide species

and systems with a better chance for
accommodating and weathering changes;
and (3) anticipating and facilitating
ecological transitions that reflect the
changing environmental conditions.

To help bring the concepts behind
vulnerability assessment alive, the
guide concludes with a series of seven
case studies, profiling efforts of varying

scope and complexity. These examples
include assessments that employ different
analytical approaches (e.g., expert opinion
vs. computer models), conservation targets
(e.g., species vs. habitats), and spatial
scales (e.g., states vs. regions) among other
variables. Collectively, these case studies
represent many of the leading examples of
wildlife and ecosystem-oriented climate
change vulnerability assessments.

There is no single right approach to
vulnerability assessment that applies

to all situations. Rather, the design and
execution of an assessment must be based
on a firm understanding of the user needs,
the decision processes into which it will
feed, and the availability of resources

such as time, money, data, and expertise.
Scanning the Conservation Horizon is
intended to provide resource managers
and conservationists with much-needed
guidance for understanding the basic
concepts behind vulnerability assessments,
and for identifying which approaches may
best serve their specific needs as together
we rise to the challenge of conserving our
fish and wildlife resources in an era of rapid
climate change.

Mike Brake
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Preface

“I skate to where the puck is going to be, not where it has been.’

reparing for and coping with

the effects of a changing

climate—known as climate
change adaptation—rapidly is becoming
the dominant framework for conservation
and natural resource management.
Developing sound adaptation strategies
requires that managers understand which
of the resources they are managing are
most likely to be affected, and what options
may be available to sustain them into
the future. Climate change vulnerability
assessments provide an essential tool
for informing the development of such
adaptation plans, and a variety of
approaches for assessing vulnerability are
now in use or are under development.

Scanning the Conservation Horizon

is designed to help fish and wildlife
professionals and other conservation
practitioners understand how vulnerability
assessments can help them in responding
to the challenges of managing natural
resources in an era of rapid climate change.
Developed by a collaborative working
group of conservation professionals and
conservation scientists (see below), the
document provides guidance for agencies
and organizations to consider in developing
and conducting vulnerability assessments
in support of their conservation and
management missions and as a tool in the
development of climate change adaptation
strategies. The guidance document has
three primary objectives:

Scanning the Conservation Horizon

)

- Hockey great, Wayne Gretzky.

® Provide an overview of the general
principles of climate change vulnerability
as it relates to species, habitats, and
ecosystems

® Describe the various approaches
available for assessing the components of
vulnerability and address key issues and
considerations related to these tools and
practices

® Highlight examples of climate change
vulnerability assessment in practice among
government agencies, non-governmental
organizations, academic institutions, and
other stakeholders

Because the needs and challenges facing
conservation and resource management
agencies and organizations are so variable,
this document offers a framework and
general guidelines for assessing climate
change vulnerability rather than provide

a step-by-step “cookbook” for conducting
assessments. Similarly, the intent is not

to identify and promote a single “best”
approach for assessing vulnerability, but
rather to help readers understand the
range of approaches available and enable
them to identify the best match for

their particular conservation requirements,
decision processes, and available resources.
Guidance documents, no matter how

well written, are no substitute for
in-person training and hands-on
experience, and this guide is designed to
support future training sessions to be held
on the topic of vulnerability assessment
and adaptation planning.
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I. Introduction

NOAA

Our Rapidly
Changing World

apid changes in the earth’s

climate” are well underway,

and more and larger shifts
are expected, even under the best-case
scenarios for greenhouse gas emissions
reductions. It is clear from current trends
and future projections that the planet’s
living resources—humans, plants, and
animals alike—will exist in an environment
in the future that will be vastly different
from the one we have experienced over
the past century, during which our
conservation traditions evolved.

Since the release of the Intergovernmental
Panel on Climate Change (IPCC) Fourth
Assessment Report (AR4) in 2007 (IPCC
2007a, 2007b, 2007¢, 2007d), new
evidence that our planet is experiencing
significant and irreversible changes has
underscored reasons for concern (Smith,
et al. 2009). In the United States, we are
seeing a multitude of changes consistent
with a rapidly warming climate. Climate
change impacts in the United States
summarized by the U.S. Global Change
Research Program in Global Change
Impacts in the United States (USGCRP
2009, p. 27) include:

Lead authors: Bruce A. Stein and Patty Glick.
*Terms highlighted in blue are defined in the Glossary.
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® U.S. average temperature has risen more
than 2 degrees Fahrenheit over the past 50
years and is projected to rise more in the
future; how much more depends primarily
on the amount of heat-trapping gases
emitted globally and how sensitive the
climate is to those emissions.

® Precipitation has increased an average

of about 5 percent over the past 50 years.
Projections of future precipitation generally
indicate that northern areas will become
wetter, and southern areas, particularly in
the West, will become drier.

¢ The amount of rain falling in the heaviest
downpours has increased approximately 20
percent on average in the past century, and
this trend is very likely to continue, with
the largest increases in the wettest places.

® Many types of extreme weather events,
such as heat waves and regional droughts,
have become more frequent and intense
during the past 40 to 50 years.

® The destructive energy of Atlantic
hurricanes has increased in recent decades.
The intensity of these storms is likely to
increase in this century.

® In the eastern Pacific, the strongest
hurricanes have become stronger since
the 1980s, even while the total number of
storms has decreased.

® Sealevel has risen along most of the U.S.
coast over the last 50 years, and will rise
more in the future.

® Cold-season storm tracks are shifting
northward and the strongest storms
are likely to become stronger and more
frequent.

® Arctic sea ice is declining rapidly and this
is very likely to continue.

These changes are already having a
considerable impact on species and natural
systems, including changes in the timing

of biological events (i.e., phenological
changes), such as the onset and end of
breeding seasons, migration, and flowering;
shifts in geographic ranges; and changes in
community dynamics and populations (U.S.
CCSP 2008a). For example:

® Across North America, plants are leafing-
out and blooming earlier; birds, butterflies,
amphibians, and other wildlife are
breeding or migrating earlier; and species
are shifting or expanding their ranges,
often northward and to higher elevations
(Parmesan and Galbraith 2004; Kelly and
Goulden 2008; Root et al. 2005).

® Increased water temperatures in coral
reefs in southern Florida, the Caribbean,
and Pacific Islands have
contributed to unprecedented
bleaching and disease outbreaks
(Donner et al. 2006; Harvell et
al. 2007).

® Severe storm events, sea-level
rise, and saltwater intrusion
have led to a decline in coastal
wetland habitats from the
Atlantic Coast to the Gulf of
Mexico (Janetos et al. 2008;
Kennedy et al. 2002).

® Salmonids throughout the
Pacific Northwest are now
challenged by global warming-
induced alteration of habitat conditions
throughout their complex life cycles
(ISAB 2007).

USFWS
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® Forest and grassland systems throughout
the West have been stressed by drought,
catastrophic wildfires, insect outbreaks,
and expansion of invasive species (Ryan et
al. 2008).

These and other changes
are bellwethers for what
scientists project will

be even more dramatic
impacts for many species,

Adaptation is rapidly
becoming the primary
lens for conservation and  complicating matters,

time frames (e.g., over several decades)
than we have traditionally considered.
Addressing climate change will also
require us to design and implement
research and conservation efforts at larger
landscape and biogeographical scales,
often spanning multiple
institutional and political
jurisdictions (Opdam and
Wascher 2004). Further

habitats, and ecosystems in  nafural resource planning  climate change does

the decades to come. Even
with the acknowledgement
that there is considerable
uncertainty in climate change projections,
the underlying message is clear:
widespread changes already are occurring,
they will continue, they will expand in
scope and scale in the next few decades
due to greenhouse gases already in

the atmosphere, and they will expand

even more over longer time horizons

if greenhouse gas emissions continue
unabated or increase.

Climate Change
Adaptation—Putting
Vulnerability
Assessment in Context

The potential for far-reaching impacts of
climate change are driving a fundamental
shift in conservation and natural resource
management. Managers can no longer
look exclusively to the past to guide their
conservation and restoration goals, but
instead must anticipate an increasingly
different and uncertain future (Milly

et al. 2008). We will need to make
conservation decisions based on longer

Scanning the Conservation Horizon

and management.

not occur in a vacuum.
Indeed, it is the combined
effects of climate change
and existing problems such as habitat
fragmentation that ultimately pose the
greatest threat to our natural systems and
the fish, wildlife, and people they support
(Root and Schneider 2002).

Climate change adaptation is the
emerging discipline that focuses on helping
people and natural systems prepare for and
cope with the impacts of climate change
(Glick et al. 2009). Indeed, adaptation is
rapidly becoming the primary lens for
conservation and natural resource planning
and management.

Until recently the human response to
climate change has focused largely on
efforts to reduce the greenhouse gas
emissions that are the underlying driver
of climate change and global warming.
Adaptation efforts serve as an essential
complement to such climate change
“mitigation” efforts. Adaptation, however,
has only recently begun to be widely
acknowledged and embraced as a response
to the challenges of climate change. As a
result, the adaptation science and practice
is still in an early developmental stage and
is evolving rapidly (Heller and Zavaleta



2009). Additionally, much of the early
thinking and work on adaptation has
been targeted, understandably, toward
protecting human communities and
infrastructure from climate impacts, with
limited attention to date on safeguarding
the natural systems that sustain both
people and wildlife.

Developing meaningful adaptation
strategies requires an understanding of,
first, the impacts, risks, and uncertainties
associated with climate change, and
second, the vulnerability of the different
components of our natural world to those
changes. In this context, vulnerability

to climate change refers to the extent to
which a species, habitat, or ecosystem is
susceptible to harm from climate change
impacts (Schneider et al. 2007). More
vulnerable species and systems are likely to
experience greater impacts
from climate change, while
less vulnerable species
and systems will be less

Accordingly, climate change
adaptation can be defined
as “initiatives and measures
designed to reduce the
vulnerability of natural systems to actual
or expected climate change effects”
(IPCC 2007d).

Key Adaptation Concepts

A considerable body of knowledge is now
emerging focusing on ecosystem or natural
resource-based adaptation (Groves et

al. 2010; West et al. 2009; Lawler 2009;
Mawdsley et al. 2009; Glick et al. 2009).
Adaptation efforts generally fall under

one or more of the following approaches:
(1) building resistance to climate-related

Adaptation refers to
measures designed to
affected, or may even benefit. reduce the vulner: abihly or avoid the impacts
of systems to the effects

of climate change.

stressors as a way of
maintaining high-priority
species or systems; (2)
enhancing resilience

in order to provide
species and systems

with a better chance

for accommodating and
weathering changes;

and (3) anticipating and
facilitating ecological
transitions that reflect the changing
environmental conditions. In the climate
change adaptation literature, resistance
typically refers to the ability of a system
(e.g., and ecosystem, species, population,
etc.) to withstand a disturbance or change
without significant loss of ecological
structure or function (U.S. CCSP 2008b;
Heller and Zavaleta 2009; Nystrom et al.
2008; Williams et al. 2008; Walker et al.
2004; Easterling et al. 2004;
Hansen and Biringer 2003).
In other words, the species
or ecosystem can tolerate

Susan Stein

of altered air or water
temperatures, extreme
events, and/or other
climate change variables
altogether. Resilience, in an adaptation
context, generally refers to the ability of
a system to recover from a disturbance
or change without significant loss of
function or structure, and to return to a
given ecological state, rather than shift to a
different state (Gunderson 2000).

Coral reefs provide a useful illustration of
these concepts. One of the primary ways
in which climate change is affecting coral
reefs is through higher average sea surface
temperatures, which is contributing to an
increase in the frequency and extent of

Introduction | 9



coral bleaching events around the world
(Hoegh-Guldberg et al. 2007). A coral reef
may be able to avoid bleaching and its
associated mortality if, for example, local
upwelling draws cooler water to the surface
where that reef is located (Grimsditch

and Salm 2006). Similarly, a coral reef
may be resilient to a coral bleaching event
if, after experiencing bleaching during a
period of high ocean temperatures, the
coral ecosystem recovers and continues

to function as a coral-dominated system.
On the other hand, conditions may be

such that the reef system may not be able
to withstand or recover from a major
bleaching event (e.g., adverse temperature
conditions may be prolonged and/or
multiple climate and non-climate stressors
may be at play). Recently, the conversion

Managing for ecological transitions
will be an increasingly significant part
of our conservation agenda.

of coral-dominated reefs to algal-
dominated reefs in some areas following
mass bleaching and mortality is a strong
indication of decreased resilience of these
systems (Hughes et al. 2003).

While efforts to promote or maintain
ecosystem resilience are among the most
commonly recommended strategies for
climate change adaptation, it will also

be important to develop strategies that
actually enable or facilitate the ability of a
species or ecosystem to change in response
to global warming, not just avoid or
bounce back from the impacts (Heller and
Zavaleta 2009; Galatowitsch et al. 2009).).
In all likelihood, measures to manage

for ecological transitions are going to be
an increasingly significant part of our
conservation agenda.

Although relevant adaptation strategies
will vary considerably based on specific
circumstances, several general adaptation
principles are broadly applicable:

* Reduce existing stressors. Climate
change will exacerbate many existing
threats to our wildlife and natural
ecosystems, such as the loss of habitat and
spread of invasive species. Reducing those
existing stressors that interact negatively
with climate change will often be key to
promoting ecosystem resilience.

° Manage for ecosystem function.
Healthy and biologically diverse ecosystems
will be better able to withstand or bounce
back from the impacts of climate change.

* Protect refugia and improve

habitat connectivity. Identifying and
protecting both existing and possible future
strongholds of wildlife populations and
wildlife corridors will be important for

10 | Scanning the Conservation Horizon




helping sustain the full array of species,
ecosystems, and their human benefits.
Ensuring connectivity among these core
habitat areas will facilitate the ability

of species to shift ranges in response to
changing climates.

¢ Implement proactive management
and restoration. Efforts that actively
facilitate the ability of species, habitats,
and ecosystems to accommodate climate
change—for example, beach nourishment,
enhancing marsh accretion, and planting
climate change-resistant species—may be
necessary to protect highly valued species
or ecosystems when other options are
insufficient.

Vulnerability Assessment:
A Tool for Adaptation
Planning

The conservation and resource
management community is now being
challenged to take the type of general
principles described above and develop
climate change adaptation plans that
address specific on-the-ground needs.
Ensuring that these plans are truly
“climate-smart” and do not simply
represent relabeled business-as-usual
will require that managers go through an
explicit process for bringing climate data
and ecological understanding to bear on
their planning.

Climate change vulnerability assessment
represents a key tool for providing
adaptation planning efforts with such
explicit climate input. Vulnerability
assessments can provide two essential
types of information needed for
adaptation planning:

1. Identifying which species or systems
are likely to be most strongly affected by
projected changes

2. Understanding why they are likely to be
vulnerable

Determining which resources are most
vulnerable enables managers to better set
priorities for conservation action, while
understanding why they are vulnerable
provides a basis for developing appropriate
management and conservation responses.

Figure 1.1 offers an overall framework
for adaptation planning, indicating how
vulnerability assessments can fit into

and support that process. Elements of
this framework should look familiar to
many conservationists because it draws
from a number of existing conservation
planning frameworks, such as The Nature
Conservancy’s Conservation by Design
(TNC 2006) and the U.S. Fish and Wildlife
Service’s Strategic Habitat Conservation
framework (U.S. FWS 2009a).

Kim Matticks
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Element 1: The framework starts with
identifying conservation targets, whether
they be species, habitats, ecosystems,
or some other unit. Element 2: These
conservation targets are then assessed
for their vulnerability to climate change
in order to determine which are likely
to be most at risk and which are more
likely to persist. Element 3: Based on
an understanding of why the species or
systems are regarded as vulnerable to
climate change and other stressors, an
array of management options can be

identified and evaluated based on technical,
financial, and legal considerations.
Element 4: Selected management
strategies can then be implemented, with
the activities and outcomes subject to
monitoring in order to feed into a regular
cycle of evaluation, correction, and revision.
Climate change is not occurring in a
vacuum, and the elements of the adaptation
planning process must also take existing
stressors into consideration as well as
other relevant factors affecting the system.

This guide focuses on how vulnerability
assessment (Element 2) can support
conservationists and natural resource
managers as we move into a future that
does not necessarily have past analogs.
For although these assessments must be
strongly science based, they are not
simply scientific assessments; rather,
they must be viewed as an integral part
of a broader adaptation planning and
implementation framework.

Overarching Conservation Goal(s)

* Species 1. Identify 2. Assess e Sensitivity
® Habitats Conservation VUI"?" ability * Exposure
® Ecosystems Target(s) to Climate * Adaptive Capacity

Change

Monitor, Review, Revise

* Changes in Policy 4. Implement 3. Identify ® Reduce Sensitivity
¢ Changes in Practice Management Management ® Reduce Exposure
® Institutional Changes Options Options ¢ Increase Adaptive Capacity

Figure 1.1. Framework for Developing Climate Change Adaptation Strategies
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Box 1.1 “Top-Down” vs. “Bottom-Up” Approaches to Adaptation Planning

The process of developing a climate change adaptation strategy can be approached from either a “top-down” or
“bottom-up” perspective, or some combination of these. The most appropriate approach will depend on the scale
and goals of your strategy, which in turn will help guide the design of your vulnerability assessment (Hansen and
Hoffman 2011). A top-down approach generally starts with looking at one or more scenarios for shifts in climate
(e.g., projections for sea-level rise, temperature changes, or extreme rainfall events); assessing what the future land-
scape might look like under those scenarios (e.g., what are the plausible ecological effects of the projected physical
changes); and finally setfting specific conservation obijectives and management priorities designed to address those
projected future changes. This approach is particularly useful for broad-scale efforts, such as those conducted at
regional or national levels, focused on regional ecosystem or biomes, or that have multiple species as conservation
targets. A bottom-up approach, on the other hand, usually starts with an organization or agency’s specific con-
servation or management goals (e.g., protecting critical habitat for a particular endangered species, managing a
specific wildlife refuge, or setting maximum allowable pollutant levels); identifying how climatic variables influence
those conservation goals (e.g., the influence of temperature on species’ health and reproduction or on the toxicity of
pollutants); determining plausible physical and ecological changes under a range of climate scenarios; and finally

identifying and evaluating options for reducing the vulnerability of the agency’s goals to those projected changes.

Why Assess Set Management and
Vulnerabi]ity? Planning Priorities

Vulnerability assessments help resource
managers better understand the relative
susceptibility of the species, habitats,
ecosystems, or special
places they are working to
protect to the likely future
impacts of climate change.
They help answer two
related questions regarding
setting priorities. First, they
help us identify answers to
the question: “What should
we be doing differently in
light of climate change?”
Just as important, however, they also help
clarify answers to the question: “Which of
our existing activities and management
actions continue to make sense in a climate
change context?” Focusing our conservation

As described above, vulnerability
assessments are key tools for the
development of climate change adaptation
strategies. We would like
to highlight in particular
three key motivations for
carrying out vulnerability
assessments:

® Help in setting
management and
planning priorities

Mark Karrass
® Assist in informing and
crafting adaptation strategies

® Enable more efficient allocation of
scarce resources

Introduction |
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efforts with an explicit climate perspective
will give us a greater chance of success

in evaluating current conservation and
management objectives to determine if they
should be adjusted and if so, how, and in
designing effective approaches for reaching
our objectives. In cases where the potential
impacts of climate change are highly
uncertain, managers may initially focus

on so-called “no regrets” strategies, which
provide conservation benefits whether

or not the projected magnitude of climate
changes actually occur.

The following are simplified examples
of how climate change vulnerability
assessments might help inform
conservation plans:

1. A coastal organization concerned about
preserving an important sea turtle nesting
site commissions a study that shows that
the region is at substantial risk of being
inundated due to rising sea levels. Although
there is uncertainty about how much
sea-level rise will occur and when at their
site, loss of most or all of the nesting site is
considered highly likely. The organization
can then plan to acquire or secure a long-
term easement for land inland of the
current site to provide an additional habitat
“buffer” (i.e., protect a greater amount of
existing habitat area than is considered
sufficient under current conditions) or
perhaps accommodate potential habitat
migration (i.e., the transformation of “new”
areas inland into habitat with suitable
conditions for nesting). Without an
understanding of the potential impacts of
sea-level rise, the organization’s resources
might have been spent in other directions,
and the option of conserving habitat for a
new nesting site may have been ultimately
lost to development or other uses.

Scanning the Conservation Horizon

2. Land managers are concerned about

an invasive plant or insect species that

has been spreading across areas to the
south of their current location. Model
simulations project that these species will
expand into their region due to higher
temperatures and increased disturbances
from wildfires. They decide to proactively
devote additional resources toward halting
the spread of this invasive before it arrives
in the region. Such efforts may not have
been viewed as a priority if those new areas
were not identified as a viable habitat in
which the particular invasive species
might thrive. In other areas, land managers
may decide to lessen or abandon efforts

to fight invasive species where studies
suggest climate change may do the job for
them—for example, as models project
drier conditions that will no longer
support the invader.

Inform and Craft
Adaptation Strategies

Vulnerability assessments can also inform
the development of effective management
strategies for meeting a conservation

goal that considers climate change as

an added stressor. As will be elaborated

on later, vulnerability consists of three
components—sensitivity, exposure,

and adaptive capacity—and adaptation
strategies can be designed either to reduce
the sensitivity and/or exposure of a species
or system, or to increase its adaptive
capacity. For example:

1. Climate change may be contributing to
an increase in average water temperatures
in an important trout stream. Targeted
measures to help moderate those
temperatures, such as expanding riparian



Box 1.2. Adaptation and Adaptive Management: Complementary but
Distinct Concepts

Adaptation and adaptive management are distinct concepts that are frequently confused with one another. As
described earlier, adaptation refers to strategies designed to prepare for and cope with the effects of climate
change. Because of the uncertainties associated with predicting the effects of future climates on species and

ecosystems, flexible management will almost certainly be a component of well-designed adaptation strategies.

In contrast, adaptive management is one particular approach to management in the face of uncertainty, and is

not necessarily tied to climate change. Adaptive management has been described as an iterative learning process
producing improved understanding and management over time (Williams et al. 2007). Most portrayals of adaptive
management describe a cyclical process in which: management goals are defined based on current understanding
and predictive models but with key uncertainties explicitly highlighted; management actions are carried out and
monitored, and outcomes are compared to predictions; and refinements are made to goals and actions based on

realtime learning and knowledge generation.

While it is a common complaint that current environmental rules and regulations lack the flexibility needed for true
adaptive management, the Department of the Inferior’s technical guide to adaptive management (Williams et al.

2007) provides both suggestions for and examples of effective adaptive management in the federal context.

Adaptation to climate change is characterized by making decisions in the face of uncertainty. While the adaptive

management framework is structured to enable managers to act in the face of uncertainty, other management

approaches and philosophies, as discussed in Chapters V and VI, are also designed to address different levels of

uncertainty.

To summarize, adaptive management can be an important component of adaptation efforts, but not all adaptive

management is climate change adaptation, nor is all climate change adaptation necessarily adaptive management.

vegetation, protecting cold-water refugia,
or increasing cold-water spill from existing
reservoirs, could become an important
part of trout conservation in the area. Such
actions would help reduce that species’
exposure to adverse conditions.

2. Coastal marshes may be in danger
of being flooded by rising sea levels. A
conservation action that may not have
been considered without knowledge of
likely impacts of climate change is the

use of proactive measures to assist in the
accretion of sediments as a means for the
marsh to keep up with rising waters.
Chapter VI provides more detail about
how to use the results of vulnerability
assessments in the context of developing
climate change adaptation strategies.

Allocate Scarce Resources

It follows from the aforementioned
reasons that the results of vulnerability

Introduction
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assessments can help wildlife managers
allocate scarce conservation resources
more efficiently (Marsh et

2. Managers may decide to spend more

of their budget on increased and well-
designed monitoring efforts, which will
be particularly important to help fill
knowledge gaps and reduce uncertainty
about climate change impacts over time.
Long-term, appropriately designed
monitoring is a critical component of
adaptive management, which is likely to
play an important role in the development
and implementation of climate change
adaptation strategies (see Box 1.2).

What Vulnerability
Assessments Won't Do

It is equally important to understand what
climate change vulnerability assessments
will not do. Although these assessments
can provide information about the levels
and sources of vulnerability of species or
systems to help in setting priorities, the
assessments alone do not dictate what
those priorities should be. Managers
increasingly will be faced with the dilemma
of deciding how to invest scarce resources
to address various conservation needs.
Vulnerability assessments can provide a
factual underpinning for differentiating
between species and

al. 2007). For example: The choice of whether to systems likely to decline
focus conservation efforts and those likely to thrive.

1. Vulnerability assessments

may steer managersaway 0N the most vulnerable or

The choice of whether to
focus conservation efforts

from potentially costly most viable will be based  on the most vulnerable,

conservation measures that
may have a low likelihood

not only on science, but

the most viable, or a
combination of the

of being efficacious due also on social, economic, 1y, win of necessity

to climate change, such as
restoration of a particular
habitat type in an area where assessments
indicate continued habitat suitability is
highly unlikely.

and Iegal Values. be based not only on

scientific factors, but
also social, economic, and legal values.
Although uncomfortable to consider; policy-
makers, managers, and society as a whole
increasingly will be called upon to make
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Box 1.3. The Evolution of Climate Change Vulnerability Assessments

Vulnerability assessments have been used for decades in a wide range of sectors to address a wide range of risks.
They may target a single risk (e.g., ferrorism) or multiple risks (e.g., assessing all sources of vulnerability for an
endangered species). The development of climate change vulnerability assessments is part of this ongoing history,
adding a new suite of risks for regulators, managers, businesses, and others to consider. Vulnerability to climate
change may be investigated in a stand-alone assessment, but in many cases it will be more effective to include it as

part of broader vulnerability assessments addressing a range of risks.

As the scientific understanding of the potential and observed impacts of climate change has grown over the past
two decades, so too has the interest in developing useful definitions and frameworks for conducting climate change
vulnerability assessments (Fissel and Klein 2005). Earlier efforts tended to focus on developing frameworks for
assessing the vulnerability of agriculture, public health, and other human systems to climate change, building on
approaches used in addressing problems such as poverty, famine, and natural hazards (e.g., Bohle et al. 1994;
Handmer et al. 1999; Kelly and Adger 2000; Downing and Patwardhan 2003). More recently, attention also

has been placed on assessing the vulnerability of natural systems (species, habitats, and ecosystems) to climate
change (Nitschke and Innes 2008; Zhao et al. 2007), as well as multi-disciplinary efforts to assess the
vulnerability of ecosystem services to humans (Metzger et al. 2005) and the interactions between multiple

stressors (Turner et al. 2003).

Within each of these areas, however, different definitions and concepts for climate change vulnerability have
emerged, which often has led to misunderstandings and challenges in assessment efforts (Fissel 2007). In this

guide, we followed the general framework adopted by the IPCC (2001a, 2007c), and subsequently by many

others, in which vulnerability assessments are founded on evaluations of exposure, sensitivity, and adaptability to

climate changes. The information in this guide provides a general framework for assessing vulnerability of natural

systems to climate change, drawing from and building on some of the major concepts gleaned from the literature

and attained in practice.

difficult triage choices. Conservation long
has been described as a marriage of art

and science and that will continue to hold
true. Making decisions in the face of climate
change will depend on a combination of
sound science and practical experience
modulated by societal values.

Climate change vulnerability assessments
will not provide an estimate of extinction
risk or provide the sole basis for

determining whether a species ought to
receive protection under the Endangered
Species Act (ESA). The types of information
used in climate change vulnerability
assessments can, however, provide
information useful in considering the
status of a species in relation to the ESA’s
requirements. For example, information
about vulnerability of species and their
habitats to climate change, including
uncertainty, has been one of the key

Introduction
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elements considered in several U.S. Fish
and Wildlife Service decisions recently
under the ESA. These have included:
listing the polar bear under the ESA as

a threatened species (U.S. FWS 2008a);
identifying the Rio Grande cutthroat trout

as a candidate of listing (U.S. FWS 2008b);
revising critical habitat designated for the
Quino checkerspot butterfly (U.S. FWS
2009b); and determining that the American
pika, both at the species and subspecies
levels, does not warrant listing under the
ESA (U.S. FWS 2010).

Finally, there is a permeable boundary
between where climate change
vulnerability assessments stop and where
later components of adaptation planning
begin. In this document we focus on the
role of vulnerability assessments in
providing insights into the relative
vulnerabilities of species, habitats, and
ecosystems, and understanding the factors
involved in those vulnerabilities and

other stressors, some of which may be
exacerbated by climate change. Adaptation
planning also requires the identification,
evaluation, and selection of potential
management responses to address

those vulnerabilities. In practice, some
vulnerability assessment efforts go to

this next level to identify management
responses (e.g., Case Study 6), while
others do not. This guidance document
does not attempt to address detailed
techniques and approaches for identifying,
evaluating, and selecting such adaptation
responses. However, one increasingly
common technique for taking the

process to the next step is the use of
scenario-based management planning,

a technique for decision-making in the
face of high uncertainty, which is discussed
in Chapter VI.
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[1. Vulnerability
Assessment Basics

his chapter highlights the

overarching principles of

climate change vulnerability
assessments in the context of fish and
wildlife management and
discusses general considerations
in the design of an assessment,
including the critical first step of
determining scope and objectives.
The next chapter (Chapter III)
provides more detailed guidance
on how to conduct a vulnerability
assessment once those goals and
objectives have been established.
Although the specifics may vary,
Box 2.1 summarizes the key
steps to carrying out a climate
change vulnerability assessment
as: (1) determining objectives
and scope, (2) gathering relevant
data and expertise, (3) assessing
the various components of
vulnerability, and (4) applying the
assessment in adaptation planning
and resource management.

Components of
Vulnerability

The IPCC defines vulnerability
as a function of the sensitivity of
a particular system to climate
changes, its exposure to those

measure of whether and how a species or
system is likely to be affected by a given
change in climate. Exposure is a measure
of how much of a change in climate and

Box 2.1. Key Steps for Assessing Vulnerability to Climate Change

Determine objectives and scope

e Identify audience, user requirements, and needed products
e Engage key internal and external stakeholders

e Establish and agree on goals and objectives

® |dentify suitable assessment targets

® Determine appropriate spatial and temporal scales

e Select assessment approach based on targets, user needs, and available resources

Gather relevant data and expertise

® Review existing literature on assessment targets and climate impacts

® Reach out to subject experts on target species or systems

® Obtain or develop climatic projections, focusing on ecologically relevant variables
and suitable spatial and temporal scales

® Obtain or develop ecological response projections

Assess components of vulnerability

e Evaluate climate sensitivity of assessment targets
o Determine likely exposure of targets to climatic/ecological change

e Consider adaptive capacity of targets that can moderate potential impact
e Estimate overall vulnerability of targets

® Document level of confidence or uncertainty in assessments

Apply assessment in adaptation planning

® Explore why specific targets are vulnerable to inform possible adaptation responses
® Consider how targets might fare under various management and climatic scenarios
® Share assessment results with stakeholders and decision-makers

Use results to advance development of adaptation strategies and plans

changes, and its capacity to adapt to those

changes (IPCC 2007c). Sensitivity is a

Lead authors: Bruce A. Stein, Patty Glick, and Jennie Hoffman.
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Exposure

associated problems a species or system

is likely to experience. Adaptive capacity
refers to the opportunities that may exist

to ameliorate the sensitivity or exposure

of that species or system. The relationship
among these three components is outlined
schematically in Figure 2.1. Considering

the degree of change (i.e., exposure) that a
species or system is projected to experience
along with its likely response (i.e.,
sensitivity) to those changes determines
the potential impact. Understanding the
likely consequences (i.e., vulnerability),
however, requires further consideration

of the ability for the species or system to
reduce or moderate those potential impacts
(i.e., its adaptive capacity).

Sensitivity

!

Potential Adaptive
Impact Capacity

I |
!

Vulnerability

Figure 2.1. Key components of vulnerability, illustrating
the relationship among exposure, sensitivity, and
adaptive capacity.

Sensitivity

The sensitivity of a species, habitat, or
ecosystem to climate change reflects the
degree to which that system is or is likely
to be affected by or responsive to those
changes. Sensitivity may depend on innate

Scanning the Conservation Horizon

physiological or biological variables. For
example, a species that is already living at
the upper end of its biological temperature
range may not be able to tolerate increases
in the average temperature in its habitat
due to climate change. That species is
therefore considered to be “sensitive” to

at least one element of climate change,
higher average temperatures. Conversely, a
population already living in hot conditions
may have adapted evolutionarily to high
temperatures, and may be less vulnerable
to warming than other populations of that
species adapted to cooler conditions.

Sensitivity also may be a factor of specific
physical or ecological factors. For example,
a local river habitat that depends on
snowmelt to maintain sufficient instream
flows for fish and wildlife is likely to be
sensitive to projected reductions in average
snowpack due to climate change, as well

as to changes in the timing and intensity of
precipitation. Finally, sensitivity to climate
change impacts may be highly influenced
by the existence and extent of other
human-related stressors, such as habitat
fragmentation due to roads and other
development, which can limit the ability
of a species to shift ranges in response to
changing climate conditions and associated
shifts in habitats or ecosystem processes
important for the life cycle of the species. In
addition, a problem such as unsustainable
harvest may increase the sensitivity of a
species to climate change by reducing the
genetic diversity of individuals within that
population. Some of these factors may be
considered part of the adaptive capacity of
a species or system, rather than an element
of sensitivity (see below). Additional details
on aspects of sensitivity and methods for
assessing it are provided in Chapter III.



Exposure
Box 2.2. A Burning Example of Vulnerability

Even if a particular species or Sunburn is an easily grasped (albeit sometimes painful) example of how the
system is inherently sensitive to components of vulnerability relate to one another.

climate change, its vulnerability
also depends on the character,
magnitude, and rate of changes
to which it is exposed. This
includes exposure to not only the
physical climate changes (e.g.,
temperature and precipitation)
but also to related factors such

o Sensitivity. Fairskinned individuals are usually more sensitive to sunburn than
those with deeper skin tones. This sensitivity has a clear biological basis: the skin
pigment melanin absorbs ultraviolet (UV) radiation, which is the primary cause of
sunburn. As a result, the skin of individuals with lower melanin levels is innately more

prone to burning than that of individuals with higher concentrations of melanin.

* Exposure.. Depending on one’s exposure to UV rays, even individuals with high

. . . levels of melanin can burn. In this instance, exposure is related to both the strength of
as altered fire regimes, shifts

in vegetation types, increased

salinity due to sea-level rise,

location of the species or

system on the landscape (e.g.,

latitude and elevation), etc. For
example, a specific population

of a temperature-sensitive

species may inhabit an area

likely to be sheltered from rapid
temperature increases, such as

a north-facing, highly vegetated

forest or a high-elevation

headwater stream (i.e., refugia). In such
instances, the population may have a lower
vulnerability than others of its species
given its lower level of exposure.

the sun’s rays, which varies by latitude, season, and weather conditions, as well as the

number of hours in the sun.

e Adaptive Capacity. A variety of infrinsic and extrinsic means exist for
ameliorating a person’s likelihood of burning, and therefore reducing vulnerability.
Options for reducing exposure to UV radiation range from protective clothing
and sunscreen to remaining indoors and out of direct sunlight. A person’s intrinsic
sensitivity to UV rays can also be reduced through graduated exposure to sunlight,
leading to a temporarily increased concentration of melanin — a process otherwise

known as tanning.

a range of future scenarios. The climate
system can be represented by models of
varying complexity, that is, for any one
component or combination of components
a spectrum or hierarchy of models can be
identified. Models differ in such aspects

as the number of spatial dimensions,

the extent to which physical, chemical,

or biological processes are explicitly
represented, or the level at which empirical
parameterizations are involved.

Use of climate change projections at
various scales can help managers get a
sense for where and how much change
might be expected to affect a given
conservation target. Depending on
availability, vulnerability assessments

can take advantage of regional climate
change projections (i.e., changes in
average temperature or precipitation
projected across an entire region) or more
geographically explicit (but not necessarily
more accurate) data from downscaled
climate projections. Both originate from
simulations by climate models, driven by

It is also possible to identify the potential
ecological effects associated with climate
change through the use of so-called
ecological response models, which
provide ways to assess the sensitivity

and potential adaptability or resilience of
species, habitats, and ecosystems exposed
to climate change impacts (Wormworth
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and Mallon 2007). There are numerous
types of response models, ranging from
simple to complex. Some of the most
commonly used types of response models
are the “habitat and occupancy” models,
which can project changes in habitat
suitability for one or more species over
large geographic areas based on specific
habitat criteria (e.g., optimal temperature
regimes) and biophysical attributes that
a species or community
can occupy. Other types
include conceptual models,
general characterization
models, expert opinion
models, vegetation/
habitat response models,
physiologically based
models, and ecological
models. Chapter IV provides a more
detailed discussion of climate and response
models and how they may be used in
vulnerability assessments.

Adaptive Capacity

The adaptive capacity of a species, habitat,
or ecosystem refers to the ability of that
particular system to accommodate or cope
with climate change impacts with minimal
disruption. Broadly, adaptive capacity may
be considered a factor of particular internal
traits, such as the ability of a species to
physically move in search of more favorable
habitat conditions, adapt evolutionarily,

or modify its behavior as climate changes.
Adaptive capacity may also be a factor of
external conditions such as the existence

of a structural barrier such as urban areas,
seawalls, or dikes that may limit the ability
of that species or habitat to move, or
overharvest that limits the genetic diversity
available for evolutionary adaptation.

Scanning the Conservation Horizon

Adaptive capacity is
different from specific
adaptation measures; it
can be considered a
“pre-existing condition.”

As mentioned above, some factors could
equally well be included as part of adaptive
capacity, sensitivity, and exposure,
particularly in the case of species-based
assessments. However, while there is no
hard-and-fast rule about where each of
these elements should fit in as part of
the overall vulnerability assessment, the
distinction may be useful for informing
management responses. For example, a
species that is highly
sensitive to climate
change but also has a
high adaptive capacity
may be considered

less vulnerable than a
moderately sensitive
species with little or

no adaptive capacity.

[t is important to recognize, as well,

that the adaptive capacity of a given
conservation target is different from

the specific adaptation measures to
reduce vulnerability. Essentially, it can be
considered as a “pre-existing condition”
of that species or system that subsequent
adaptation measures can address. For
example, some adaptation measures,
such as removal of seawalls, may serve to
enhance the adaptive capacity of a coastal
habitat, thereby reducing its vulnerability
to sea-level rise.

Components of
Biodiversity

Devising a useful vulnerability assessment
not only requires an understanding of the
components of vulnerability, but also the
components of biodiversity and natural
systems so that the most appropriate
features can serve as targets of the



assessment. Such targets can include
species, habitats, or ecosystems, and
several sections of this guidance document
are structured around those biological
levels. The definitions of and terminology
for these biological units, however, is often
the subject of considerable discussion and
debate, and terms like “habitat” can have
multiple meanings. For that reason, this
section provides a brief summary of the
various components of biodiversity and
discusses how these concepts and terms
are used in the context of vulnerability
assessments in this guidance document.

Levels of
Biological Diversity

The concept of biological diversity—or
biodiversity—has become an overarching
framework for characterizing the full
variety of life on earth (Wilson 1992;
Stein et al. 2000). Although many people
think of biodiversity in terms of the array
of species that exist in a particular place,
the concept is considerably broader and
includes at least three biological levels of
organization—genes,
species, and ecosystems.
Most vulnerability
assessments focus

at either species or
ecosystem levels,

or include some
combination of the two (although genetic
factors can come into play in assessing
species vulnerabilities). Terminology and
application is often widely divergent,
however, especially for ecologically
defined features (e.g., ecosystem, natural
community, vegetation type, habitat
type). Usage often differs markedly
between academic researchers and land
or wildlife managers, and also differs

Each biological level can
be viewed as having three
atiributes— composition,
structure, and function.

based on regional variations
in ecological classification and
mapping efforts.

Each biological level, in turn,

can be viewed as having three
primary attributes: composition,
structure, and function (Noss

1990). As an example, a specific

forest type can be viewed in

terms of its composition (the

different species of plants and animals
making up and inhabiting the forest), its
structure (e.g., overstory trees, midstory
shrubs, understory forbs), and its functions
(e.g., key ecological processes such as
periodic fire or nutrient cycles).

Bruce Stein

Distinguishing among these three attributes
may seem an abstract exercise, but can be
important for distinguishing among the
climate impacts to a particular species or
habitat type. In a particular forest type, for
instance, shifting climate may eliminate or
decrease the frequency of certain species,
translating into an change in composition.
Depending upon the affected species,
however, that change can
also represent a shift in
ecosystem structure or
function. Pine rocklands
in the lower Florida
Keys, for example,

are characterized by
open stands of slash pine with a scrubby
understory of palms and shrubs. In 2005
saltwater inundation from hurricane-
associated storm surge covered large
portions of this habitat on the National

Key Deer Refuge on Big Pine Key, causing
mortality of the overstory pines (Sah et al.
2010). As aresult, this portion of the refuge
has been converted from an open woodland
to a scrubland, with consequent affects on
wildlife values and ecological functioning.
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Box 2.3. How Does “Resilience” Fit In?

As discussed in Chapter |, one of the most prominent concepts in the field of climate change adaptation today is resilience. A
number of factors can determine whether and to what extent a particular species or ecosystem is resilient to climate change. For
example, studies show that diversity at multiple levels (i.e., among different functional groups, species within functional groups,
and within species and populations of those species, in addition to species richness itself) is particularly critical for ecosystem
resilience (Kareiva et al. 2008; Worm et al. 2006; Folke et al. 2004; Luck et al. 2003; Elmqyvist et al. 2003). Essentially, such
diversity is like climate “insurance” —if one element of a system is compromised, it is more likely that other elements will still

be available to support key ecological processes (Peterson et al. 1998). However, while a more resilient ecosystem might be
considered less vulnerable to climate change, where and how to incorporate the concept into a vulnerability assessment is not
necessarily clear cut (Gallopin 2007). For example, a system that is considered sensitive to climate change, such as a coral reef,
may or may not be resilient (e.g., return to a coral-dominant system after a major bleaching event) (Nystrém et al. 2000). It is
likely that, in most cases, the concept of resilience in a climate change vulnerability assessment will be considered an element of

the adaptive capacity of an ecosystem.

Species and Populations than the species as a whole. Common
exceptions include assessments mandated

Individual species of fish, wildlife, and by federal statutes such as the ESA.

plants often constitute the focus of

conservation efforts, and similarly are The implication of this is significant in

frequent targets for climate change assessing the individual components of

vulnerability assessments. Such vulnerability with respect to a species.

assessments can consider a species at the Many aspects of sensitivity relate to innate

“full taxon” level, that is, across its entire characteristics of a species, and would be
range, or focus on a geographically defined expected to hold relatively constant across
portion of the species. The . its full range. These
geographic subsets may In pr actice, most might includes factors

simply be that portion vulnerability assessments ~ suchas reproductive

of a species that exists hicallv limi rate or physiological
are geographically limited

within the area of interest geograp Y thresholds. On the

for the assessment’ or and WiII Consider one or Other handl exposure iS

may reflect biologically more populations, rather Y dcefinition variable
defined populations . depending on location.
(including subpopulations than a Species as a whole. Given the same level

or metapopulations). of innate sensitivity a

Most vulnerability assessments are species may be exposed to more change
geographically limited in scope (e.g., a state, in some portions of its range than others.
region, or place) and will therefore usually For example, a temperature-sensitive
consider one or more populations, rather species may be at risk of exceeding its
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temperature threshold in the southern
portion of its range but not along the
northern range boundary. As a result,

its overall vulnerability may differ
significantly between southern and
northern populations. It is also possible
that adaptive capacity can vary across a
species geographic range. In this instance,
genetic variation across the species’ range
may render the plant or animal more or
less capable of dealing with climate or
ecosystem variability and perturbations.

Habitats and Ecosystems

Terminology related to ecological
levels of biodiversity is complex and
contentious and tends
to provoke interminable
discussions and debates
about appropriate
usage. Among the many
terms and concepts
involved are: habitat,
natural community,
biotic community, biological assemblage,
ecological community, ecological system,
ecosystem, ecoregion, biome, and
landscape. It is not the purpose of this
guidance document to attempt to define
and distinguish among these various terms
and concepts, and there are many articles
and texts in ecology, wildlife biology, and
conservation biology that address aspects
of this topic (e.g., Bailey 2009; Jax 2006).
Because of the significance of ecologically
defined units to the practice of vulnerability
assessment, though, it is important to draw
a few key distinctions, as well as to clarify
the sense in which key terms are used in
this guidance document.

In this document, the
term “habitat” should be
interpreted in its
most inclusive and
general sense.

Defining “Habitat”

Fish and wildlife managers are accustomed
to thinking about habitat in relation to their
work, and many if not most conservation
activities focus on habitat protection,
management, or restoration. In practice,
habitat generally refers either to the place
in which an organism exists, or more
specifically, to the biophysical features that
provide such things as food, water, and
shelter necessary to sustain an organism. In
a strict sense, habitats are species specific.
That is, habitat is viewed through the prism
of a particular organism, constituting those
things that are needed by and used by that
particular species. Different organisms

may have similar or
overlapping habitat
requirements, but

these requirements will
virtually always differ
either subtly or more
conspicuously.

Notwithstanding this organism-centric
view of habitat, the term is perhaps even
more commonly used to describe and
communicate about natural ecosystems
and landscapes more generally. In this

Tom Nebel l
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sense, the usage can be extremely broad—
referring for instance to natural cover
providing some wildlife benefit—or very
narrow, applying to a specific and precisely
defined vegetation type. Usage of the term
in terrestrial systems and for terrestrial
organisms most commonly is based on

a combination of vegetation cover and
physical features (e.g., cliff faces, soil types).
In aquatic systems the term commonly

is based on physical features such as
geomorphology, bottom substrate, and
water current velocity.

Habitat classifications are, not surprisingly,
highly variable and give rise to an
exceptional range of habitat mapping
efforts based on different attributes and
standards. Habitat classifications and
mapping have been standardized in some
disciplines and in some states or regions,
but not in others. For example, in the
northeastern United States, the states

have collaborated on the development of

a regional habitat classification designed
to cross-walk the state-specific habitat
types that were the focus of individual state
wildlife action plans (Gawler et al. 2008).

Despite variability in usage and meaning,
habitat is such a central concept in the
practice of conservation—and to key
audiences for this guide—that we use the
term extensively throughout this guidance
document. Unless otherwise noted, in this
document the term should be interpreted
in its most inclusive and general sense.
Habitat-oriented vulnerability assessments
can be very powerful tools, but given the
varied usage and interpretations of this
term, it is essential that when they are used
as targets of assessments the basis for the
habitats (both in concept and execution) be
clearly identified and documented.

Defining “Ecosystem”

Just as the term habitat has multiple
meanings, so too does the term ecosystem.
In its classical sense, the term refers

to a natural unit consisting of the
interaction of living organisms and the
physical environment (Odum 1953).

This traditional concept of an ecosystem
is scaleless in the sense that it can refer to
the interaction among biotic and abiotic
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elements contained within a tiny water-
filled depression, or across a million-
acre landscape.

As noted above, however, there is a host
of terms of varying technical specificity
that refer to different types of ecological
units. Some focus on the interactions

that exist among organisms themselves
(e.g., biological communities), some on
particular classes of organisms (e.g.,
vegetation types), while others take a
more geographic or landscape-level
perspective (e.g., Greater Yellowstone
Ecosystem). It is not our intent to
descend into the bottomless pit of debating
the appropriateness of one set of terms
over another. In this document, where the
term “ecosystem” is used, it can be taken
to refer in a general sense to ecological
features or units, and indeed, we often
simply refer to “systems.”

Assessments should be
designed from the start
with an eye toward the
needs of the end users.

There are, however,
several ecosystem-related
concepts that have

great applicability for
adaptation planning and
vulnerability assessment.
First, there is a wide gradation in spatial
scales for different types of units. As an
example, the U.S. National Vegetation
Classification provides a fine-scale means
of characterizing and mapping vegetation
types in a nationally consistent way based
primarily on vegetation structure and
composition (Grossman et al. 1998). Ata
somewhat coarser scale, the “Ecological
Systems” classification that supports

U.S. Geological Survey’s Gap Analysis
Program (GAP) and the U.S. Forest Service’s
LANDFIRE effort are based on vegetation
structure and composition, as well as
underlying ecological processes (Comer

et al. 2003). Another promising approach
from a climate adaptation standpoint is a
focus on conserving the ecological “arena”
rather than