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al. 2012). The extent to which ecologists in the 
research, conservation, and management fi elds 
are able to contribute viable strategies to address 
these challenges, and promote transformation 
in our approaches to management, has impor-
tant implications for biodiversity, natural sys-
tems, and the ecological services that support 
all species, including humans.

The goals of this book are to help motivate 
efforts to reduce greenhouse gas emissions by 
describing observed and likely vulnerabilities 
of species and natural systems to climate 
change, and to help accelerate the pace of cli-
mate change adaptation in the natural resource 
management sector. The focus of this chapter 
is on framing how scientists and managers can 
work together to design and implement updates 
to our management and conservation practices 
that increase the odds that species and systems 
adapt to climate change. While most of the 
chapters in this book focus on observed impacts 
in California ecosystems, here we emphasize 
adaptation, and provide an introduction to the 
frameworks and tools available in the emerging 
fi eld of adaptation planning. These frameworks 

Rapid climate change is one of the 
most pressing challenges facing resource 

managers and conservation practitioners in 
California and around the globe. Since the 
1880s, the linear trend in average global sur-
face temperature suggests an increase of 
approximately 0.85°C in the Northern Hemi-
sphere, and the last 30 years were likely the 
warmest period in the last 1400 years (IPCC 
2013[AQ1]). It is critical that we accelerate 
efforts to reduce the accumulation of green-
house gases in our atmosphere (mitigate the 
causes of climate change). However, even if 
drastic reductions are achieved, the emissions 
that have already been released through the 
burning of fossil fuels, compounded by the loss 
of forests and other natural systems that store 
carbon, commit us to continued changes in cli-
mate for many decades to come (Solomon et al. 
2009). The rapid pace of changes, combined 
with the complexity of potential responses of 
species and natural systems to different cli-
matic factors, suggests that we will often need 
to transform, rather than just update, our man-
agement approaches (Kates et al. 2012, Park et 
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future, and explain our assumptions in ways 
that help nonscientists understand the relation-
ship between various climate drivers and the 
sensitivities of species and systems. When we 
are able to communicate science clearly, we can 
play an essential role in promoting science-
based decisions: We enable a broader group of 
stakeholders to act as partners in the evaluation 
of the risks, costs, and benefi ts associated with 
different actions (Gregory et al. 2006, Sch-
neider et al. 2007, National Research Council 
2009, Moser and Ekstrom 2010). While the 
myriad of uncertainties associated with climate 
change impacts (and human responses to these 
impacts) present a major challenge, tools and 
frameworks for handling uncertainty continue 
to grow (National Research Council 2009, 
Kujala et al. 2013, Hoffman et al. 2014). For 
those of us trained in the natural sciences, 
uncertainty and complexity are not new con-
cerns, and learning new ways to handle these 
elements will likely make us better scientists.

Although learning about tools for handling 
uncertainty is important, actually engaging in 
the process of identifying management options 
that could promote adaptation, and framing out 
the costs and benefi ts of those options will 
likely provide insights that can only be gained 
through this experience. One lesson that is 
likely to emerge is that not all “unknowns” that 
could be addressed with new scientifi c research 
are equally relevant (Hoffman et al. 2014). Pro-
cesses like structured decision-making are par-
ticularly suited for helping illustrate this point 
(e.g., Keeney 2004, Martin et al. 2009), but 
this honing in on a smaller set of critical uncer-
tainties will likely occur in most situations 
where policy-makers and managers are work-
ing through a management strategy decision, 
updating management goals, or re-prioritizing 
investments. Given the urgency of addressing 
climate change risks, our goal should be to 
emphasize research into the uncertainties that 
have the most infl uence in terms of helping us 
choose the best options for protecting the 
things we value. When “decision-critical” sci-
ence is identifi ed during the process of choos-

and tools provide the pathway forward for 
incorporating what we learn from the study of 
responses of species and systems to climate 
change into natural resource management and 
conservation strategies.

Steps for adaptation planning include iden-
tifying likely changes in key climatic factors, 
characterizing the risks that these changes 
pose to things we care about, prioritizing those 
risks, evaluating the consequences of various 
strategies to reduce risk, implementing pre-
ferred actions, and tracking and learning from 
these actions (Moser and Ekstrom 2010, Poiani 
et al. 2011, Cross et al. 2012, Stein et al. 2014). 
While science is a critical input to these tasks, it 
is not by itself suffi cient (Gregory et al. 2006), 
and lack of information should not be used to 
delay action. Given that the need for “more sci-
ence” is often described by practitioners as a 
barrier to adaptation (Heller and Zavaleta 
2009, Moser and Ekstrom 2010, Bierbaum et 
al. 2013, Petersen et al. 2013), a key step that 
scientists, managers, and policy-makers can 
partner on is reminding each other that we 
make decisions under uncertainty all of the 
time, and there are methods we can use to help 
make these decisions more rigorous and more 
transparent. In addition to investing in more 
science, to make progress on adaptation, we 
need to think more broadly about the skills and 
processes that can facilitate society’s ability to 
act on what we observe, and plan for the 
changes that our climate and ecological models 
suggest are likely to occur.

Making decisions on how to address climate 
change risks to species, natural systems, and 
the people that depend on these systems 
requires that we integrate science with informa-
tion on societal values and account for many 
types of uncertainties (Schneider et al. 2007, 
National Research Council 2009). Integration 
of science with values and the collaborative 
determination of likely costs and benefi ts of 
various adaptation actions require that science 
be presented clearly, with key thresholds identi-
fi ed where possible. As ecologists, we need to 
explain the logic behind our expectations for the 
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scientifi c information is integrated with infor-
mation on societal values, and social, techno-
logical and fi nancial constraints.

This book represents one example of gradu-
ate and postdoctoral researchers taking steps to 
make these connections with resource manag-
ers and conservation practitioners. As noted in 
the Preface, encouraging students to engage 
with researchers was the focus of the project 
funded by the California Energy Commission 
through the Public Interest Energy Research 
(PIER) program. The four editors of this book 
served as mentors in the project, which we 
called Biological Impacts of Climate Change in 
California (BICCCA). Our goal was to give 
graduate and postgraduate students at Califor-
nia universities encouragement and opportuni-
ties to meet and engage with on-the-ground 
resource managers and conservation practitio-
ners, and to work with them to improve their 
oral and written communication skills. All 
chapters in this book were written to be acces-
sible and relevant to both applied and academic 
audiences. Further, many of the chapters are 
accompanied by “conversations” between stu-
dents in the BICCCA program and practitio-
ners responsible for managing ecological sys-
tems under climate change. Though these 
conversations only scratch the surface of topics 
that long-term collaborations to sustain biodi-
versity will need to address, they demonstrate 
some of the key opportunities and constraints 
that arise as scientists and managers work 
more closely together. Our hope is that as stu-
dents, established academic scientists, and 
natural resource professionals read these chap-
ters, they will be inspired to initiate or increase 
their engagement in similar conversations.

RESPONDING TO CLIMATE CHANGE: A 
CALL FOR STRONGER COLLABORATIONS

Our desire to help “bridge the gap” between sci-
ence and practice in the context of updating 
resource management is driven by the magni-
tude of climate-related risks to biodiversity. The 
bridges we construct are likely to be most stable 

ing among alternative management actions, 
scientists engaged in the process can greatly 
enhance the decision-relevance of their work by 
developing new projects that target these uncer-
tainties (Martin et al. 2009, Mastrandrea et al. 
2010). This type of partnership has the added 
benefi t to researchers of providing a ready audi-
ence and application for their work, which can 
greatly improve the likelihood of support from 
funders, and promote interest in and critical 
feedback on the work from stakeholders. In 
California, there are many entry points for 
engagement, such as through workgroups for 
the California Climate Change Assessment 
process, or through contributions to the adapta-
tion strategy (information available at the Cali-
fornia Climate Change Portal, www.climat-
echange.ca.gov).

A main barrier to successful partnerships 
among scientists, managers, stakeholders, and 
decision-makers is lack of communication. 
While strong communication skills are often 
recognized as being essential for creating and 
maintaining partnerships, few academic scien-
tists have direct opportunities to build the full 
complement of needed skills. These skills go 
far beyond writing an article for a broad audi-
ence, or being able to give a presentation 
describing one’s work without jargon. We also 
need to be able to listen and ask questions, so 
that through dialogue we can identify informa-
tion gaps, misunderstandings, and understand 
the bounds of the problem to be solved. One 
way for students in the sciences to build these 
skills and build relationships that promote 
long-term engagement in management deci-
sions is for them to take advantage of opportu-
nities to learn from managers. Ideally, these 
managers would be addressing questions that 
could potentially be informed by their area of 
research, but there is much to be learned even 
if this is not the case. While textbooks and jour-
nal articles may promote particular manage-
ment actions or conservation strategies, direct 
engagement with decision-makers who are 
working toward a particular set of management 
objectives can provide critical insight into how 
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logical responses, this lack of points of refer-
ence for thinking about change can be a key 
barrier to conceptualization of how to move 
forward.

Our challenges in addressing change and 
variation highlight another tendency of the 
resource management / conservation practitio-
ner community, of which three of the four edi-
tors of this book are a part. Recent research 
suggests that practitioners tend to be risk averse 
with respect to investing in actions perceived as 
risky, untested, or outside of the norm (West et 
al. 2009, Hagerman and Satterfi eld 2013). 
While we often claim to be engaged in an adap-
tive management approach, suggesting that 
our management actions are embedded in a 
study design that allows the comparison of dif-
ferent options through targeted monitoring, 
our visions for implementing adaptive manage-
ment are often not well supported by available 
resources. The degree to which managers pro-
mote different types of adaptation actions may 
be infl uenced by both scientifi c support for the 
premise underlying the specifi c action and the 
degree to which it represents a digression from 
past activities (West et al. 2009). For practitio-
ners, there is the added challenge of deciding 
how much to invest in addressing climate-
related risks, given that other stressors such as 
habitat loss, pollution, or impacts of invasive 
species often seem more pressing (Lawler 
2009, Hagerman and Satterfi eld 2014). We 
may also have greater confi dence that scarce 
resources will actually do more good if spent on 
these time-tested approaches (West et al. 2012), 
rather than on risky new ideas. Further, we 
may feel overwhelmed by the idea of being 
responsible for unintended consequences fol-
lowing the application of a novel approach 
(Hagerman and Satterfi eld 2013, Hagerman 
and Satterfi eld 2014). Thus, in addition to 
developing modes of research that are a better 
fi t to the challenges we need to address, a sec-
ond key role for scientists may be developing 
explicit strategies for dealing with this bias 
toward the familiar. With respect to the knowl-
edge and certainty thresholds that need to be 

if we recognize that fundamental assumptions 
underlying how we think about nature have 
changed. Most are likely to agree with the idea 
that “stationarity is dead” (Milly et al. 2008); 
we can no longer make decisions about resource 
management with an expectation that patterns 
of variation in climate-sensitive systems will 
stay within historic ranges. But how do we 
think through what might happen over the next 
decade, or next century? Practitioners often 
establish “desired future conditions” for a site 
based on a historic reference condition, or try to 
achieve a changing mosaic of ecological site 
conditions that would have occurred under his-
toric ranges of variability. However, as we move 
away from the assumption of climate stationar-
ity, we need to reconsider what it is we are man-
aging toward. This is one of the many ways the 
challenge of responding to climate change 
requires that we change our way of thinking, 
and stretch our imaginations, as much as it 
calls us to action.

Until we achieve stabilization of greenhouse 
gas concentrations, we face a future of contin-
ued change. This unfortunate reality suggests 
we should design resource management plans 
that are fl exible enough to account for contin-
ued change over time, which explicitly address 
multiple forms of uncertainty, and likely 
increases in the frequency of many types of 
extreme climate events. One challenge to over-
come as we work toward these goals is that tra-
ditional scientifi c and management approaches 
are not well suited to helping us prepare for 
directional change, variation across space and 
time, and extremes. Historically, ecological 
research has focused on simplifi ed model sys-
tems in which we can rigorously test hypothe-
ses, which has also meant that work is typically 
carried out on small focal areas or study plots, 
with a focus on relatively narrow ranges of 
variation in one or a few environmental vari-
ables. Similarly, this type of training is likely to 
have framed the perspectives of practitioners, 
and shapes the monitoring and other tools we 
use to inform our work. Depending on our 
experiences thus far in terms of observed eco-

4     a new era for ecologists
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need for clear communication skills, and a com-
mitment to engaging in processes that promote 
cross-disciplinary learning.

Operationalizing adaptation

Most resource managers, especially in Califor-
nia where a wide range of climate-related 
responses have been observed and projected 
(e.g., McLaughlin et al. 2002, Kelly and Goul-
den 2008, Loarie et al. 2008, Stralberg et al. 
2011), are likely to agree that climate change 
presents a key stressor to ecological systems 
and the services they provide. The chapters in 
this book add numerous examples that help 
shape and expand our understanding of vul-
nerable species and systems. However, even 
when we recognize the threat of climate 
change, steps to reduce risks can be hard to 
identify. The complexity inherent in under-
standing what climate changes are likely and 
predicting ecological impacts are likely key con-
tributors to climate change being addressed 
“more than before, but less than needed” (Bier-
baum et al. 2013) in the natural resources man-
agement / conservation sector. Long before cli-
mate change emerged as a conservation game 
changer, managing and protecting biodiversity 
given all of the other stressors that drive species 
declines represented a daunting task. As before, 
our work is tightly constrained by costs, and at 
times is in confl ict with other stakeholder val-
ues. The interviews with resource managers 
that accompany many chapters give voice to 
these barriers to implementation of adaptation 
actions.

Designing and updating management 
approaches in ways that allow us to reach our 
project goals as climatic conditions change 
requires that most, if not all, resource manag-
ers move past these barriers and get into the 
habit of “asking the climate change question.” 
Some may feel they are not prepared to take on 
this role. However, local knowledge on the ecol-
ogy, management practices, site history, and 
social opportunities and constraints represent 
critical areas of expertise in this process—no 

attained to support implementation of adapta-
tion actions “the burden of truth is much 
higher for unconventional actions” (Hagerman 
and Satterfi eld 2013, p.561), suggesting that 
working with practitioners, to fi rst frame poten-
tial benefi ts and risks and second evaluate 
innovative actions when they are chosen, is a 
critical need.

As we frame risks and benefi ts, an approach 
that considers multiple lines of evidence should 
help us anticipate a broader range of species 
and system responses. Different fi elds of study, 
from investigations of genetics, through popu-
lation dynamics, to landscape ecology, provide 
different lines of questioning and different 
ways of exploring responses. In some cases, 
looking at a problem through a different lens 
may suggest fewer uncertainties regarding a 
plan of action, while in other cases bringing in 
new tools and frameworks may open up even 
more questions. As a mentor in the BICCCA 
program, I saw the diversity of scientifi c disci-
plines and perspectives represented by the stu-
dents and mentors as our greatest strength. 
Focal ecological systems for students in the pro-
gram ranged from marine systems (Chapters 4 
and 5) through rivers (Chapter 6), alpine sys-
tems (Chapters 7 and 8), and grasslands (Chap-
ters 9 and 10). The collection of work here 
employed a wide range of tools and approaches, 
addressed many different taxonomic groups, 
and spans temporal scales from a few years for 
most work through decades (Chapter 8 and 13) 
and even millennia (Chapter 12). Given the 
complexity of the relationships between species 
life histories and climate drivers, we should 
expect that we will need multiple approaches to 
help answer our questions on how to help sys-
tems adapt. By drawing from many lines of evi-
dence, we can likely better anticipate a broader 
spectrum of species and system responses, and 
more effectively work through processes that 
allow us to compare risks and prioritize man-
agement actions that most effectively reduce 
these risks. As this idea suggests, there is often 
a need to bridge across different fi elds within 
the biological sciences, again emphasizing the 
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et al. 2009, Hobbs et al. 2010, Lawler et al. 
2010, Hansen and Hoffman 2011, Poiani et al. 
2011, Cross et al. 2012, Stein et al. 2014). Like 
the specifi c strategies needed to reduce climate-
related risks in a given geography, the guidance, 
tools, and information that will be most useful 
in helping stakeholders move forward on adap-
tation will likely vary from place to place.

To provide context for how information in 
the rest of this book can be applied, we present a 
slightly modifi ed version of an approach used by 
The Nature Conservancy (TNC) to update exist-
ing conservation plans (Poiani et al. 2011). This 
approach assumes that a team of scientists, 
managers, and policy specialists has already 
gone through the process of creating, and likely 
implementing, a conservation plan designed to 
protect species, systems, and / or ecological pro-
cesses at a specifi c location. When presented in 
a general way, this framework’s focus on updat-
ing an existing plan, which typically includes 
multiple conservation objectives, and strategies 
for addressing a wide range of stressors (i.e., 
invasive species, pollution, habitat loss or frag-
mentation) may be a good fi t for others inter-
ested in sequentially reconsidering how to 
increase the likelihood of success of actions 
taken within an ongoing management or con-
servation effort. In addition, we like the fact that 
this framework includes the step of considering 
human responses to climate change as an addi-
tional challenge, and that it highlights the idea 
of looking for opportunities to demonstrate how 
protecting nature can protect people. When this 
framework is followed at a more detailed level, 
familiarity with TNC’s conservation planning 
approach is helpful, which may require more of 
a time investment than makes sense for practi-
tioners that use other planning approaches. 
This is one example of why exploring the range 
of adaptation frameworks and tools available 
before selecting methods to follow, especially if 
one is organizing a major effort with multiple 
partners, is a good idea. For example, for those 
that are engaged in new efforts, such as an 
emerging partnership to address climate change 
impacts in a place where goals and strategies 

“climate adaptation specialist” can step in and 
reduce the need for this knowledge. Updating 
management to account for climate change 
requires that we integrate this site-specifi c 
information with information on how changes 
in climatic drivers are likely to infl uence spe-
cies and systems. Ideally, this integration will 
occur through a long-term partnership between 
climate specialists, ecological researchers, and 
practitioners. Integration may take many 
forms, and how to get started will depend on 
who is sitting at the table. How we go about 
integrating climate change is also likely to 
change over time: While investing time in 
planning efforts that focus solely on climate 
impacts and adaptation can play an important 
initial role in helping stakeholders get up to 
speed on new ways of thinking, over the long-
term adaptation actions are more likely to be 
implemented if they are part of ongoing plan-
ning and management cycles. While integrat-
ing climate change into all decisions may seem 
overwhelming, this idea of repeatedly “asking 
the climate question” reminds us that we will 
have many opportunities to promote adapta-
tion, and we can (and must) learn as we go.

While there is no one-size-fi ts-all answer on 
how to modify management to address climate 
change, or even one set of climate change ques-
tions that are appropriate for all situations, one 
way to help train ourselves to make adjustments 
is to follow a consistent, systematic process as 
we get started. A shared process, and shared 
tools, can also help different stakeholders work 
together by clarifying ideas on impacts and 
assumptions that underlie any proposed 
changes in goals or plans for action. Efforts to 
promote adaptation to key stakeholder groups 
have been rapidly increasing: Guidance docu-
ments, tools, workshops, and websites are being 
developed at all levels of government, in nongov-
ernmental organizations, and in the private sec-
tor (Bierbaum et al. 2013). Within the conserva-
tion and resource management literature, there 
are many sources of recommendations and gen-
eral principles for how to help natural systems 
adapt (e.g., AFWA 2009, Joyce et al. 2009, West 
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nisms are likely, and they may act in the same 
direction (i.e., suggesting increasing risk), or 
may suggest both risks and benefi ts.

Once useful metrics are identifi ed, ecolo-
gists and practitioners can work with climate 
scientists to identify the best climate data 
sources for evaluating changes in the metrics 
over time. Given the many sources and meth-
ods for downscaling climate data, and the rapid 
increases in availability of these data (Barsugli 
et al. 2013), spending some time thinking criti-
cally about what data are most useful before try-
ing to retrieve them should lead to more pro-
ductive conversations with climate scientists. 
Other important components of this step 
include identifying one or more workable time 
frames for considering impacts (e.g., 20 years, 
or a short- and long-term reference point), iden-
tifying ways to handle the variation across dif-
ferent emissions scenarios and models, and 
framing some form of conceptual model to help 
with the identifi cation of likely impacts. While 
described very briefl y here, this step is essen-
tially a climate change vulnerability analysis, 
and can be undertaken at many different levels 
of investment. A more detailed description is 
beyond the scope of this chapter, but many 
resources and tools are available to help with 
this process (e.g., Glick et al. 2011, Klausmeyer 
et al. 2011, Rowland et al. 2011, Thomas et al. 
2011, Gardali et al. 2012, Wilsey et al. 2013).

A key point to recognize when working with 
climate specialists to identify which changes in 
climate drivers are most important is that these 
changes can affect many aspects of manage-
ment. Thus, besides thinking about how 
changes in factors like the timing of spring, or 
peak water temperatures, may put species at 
risk, it’s important to also consider how chang-
ing conditions can change the effectiveness of 
some form of management action, or change 
the infl uence of neighboring land uses on a 
focal property. For example, too much or too 
little moisture can restrict use of tools like pre-
scribed burning, which may reduce a manag-
er’s ability to control invasive species. Changes 
in climate factors may lead to new problems 

have not already been created, broader frame-
works with more fl exible approaches may be 
more helpful (e.g., Hansen and Hoffman 2011, 
Cross et al. 2012, Stein et al. 2014). However, 
there are many similarities in steps for different 
processes, so while the TNC approach (Poiani et 
al. 2011) was developed for a specifi c mode of 
application, it still serves well as a method for 
connecting information from later chapters to a 
general process for updating conservation and 
management.

step 1. understand the potential ecolog-
ical impacts of climate change  This step 
involves gathering information on observed 
and projected climatic changes, and linking 
these to potential sensitivities in the focal eco-
logical systems, species, and management 
actions. As noted above, the step of understand-
ing vulnerabilities is most effi cient, and likely 
most effective, when information such as tem-
perature-change projections is connected to 
local sensitivities through active discussions, 
rather than through more passive transfers of 
information from scientists to managers. When 
climate scientists, ecologists, managers, and 
others familiar with the focal species or system 
work together, they can explore and eventually 
refi ne ideas about the specifi c aspects of some 
kind of change that is most relevant for consid-
ering specifi c risks. We might have a sense that 
a species is sensitive to temperature, but there 
are many ways that temperature can change, 
leading to different levels of exposure and dif-
ferent risks. For some species, the most mean-
ingful climate data metric might be summer 
maximum temperatures, as these may corre-
late with heat-related mortality. Perhaps less 
intuitively, others may be most at risk from 
increases in winter low temperatures, which 
may have in the past limited the spread of an 
important pathogen or invasive species. Or, 
maybe the strongest infl uence of temperature 
increases is through a less direct driver, such as 
length of the growing season, increase in 
stream temperature, drought stress, or timing 
of snowmelt. In many cases, multiple mecha-
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team workshop described by Poiani et al. (2011, 
p.189), the Moses Coulee project team from 
Washington state developed the following 
statement: 

A 2–3°C rise in annual temperature coupled with 
a 10–30% decrease in summer rainfall and a 
5–10% increase in winter precipitation will lead 
to a greater frequency and intensity of wildfi res, 
which create openings for expansion of invasive 
cheatgrass, and increased spring productivity of 
cheatgrass, resulting in the decreased cover of 
key native shrubs and bunchgrasses.

Generating lists of possible changes and link-
ing them in a conceptual model can help orga-
nize a group’s thinking, making it easier to 
identify a subset of vulnerabilities that can 
potentially be reduced through management 
actions. The premise here is that each hypoth-
esis of change should be specifi c, and should 
illustrate clearly the connection between one or 
more specifi c climate drivers and a change in 
our ability to meet some conservation objec-
tives. Clearly stating these relationships helps 
ensure that we “link actions to climate impacts” 
as we develop adaptation strategies, one of the 
“key characteristics to climate-smart conserva-
tion” identifi ed in comprehensive guidance 
from Stein et al. (2014, p.38). Ideally, each of 
these statements would also be associated with 
some descriptor of how likely the impact is 
(high-medium-low probability). When com-
bined with factors such as the magnitude of the 
impact and its reversibility, the likelihood can 
help identify which risks are of highest priority 
for being addressed with adaptation actions.

step 3. explore potential societal 
responses to climate change  Many, if not 
most, of the ecosystem stressors addressed 
through management are strongly tied to 
human actions, such as land conversion, pollu-
tion, and introduction of nonnative species. 
Thus, part of updating our approach to include 
climate stressors in management involves 
thinking about the responses of people to cli-
mate change, as these will likely contribute to 

with existing infrastructure, such as reduced 
stream connectivity due to perching of culverts 
in road-stream crossings during times of high 
drought stress / low stream fl ow. Similarly, 
paved areas in a neighboring parcel may be 
more likely to contribute to fl ooding as storm 
intensities increase, which can promote over-
land fl ow and erosion that leads to degradation 
of the nearby aquatic systems.

In these conversations, we should also con-
sider the potential for “surprises” (Root and 
Schneider 2006) of at least three forms: (1) 
Exceedance of thresholds in some kind of 
response to climatic changes (e.g., if conditions 
exceed key thermal or drought tolerances, this 
may lead to rapid, hard-to-predict declines in 
fi tness); (2) new interactions among species, 
and / or new or synergistic impacts related to 
interactions with climate and other stressors 
(e.g., climate change favoring an invasive spe-
cies that had not been able to become estab-
lished in the past); and (3) higher frequency of 
extreme weather events with catastrophic 
impacts on focal systems or management infra-
structure (fl oods, ice storms, extreme cold peri-
ods in spring). Through interactive discus-
sions, and by testing different ideas over time, 
scientists familiar with the climate data and 
managers most familiar with the systems can 
hone in on climate metrics that best inform 
consideration of risks. We hope that this book 
helps encourage these interactions and pro-
vides useful information and examples that 
help move the process along.

step 2. formulate specific “hypotheses of 
change”  After engaging in a broad consider-
ation of possible impacts, the next step in the 
TNC framework (Poiani et al. 2011) involves 
focusing in on a set of important ways in which 
climate change might impact a species, system, 
or management strategy. The step of creating 
“hypotheses of change” can help tame the com-
plexity of the adaptation process by asking par-
ticipants to craft statements that describe spe-
cific, management-relevant shifts in focal 
systems or species. For example, in the multi-
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ment specialists on comparative costs across 
areas with fewer wetlands or smaller pipes can 
be some of our strongest tools for inspiring 
greater investments in actions that benefi t both 
people and nature.

step 4. determine which climate impacts 
are critical, and can be addressed  In the 
process described by Poiani et al. (2011), the 
next step involves ranking the risks posed by 
climate change (as stated in step 2), and inte-
grating these lists with existing management 
priorities. The goal here is to focus in on a small 
number of risks that can feasibly be addressed 
through some changes in management, so that 
these can become the focus of adaptation strate-
gies. This prioritization step can be addressed 
in many different ways—it may be useful to 
focus in on one of the most tractable risks fi rst, 
simply to help provide momentum to the pro-
cess of investing in adaptation efforts. Over the 
long term, it will likely be important to develop 
clear criteria for addressing climate risks, as 
there is no doubt that the resources needed to 
address even a limited number of vulnerabili-
ties will exceed the funds available. This is the 
most obvious step where science must be inte-
grated with societal values, which can be easier 
if we have some structure to help us frame com-
parisons, and communicate options to the pub-
lic. To this end, Schneider et al. (2007, p.785–
786) outlined seven criteria for defi ning “key 
vulnerabilities” as part of the Fourth Intergov-
ernmental Panel on Climate Change (IPCC) 
Assessment. The concept of key vulnerabilities 
can be applied to any type of system that is sus-
ceptible to the impacts of climate change (e.g., 
ecological, human infrastructure, public 
health). These factors provide a thought-provok-
ing way to fi lter through long lists of impacts to 
produced prioritized adaptation actions, and 
related discussions are likely to range far beyond 
science and management.

• Magnitude of impact (area, number of 
species / systems, costs to restore or promote 
adaptation);

changes in stressors, and in future manage-
ment priorities. The goal of this step is to antici-
pate, and where possible prevent, responses that 
could cause more problems for ecosystems. In 
some cases, this step may lead to work on quan-
tifying the ecological services that current natu-
ral systems are providing, or that could be pro-
vided through restoration, which help reduce 
climate-related risks. Examples include invest-
ing more of our resources into protecting for-
ests to maintain sources of freshwater, and pro-
tecting or restoring fl oodplains to help contain 
spring fl oods (Kousky 2010, Downing et al. 
2013, Gartner et al., 2013). By proactively think-
ing about societal responses, we can hopefully 
identify and communicate ways that natural 
areas help promote adaptation for people, and 
anticipate and help avoid actions taken to pro-
tect people that could damage natural systems 
or impede ecological processes. Sea walls and 
levees are two specifi c examples of “gray infra-
structure” that communities may identify as 
needs for protection from sea level rise and river 
fl ooding, yet these structures can reduce habitat 
values, and put species and natural processes at 
risk. Actions that are identifi ed during this step 
are likely to focus on improving communica-
tion with stakeholders that have a need for ser-
vices that natural systems could provide, and 
helping foster partnerships that encourage 
investments in nature-based rather than gray 
infrastructure. This is an example of where fos-
tering of long-term relationships across differ-
ent sectors is especially needed so that people 
with appropriate expertise can be involved early 
and often. Gray infrastructure-type responses 
to the risks of climate change have long plan-
ning periods and are very costly to retrofi t 
(Kousky 2010, Downing et al. 2013). This step 
should also serve to help remind managers to 
invest time in summarizing their investments 
in activities such as restoring wetlands that help 
prevent fl oods, or in increasing the size of cul-
verts that support road-stream crossings to pre-
pare for fl ashier fl ows. When extreme events 
take place, these data coupled with comparative 
analyses from economists or hazard manage-
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intervention (Hobbs et al. 2010[AQ2]). As these 
ideas suggest, managers should expect the 
steps in any approach to adaptation to be itera-
tive and nonlinear—sometimes you need to 
step backward to move forward. With respect to 
thinking about how goals can be reframed, 
three terms are commonly used to frame 
approaches to adaptation: Resistance (act to 
slow the rate of change and protect valued 
resources); resilience (act to promote ability to 
bounce back from disturbance, and stay within 
some range of conditions); and response / trans-
formation to a different state or system type 
(e.g., Millar et al. 2007, Heller and Zavaleta 
2009, West et al. 2009). In their work on Medi-
terranean forests of California, Stephens et al. 
(2010) present a fourth category, realignment, 
that addresses using management to reset the 
trajectory of systems to account for reduced abil-
ity to adapt to new conditions due to factors 
such as past management history. Depending 
on the missions of particular management 
organizations, choices of how to proceed may be 
constrained due to confl icts with core princi-
ples, or partnerships may be strained due to dif-
ferences in perspective that are brought to the 
forefront by climate change. In other cases, a 
key strategy that emerges from these conversa-
tions may be to revisit project goals, or even an 
organization’s mission.

step 6.  develop adaptation strategies 
and evaluate their feasibility and cost  
Adaptation strategies can range from minor 
“tweaks” in practices (e.g., changing the timing 
of some actions, like mowing or prescribed 
burns) to more costly changes to entirely new 
practices. Again, in this short review we hope 
to provide context for how the impact informa-
tion, and management goals and constraints, 
connects with adaptation planning. However, 
many resources to help with the framing of 
adaptation strategies are available, ranging 
from general ideas (Heller and Zavaleta 2009, 
Lawler 2009, West et al. 2009, Hansen and 
Hoffman 2011, Stein et al. 2014) to system-
specifi c examples and case studies for Califor-
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• Timing (rate of change, near or far-off in 
time);

• Persistence and reversibility (i.e., extinctions 
vs. population declines; climate change as a 
trigger for change in land use that would 
limit future ecological values);

• Likelihood of impacts and vulnerabilities, and 
confi dence in those estimates (probability that 
the impact will occur, as assessed through 
statistical tools and / or expert opinion);

• Potential for adaptation (to what extent do 
species have the genetic variability, dispersal 
abilities, etc., needed to adapt to changes, 
and can we implement needed strategies 
given current regulatory constraints?);

• Distribution of impacts and vulnerabilities 
(IPCC focuses on equity issues; this could be 
seen as pattern of impacts relative to the 
distribution of a population, or could provide 
a mechanism for considering variation 
across different stakeholder groups in the 
impact of climate-related changes in 
ecosystem services to people);

• Importance of the system at risk (e.g., 
cultural value, economic value, ecological 
value).

step 5. evaluate if potential climate 
change impacts are likely to change fun-
damentally the project, or preclude 
project success  This step serves as a 
reminder that static goals may no longer make 
sense with respect to managing systems in a 
nonstationary climate, and some aspects of 
change may be in direct confl ict with sustain-
ing particular species or systems at a site. As in 
the step above, this step requires integration of 
science with values and has the potential to lead 
to discussions that range far beyond the science 
and on-the-ground management practices. As 
we delve into our goals, we are likely to uncover 
that not all share the same perspective on prin-
ciples that underlie our work, such as the value 
of “naturalness,” the purpose of parks, national 
forests, or other types of public-trust resources, 
and the appropriateness of various levels of 
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mate change adaptation, and being clear in our 
logic can help us make the case that they are 
still important, even if there are few climate-
related benefi ts.

If the task of overhauling management for 
an area to address climate change seems daunt-
ing at fi rst, a useful fi rst step may be to evaluate 
and modify current actions that are clearly 
counterproductive or are at high risk of having 
benefi ts negated as a result of climate change. 
For example, it may be straightforward to com-
pare the longevity of some investments, as in 
the case of restoration of coastal wetlands that 
vary in terms of exposure and resilience to 
increasing sea levels (Stralberg et al. 2011). 
Similarly, another fruitful fi rst strategy may be 
to update ongoing monitoring work to ensure 
that data collection efforts are useful for evalu-
ating changes attributable to climate change. In 
some cases, this is as simple as including local 
climatic measures in the monitoring scheme or 
extending the temporal extent of monitoring 
such that changes in timing of events can be 
captured. This form of coordination can provide 
the data needed to develop additional strategies 
in the future. Similarly, an early step to help 
identify site-specifi c changes that could inform 
on-the-ground strategies could involve a sys-
tematic review of information collected in the 
past, as described by Tingley (Chapter 13).

step 7.  develop measures of success, 
implement, adapt, and learn  To restore, 
maintain, and protect biodiversity as the climate 
changes, it is more important than ever to have 
clear ways of defi ning and measuring the success 
of our actions. Although full coverage of moni-
toring and data sharing among resource manag-
ers is beyond the scope of this chapter, these 
activities represent an essential follow-up to “ask-
ing the climate question” of our management 
goals and decisions. Strengthening our inference 
and defi ning measure of success that help us 
communicate with a wide range of stakeholders 
are urgent needs. As such, they represent chal-
lenging but likely fruitful areas for collaborations 
among scientists, managers, and policy-makers.

nia (e.g., Millar et al. 2007, Stephens et al. 
2010, Downing et al. 2013). This growing liter-
ature on climate change adaptation has identi-
fi ed the need to take a very proactive approach, 
especially in the context of protecting species 
and ecological systems that are already at risk 
(West et al. 2009, Lawler et al. 2010, Poiani et 
al. 2011[AQ3]). Being proactive entails identify-
ing climate change as a signifi cant threat, indi-
cating consequences it would likely have, and 
identifying specifi cally how to address those 
threats through a set of actions designed to 
reduce probable future risks.

The step of identifying adaptation strategies 
reminds us to assess the costs and benefi ts of 
changes in management, a process that should 
link back to the hypotheses of change that we 
defi ned above. A key checkpoint to consider is, 
do the actions you have identifi ed as adaptation 
directly address a priority impact? The most 
successful adaptation actions will clearly show 
this logical fl ow, and through our ability to 
explain the rationale behind our choices will 
help build public support for actions that may 
be more costly than “business as usual.” As dif-
ferent forms of guidance have emerged, one 
can sense tension with respect to what kind of 
management actions “count” as adaptation. For 
example, increasing connectivity is often one of 
the fi rst concepts to emerge in climate adapta-
tion conversations, and it may be tempting to 
then say that any effort to promote connectivity 
also promotes adaptation. The idea of acting 
“with intention” (e.g., Stein et al. 2014) pro-
vides an important cross-check on our list of 
strategies. If, rather than linking each adapta-
tion action to a specifi c reduced risk, we call 
any action that possibly increases connectivity 
or reduces the impact of some stressor (like 
invasive species) a climate adaptation strategy, 
we will be less effective, and weaken support 
and understanding for our efforts. These activi-
ties are still vital, and often do promote adapta-
tion, but we should be prepared to describe 
how, and for what species or system, future 
viability is likely to be enhanced. Clearly, they 
may also be vital for other reasons beyond cli-
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governmental organizations, or as resource 
managers. While no one person, or even organi-
zation, is likely to include the full range of exper-
tise needed to meet this challenge, we can ben-
efi t both nature and ourselves if we broaden our 
perspectives and strengthen our connections.
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TO ACTION
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up collaborative, multi-stakeholder efforts that 
support implementation of key actions, and 
changes in policy. Specifi cally, to build the 
momentum that moves science-based ideas 
into actions on the ground, we need to involve a 
broad range of stakeholders, and be clear on 
how various adaptation strategies may benefi t, 
or harm, the things that each group values. The 
decisions that need to be made now and in the 
future require that as scientists we understand 
that science needs to be framed in such a way 
that a wide range of stakeholders can evaluate 
results and use these to inform value judg-
ments on how scarce resources are used. We 
also need to invest in communication and 
become more comfortable with stating our 
assumptions and values, as these are critical 
building blocks for improving understanding. 
To do the best we can in supporting function-
ing natural systems, we will need to prepare for 
surprises in how species and systems respond, 
and think about rules for “triage,” as not all spe-
cies will be viable (at a defensible cost) in future 
climates (Root and Schneider 2006, Lawler 
2009). At the risk of oversimplifi cation, prog-
ress on the collaboration side can be measured 
by answering three questions: (1) Are we talk-
ing to each other? (2) Is there shared under-
standing on the key issues and options? (3) Can 
we identify shared goals, and ways to achieve 
them? Collaborations can break down in any of 
these areas, and tools for promoting collabora-
tion seem especially needed when trying to 
bring people together around issues with this 
level of complexity and uncertainty.

Taken together, all of these components of 
responding to climate change suggest that we 
have entered a new era with respect to the skill 
sets that will be most useful to scientists that 
enter ecological fi elds, either as academic or 
agency researchers, practitioners within non-

12     a new era for ecologists

Root - 9780520278851.indd   12Root - 9780520278851.indd   12 02/12/14   5:51 PM02/12/14   5:51 PM



a new era for ecologists     13

change: National forests. Environmental Manage-
ment 44:1022–1032.

Kates, R. W., W. R. Travis, and T. J. Wilbanks. 2012. 
Transformational adaptation when incremental 
adaptations to climate change are insuffi cient. 
Proceedings of the National Academy of Sciences of 
the United States of America 109:7156–7161.

Keeney, R. L. 2004. Making better decision makers. 
Decision Analysis 1:193–204.

Kelly, A. E. and M. L. Goulden. 2008. Rapid shifts 
in plant distribution with recent climate change. 
Proceedings of the National Academy of Sciences of 
the United States of America 105:11823–11826.

Klausmeyer, K. R., M. R. Shaw, J. B. MacKenzie, and 
D. R. Cameron. 2011. Landscape-scale indicators 
of biodiversity’s vulnerability to climate change. 
Ecosphere 2:art88.

Kousky, C. 2010. Using natural capital to reduce 
disaster risk. Journal of Natural Resources Policy 
Research 2:343–356.

Kujala, H., M. A. Burgman, and A. Moilanen. 2013. 
Treatment of uncertainty in conservation under 
climate change. Conservation Letters 6:73–85.

Lawler, J. J. 2009. Climate change adaptation 
strategies for resource management and 
conservation planning. Annals of the New York 
Academy of Sciences 1162:79–98. Year in Ecology 
and Conservation Biology 2009.

Lawler, J. J., T. H. Tear, C. Pyke, M. R. Shaw, P. 
Gonzalez, P. Kareiva, L. Hansen, L. Hannah, K. 
Klausmeyer, A. Aldous et al. 2010. Resource 
management in a changing and uncertain c
limate. Frontiers in Ecology and the Environment 
8:35–43.

Loarie, S. R., B. E. Carter, K. Hayhoe, S. McMahon, 
R. Moe, C. A. Knight, and D. D. Ackerly. 2008. 
Climate change and the future of California’s 
endemic fl ora. PLOS ONE 3:e2502.

Martin, J., M. C. Runge, J. D. Nichols, B. C. Lubow, 
and W. L. Kendall. 2009. Structured decision 
making as a conceptual framework to identify 
thresholds for conservation and management. 
Ecological Applications 19:1079–1090.

Mastrandrea, M., N. Heller, T. Root, and S. 
Schneider. 2010. Bridging the gap: Linking 
climate-impacts research with adaptation 
planning and management. Climatic Change 
100:87–101.

McLaughlin, J. F., J. J. Hellmann, C. L. Boggs, and 
P. R. Ehrlich. 2002. Climate change hastens 
population extinctions. Proceedings of the National 
Academy of Sciences of the United States of 
America 99:6070–6074.

Millar, C. I., N. L. Stephenson, and S. L. Stephens. 
2007. Climate change and forests of the future: 

United States. World Resources Institute, 
Washington, DC. http://www.wri.org
/ publication / natural-infrastructure.

Glick, P., B. A. Stein, and N. A. Edelson (eds). 
2011. Scanning the Conservation Horizon: A 
Guide to Climate Change Vulnerability 
Assessment. National Wildlife Federation, 
Washington, DC.

Gregory, R., L. Failing, D. Ohlson, and T. L. 
McDaniels. 2006. Some pitfalls of an overem-
phasis on science in environmental risk 
management decisions. Journal of Risk Research 
9:717–735.

Hagerman, S. M. and T. Satterfi eld. 2013. Entangled 
judgments: Expert preferences for adapting 
biodiversity conservation to climate change. 
Journal of Environmental Management 
129:555–563.

Hagerman, S. M. and T. Satterfi eld. 2014. Agreed 
but not preferred: Expert views on taboo options 
for biodiversity conservation, given climate 
change. Ecological Applications 24:548–559.

Hansen, L. J. and J. R. Hoffman. 2011. Climate 
Savvy: Adapting Conservation and Resource 
Management to a Changing World. Island Press, 
Washington, DC. 245 pp.

Heller, N. E. and E. S. Zavaleta. 2009. Biodiversity 
management in the face of climate change: A 
review of 22 years of recommendations. Biologi-
cal Conservation 142:14–32.

Hobbs, R. J., D. N. Cole, L. Yung, E. S. Zavaleta, 
G. H. Aplet, F. S. Chapin, P. B. Landres, D. J. 
Parsons, N. L. Stephenson, P. S. White et al. 2010. 
Guiding concepts for park and wilderness 
stewardship in an era of global environmental 
change. Frontiers in Ecology and the Environment 
8:483–490.

Hoffman, J., E. Rowland, C. H. Hoffman, J. West, S. 
Herrod-Julius, and M. Hayes. 2014. Managing 
under uncertainty, Chapter 12. In B. A. Stein, P. 
Glick, N. Edelson, and A. Staudt (eds), Climate-
Smart Conservation: Putting Adaptation Principles 
into Practice. National Wildlife Federation, 
Washington, DC.

IPCC. 2007. In S. Solomon, D. Qin, M. Manning, 
Z. Chen, M. Marquis, K. B. Averyt, M. Tignor, 
and H. L. Miller (eds), Climate Change 2007: The 
Physical Science Basis. Contribution of Working 
Group 1 to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change 
Cambridge University Press, Cambridge, UK and 
New York, NY, USA. 996 pp.[AQ4].

Joyce, L. A., G. M. Blate, S. G. McNulty, C. I. Millar, 
S. Moser, R. P. Neilson, and D. L. Peterson. 2009. 
Managing for multiple resources under climate 

AQ4: Please 

provide the 

chapter title, 

and cite the 

reference in 

the text.

Root - 9780520278851.indd   13Root - 9780520278851.indd   13 02/12/14   5:51 PM02/12/14   5:51 PM



Impacts, Adaptation and Vulnerability. Contribu-
tion of Working Group II to the Fourth Assessment 
Report of the IPCC. Cambridge University Press, 
Cambridge, UK. 779–810.

Solomon, S., G. K. Plattner, R. Knutti, and P. 
Friedlingstein. 2009. Irreversible climate change 
due to carbon dioxide emissions. Proceedings of 
the National Academy of Sciences of the United 
States of America 106:1704–1709.

Stein, B. A., P. Glick, N. Edelson, and A. Staudt 
(eds). 2014. Climate-Smart Conservation: Putting 
Adaptation Principles into Practice. National 
Wildlife Federation, Washington, DC.

Stephens, S. L., C. I. Millar, and B. M. Collins. 2010. 
Operational approaches to managing forests of 
the future in Mediterranean regions within a 
context of changing climates. Environmental 
Research Letters 5(2):024003. doi: 
10.1088 / 1748-9326 / 1085 / 1082 / 024003.

Stralberg, D., M. Brennan, J. C. Callaway, J. K. 
Wood, L. M. Schile, D. Jongsomjit, M. Kelly, V. T. 
Parker, and S. Crooks. 2011. Evaluating tidal 
marsh sustainability in the face of sea-level rise: 
A hybrid modeling approach applied to San 
Francisco Bay. PLOS ONE 6:e27388.

Thomas, C. D., J. K. Hill, B. J. Anderson, S. Bailey, 
C. M. Beale, R. B. Bradbury, C. R. Bulman, 
H. Q. P. Crick, F. Eigenbrod, H. M. Griffi ths 
et al. 2011. A framework for assessing threats 
and benefi ts to species responding to climate 
change. Methods in Ecology and Evolution 
2:125–142.

West, J. M., S. H. Julius, P. Kareiva, C. Enquist, J. J. 
Lawler, B. Petersen, A. E. Johnson, and M. R. 
Shaw. 2009. US natural resources and climate 
change: Concepts and approaches for manage-
ment adaptation. Environmental Management 
44:1001–1021.

West, J. M., S. H. Julius, and C. P. Weaver. 2012. 
Assessing confi dence in management adaptation 
approaches for climate-sensitive ecosystems. 
Environmental Research Letters 7(1):014016. 
doi:10.1088 / 1748-9326 / 7 / 1 / 014016.

Wilsey, C. B., J. J. Lawler, E. P. Maurer, D. McKenzie, 
P. A. Townsend, R. Gwozdz, J. A. Freund, K. 
Hagmann, and K. M. Hutten. 2013. Tools for 
assessing climate impacts on fi sh and wildlife. 
Journal of Fish and Wildlife Management 
4:220–241.

Managing in the face of uncertainty. Ecological 
Applications 17:2145–2151.

Milly, P. C. D., J. Betancourt, M. Falkenmark, R. M. 
Hirsch, Z. W. Kundzewicz, D. P. Lettenmaier, and 
R. J. Stouffer. 2008. Stationarity is dead: Whither 
water management? Science 319:573–574.

Moser, S. C. and J. A. Ekstrom. 2010. A framework 
to diagnose barriers to climate change adapta-
tion. Proceedings of the National Academy of 
Sciences of the United States of America 
107:22026–22031.

National Research Council. 2009. Informing Decisions 
in a Changing Climate. Panel on Strategies and 
Methods for Climate-Related Decision Support, 
Committee on the Human Dimensions of Global 
Change. Division of Behavioral and Social Sciences 
and Education. The National Academies Press, 
Washington, DC. 188 pp.

Park, S. E., N. A. Marshall, E. Jakku, A. M. Dowd, 
S. M. Howden, E. Mendham, and A. Fleming. 
2012. Informing adaptation responses to climate 
change through theories of transformation. 
Global Environmental Change-Human and Policy 
Dimensions 22:115–126.

Petersen, B. C., K. R. Hall, K. J. Kahl, and P. J. 
Doran. 2013. In their own words: Perceptions of 
climate change adaptation from the Great Lakes 
region’s resource management community. 
Environmental Practice 15:377–392.

Poiani, K. A., R. L. Goldman, J. Hobson, J. M. 
Hoekstra, and K. S. Nelson. 2011. Redesigning 
biodiversity conservation projects for climate 
change: Examples from the fi eld. Biodiversity 
Conservation 20:185–201.

Root, T. L. and S. H. Schneider. 2006. Conservation 
and climate change: The challenges ahead. 
Conservation Biology 20:706–708.

Rowland, E. L., J. E. Davison, and L. J. Graumlich. 
2011. Approaches to evaluating climate change 
impacts on species: A guide to initiating the 
adaptation planning process. Environmental 
Management 47:322–337.

Schneider, S. H., S. Semenov, A. Patwardhan, I. 
Burton, C. H. D. Magadza, M. Oppenheimer, 
A. B. Pittock, A. Rahman, J. B. Smith, A. Suarez 
et al. 2007. Assessing key vulnerabilities and the 
risk from climate change. In M. L. Parry, O. F. 
Canziani, J. P. Palutikof, P. J. van der Linden, and 
C. E. Hanson (eds), Climate Change 2007: 

14     a new era for ecologists

Root - 9780520278851.indd   14Root - 9780520278851.indd   14 02/12/14   5:51 PM02/12/14   5:51 PM


