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Abstract

Despite extensive recommendations for adapting conservation to climate change,

limited knowledge exists about how practitioners aim to respond. To address this

gap, we analyzed proposals for on-the-ground climate adaptation projects submit-

ted by US conservation non-profits, which play a central role in conserving biodi-

versity. We assessed 415 proposals submitted between 2011 and 2015 to the

Wildlife Conservation Society's Climate Adaptation Fund, a US-based fund focused

solely on adaptation for wildlife and ecosystems. We evaluated the distribution of

proposed projects across conservation targets, strategies, and activities, and their

geographic alignment with climate impacts. Proposals most often targeted river

and riparian ecosystems, fish, and birds. Attention on amphibians and inverte-

brates was disproportionately low relative to their climate vulnerability. Proposals

commonly included efforts to restore previous structures and functions, while rela-

tively few described facilitating change (e.g., supporting future-adapted species).

Proposal density was highest along the Atlantic and Pacific coasts, geographically

aligned with non-profit density and public opinion on climate change. There was

no geographic alignment between exposure and proposed responses to five of six

climate threats (warming, aridity, wildfire, inland flooding, sea level rise). Our find-

ings identify gaps in adaptation attention, and can enhance strategic resource allo-

cation, targeted capacity building, and adaptation outcomes for conservation.
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1 | INTRODUCTION

Conservation research has increasingly focused on
adapting conservation practice to inevitable threats posed
by climate change (Stein et al., 2013). Hundreds of studies
make recommendations for biodiversity and ecosystem
management (reviewed in Heller & Zavaleta, 2009;
Hagerman & Pelai, 2018; Prober et al., 2019). However, we

know little about how practitioners themselves anticipate
responding to climate change via tangible, on-the-ground
adaptation activities.

In US natural resource management, a very limited
number of studies synthesize developing on-the-ground
adaptation efforts (Ontl et al., 2017; Peterson St. Laurent
et al., 2021). Moreover, numerous studies have focused on
adaptation in public agencies (e.g., Archie et al., 2012;
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Jantarasami et al., 2010; Kemp et al., 2015), but we know of
only one study focused on adaptation in the non-profit sec-
tor (Peterson St. Laurent et al., 2021). The scarcity of
research on developing efforts in the non-profit sector is sig-
nificant given the sector's central role in conserving biodi-
versity and compensating for insufficient government effort
(Armsworth et al., 2012). For climate adaptation, the role of
the non-profit sector may be especially important because
public agencies are perceived to have low adaptive capacity
(Armsworth et al., 2015) and face barriers that impede
adaptation (e.g., Archie et al., 2012; Jantarasami et al., 2010;
Kemp et al., 2015).

To address these gaps, we synthesized and evaluated
the largest available pool of climate adaptation project pro-
posals focused on wildlife and ecosystems proposed by US
non-profits. The pool comprises a large sample size and
geographic scope, including >400 proposals for projects in
diverse ecosystems, submitted by >250 non-profit organiza-
tions from across the United States. Our overarching aim
was to describe and quantify US non-profit aspirations for
adaptation, identify potential gaps in proposed responses,
and create a baseline for tracking future developments.

We address three specific questions:
First, what ecosystems and taxa do proposals target?

Current and predicted impacts to biological systems are
widespread and varied (Groffman et al., 2014), but we do
not know which targets are of most concern to practi-
tioners, nor whether this attention is proportional to cli-
mate vulnerability.

Second, what strategies and activities are proposed? Char-
acterizing the strategies and activities practitioners propose
allows us to determine their popularity, including efforts to
facilitate change away from historic conditions. It also reveals
how practitioners hope to translate a literature focused on
general concepts and principles (Heller & Zavaleta, 2009;
Lawler, 2009) into specific on-the-ground activities.

Third, what is the geographic distribution of proposed
projects relative to specific threats? Identifying regional
differences in proposed responses and their correspon-
dence with a range of climate impacts predicted across the
US could point to mismatches between climate exposure
and attention to adaptation. In particular, adaptation aspi-
rations are likely to geographically align with the distribu-
tion of conservation non-profits and public opinion on
climate change, rather than exposure to climate threats.

2 | METHODS

2.1 | Study sample

Our sample was the three-page preproposal applications
(“proposals”) submitted to the Wildlife Conservation

Society (WCS) Climate Adaptation Fund (www.
wcsclimateadaptationfund.org) between 2011 and 2015.
Made possible by a grant from the Doris Duke Charitable
Foundation, the fund was launched in 2011 to support
tangible, “shovel-ready” US climate adaptation projects.
The fund provides US 501(c)(3) non-profit conservation
organizations with grants ranging from $50,000 to
250,000 for 1- to 2-year-long projects. We aimed to study
the broader field of proposed responses rather than
WCS's goals and funding preferences, thus we focused on
proposals rather than funded projects (the latter is the
focus of Peterson St. Laurent et al., 2021).

In their proposals, applicants were asked to describe
project activities, outcomes and partners, and to include a
project budget describing a minimum 1:1 match of their
funding request from additional funding sources
(“matching funds,” Supporting Information Appendix S1).
While program aims did not change substantively over the
study period, outreach materials (e.g., application forms,
RFP) did evolve. For example, a “Guidance Document”
was added in 2012, and materials mentioned refugia strat-
egies more often over time (analysis not shown); we there-
fore include outreach documents from both early and late
years of the study period in Appendix S1. Of 490 proposals
submitted from 2011 to 2015, we excluded those that did
not describe on-the-ground activities and resubmissions of
the same proposal over multiple years (in the latter case,
we only included the most recent proposal). Our final
sample included 415 proposals submitted by
259 organizations.

The unprecedented scale and scope of this sample
offers a unique gauge of adaptation aspirations in the
US non-profit conservation sector. While other funders
invest in US-based efforts to advance adaptation
(e.g., the Kresge Foundation, Climate Resilience Fund,
public funding sources), the WCS Climate Adaptation
Fund is the single largest US-based fund we know of
focused solely on adaptation for wildlife and ecosystems.
The pool of proposals comprise a consistent set of infor-
mation (i.e., all applicants responded to the same appli-
cation prompts, scale of funding, etc.), creating a
quantifiable data source. Numerous non-profits with a
wide range of organizational sizes and biodiversity tar-
gets are included, and their geographic foci are repre-
sentative of conservation non-profits in the
United States (see Section 3). Beyond the applicants
themselves, the pool reflects an even larger sample of
hundreds of project partners (see Section 3). Finally, while
the 1:1 match requirement may limit our interpretation of
some findings (see below and Section 4), overall we view
this requirement as a strength. In addition to �$11.5 mil-
lion granted by WCS to these efforts during the study
period, applicants collectively described >$84.1 million in
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committed matching funds from hundreds of additional
public and private funders (see Section 3). Thus, the sam-
ple encapsulates funding pools beyond the WCS Climate
Adaptation Fund, and tends to capture substantive plans
rather than early-stage ideas.

Given the lack of any comparable datasets, this
pool can provide valuable insights into practitioners'
aims, but it nevertheless has some limitations. Like
surveys collected via outreach to a network, our sam-
ple only includes proposals from non-profits that were
aware of the funding program. Program parameters
(Supporting Information Appendix S1) likely limit
who can apply and what they propose. For example,
activities not funded by the WCS Climate Adaptation
Fund (e.g., assisted colonization) and efforts with bud-
gets much larger than grant amounts are likely under-
represented. Smaller non-profits may find it difficult to
obtain matching funds compared to larger organiza-
tions with more flexible funding. The match require-
ment and relatively small grant amounts means
applicants likely combine multiple funding sources,
including others that are less focused on adaptation.
This, plus the focus on short-term, shovel-ready pro-
jects, means adaptation may be added as a secondary
project feature rather than a project priority, and
applicants may have limited ability to attempt riskier
projects. Finally, applicants likely self-selected or
framed their proposals to fit their associations with
WCS and the Climate Adaptation Fund's stated priori-
ties (Supporting Information Appendix S1). We there-
fore focus on features that should be robust to such
effects, or otherwise describe the potential role of these
factors in the discussion. Research should confirm the
generality of our findings if and when comparable
datasets can be assembled from other public and pri-
vate funders and in geographies beyond the
United States.

2.2 | Data extraction

We extracted data from proposals for a suite of vari-
ables (Table 1). We aimed to capture how applicants
described their work, rather than making inferences.
For a more detailed analysis, we extracted additional
information from a random subsample of 100 pro-
posals. Unless noted, we report sample sizes (N) for
each variable in Table 1 instead of in-line in the results
section.

We classified proposals' adaptation strategies—the
general approach to achieving conservation objectives in
the face of climate change (e.g., ensure connectivity, pro-
tect refugia)—using categories modified from Stein

et al. (2014) (Tables 2 and S2.1). We chose this categoriza-
tion because it is clearly defined and applicable across
ecosystem types. We added one category (“facilitate
change,” i.e., transitioning a site to a future-adapted state)
given the need for changing goals and letting go of past
states (Heller & Zavaleta, 2009; Millar et al., 2007; Peter-
son St. Laurent et al., 2021; Schuurman et al., 2020; Stein
et al., 2013, 2014), as well as several substrategies
(Table 2). We attempted to categorize proposals as aiming
for resistance, resilience or transformation, or other simi-
lar categorizations (Peterson St. Laurent et al., 2021;
Schuurman et al., 2020), but found it was often not possi-
ble to determine applicants' intents from such brief
documents.

We categorized proposed on-the-ground activities,
which we define as actions undertaken to implement
strategies (e.g., prescribed fire, in-stream engineering). To
determine how particular strategies were associated with
activities, we used a contingency table approach (see
Supporting Information Appendix S2 for detailed
methods).

TABLE 1 Variables extracted and sample size

Variable N

Project scale, context, and funding

Total project budget (request to WCS plus
matching funds)

415

Applicant's annual organizational budgetb 415

Matching fund amount and source type (federal, state,
other public, private)c,d

415

Partnership types (federal, state, other public, private,
university)c,e

263

What ecosystems and taxa do proposed projects target?

Ecosystemsc 415

Taxac 100

What strategies and activities are proposed?

Strategiesc 100

On-the-ground activitiesc 100

What is the distribution of proposed projects relative to
geography and specific threats?

US statec 415

Climate impactsc 415

aNot all proposals provided enough information to extract these variables;

we report the number successfully extracted in results.
bSee Supporting Information Appendix S2 for detailed methods.
cProposals could be coded for >1 nonexclusive category.
dApplicants were asked to list components of their matching funds as either

“committed” or “received” (combined as “funding” here), or otherwise
“pending” (which we did not analyze).
eOnly extracted for 2011–2013 proposals due to a change in the wording of

the application question in subsequent years.
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TABLE 2 Adaptation strategies described in US climate adaptation project proposals (N = 100)

Adaptation strategy Definition (modified from Stein et al., 2014)a % Category % Subcategory Rank

Restore previous
structure and function

Rebuild, modify or transform ecosystems that have been
lost or compromised, in order to restore previous
structures (e.g., habitat complexity) and functions
(e.g., nutrient cycling).

72 1

Ensure connectivity Protect, restore, and create landscape features that
facilitate movement among patches.

62 2

Movement of
organisms

Target connectivity that facilitates the movement of
organisms.

55

Movement of abiotic
elements

Target connectivity that facilitates the movement of
abiotic elements, e.g., water, nutrients.

18

Movement of habitat Target connectivity that facilitates the movement of
habitat.

4

Protect refugia Protect, restore, manage or create areas less affected by
climate change, as sources of “seed” for recovery in
the present, or as destinations for climate-sensitive
migrants in the future.

40 3

Long-term in situ
refugia

Target areas in the species' current range with long-term
stable climates; i.e., “evolutionary refugia” (Keppel
et al., 2012).

19

Short-term in situ
refuges

Target areas in the species' current range that provide
temporary relief from climate impacts on ecological
timescales (Keppel et al., 2012).

14

Ex situ refugia Target habitat outside the species' current range, but
likely to be within the future climate space of the
species.

10

Reduce non-climate
stressors

Minimize localized human stressors (e.g., pollution) that
hinder the ability of species or ecosystems to
withstand or adjust to climatic events.

23 4

Protect key ecosystem
features

Focus management on structural characteristics,
organisms, or areas that represent important
“underpinnings” or “keystones” of the current or
future system of interest.

21 5

Keystone organisms
or ecosystem
engineers

Target organisms with outsize, critical roles in creating
and/or maintaining ecosystems, communities or
habitats.

11

Sites with key
functions

Target sites with key functions, especially those that
cannot readily shift, e.g., arid springs, spawning sites.

6

Geophysical
heterogeneity and
“nature's stage”

Target climatic diversity or enduring geologic features
(Anderson & Ferree, 2010).

5

Facilitate change Actively or passively facilitate community or ecosystem
transition away from the current state and toward a
new, future, and more suitable or desired state as
climate changes within a site. Target species,
community types, genotypes, or phenotypes adapted to
future conditions.

20 6

Relocate organismsb Actively transplant organisms from one location to
another.

13 7

Support evolutionary
potential

Protect a variety of species, populations, and ecosystems
in multiple places to bet-hedge against losses from
climate disturbances.

9 8

aFor differences from Stein et al. (2014) and categorization rules of note, see Table S2.1.
bThe Climate Adaptation Fund did not fund assisted colonization from 2011 to 2015, so this strategy is likely underrepresented here.
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2.3 | Geographic analyses

We calculated the density of proposed projects in each
state per square kilometer. To assess whether the high
density of proposals in coastal states was driven by sea
level rise, which is only relevant in coastal states, we also
calculated densities after removing proposals responding
to sea level rise. Because it only takes a few projects to
result in high proposal densities in small Northeastern
states, we also ran this analysis by region instead of state.

We used linear regression to test whether proposal
density per state aligned with (1) the density of conserva-
tion non-profit organizations (i.e., potential applicants,
see Supporting Information Appendix S2 for detailed
methods) and (2) state-level public opinion on climate
change. As a metric of public opinion, we used data on
the percentage of people who thought “global warming
will harm plants and animal species a moderate
amount/a great deal” in 2016 (Ballew et al., 2019;
YPCCC & Mason 4C, 2020). Our preliminary assessment
showed that non-profit density and public opinion were
correlated (p < 1e-05, r = .62); we therefore did not
include both in the same model and were unable to tease
apart their individual contributions to proposal density.
To assess the alignment between exposure to climate
impacts (“threats”) and the geographic distribution of
proposals (“response”), we compared state-level metrics
of six threats to the geographic distribution of proposals
responding to those threats (Table S2.2, see Supporting
Information Appendix S2 for detailed methods). For each
threat, we used linear regression to assess the correlation
between threat and response metrics.

2.4 | Post hoc analyses

To assess how the distribution of foci across taxa com-
pared to their relative vulnerability to climate change, we
compiled Nature Serve's Climate Change Vulnerability
Indices (Young et al., 2015) for 1,333 species, converted
these to numeric scores, and calculated the mean for
each taxon (see Supporting Information Appendix S2 for
detailed methods). While the Climate Change Vulnerabil-
ity Index may be biased for some taxa, it is widely used
and applicable across taxa (Young et al., 2015), providing
the best available metric we know of for comparing taxa's
relative vulnerability to climate change. Given the high
number of proposals focusing on salmonids, we also
tested whether salmonids' mean Climate Change Vulner-
ability Index score was higher than that of other fish
using a one-sided Wilcoxon rank sum test, which we con-
sidered significant when p < .05 and marginally signifi-
cant when p < .1.

To determine the extent to which WCS's outreach
materials might have inadvertently encouraged certain
types of projects, we quantified how often these materials
mentioned each animal taxa, ecosystem type, and strat-
egy (see Supporting Information Appendix S2 for detailed
methods).

All analysis and plotting was done in R (version 3.6.1,
R Core Team, 2017), with the reshape2 (Wickham, 2007),
ggplot2 (Wickham, 2009), fiftystater (Murphy, 2016), and
cowplot (Wilke, 2016) packages.

3 | RESULTS

3.1 | Project scale, context, and funding

The median proposed project had a total budget of
$400,000 and was �200 ha in extent (N = 415 and 293,
respectively). The 259 applicant organizations had a
median annual organizational budget of $1.2 million,
ranging from �$13,500 to >$500 million (see
Figure S2.1 for full distribution). Altogether, appli-
cants listed �470 partner organizations, �650
matching funders, and >$84.1 million in matching
funds (N = 413). Eighty-nine percent of proposals had
some amount of matching funds and 21% had their
entire 1:1 match committed (N = 400).

3.2 | Ecosystems and taxa

Most proposed projects (54%) were in river and riparian
ecosystems (Figure 1(a)). Less than 2% of proposed pro-
jects were in each of lakes/ponds, deserts, tundra/alpine/
subalpine, and urban/suburban ecosystems.

The most common taxonomic foci were plants (60%),
fish (41%), especially salmonids (25%), and birds (40%).
The least common taxonomic foci were amphibians,
invertebrates (both 18%), and reptiles (9%, Figure 1(b)).
Based on mean Climate Change Vulnerability Index
scores, the most vulnerable taxon to climate change was
amphibians, followed, in order, by invertebrates, plants,
fish, reptiles, mammals, and birds (Figure S2.2). Salmo-
nids had marginally higher mean Climate Change Vul-
nerability Index score than other fish (3.4 vs. 2.9, N = 14
and 134 species, respectively, W = 713, p = .06).

3.3 | Strategies and activities

The most common strategies described were “restore pre-
vious structure and function” and “ensure connectivity”
(72 and 62%, respectively, Table 2). The most commonly
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FIGURE 1 (a) Proposed US climate adaptation project ecosystems, grouped by terrestrial and aquatic ecosystems (black) and specific

ecosystem types (gray). N = 415. (b) Taxonomic foci of proposed projects, grouped by animals and plants (black) and specific animal taxa

(gray). Light gray indicates proposals that included a focus on salmonids. N = 100
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proposed activities were planting and removal of invasive
species (55 and 34%, respectively, Table S2.3). The stron-
gest associations between strategies and activities were
“ensure connectivity for organisms” with “acquire/pro-
tect land,” and “reduce non-climate stressors” with
“remove invasive species” (Figure 2).

3.4 | Geographic distribution of projects
and threats

Almost all (19 of 20) states along the Atlantic or Pacific
Ocean had above median proposal densities, and 24 of
30 inland and Gulf coast states had below median pro-
posal densities (Figure 3). By region, the Pacific and
Northeast regions had the highest and almost identical
proposal densities (Figure S2.3(a)). These qualitative pat-
terns remained after we removed proposals responding to
sea level rise (Figure S2.3(b)). State-level proposal densi-
ties increased with both non-profit density (p < 1e-04, R2

= .32, N = 50) and public opinion on climate change
(p < 1e-05, R2 = .33, N = 50).

There were no significant relationships between
threat and responses to five of the six impacts we tested
(warming N = 247, aridity/drought N = 157, wildfire
N = 67, inland flooding N = 75, and sea level rise N = 64
proposals, Figure S2.4). The density of proposed projects
addressing snow loss increased with increasing snow loss
projections (p = .01, R2 = .28, N = 57 proposals in 18
states, Figure S2.4(b)). In some states and regions with
relatively large predicted threats, practitioners submitted
relatively few proposals. For example, few proposals were
submitted in response to warming in the Midwest
(Figure S2.4(a)), increasing aridity in Nevada and Texas
(Figure S2.4(c)), wildfire in several Southern states
(Figure S2.4(d)), and sea level rise in Louisiana
(Figure S2.4(f)).

3.5 | Outreach materials

WCS's outreach materials mentioned river and riparian
systems more than other ecosystems. The most com-
monly mentioned animal taxa were mammals. The three
most mentioned strategies were “restore previous struc-
ture and function,” “protect key ecosystem features,” and
“facilitate change” (Table S2.4).

4 | DISCUSSION

Our synthesis of 415 adaptation project proposals from
across the US non-profit conservation sector describes a
previously uncharacterized landscape of aspirations. The
large sample size, diversity of non-profits represented,
and hundreds of public and private partners and
matching funders involved in these projects provide a
unique gauge of the sector's proposed response to climate
change. Understanding non-profits' aims is valuable since
they will ultimately be the ones putting much climate
adaptation into practice in the United States. Moreover,
this knowledge can point to gaps between practitioners'
hopes and what is most needed for effective adaptation.
Although our sample is inherently shaped by the WCS
Climate Adaptation Fund's program parameters, it is the
most comprehensive dataset of its kind available. More-
over, examining this dataset is valuable in its own right
given the program's scale and potential to drive practice.

Proposed projects focused most often on river and
riparian ecosystems, fish, and birds, and less on some
taxa with relatively high climate vulnerability
(i.e., amphibians, invertebrates). Relatively few proposals
described forward-looking approaches to “facilitate
change.” Practitioners proposed well-established, conven-
tional activities to deploy strategies on-the-ground.
Finally, there was little alignment between the

FIGURE 3 Climate adaptation proposal density by state (number/km2)
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geographic distribution of proposed projects and expo-
sure to the threats they address, and practitioners in
some areas with high exposure to climate threats submit-
ted relatively few proposals.

4.1 | What ecosystems and taxa do
proposed projects target?

Practitioner attention was disproportionate to relative cli-
mate vulnerability for some taxa: birds were commonly
targetted in proposed projects, but have a relatively low
mean Climate Change Vulnerability Index, while amphib-
ians and invertebrates received less attention despite their
high mean Climate Change Vulnerability Indices
(Figures 1 and S2.2). In some cases, practitioners may be
focusing on species with high vulnerability to climate
change relative to their taxonomic group. There are also
legitimate distributions of effort besides vulnerability, such
as focusing on endangered species or using a triage
approach (Bottrill et al., 2008). However, we suspect the
distribution of attention is not intentional, but rather due
to gaps in conservation resources and attention. Inverte-
brates and amphibians already receive relatively little
attention and conservation investment (Davies et al., 2018;
Evans et al., 2016; Small, 2011), and we worry that practi-
tioners' adaptation efforts may worsen this disparity. Simi-
larly, lakes/ponds, deserts, tundra/alpine/subalpine, and
urban/suburban systems were rarely targeted in proposals.
Given the vulnerability of some of these systems to climate
change (e.g., Butcher et al., 2015; Hayhoe et al., 2004), fur-
ther research should determine whether this lack of atten-
tion is intentional and appropriate.

The focus on fish, river and riparian ecosystems
(Figure 1) was exemplified by the one-quarter of proposals
targeting salmonids, which is vastly disproportionate to the
number of salmonid species in the United States. The atten-
tion parallels the higher mean Climate Change Vulnerabil-
ity Index of salmonids compared to other fish (although
this difference was only marginally significant), and is
somewhat proportional to the relatively high mean Climate
Change Vulnerability Index of fish overall (Figure S2.1).
Similarly, the focus on river and riparian systems may
reflect these ecosystems' high climate vulnerability, adaptive
potential, and functional roles (Capon et al., 2013; Seavy
et al., 2009). Given WCS's matching fund requirement, this
focus might also be due to disproportionate federal spend-
ing on endangered and threatened fish (Evans et al., 2016)
and the fundraising capacity of river and riparian interest
groups. Studies of other adaptation efforts should try to iso-
late whether this is a broader trend, or a result of WCS's
matching fund requirement or inadvertent prompting in
their outreach materials (Table S2.4).

4.2 | What strategies and activities are
proposed?

The most commonly proposed strategy was “restoring
previous structure and function” (Table 2). Further
assessment should ensure that such proposals are truly
adaptive rather than adaptation in name only. While
restoring historic conditions can help align ecosystems
with directional changes in some cases (Ontl et al., 2017),
in others, reaching historic targets may be challenging
(Harris et al., 2006; Millar et al., 2007; Schuurman
et al., 2020). This suggests a need for analysis of struc-
tures and functions that might sustain themselves into
the future. For example, efforts to maintain historic
stream flows might be difficult to achieve in areas with
long-term drying.

Unlike approaches that pursue historic reference condi-
tions, proposals to meet new, future targets using the
“facilitating change” strategy were relatively rare (Table 2),
despite this strategy's relative prominence in WCS's out-
reach material (Table S2.4). Most proposals of this type
(18 of 20) included the promotion of species or community
types predicted to do better in the future—or withholding
support from those predicted to decline. “Facilitating
change” proposals also included planting future-adapted
seeds from warmer and drier geographies, and actively
converting coastal uplands to salt marsh to replace lower-
lying marsh inundated by rising seas. Such efforts may run
counter to long-standing practices (Kates et al., 2012) and
be considered high risk, since predictions may be incorrect
and novel approaches may have unanticipated conse-
quences (Heller & Zavaleta, 2009). This novelty and poten-
tial risk may partly explain the relatively low number of
proposals with this strategy, especially for applicants that
added adaptation as a secondary feature, or relied on more
conservative funding sources for their match.

Our analysis connects general strategies to the tangi-
ble activities that managers hope to use to actualize them
in specific contexts (Figure 2). Adaptation is often the
application of conventional conservation activities in new
places and for new reasons (Lawler, 2009; Mawdsley
et al., 2009). As such, practitioners planned to use mostly
well-established management activities to achieve pro-
posed strategies (Table S2.3). Most associations between
strategies and activities were unsurprising—for example,
ensuring connectivity for organisms (strategy) by acquir-
ing or protecting land (activity) to form wildlife corridors.
More unexpected was the association between proposals
to facilitate change with silviculture activities (Figure 2).
This aligns with reports of such approaches in the for-
estry sector (Ontl et al., 2017). Clear economic stakes in
managed forests might encourage experimental, novel
strategies. Moreover, long-lived trees may delay natural
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responses in forests, necessitating more hands-on,
forward-looking approaches.

4.3 | What is the distribution of
proposed projects relative to geography and
specific threats?

The higher density of proposed projects in states along
the Atlantic or Pacific Ocean compared to Gulf coast and
inland states (Figure 3) aligns with the distribution of
conservation non-profits and public opinion on climate
change in the United States. We did not find evidence
that sea level rise was a major driver of this pattern
(Figure S2.3(b)). The geographic alignment with non-
profits and public opinion is expected, given our sample:
non-profit applicants with secured or plans for matching
funds, both of which we expect to be more common in
places with supportive public opinion. It is also unsur-
prising given the lack of national coordination of adapta-
tion efforts (Bierbaum et al., 2013), leaving practitioners
to respond independently.

Of the six climate change threats we analyzed, five (all
but snow loss) showed a lack of correspondence between
exposure and interest in responding (Figure S2.4). It may
be that local-scale impacts drive practitioner interest but
are obscured by our coarse, state-scale analysis, especially
in large states with spatially variable climate exposure.
Alternatively, other facets of vulnerability (e.g., the sensi-
tivity of species and ecosystems to climate threats) and dif-
fering conservation needs (e.g., the distribution of
endangered species) might justify the observed distribution
of practitioner interest. Finally, some aspirations may be
undetected by our sample, if practitioners are less likely to
apply to the WCS Climate Adaptation Fund in places
where “climate adaptation” is not named as such due to
political polarization (Ballew et al., 2019), or in geogra-
phies with limited exposure to WCS's outreach. WCS's out-
reach was distributed widely via their networks and
partners, but did not systematically target each state.

Overall, the lack of geographic alignment between
adaptation interest and exposure to climate threats is
problematic. If we assume that proposed responses pre-
figure real world efforts, and that those efforts need to be
proportional to climate threats in order to be effective,
then the lack of proposals in areas projected to experi-
ence large climate threats indicates a concerning lack of
preparation (e.g., relatively few proposals to address
increasing aridity in Nevada and Texas). Even if aspira-
tions in some geographies are undetected by our sample,
practitioners in vulnerable geographies are missing out
on a major source of potential funding. This disparity

deserves further investigation, as the causes are likely to
be unique to each place (Lonsdale et al., 2017).

4.4 | Conclusions and recommendations

In many cases, the landscape of proposed responses we
have characterized reflects existing conservation priori-
ties and know-how, rather than necessarily addressing
the most critical needs given the impacts of a changing
climate. It is not surprising to see a focus on charismatic
taxa like birds, but effective adaptation across biodiversity
will likely require more attention on more vulnerable
taxa like amphibians and invertebrates. Similarly, resto-
ration of past structures and functions may reflect a prev-
ailing focus on historic baselines (Schuurman
et al., 2020) and a large restoration industry (BenDor
et al., 2015), but riskier, novel strategies are also needed
given unprecedented changes. A geographic distribution
of attention that aligns with non-profit densities and pub-
lic opinion on climate change is expected, but neglects
those places with the highest exposure to climate threats.

We do not know the extent to which the areas of
emphasis we identified (e.g., fish) have materialized into
on-the-ground efforts; further research should address
this question. However, we expect the gaps we encoun-
tered in proposals (e.g., amphibians) to be reflected on
the ground, because it is unlikely that substantial efforts
are underway in areas with only limited attention. There-
fore, efforts to close these gaps will be needed.

We recommend the following to close the identified
gaps and advance adaptation more broadly:

• Organizations conducting outreach and capacity build-
ing should encourage practitioners to consider climate
change in areas where attention is lacking, such as spe-
cific geographies and non-profits focused on vulnera-
ble but neglected taxa (e.g., amphibians, invertebrates).

• Lessons from subsectors and geographies receiving rela-
tively more attention should be captured and trans-
ferred to aid in capacity building elsewhere. For
example, practitioners working in forests might serve as
a source of knowledge about efforts to facilitate change.

• Private and public grant-makers should create targeted
funding streams and consider removing or reducing
match requirements to incentivize efforts focused on
under-represented regions, targets and strategies.
Grant-makers should also consider reducing or remov-
ing match requirements for smaller organizations that
may struggle to secure matching funds, which may
broaden the number and type of organizations that
can apply for funding and what they can propose.
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• As others have suggested, researchers should collabo-
rate with practitioners to develop, experiment with,
refine and promote methods for facilitating change
(Prober et al., 2019; Schuurman et al., 2020).

• Funders should work with researchers to develop out-
reach materials and RFPs that provide guidance on
translating adaptation strategies into on-the-ground
actions, especially for approaches that may be less
familiar or comfortable, such as facilitating change.

• Researchers should help to develop evidence-based
options for adaptation for vulnerable but neglected
taxa and ecosystems.

• Beyond supporting implementation, funders should
support research on the effectiveness of funded pro-
jects in order to maximize “learning by doing.”

Overall, we recommend an absolute increase in available
resources for adaptation in the conservation sector in
order to fill the gaps we have identified, rather than
diverting resources away from geographies or targets that
are currently better supported. For example, shifting
resources away from states with relatively high proposal
densities is not desirable, because doing so may leave
those states under-prepared, given the magnitude of
predicted impacts. In other words, we need to increase
the size of the pie rather than slice it differently. Finally,
to ensure the long-term viability of conservation efforts,
it is essential to take climate change into account. There-
fore, we hope the illustration of specific, conventional
management activities proposed to achieve climate adap-
tation serves to embolden practitioners to incorporate cli-
mate change into their on-the-ground conservation and
stewardship efforts.
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