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P E R S P E C T I V E

Supporting the adaptive capacity of species through more 
effective knowledge exchange with conservation practitioners

Abstract
There is an imperative for conservation practitioners to 
help biodiversity adapt to accelerating environmental 
change. Evolutionary biologists are well- positioned to in-
form the development of evidence- based management 
strategies that support the adaptive capacity of species 
and ecosystems. Conservation practitioners increasingly 
accept that management practices must accommodate 
rapid environmental change, but harbour concerns about 
how to apply recommended changes to their manage-
ment contexts. Given the interest from both conservation 
practitioners and evolutionary biologists in adjusting man-
agement practices, we believe there is an opportunity to 
accelerate the required changes by promoting closer col-
laboration between these two groups. We highlight how 
evolutionary biologists can harness lessons from other dis-
ciplines about how to foster effective knowledge exchange 
to make a substantive contribution to the development of 
effective conservation practices. These lessons include 
the following: (1) recognizing why practitioners do and do 
not use scientific evidence; (2) building an evidence base 
that will influence management decisions; (3) translating 
theory into a format that conservation practitioners can 
use to inform management practices; and (4) developing 
strategies for effective knowledge exchange. Although ef-
forts will be required on both sides, we believe there are 
rewards for both practitioners and evolutionary biologists, 
not least of which is fostering practices to help support the 
long- term persistence of species.

1  | INTRODUC TION

Unprecedented rates of environmental change have already led to 
significant impacts on the natural world (Díaz et al., 2019; Scheffers 

et al., 2016). The extent and pace of these changes mean that many 
species face extinction if they are not able to tolerate or adjust to 
changes in situ, shift their distributions to track more favourable 
conditions or evolve in response to changing conditions (Dawson 
et al., 2011; Quintero & Wiens, 2013). The potential to facilitate 
adaptation to climate change has stimulated interest in research 
identifying management strategies intended to reduce or ameliorate 
the impacts of environmental changes and strategies to enhance or 
support species’ adaptive capacity (e.g. Beever et al., 2016; Prober 
et al., 2019). Adaptive capacity (Box 1) refers to the intrinsic ability 
of species to cope with or adjust to changing environmental condi-
tions, including via genetic (i.e. evolutionary potential; Box 1) and/or 
phenotypic changes (phenotypic plasticity; Box 1).

Interest in using conservation management practices to support 
the adaptive capacity of species has driven attempts to distil the 
evidence base evaluating the conditions and contexts that promote 
or inhibit adaptation (e.g. Hoffmann & Sgrò, 2011; Nicotra et al., 
2015; Stockwell et al., 2003) and the attributes, traits and condi-
tions that influence the levels of tolerance and degree of flexibility 
species display in their responses to change (e.g. Beever et al., 2017; 
Foden et al., 2013; Mimura et al., 2017). These efforts in turn have 
led to frameworks to evaluate the adaptive capacity of species (e.g. 
Thurman et al., 2020), and a proliferation of recommendations for 
actions and approaches to support species’ responses to climate 
change (e.g. Broadhurst et al., 2017; LeDee et al., 2021).

Despite the theoretical evidence base amassed by document-
ing the processes by which species respond to change (Mimura 
et al., 2017; Stockwell et al., 2003), and the increasing number of 
management recommendations (Carroll et al., 2014; Crandall et al., 
2000; Hendry et al., 2011; Smith et al., 2014) and decision support 
frameworks (e.g. Frankham et al., 2011; Hoffmann et al., 2021; 
Prober et al., 2015; Weeks et al., 2011), conservation practitioners 
(i.e. policy- makers and on- ground managers) remain uncertain about 
how to manage for the adaptive capacity of species and populations 
(Cook & Sgrò, 2018; Thurman et al., 2020). Particular areas of con-
cern include how to determine if, when and where adaptive capacity 
is sufficient for a species to reduce extinction risk, how to recognize 
when a lack of adaptive capacity might be a risk for species and how 
to identify appropriate management actions to facilitate adaptation 
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(Cook & Sgrò, 2018). These areas of apprehension point to the gap 
between the available science and the ability of practitioners to in-
tegrate this evidence into their management decisions; this gap con-
stitutes a major barrier to achieving the required advancements to 
conservation practices (Beier et al., 2017).

The gap between science and practice when facilitating adapta-
tion to climate change is emblematic of a broader problem of trans-
lating evolutionary biology into conservation policy and practice 
(Carroll et al., 2014; Cook & Sgrò, 2017; Kinnison et al., 2007; Smith 
et al., 2014). For decades, evolutionary biologists have been high-
lighting how evolutionary theory can inform effective conservation 
practices (e.g. Carroll et al., 2014; Crandall et al., 2000; Frankel & 
Soule, 1981; Frankham, 2005; Futuyma, 1995; Hendry et al., 2011; 
Smith et al., 2014). However, progress has been slow in changing 
conservation practices to account for evolutionary principles and 
processes (Cook & Sgrò, 2018). Meanwhile, evolutionary biologists 
continue to warn that well- established management practices may 
do more harm than good (e.g. treating fragmented populations as 
separate management units, Bell et al., 2019; Weeks et al., 2016; or 
prioritizing local seed provenances in restoration, Broadhurst et al., 

2008; Prober et al., 2015) and that there is a need to change prevail-
ing management paradigms (Prober et al., 2019; Ralls et al., 2018).

Practitioners report a range of barriers to modifying their man-
agement practices, many of which could be addressed through 
better collaboration between evolutionary biologists and practi-
tioners (Cook & Sgrò, 2018; Ridley & Alexander, 2016). Building on 
existing efforts to translate evolutionary theory into practical guide-
lines for management (e.g. Frankham et al., 2011; Hoffmann et al., 
2021; Prober et al., 2015; Sgrò et al., 2011), we believe progress 
could be accelerated by drawing on lessons for successful knowl-
edge exchange that have been developed by other disciplines (Cook 
et al., 2013; Enquist et al., 2017; Norström et al., 2020). Facilitating 
evidence- based decisions requires tools and strategies that foster 
collaboration between scientists and practitioners, increase access 
to credible and relevant evidence (Sutherland et al., 2004), sup-
port practitioners to interpret evidence for their management con-
text (Cook et al., 2013) and promote the two- way communication 
needed for practitioners and researchers to learn from one another 
(Norström et al., 2020; Ridley & Alexander, 2016; Safford et al., 
2017). These tools and strategies have been developed over decades 

BOX 1 Glossary of terms

Adaptive capacity: the ability of species or populations to intrinsically cope with or adjust to environmental change, either through 
genetic changes, phenotypic plasticity and/or dispersal.
Adaptive management: a structured and iterative process for decision- making that has the goal of reducing uncertainty over time, via 
monitoring and updating knowledge as part of ongoing learning.
Assisted colonization: human relocation of individuals to sites where the species does not currently occur or has not been known to 
occur in recent history. A sub- category of ‘assisted migration’.
Assisted gene flow: the intentional translocation of individuals within the range of a species to facilitate adaptation to anticipated local 
conditions. Also called ‘gene- pool mixing’.
Assisted migration: the practice of moving plants or animals to new locations either within or outside of their species range, often to 
match organisms with their historic climates as global warming occurs. Also termed ‘managed relocation’, ‘assisted dispersal’, ‘assisted 
colonization’.
Boundary organization: an institution that plays an intermediary role between scientists and decision- makers, including by commis-
sioning research, facilitating communication between scientists and practitioners, and translating existing evidence into context- 
specific knowledge.
Evolutionary potential: the capacity for populations to respond to selection pressures through genetic changes. Also referred to as 
‘evolutionary adaptive capacity’ or ‘adaptive potential’.
Genetic rescue: restoring gene flow into small, isolated population to reverse negative fitness consequences.
Knowledge broker: an individual who plays an intermediary role between scientists and decision- makers, assisting scientists to under-
stand the management context and research needs of practitioners and assisting practitioners to interpret the relevant science for 
their management contexts.
Knowledge co- production: a collaborative process to generating knowledge that involves practitioners and scientists working together 
from a project's inception to frame the problem, generate context- specific knowledge and identify pathways to achieve objectives.
Phenotypic plasticity: the range of phenotypes (the physical expression of genotypes) that a given genetic individual can express as 
a function of environment.
Risk assessment framework: a decision support process that identified and evaluates the factors that influence the chance of positive 
or negative outcomes associated with a management action.
Translational science: intentional processes in which scientists, stakeholders, and decision- makers work together to develop ecologi-
cal research via joint consideration of the social, ecological, and political contexts of a problem.
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by large, transdisciplinary communities of practice working to bridge 
the gap between science and practice and promote the integration 
of evidence into management decisions.

As a collective of conservation and evolutionary biologists and 
practitioners, our goal for this paper is to detail how general lessons 
from knowledge exchange can be used to support better integra-
tion of evolutionary theory into conservation management, with a 
particular focus on supporting the adaptive capacity of species and 
populations. These lessons include the following: (1) recognizing 
why practitioners do and do not use evidence; (2) considering how 
to build an evidence base that will influence management decisions; 
(3) understanding how to translate evolutionary theory into a form 
that conservation practitioners can use to inform management prac-
tices; and (4) developing strategies for effective knowledge exchange 
to support the required changes to management.

2  | LESSON 1 –  RECOGNIZING WHY 
PR AC TITIONERS DO AND DO NOT USE 
SCIENTIFIC E VIDENCE

Research seeking to understand why a gap exists between conser-
vation science and practice has revealed a wide range of barriers to 
the use of scientific evidence (Cvitanovic et al., 2015; Esler et al., 
2010; Fabian et al., 2019; Habel et al., 2013). Many of these barri-
ers revolve around practitioners being able to access relevant and 
credible evidence and apply it to their management context (Walsh 
et al., 2019); challenges practitioners face regardless of the scientific 
discipline (Jørgensen et al., 2019). In response, many conservation 
journals are now open access and have explicit objectives to pro-
mote practice- oriented research with strong stakeholder participa-
tion (e.g. Conservation Science and Practice, Schwartz et al., 2019; 
Ecological Solutions and Evidence, Cadotte et al., 2020). By pub-
lishing research in open- access journals whose audiences include 

practitioners (e.g. Evolutionary Applications), evolutionary biologists 
can extend the reach of their research. Although practitioners may 
not always have the time or capacity to access the primary literature 
themselves, better access to management- relevant primary research 
with clear recommendations for conservation practice can assist 
those in boundary- spanning roles (e.g. knowledge brokers, bound-
ary organizations, researchers embedded in management agencies; 
Figure 1, Box 1) to facilitate reciprocal knowledge exchange be-
tween scientists and decision- makers (see Lesson 4).

Another barrier to the use of scientific evidence by practitioners 
is the mismatch between the research conducted (e.g. documenting 
threats) and the knowledge practitioners need for decision- making 
(e.g. identifying effective solutions), even for highly applied disci-
plines like restoration ecology and invasion biology (Beever et al., 
2019; Esler et al., 2010; Fazey et al., 2005; Young & Van Aarde, 
2011). Research aimed at encouraging practitioners to support spe-
cies’ adaptive capacity must likewise transition from documenting 
the negative impacts of climate change on species and ecosystems 
(Scheffers et al., 2016) to investigating the effectiveness of pro-
posed management strategies to increase evolutionary potential 
(e.g. Prober et al., 2015; Weeks et al., 2017; Box 1). Achieving the 
latter includes reporting on climate adaptation experiments that 
test the efficacy of management interventions in promoting spe-
cies’ adaptive capacity and their responses to contemporary global 
change. Recommendations derived from experimental studies of 
model organisms, conducted under controlled conditions, are un-
likely to persuade practitioners to alter long- standing management 
approaches (Cook & Sgrò, 2018). Instead, working with practitioners 
to support adaptive management (Box 1) or to involve them in re-
search that demonstrates how changing management practices will 
lead to better conservation outcomes will provide more compelling 
evidence (see Lesson 2).

A commonly perceived barrier to the use of scientific evi-
dence in conservation is that practitioners are apprehensive about 

F I G U R E  1   Models of knowledge 
exchange that depict the relationships 
amongst practitioners, researchers and 
through individuals (knowledge brokers) 
or groups (boundary organizations) that 
act as intermediaries. *Knowledge brokers 
can be embedded within research teams 
or independent organizations. Adapted 
from Cvitanovic et al. (2015)
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interpreting studies written for academic audiences (Sunderland 
et al., 2009). This disinclination likely constitutes a significant prob-
lem for two- way communication between evolutionary biologists 
and conservation practitioners, given that the two groups have lex-
icons that include a litany of terms that are neither intuitive nor al-
ways consistently defined (Ridley & Alexander, 2016). Conservation 
practitioners report that evolutionary principles are often not in-
cluded within traditional natural resource management curricula 
(Cook & Sgrò, 2018) and that they have little training in how to apply 
principles from evolution and genetics to their management deci-
sions (Cook & Sgrò, 2019). Insufficient exposure to evolutionary the-
ory can make it difficult for practitioners to identify and critically 
evaluate relevant research and to determine how it can be applied 
to various management situations. Concepts such as adaptive ca-
pacity are multifaceted (Thurman et al., 2020), which makes it chal-
lenging for practitioners to operationalize broad recommendations. 
Therefore, to promote changes to management practice, evolution-
ary biologists need to collaborate with practitioners to build their 
knowledge of important evolutionary concepts (Carroll et al., 2014) 
and ensure that research findings are clearly articulated and directly 
applicable to management contexts (Beier et al., 2017; Enquist et al., 
2017; Ridley & Alexander, 2016).

Beyond the challenges mentioned above, there are pragmatic 
reasons why scientific evidence may not be used in decision- making. 
Management decisions occur within social, political and economic 
contexts, which can restrict practitioners’ ability to implement best 
practices (Norström et al., 2020; Sutherland et al., 2004). Social and 
political constraints on management decisions can be an impediment 
to managing for adaptive capacity, wherein for example, assisted gene 
flow (Box 1) and assisted migration (Box 1) are controversial manage-
ment strategies (Aitken & Whitlock, 2013; Lawler & Olden, 2011; 
Schwartz et al., 2012). There are also legislative and regulatory barri-
ers to implementing some strategies, such as listing sub- species, dis-
tinct population segments or ‘management units’ as separate entities 
for protection (Weeks et al., 2016) and hybrids having uncertain legal 
status (Chan et al., 2019). Other practical barriers include spatial mis-
matches, wherein place- based management occurs at local geographic 
scales (e.g. protected areas), yet adaptive capacity needs to be man-
aged at broader landscape scales, often across jurisdictional bound-
aries and different land tenures (Beever et al., 2014; Cook & Sgrò, 
2018). Working with practitioners, evolutionary biologists can better 
understand the socio- ecological contexts and practical constraints on 
management decision and propose solutions that can be implemented 
within realistic management settings (Enquist et al., 2017; Fazey et al., 
2005; Folke et al., 2005; Norström et al., 2020). For example, although 
the costs of genomic data continue to fall (Breed et al., 2019), genetic 
monitoring across multiple populations, over several generations will 
only be feasible for a small number of species. Overcoming barriers 
to managing for adaptive capacity may require evolutionary biologists 
to also engage with high- level policy- makers and key stakeholders, as 
conservation biologists have often done (e.g. reintroducing keystone 
species: grey wolves in Yellowstone; Smith et al., 2003), to help shape 
the political landscape for practitioners.

3  | LESSON 2 –  BUILDING AN 
E VIDENCE BA SE THAT WILL INFLUENCE 
MANAGEMENT DECISIONS

In calling for practitioners to manage the adaptive capacity of spe-
cies, evolutionary biologists are proposing a major shift from a default 
position of ‘no action’ to a more proactive approach of actively man-
aging genetic diversity (Chan et al., 2019; Ralls et al., 2018; Stockwell 
et al., 2003). For example, practitioners have typically been taught 
that gene- pool mixing can disrupt local adaptation and erode genetic 
uniqueness (Moritz, 1999), but are learning that wholesale avoid-
ance of this approach may compromise the persistence of small, 
fragmented populations (Weeks et al., 2016; Whiteley et al., 2015). 
Conservation practitioners harbour concerns about the potential 
negative outcomes associated with actively managing genetic diver-
sity (e.g. outbreeding depression, disease risk; Cook & Sgrò, 2018) 
and want to understand the contexts in which strategies like genetic 
rescue (Box 1) and assisted migration will yield benefits— questions 
without easy answers (Bell et al., 2019; Ridley & Alexander, 2016; 
Tallmon et al., 2004). It is therefore necessary to work with practi-
tioners to provide clear guidance for the circumstances under which 
current management practices are harmful (Prober et al., 2015; 
Weeks et al., 2016), and when new approaches will achieve bet-
ter conservation outcomes (Bell et al., 2019; Etterson et al., 2020; 
Frankham, 2016; Weeks et al., 2017). Although considerably more 
difficult than for laboratory- based studies, building an evidence base 
that demonstrates benefits outside of model organisms, over multi-
ple generations, in natural systems and under realistic management 
conditions (e.g. 35- year provenance trials; Prober et al., 2015), is im-
portant to ensure evidence is fit- for- purpose (Figure 2).

To date, much of the evidence for the benefits of actively man-
aging genetic diversity in natural systems has come from a small but 
growing number of case studies (e.g. Bell et al., 2019; Chan et al., 
2019; Weeks et al., 2017). Case studies provide essential pieces of 
evidence, but the implementation (e.g. amount of gene flow, degree 
of population structure, distance moved), and associated outcomes 
are often context-  and taxon- specific, making them difficult to gen-
eralize. Furthermore, assisted gene flow is often employed as a last- 
ditch attempt to prevent extinction of severely inbred populations 
(e.g. genetic rescue of Burramys parvus; Weeks et al., 2017) rather 
than as part of a forward- looking strategy to build adaptive capac-
ity. These types of case studies do not necessarily offer lessons to 
guide proactive management efforts to prevent the loss of genetic 
diversity. Alongside threats with significant but longer- term conse-
quences (e.g. shifting climate envelopes), practitioners are also gen-
erally managing multiple threats simultaneously (e.g. habitat loss, 
invasive predators; Díaz et al., 2019; Legge et al., 2018), often with 
severe and immediate consequences for populations. Therefore, it 
can be difficult for practitioners to determine when and how recom-
mendations for managing evolutionary potential should be applied 
to their context (Hendry et al., 2010). Consequently, evolutionary 
biologists have developed generalized risk assessment frameworks 
(e.g. Frankham et al., 2011; Box 1) and rules of thumb (e.g. Hoffmann 
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et al., 2021; Sgrò et al., 2011; Weeks et al., 2011) to assist practi-
tioners, but generalizations also come with important caveats (e.g. 
measures of neutral versus adaptive diversity; Sgrò et al., 2011). 
Although an important step forward, practitioners require support 
to apply these frameworks to their decision contexts (Cook & Sgrò, 
2019; see Lesson 4). More field studies that evaluate and expand 
decision support frameworks, and identify the factors or contexts 
that most strongly mediate the outcomes of a strategy to support 
adaptive capacity, could also prove helpful for practitioners.

Researchers often struggle to help practitioners make sense of 
apparently contradictory scientific findings. To help address this chal-
lenge, several fields, including health sciences, social welfare, educa-
tion (Davies & Boruch, 2001), have adopted approaches to synthesize 
existing information generated by individual studies or reviews, to 
identify which practices work well and under what circumstances 
(Dicks et al., 2014; Pullin & Knight, 2001). Identifying and collating 
relevant studies that evaluate the effectiveness of management inter-
ventions under a wide range of contexts can be used to assess overall 
patterns (Pullin et al., 2016). There are many approaches to evidence 
synthesis, some involving meta- analysis (Gurevitch et al., 2001) to as-
sess the impact of effect modifiers on the effectiveness of an inter-
vention, and some using more qualitative assessments of the weight 
of evidence (Cook et al., 2017). The value of this strategy has been 
demonstrated by conservation practitioners being willing to change 
their management practices when presented with a synthesis of the 
available evidence base (Walsh et al., 2015). Therefore, increasing the 
number of individual studies that address questions of when and how 
to promote adaptive capacity, conducted under a wide range of real-
istic conditions, would help build an evidence base that could support 
widespread changes to management practices.

Growing the evidence base for best- practice management of 
adaptive capacity could be assisted by helping practitioners for-
mulate interventions as hypotheses and to implement management 

actions as an experiment (e.g. adaptive management, Walters & 
Holling, 1990) or at least supporting them to document the outcomes 
(both positive and negative) of management actions (Margoluis 
et al., 2009). Adaptive management is used in other fields to man-
age uncertainty and learn from management activities in order to 
update future strategies (Folke et al., 2005; Jørgensen et al., 2019; 
Williams & Brown, 2014). These types of management experiments 
have been used to document strategies to promote adaptive capac-
ity (e.g. landscape restoration projects and seed provenance trials; 
Broadhurst et al., 2008). This approach would be particularly use-
ful in identifying when a lack of adaptive capacity may be a threat 
to long- term persistence, and whether actions to promote adaptive 
capacity have been successful. Working closely with practitioners 
in this way can be critical, given that management decisions tend to 
occur over shorter timescales than required to demonstrate the ben-
efits of supporting adaptive capacity (Prober et al., 2019), although 
not always (e.g. Hendry et al., 2011; Weeks et al., 2017).

4  | LESSON 3 –  TR ANSL ATING THEORY 
INTO A FORMAT THAT CONSERVATION 
PR AC TITIONERS C AN USE TO INFORM 
MANAGEMENT PR AC TICES

Evolutionary theory can provide insights into the characteristics that 
influence a species’ ability to respond to selective forces, which are 
relevant to conservation management (Carroll et al., 2014; Hoffmann 
& Sgrò, 2011). A key challenge is packaging those insights so they ef-
fectively inform management practices (Enquist et al., 2017; Safford 
et al., 2017). A robust theoretical foundation may be perceived by 
researchers as compelling evidence, but practitioners may not ap-
preciate the caveats and context- dependencies that determine 
when applying these general rules is appropriate (Beier et al., 2017). 

F I G U R E  2   A robust evidence base to 
support successful management practices, 
based on an incremental scaling up in 
spatial extent and ecological complexity, 
from studies of model organisms to 
studies documenting changes in whole 
ecosystems
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This uncertainty can be paralysing for practitioners tasked with in-
terpreting general rules (Tallmon et al., 2004).

In attempting to bridge the gap between science and practice, 
evolutionary biologists must walk a difficult line in ensuring advice is 
sufficiently general to be applied widely (i.e. risk assessment frame-
works; Frankham et al., 2011), while also recognizing and account-
ing for the complex realities of local conditions (Aitken & Whitlock, 
2013; Bell et al., 2019; Hendry, 2016). Rules of thumb (e.g. adap-
tive diversity is associated with environmental gradients; Sgrò et al., 
2011) and generalized risk assessments (e.g. probability of outbreed-
ing depression; Frankham et al., 2011) can be of great value in de-
termining when to consider supporting adaptive capacity. How to 
implement these rules in practice is a more nuanced question that 
practitioners may need support to answer. For example, the general 
rule that one migrant per generation will maintain genetic diversity 
assumes that the migrant successfully reproduces (Wang, 2004). 
Likewise, maintaining an effective population size (Ne) of >1000 
to maintain evolutionary potential (Frankham et al., 2014) requires 
understanding the relationship between N and Ne, which can vary 
widely amongst species and across different environments and the 
spatial scale at which Ne is evaluated (Frankham, 1995; Palstra & 
Fraser, 2012).

With a proliferation of management recommendations (Crandall 
et al., 2000; Hendry et al., 2011; Kinnison et al., 2007; Stockwell 
et al., 2003), the risk is that practitioners assume advice can only be 
provided on the basis of extensive data and that management prob-
lems require bespoke solutions. Practitioners need to know when 
rules of thumb can be applied, and when additional data are required 
to make decisions. The advice that genomic data can help tailor 
recommendations to specific management contexts (Breed et al., 
2019) needs to be accompanied by caveats around the acquisition 
and analysis of genomic data. For instance, distinguishing between 
neutral and adaptive diversity in genomic data requires associated 
fitness data (Hoffmann et al., 2015) to understand the genetic dif-
ferences that reflect the diversity on which selection can act, rather 
than those that may be signatures of genetic drift (Weeks et al., 
2016). Guidelines are lacking that can help practitioners understand 
when genomic data are required to inform decisions, and how to col-
lect and use these data to develop strategies to support evolutionary 
potential. This is where two- way communication between scientists 
and practitioners can help to formulate the questions that need to 
be addressed (Enquist et al., 2017; Ridley & Alexander, 2016). Other 
decision support tools used in conservation, such as structured 
decision- making and adaptive management (reviewed in Schwartz 
et al., 2018), but tailored to evolutionary challenges, could make a 
significant difference in supporting practitioners to accommodate 
uncertainty in decisions.

As the number of studies assessing strategies to support adaptive 
capacity increase, and evidence documenting management experi-
ments grows, synthesizing that evidence base can reveal when rules 
of thumb apply and the contexts in which alternative approaches 
are more effective (see Lesson 2). Although practitioners are 

willing to change their practices on the basis of new evidence (Walsh 
et al., 2015), there is no one- size- fits- all approach to evidence- based 
decision- making (Cook et al., 2017). Issues of credibility and legiti-
macy can be highly influential in the evidence practitioners trust and 
use, making relationships between scientists and practitioners im-
portant for successful knowledge exchange (Beier et al., 2017; Cook 
et al., 2013; Enquist et al., 2017).

5  | LESSON 4 –  DE VELOPING STR ATEGIES 
FOR EFFEC TIVE KNOWLEDGE E XCHANGE

Changing management paradigms is not easy, and practitioners 
face significant environmental challenges and limited resources. 
Management strategies are often reactive, focussed on short- term 
outcomes (e.g. suppressing threats), whereas longer- term outcomes 
can require more proactive strategies that promote functional and 
resilient ecosystems. Supporting the adaptive capacity of species 
requires transitioning away from such reactive management strate-
gies (e.g. addressing inbreeding depression in critically endangered 
species; Bell et al., 2019) to more proactive approaches (e.g. facilitat-
ing adaptive capacity by preventing the erosion of genetic diversity; 
Prober et al., 2019). These shifts require more than publishing re-
search findings in open- access journals (Lesson 1) or synthesizing 
evidence into broader recommendations (Lesson 3). Practitioners 
need to be directly supported by evolutionary biologists to make 
the necessary changes (Cook & Sgrò, 2018). This type of support 
can be provided via multiple strategies that facilitate the integration 
of evidence into practice (Cvitanovic et al., 2015; Figure 1), which 
are important for the success of the other lessons we outline here 
(Figure 3).

Two- way knowledge exchange between scientists and prac-
titioners is integral to evidence- based decision- making, because it 
increases the capacity of practitioners to understand the science, 
and builds the capacity of scientists to comprehend management 
challenges and contexts needed to formulate effective recommen-
dations (Cook et al., 2013; Enquist et al., 2017; Norström et al., 2020; 
Panel 1). The benefits of engaging with practitioners to conduct 
management experiments extend beyond building the evidence base 
(Lesson 2), but can also offer researchers opportunities to conduct 
field- based studies and train early- career researchers. Participatory, 
practice- oriented research that creates management- research al-
liances (e.g. co- production of knowledge; Figure 1, Box 1) enable 
scientists and practitioners to cooperatively develop effective strat-
egies to address critical management challenges (Cvitanovic et al., 
2015; Swart et al., 2014). Involving practitioners in formulating re-
search questions can be a powerful way to draw on their knowledge 
about the systems they manage, understand the constraints on man-
agement decisions and ensure that proposed management alterna-
tives can be critically evaluated and implemented (Beier et al., 2017).

Recent efforts to understand the uncertainties practitioners 
have about building adaptive capacity have revealed a range of 
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questions for which the current evidence base cannot provide 
clear guidance (e.g. how transferable is knowledge about adaptive 
capacity across populations and related taxa?; Aitken & Whitlock, 
2013, or can the evolutionary history of a species be used to pre-
dict its adaptive capacity?; Hendry et al., 2011). Determining what 
the real versus perceived knowledge gaps are for best- practice 
management of adaptive capacity is an important first step (Beier 
et al., 2017). This is one area where individuals working at the in-
terface of science and practice (e.g. knowledge brokers; Figure 1) 
and groups whose roles are to span the research- action boundary 
(e.g. boundary organizations; Figure 1) can be critical (Hallett et al., 
2017; Safford et al., 2017). Organizations, like the US Geological 
Survey's National and Regional Climate Adaptation Science 
Centers, can serve to identify knowledge gaps that require more 
research and fill perceived knowledge gaps by coordinating the 
co- production of science and translating existing science into rec-
ommendations for practice. Similarly, initiatives like the EvolvES 
global research project (formerly bioGENESIS) within the Future 
Earth network (www.futur eearth.org) promote applied evolu-
tionary biology through research focused on questions relevant 
to biodiversity science and policy, and encouraging researchers 
to actively transmit their findings to policy- makers (Hendry et al., 
2010). Collaborative approaches can provide innovative fund-
ing sources, such as between the Wildlife Conservation Society 
Climate Adaptation Fund, funded by the Doris Duke Charitable 

F I G U R E  3   Four elements involved in supporting effective 
knowledge exchange. Collaboration between scientists and 
practitioners (Lesson 4) is essential to understanding the 
management context for a decision (Lesson 1), generating relevant 
evidence (Lesson 2) and supporting its use in decision- making 
(Lesson 3). See Panel 1 for further details

LESSON 4
Collabora�on 

between 
scien�sts and 
prac��oners

LESSON 2
Generate 
relevant 

evidence

LESSON 1
Understand the 
management 
context

LESSON 3
Support the use of 
relevant evidence

PA N E L  1   Applying the lessons for supporting effective knowledge exchange to conservation translocation efforts

Lesson 4: 
• Ini�ate discussions between scien�sts and prac��oners well in advance 

of planned transloca�ons. 
• Recognize that managers may seek advice from researchers with whom 

they have exis�ng, trusted rela�onships, and collabora�ons may take 
�me to form.

• Scien�sts may need to advocate for transloca�ons to take place (e.g., 
raising concerns about inbreeding depression, highligh�ng the mis-match 
between historical and predicted rates of environmental change) to 
overcome risk aversion or ins�tu�onal iner�a. 

• Maintain a dialogue throughout the process, ensuring expecta�ons, roles 
and responsibili�es are explicitly discussed.

• Discuss expecta�ons for providing internal, management-focused reports 
and publishing findings in the peer-review literature.

Hypothe�cal scenario: Scien�sts have iden�fied that an isolated but important popula�on of a 
threatened species is in decline. In seeking to engage with the management agency, the following 
considera�ons could be important in iden�fying a way forward:

Applying the lessons for suppor�ng effec�ve knowledge exchange to conserva�on transloca�on efforts .

Lesson 1: 
• Legisla�on could be a barrier to transloca�ons when popula�ons are listed as 

management units or sub-species.
• Source popula�ons may be limited and also of conserva�on concern, and managers 

must consider how transloca�ons impact source popula�ons.
• Budget cycles may not align with ecological �meframes, making the �ming of 

transloca�ons sub-op�mal.
• Where popula�ons cross jurisdic�onal borders, it may be necessary to engage and 

coordinate with mul�ple management organiza�ons, opera�ng under different 
legal instruments and policies.

Lesson 2: 
• Collect data on the gene�c structure of poten�al source and recipient popula�ons 

to provide the agency with different transloca�on op�ons.
• Combine gene�c data with fitness data to inform discussion of the consequences of 

inbreeding depression.

Lesson 3: 
• Facilitate a discussion with managers about the different management alterna�ves 

– e.g., regular small transloca�ons, single larger transloca�on from mul�ple source 
popula�ons.

• Help managers understand the risks of failing to act, as well as those associated 
with taking ac�on.

• Explain the contexts in which the recommended course of ac�on may change (e.g., 
a polygynous versus monogamous ma�ng system might influence the sex ra�o of 
individuals moved).

• Help iden�fy appropriate proxies for gene�c diversity (e.g., the presence of an 
environmental gradient) when the ideal data are not available.
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Foundation. This programme has funded over 100 projects to im-
plement and evaluate climate adaption actions, with project teams 
that often involve collaborations between practitioners and aca-
demic researchers (Cross et al., 2018).

Another strategy that can be highly effective at influencing man-
agement practices is to embed scientists within management agen-
cies and conservation organizations (Figure 1), where they act as a 
bridge between science and practice (Cook et al., 2013). When sci-
entists trained in evolutionary biology work from within agencies to 
help navigate the decision space, they can help build the capacity of 
practitioners and shape conservation policy within their institutions 
(Roux et al., 2019). We know of some very effective examples of 
embedding evolutionary biologists and population geneticists, who 
facilitate a culture of supporting management- relevant research and 
integrating evolutionary theory into decision- making. However, in 
many places this strategy is under- utilized, with neither evolution-
ary biologists nor often ecologists employed within management 
agencies (Roux et al., 2019). As the pace of environmental change 
accelerates, and more radical approaches to management are re-
quired to conserve biodiversity, evolutionary biologists can help 
shape the conservation policies required to facilitate species’ adap-
tive capacity. To achieve actionable research, a strong emphasis on 
translational science (Box 1) that facilitates collaboration between 
scientists and practitioners is needed (Beier et al., 2017; Enquist 
et al., 2017).

6  | CONCLUSIONS

Practitioners are open to changing their management practices 
to support the adaptive capacity of species, but they need help to 
achieve the required shift in accepted methods, policies and practices. 
Despite arguably having less of a history of engaging with conserva-
tion practitioners (Smith & Bernatchez, 2008), evolutionary biologists 
can help address existing information gaps and facilitate changes to 
management practices. There are well- acknowledged challenges for 
incentivizing and funding translational science (Norström et al., 2020), 
although climate change is providing an imperative for funders, gov-
ernments and nongovernment agencies whose missions are to sup-
port biodiversity (Cross et al., 2018; Enquist et al., 2017). The lessons 
from decades of efforts to bridge the gap between science and prac-
tice outlined here could support evolutionary biologists and practi-
tioners to build the capacity of species and ecosystems to adapt to 
environmental change. Practical steps towards better engagement 
between evolutionary biologists and practitioners include working 
together to document the outcomes of management, conducting 
research in management- relevant contexts, synthesizing evidence to 
identify general lessons and developing tools to help practitioners in-
terpret when to apply those rules to their specific contexts. Effective 
knowledge exchange between evolutionary biologists and practition-
ers will require efforts on both sides and is essential to achieving the 
changes required to conserve biodiversity and the evolutionary pro-
cesses generating it.

KE Y WORDS
adaptive capacity, conservation management, evidence- based 
conservation, evolutionary adaptive capacity, knowledge exchange, 
natural resource management

ACKOWLEDG EMENTS
We thank the participants of a co- production workshop that in-
formed the development of this manuscript. The U.S. Geological 
Survey's National Climate Adaptation Science Center provided logis-
tical and financial support. C. N. Cook was funded by an Australian 
Research Council Discovery Early Career Researcher Fellowship 
(DE180100854). A. R. Whiteley was supported by a National 
Science Foundation (NSF) CAREER grant (DEB- 1652278) during the 
preparation of this manuscript. The findings and conclusions in this 
article are those of the authors and do not necessarily represent the 
views of the U.S. Fish and Wildlife Service. Any use of trade, firm or 
product names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government.

CONFLIC T OF INTERE S T
None declared.

DATA AVAIL ABILIT Y S TATEMENT
There are no data associated with this manuscript.

Carly N. Cook1

Erik A. Beever2,3

Lindsey L. Thurman4

Laura M. Thompson5,6

John E. Gross7

Andrew R. Whiteley8

Adrienne B. Nicotra9

Jennifer A. Szymanski10

Carlos A. Botero11

Kimberly R. Hall12

Ary A. Hoffmann13

Gregor W. Schuurman7

Carla M. Sgrò1

1School of Biological Sciences, Monash University, Clayton, VIC, 
Australia

2Northern Rocky Mountain Science Center, U.S. Geological 
Survey, Bozeman, MT, USA

3Department of Ecology, Montana State University, Bozeman, 
MT, USA

4Northwest Climate Adaptation Science Center, U.S. Geological 
Survey, Corvallis, OR, USA

5National Climate Adaptation Science Center, U.S. Geological 
Survey, Reston, VA, USA

6Department of Forestry, Wildlife and Fisheries, University of 
Tennessee, Knoxville, TN, USA

7Climate Change Response Program, U.S. National Park Service, 
Fort Collins, CO, USA



     |  1977COOK et al.

8Wildlife Biology Program, Department of Ecosystem and 
Conservation Sciences, Franke College of Forestry and 

Conservation, University of Montana, Missoula, MT, USA
9Division of Ecology and Evolution, Research School of Biology, 

Australian National University, Canberra, ACT, Australia
10Division of Endangered Species, U.S. Fish and Wildlife Service, 

La Crosse, WI, USA
11Department of Biology, Washington University, St Louis, MO, 

USA
12The Nature Conservancy, North America Region, Haslett, 

Michigan, USA
13School of BioSciences, Bio21 Institute, The University of 

Melbourne, Melbourne, VIC, Australia

Correspondence
Carly N. Cook, School of Biological Sciences, Monash 

University, Clayton, VIC 3800, Australia.
Email: carly.cook@monash.edu

ORCID
Carly N. Cook  https://orcid.org/0000-0002-4855-6409 
John E. Gross  https://orcid.org/0000-0002-8758-6205 
Kimberly R. Hall  https://orcid.org/0000-0002-7802-3558 
Ary A. Hoffmann  https://orcid.org/0000-0001-9497-7645 

R E FE R E N C E S
Aitken, S. N., & Whitlock, M. C. (2013). Assisted gene flow to facili-

tate local adaptation to climate change. Annual Review of Ecology, 
Evolution, and Systematics, 44, 367– 388.

Beever, E. A., Dan Simberloff, D., Crowley, S., Al- Chokhachy, R., Jackson, H., 
& Petersen, S. (2019). Social- ecological mismatches create conserva-
tion challenges in introduced species management. Frontiers in Ecology 
and the Environment, 17, 117– 125. https://doi.org/10.1002/fee.2000

Beever, E. A., Hall, L. E., Varner, J., Loosen, A. E., Dunham, J. B., Gahl, 
M. K., Smith, F. A., & Lawler, J. J. (2017). Behavioral flexibility as a 
mechanism for coping with climate change. Frontiers in Ecology and 
the Environment, 15, 299– 308. https://doi.org/10.1002/fee.1502

Beever, E. A., Mattsson, B. J., Germino, M. J., Van Der Burg, M. P., 
Bradford, J. B., & Brunson, M. W. (2014). Successes and challenges 
from formation to implementation of eleven broad- extent conserva-
tion programs. Conservation Biology, 28, 302– 314.

Beever, E. A., O’Leary, J., Mengelt, C., West, J. M., Julius, S., Green, 
N., Magness, D., Petes, L., Stein, B., Nicotra, A. B., Hellmann, J. 
J., Robertson, A. L., Staudinger, M. D., Rosenberg, A. A., Babij, E., 
Brennan, J., Schuurman, G. W., & Hofmann, G. E. (2016). Improving 
conservation outcomes with a new paradigm for understanding 
species’ fundamental and realized adaptive capacity. Conservation 
Letters, 9, 131– 137.

Beier, P., Hansen, L. J., Helbrecht, L., & Behar, D. (2017). A how to guide 
for coproduction of actionable science. Conservation Letters, 10, 
288– 296. https://doi.org/10.1111/conl.12300

Bell, D. A., Robinson, Z. L., Funk, W. C., Fitzpatrick, S. W., Allendorf, F. 
W., Tallmon, D. A., & Whiteley, A. R. (2019). The exciting potential 
and remaining uncertainties of genetic rescue. Trends in Ecology and 
Evolution, 34, 1070– 1079.

Breed, M. F., Harrison, P. A., Blyth, C., Byrne, M., Gaget, V., Gellie, N. J. 
C., Groom, S. V. C., Hodgson, R., Mills, J. G., Prowse, T. A. A., Steane, 
D. A., & Mohr, J. J. (2019). The potential of genomics for restoring 
ecosystems and biodiversity. Nature Reviews Genetics, 20, 615– 628.

Broadhurst, L. M., Lowe, A., Coates, D. J., Cunningham, S. A., McDonald, M., 
Vesk, P. A., & Yates, C. (2008). Seed supply for broadscale restoration: 
maximizing evolutionary potential. Evolutionary Applications, 1, 587– 597.

Broadhurst, L., Prober, S., Dickson, F., & Bush, D. (2017). Using restoration 
as an experimental framework to test provenancing strategies and cli-
mate adaptability. Ecological Management & Restoration, 18, 205– 208.

Cadotte, M. W., Jones, H. P., & Newton, E. L. (2020). Making the ap-
plied research that practitioners need and want accessible. Ecological 
Solutions and Evidence, 1, e12000.

Carroll, S. P., Jørgensen, P. S., Kinnison, M. T., Bergstrom, C. T., Denison, 
R. F., Gluckman, P., Smith, T. B., Strauss, S. Y., & Tabashnik, B. E. 
(2014). Applying evolutionary biology to address global challenges. 
Science, 346, 313– 324.

Chan, W. Y., Hoffmann, A. A., & van Oppen, M. J. H. (2019). Hybridization 
as a conservation management tool. Conservation Letters, 12, e12652.

Cook, C. N., Mascia, M. B., Schwartz, M. W., Possingham, H. P., & 
Fuller, R. A. (2013). Achieving conservation science that bridges the 
knowledge- action boundary. Conservation Biology, 27, 669– 678.

Cook, C. N., Nichols, S. J., Webb, J. A., Fuller, R. A., & Richards, R. M. 
(2017). Simplifying the selection of evidence synthesis methods to 
inform environmental decisions: A guide for decision makers and sci-
entists. Biological Conservation, 213, 135– 145.

Cook, C. N., & Sgrò, C. M. (2017). Aligning science and policy to achieve evo-
lutionarily enlightened conservation. Conservation Biology, 31, 501– 512.

Cook, C. N., & Sgrò, C. M. (2018). Understanding managers’ and scien-
tists’ perspectives on opportunities to achieve more evolutionarily 
enlightened management in conservation. Evolutionary Applications, 
11, 1371– 1388.

Cook, C. N., & Sgrò, C. M. (2019). Poor understanding of evolutionary the-
ory is a barrier to effective conservation management. Conservation 
Letters, 12, e12619.

Crandall, K. A., Bininda- Edmonds, O. R. P., Mace, G. M., & Wayne, R. K. 
(2000). Considering evolutionary processes in conservation biology: 
an alternative to “evolutionary significant units”. Trends in Ecology and 
Evolution, 15, 290– 295.

Cross, M., Rowland, E., Tully, E., Oakes, L., & Long, D. (2018). Embracing 
change: Adapting conservation approaches to address a changing cli-
mate. Wildlife Conservation Society.

Cvitanovic, C., Hobday, A. J., van Kerkhoff, L., Wilson, S. K., Dobbs, K., 
& Marshall, N. A. (2015). Improving knowledge exchange among sci-
entists and decision- makers to facilitate the adaptive governance of 
marine resources: a review of knowledge and research needs. Oceans 
and Coastal Management, 112, 25– 35. https://doi.org/10.1016/j.
oceco aman.2015.05.002.

Davies, P., & Boruch, R. (2001). The campbell collaboration –  Does for 
public policy what Cochrane does for health. British Medical Journal, 
323, 294– 295.

Dawson, T. P., Jackson, S. T., House, J. I., Prentice, I. C., & Mace, G. M. 
(2011). Beyond predictions: Biodiversity conservation in a changing 
climate. Science, 332, 53– 58.

Díaz, S., Settele, J., Brondizio, E. S., Ngo, H. T., Agard, J., Arneth, A., 
Balvanera, P., Brauman, K. A., Butchart, S. H. M., Chan, K. M. A., 
Garibaldi, L. A., Ichii, K., Liu, J., Subramanian, S. M., Midgley, G. F., 
Miloslavich, P., Molnár, Z., Obura, D., Pfaff, A., … Zayas, C. N. (2019). 
Pervasive human- driven decline of life on Earth points to the need 
for transformative change. Science, 366, eaax3100.

Dicks, L. V., Walsh, J. C., & Sutherland, W. J. (2014). Organising evidence 
for environmental management decisions: a “4S” hierarchy. Trends in 
Ecology and Evolution, 29, 607– 613.

Enquist, C. A. F., Jackson, S. T., Garfin, G. M., Davis, F. W., Gerber, L. R., 
Littell, J. A., Tank, J. L., Terando, A. J., Wall, T. U., Halpern, B., Hiers, 
J. K., Morelli, T. L., McNie, E., Stephenson, N. L., Williamson, M. A., 
Woodhouse, C. A., Yung, L., Brunson, M. W., Hall, K. R., & Shaw, M. R. 
(2017). Foundations of translational ecology. Frontiers in Ecology and 
the Environment, 15, 541– 550.



1978  |     COOK et al.

Esler, K. J., Prozesky, H., Sharma, G. P., & McGeoch, M. (2010). How wide 
is the “knowing- doing” gap in invasion biology? Biological Invasions, 
12, 4065– 4075. https://doi.org/10.1007/s1053 0- 010- 9812- x

Etterson, J. R., Cornett, M. W., White, M. A., & Kavajecz, L. C. (2020). 
Assisted migration across fixed seed zones detects adaptation lags in 
two major North American tree species. Ecological Applications, 30, 
e02092.

Fabian, Y., Bollmann, K., Brang, P., Heiri, C., Olschewski, R., Rigling, 
A., Stofer, S., & Holderegger, R. (2019). How to close the science- 
practice gap in nature conservation? Information sources used by 
practitioners. Biological Conservation, 235, 93– 101.

Fazey, I., Fischer, J., & Lindenmayer, D. B. (2005). What do conservation 
biologists publish? Biological Conservation, 124, 63– 73. https://doi.
org/10.1016/j.biocon.2005.01.013

Foden, W. B., Butchart, S. H. M., Stuart, S. N., Vié, J.- C., Akҫakaya, R., 
Angulo, A., DeVantier, L. M., Gutsche, A., Turak, E., Cao, L., Donner, S. 
D., Katariya, V., Bernard, R., Holland, R. A., Hughes, A. F., O'Hanlon, S. 
E., Garnett, S. T., Sekercioğlu, C. H., & Mace, G. M. (2013). Identifying 
the world’s most climate change vulnerable species: a systematic 
trait- based assessment of all birds, amphibians and corals. PLoS One, 
8, e65427.

Folke, C., Hahn, T., Olsson, P., & Norberg, J. (2005). Adaptive gover-
nance of social- ecological systems. Annual Review of Environment and 
Resources, 30, 441– 473.

Frankel, O. H., & Soule, M. E. (1981). Conservation and evolution. Princeton 
University Press.

Frankham, R. (1995). Conservation genetics. Annual Review of Genetics, 
29, 305– 327.

Frankham, R. (2005). Genetics and extinction. Biological Conservation, 
126, 131– 140.

Frankham, R. (2016). Genetic rescue benefits persist to at least the F3 gen-
eration, based on a meta- analysis. Biological Conservation, 195, 33– 36.

Frankham, R., Ballou, J. D., Eldridge, M. D. B., Lacy, R. C., Ralls, K., 
Dudash, M. R., Tank, J. L., Terando, A. J., Wall, T. U., Halpern, B., 
Hiers, J. K., Morelli, T. L., McNie, E., Stephenson, N. L., Williamson, M. 
A., Woodhouse, C. A., Yung, L., Brunson, M. W., Hall, K. R., … Shaw, 
M. R. (2011). Predicting the Probability of Outbreeding Depression. 
Conservation Biology, 25, 465– 475.

Frankham, R., Bradshaw, C. J. A., & Brook, B. W. (2014). Genetics in con-
servation management: Revised recommendations for the 50/500 
rules, Red List criteria and population viability analyses. Biological 
Conservation, 170, 56– 63.

Futuyma, D. J. (1995). The uses of evolutionary biology. Science, 267, 
41– 42.

Gurevitch, J., Curtis, P. S., & Jones, M. H. (2001). Meta- analysis in ecol-
ogy. Advances in Ecological Research, 32, 199– 247.

Habel, J. C., Gossner, M. M., Meyer, S. T., Eggermont, H., Lens, L., Dengler, 
J., & Weisser, W. W. (2013). Mind the gaps when using science to 
address conservation concerns. Biodiversity and Conservation, 22, 
2413– 2427.

Hallett, L. M., Morelli, T. L., Gerber, L. R., Moritz, M. A., Schwartz, M. 
W., Stephenson, N. L., & Woodhouse, C. A. (2017). Navigating trans-
lational ecology: creating opportunities for scientist participation. 
Frontiers in Ecology and the Environment, 15, 578– 586.

Hendry, A. P. (2016). Key questions on the role of phenotypic plasticity in 
eco- evolutionary dynamics. Journal of Heredity, 107, 25– 41. https://
doi.org/10.1093/jhere d/esv060

Hendry, A. P., Kinnison, M. T., Heino, M., Day, T., Smith, T. B., Fitt, G., 
Bergstrom, C. T., Oakeshott, J., Jørgensen, P. S., Zalucki, M. P., 
Gilchrist, G., Southerton, S., Sih, A., Strauss, S., Denison, R. F., & 
Carroll, S. P. (2011). Evolutionary principles and their practical appli-
cation. Evolutionary Applications, 4, 159– 183.

Hendry, A. P., Lohmann, L. G., Conti, E., Cracraft, J., Crandall, K. A., Faith, 
D. P., Haeuser, C., Joly, C. A., Kogure, K., Larigauderie, A., Magallón, 
S., Moritz, C., Tillier, S., Zardoya, R., Prieur- Richard, A.- H., Walther, B. 

A., Yahara, T., & Donoghue, M. J. (2010). Evolutionary biology in bio-
diversity science, conservation and policy: A call to action. Evolution, 
64, 1517– 1528.

Hoffmann, A., Griffin, P., Dillon, S., Catullo, R., Rane, R., Byrne, M., Jordan, 
R., Oakeshott, J., Weeks, A., Joseph, L., Lockhart, P., Borevitz, J., & 
Sgrò, C. (2015). A framework for incorporating evolutionary genom-
ics into biodiversity conservation and management. Climate Change 
Responses, 2, 1.

Hoffmann, A. A., Miller, A. D., & Weeks, A. R. (2021). Genetic mixing 
for population management: From genetic rescue to provenancing. 
Evolutionary Applications, 14, 634– 652.

Hoffmann, A. A., & Sgrò, C. M. (2011). Climate change and evolutionary 
adaptation. Nature, 470, 479– 485.

Jørgensen, P. S., Folke, C., & Carroll, S. P. (2019). Evolution in the 
Anthropocene: Informing governance and policy. Annual Review of 
Ecology, Evolution, and Systematics, 50, 527– 546.

Kinnison, M. T., Hendry, A. P., & Stockwell, C. A. (2007). Contemporary 
evolution meets conservation biology II: Impediments to integration 
and application. Ecological Research, 22, 947– 954.

Lawler, J. L., & Olden, J. D. (2011). Reframing the debate over assisted 
colonization. Frontiers in Ecology and the Environment, 9, 596– 574. 
https://doi.org/10.1890/100106

LeDee, O., Handler, S., Hoving, C., Swanston, C., & Zuckerberg, B. 
(2021). Preparing wildlife for climate change: How far have we come? 
Journal of Wildlife Management, 85, 7– 16. https://doi.org/10.1002/
jwmg.21969

Legge, S., Woinarski, J. C. Z., Burbidge, A. A., Palmer, R., Ringma, J., 
Radford, J. Q., Mitchell, N., Bode, M., Wintle, B., Baseler, M., Bentley, 
J., Copley, P., Dexter, N., Dickman, C. R., Gillespie, G. R., Hill, B., 
Johnson, C. N., Latch, P., Letnic, M., … Tuft, K. (2018). Havens for 
threatened Australian mammals: the contributions of fenced areas 
and offshore islands to the protection of mammal species susceptible 
to introduced predators. Wildlife Research, 45, 627– 644.

Margoluis, R., Stem, C., Salafsky, N., & Brown, M. (2009). Using con-
ceptual models as a planning and evaluation tool in conservation. 
Evaluation and Program Planning, 32, 138– 147.

Mimura, M., Yahara, T., Faith, D. P., Vazquez- Dominguez, E., Colautti, 
R. I., Araki, H., Javadi, F., Núñez- Farfán, J., Mori, A. S., Zhou, S., 
Hollingsworth, P. M., Neaves, L. E., Fukano, Y., Smith, G. F., Sato, Y.- 
I., Tachida, H., & Hendry, A. P. (2017). Understanding and monitor-
ing the consequences of human impacts on intraspecific variation. 
Evolutionary Applications, 10, 121– 139.

Moritz, C. (1999). Conservation units and translocations: strategies for 
conserving evolutionary processes. Hereditas, 130, 217– 228. https://
doi.org/10.1111/j.1601- 5223.1999.00217.x

Nicotra, A. B., Beever, E. A., Robertson, A. L., Hofmann, G. E., & O’Leary, 
J. (2015). Assessing the components of adaptive capacity to im-
prove conservation and management efforts under global change. 
Conservation Biology, 29, 1268– 1278.

Norström, A. V., Cvitanovic, C., Löf, M. F., West, S., Wyborn, C., 
Balvanera, P., Bednarek, A. T., Bennett, E. M., Biggs, R., de Bremond, 
A., Campbell, B. M., Canadell, J. G., Carpenter, S. R., Folke, C., Fulton, 
E. A., Gaffney, O., Gelcich, S., Jouffray, J.- B., Leach, M., … Österblom, 
H. (2020). Principles for knowledge co- production in sustainability 
research. Nature Sustainability, 3, 182– 190. https://doi.org/10.1038/
s4189 3- 019- 0448- 2

Palstra, F. P., & Fraser, D. J. (2012). Effective/census population size ratio 
estimation: A compendium and appraisal. Ecology and Evolution, 2, 
2357– 2365.

Prober, S., Byrne, M., McLean, E., Steane, D., Potts, B., Vaillan- court, 
R., & Stock, W. (2015). Climate- adjusted provenancing: A strategy 
for climate- resilient ecological restoration. Frontiers in Ecology and 
Evolution, 3, 65. https://doi.org/10.3389/fevo.2015.00065

Prober, S. M., Doerr, V. A. J., Broadhurst, L. M., Williams, K. J., & Dickson, 
F. (2019). Shifting the conservation paradigm: A synthesis of options 



     |  1979COOK et al.

for renovating nature under climate change. Ecological Monographs, 89, 
e01333.

Pullin, A., Frampton, G., Jongman, R., Kohl, C., Livoreil, B., Lux, A., Pataki, 
G., Petrokofsky, G., Podhora, A., Saarikoski, H., Santamaria, L., 
Schindler, S., Sousa- Pinto, I., Vandewalle, M., & Wittmer, H. (2016). 
Selecting appropriate methods of knowledge synthesis to inform 
biodiversity policy. Biodiversity and Conservation, 25, 1285– 1300.

Pullin, A. S., & Knight, T. M. (2001). Effectiveness in conservation practice: 
Pointers from medicine and public health. Conservation Biology, 15, 50– 54.

Quintero, I., & Wiens, J. J. (2013). Rates of projected climate change dra-
matically exceed past rates of climatic niche evolution among verte-
brate species. Ecology Letters, 16, 1095– 1103.

Ralls, K., Ballou, J. D., Dudash, M. R., Eldridge, M. D. B., Fenster, C. B., 
Lacy, R. C., Sunnucks, P., & Frankham, R. (2018). Call for a para-
digm shift in the genetic management of fragmented populations. 
Conservation Letters, 11, 1– 6.

Ridley, C. E., & Alexander, L. C. (2016). Applying gene flow science to en-
vironmental policy needs: A boundary work perspective. Evolutionary 
Applications, 9, 924– 936.

Roux, D. J., Kingsford, R. T., Cook, C. N., Carruthers, J., Dickson, K., & 
Hockings, M. (2019). The case for embedding researchers in conser-
vation agencies. Conservation Biology, 33, 1266– 1274. https://doi.
org/10.1111/cobi.13324

Safford, H. D., Sawyer, S. C., Kocher, S. D., Hiers, J. K., & Cross, M. (2017). 
Linking knowledge to action: The role of boundary spanners in trans-
lating ecology. Frontiers in Ecology and the Environment, 15, 560– 568.

Scheffers, B. R., De Meester, L., Bridge, T. C. L., Hoffmann, A. A., Pandolfi, 
J. M., Corlett, R. T., Butchart, S. H. M., Pearce- Kelly, P., Kovacs, K. M., 
Dudgeon, D., Pacifici, M., Rondinini, C., Foden, W. B., Martin, T. G., 
Mora, C., Bickford, D., & Watson, J. E. M. (2016). The broad footprint of 
climate change from genes to biomes to people. Science, 354, 719– 731.

Schwartz, M. W., Belhabib, D., Biggs, D., Cook, C. N., Fitzsimons, J., 
Giordano, A. J., Glew, L., Gottlieb, S., Kattan, G. H., Knight, A. T., 
Lundquist, C., Lynam, A., Masuda, Y., Mwampamba, T., Nuno, A., 
Plumptre, A., Ray, J., Reddy, S., & Runge, M. C. (2019). A vision for 
documenting and sharing knowledge in conservation. Conservation 
Science and Practice, 1, e1.

Schwartz, M. W., Cook, C. N., Pressey, R. L., Pullin, A. S., Runge, M. C., 
Salafsky, N., Sutherland, W. J., & Williamson, M. A. (2018). Decision 
support frameworks and tools for conservation. Conservation Letters, 
11, 1– 12.

Schwartz, M. W., Hellmann, J. J., McLachlan, J. M., Sax, D. F., Borevitz, 
J. O., Brennan, J., Camacho, A. E., Ceballos, G., Clark, J. R., Doremus, 
H., Early, R., Etterson, J. R., Fielder, D., Gill, J. L., Gonzalez, P., Green, 
N., Hannah, L., Jamieson, D. W., Javeline, D., … Zellmer, S. (2012). 
Managed relocation: Integrating the scientific, regulatory, and ethical 
challenges. BioScience, 62, 732– 743.

Sgrò, C. M., Lowe, A. J., & Hoffmann, A. A. (2011). Building evolution-
ary resilience for conserving biodiversity under climate change. 
Evolutionary Applications, 4, 326– 337.

Smith, D. W., Peterson, R. O., & Houston, D. B. (2003). Yellowstone after 
wolves. BioScience, 53, 330– 340.

Smith, T. B., & Bernatchez, L. (2008). Evolutionary change in human- 
altered environments. Molecular Ecology, 17, 1– 8.

Smith, T. B., Kinnison, M. T., Strauss, S. Y., Fuller, T. L., & Carroll, S. P. 
(2014). Prescriptive evolution to conserve and manage biodiversity. 
Annual Reviews in Ecology, Evolution and Systematics, 45, 1– 22.

Stockwell, C. A., Hendry, A. P., & Kinnison, M. T. (2003). Contemporary evo-
lution meets conservation biology. Trends in Ecology & Evolution, 18, 
94– 101.

Sunderland, T., Sunderland- Groves, J., Shanley, P., & Campbell, B. 
(2009). Bridging the gap: How can information access and exchange 

between conservation biologists and field practitioners be improved 
for better conservation outcomes? Biotropica, 41, 549– 554. https://
doi.org/10.1111/j.1744- 7429.2009.00557.x

Sutherland, W. J., Pullin, A. S., Dolman, P. M., & Knight, T. M. (2004). 
The need for evidence- based conservation. Trends in Ecology and 
Evolution, 19, 305– 308.

Swart, R., Biesbroek, R., & Lourenco, T. C. (2014). Science of adaptation to 
climate change and science for adaptation. Frontiers in Environmental 
Science, 2, article 19.

Tallmon, D. A., Luikart, G., & Waples, R. S. (2004). The alluring simplicity 
and complex reality of genetic rescue. Trends in Ecology and Evolution, 
19, 489– 496.

Thurman, L. L., Stein, B. A., Beever, E. A., Foden, W., Geange, S. R., Green, 
N., Gross, J. E., Lawrence, D. J., LeDee, O., Olden, J. D., Thompson, L. 
M., & Young, B. E. (2020). Persist in place or shift in space? Evaluating 
the adaptive capacity of species to climate change. Frontiers in Ecology 
and the Environment, 18, 520– 528. https://doi.org/10.1002/fee.2253.

Walsh, J. C., Dicks, L. V., Raymond, C. M., & Sutherland, W. J. (2019). A ty-
pology of barriers and enablers of scientific evidence use in conser-
vation practice. Journal of Environmental Management, 250, 109481.

Walsh, J. C., Dicks, L. V., & Sutherland, W. J. (2015). The effect of scien-
tific evidence on conservation practitioners’ management decisions. 
Conservation Biology, 29, 88– 89.

Walters, C. J., & Holling, C. S. (1990). Large- scale management exper-
iments and learning by doing. Ecology, 71, 2060– 2068. https://doi.
org/10.2307/1938620.

Wang, J. L. (2004). Application of the one- migrant- per- generation rule to 
conservation and management. Conservation Biology, 18, 332– 343.

Weeks, A. R., Heinze, D., Perrin, L., Stoklosa, J., Hoffmann, A. A., van 
Rooyen, A., Kelly, T. &, Mansergh, I. (2017). Genetic rescue increases 
fitness and aids rapid recovery of an endangered marsupial popula-
tion. Nature Communications, 8, 1071.

Weeks, A. R., Sgrò, C. M., Young, A. G., Frankham, R., Mitchell, N. J., 
Miller, K. A., Byrne, M., Coates, D. J., Eldridge, M. D. B., Sunnucks, 
P., Breed, M. F., James, E. A., & Hoffmann, A. A. (2011). Assessing 
the benefits and risks of translocations in changing environments: a 
genetic perspective. Evolutionary Applications, 4, 709– 725.

Weeks, A. R., Stoklosa, J., & Hoffmann, A. A. (2016). Conservation of 
genetic uniqueness of populations may increase extinction likelihood 
of endangered species: the case of Australian mammals. Frontiers in 
Zoology, 13, 9.

Whiteley, A. R., Fitzpatrick, S. W., Funk, W. C., & Tallmon, D. A. (2015). 
Genetic rescue to the rescue. Trends in Ecology and Evolution, 30, 
42– 49.

Williams, B. K., & Brown, E. D. (2014). Adaptive management: From more 
talk to real action. Environmental Management, 53, 465– 479.

Young, K. D., & Van Aarde, R. J. (2011). Science and elephant manage-
ment decisions in South Africa. Biological Conservation, 144, 876– 885.

How to cite this article: Cook, C. N., Beever, E. A., Thurman, L. 
L., Thompson, L. M., Gross, J. E., Whiteley, A. R., Nicotra, A. B., 
Szymanski, J. A., Botero, C. A., Hall, K. R., Hoffmann, A. A., 
Schuurman, G. W., & Sgrò, C. M. (2021). Supporting the 
adaptive capacity of species through more effective 
knowledge exchange with conservation practitioners. 
Evolutionary Applications, 14, 1969– 1979. https://doi.
org/10.1111/eva.13266


