
Evolutionary Applications. 2018;11:1371–1388.	 ﻿�   |  1371wileyonlinelibrary.com/journal/eva

 

Received: 13 September 2017  |  Accepted: 8 March 2018
DOI: 10.1111/eva.12631

O R I G I N A L  A R T I C L E

Understanding managers’ and scientists’ perspectives on 
opportunities to achieve more evolutionarily enlightened 
management in conservation

Carly N. Cook  | Carla M. Sgrò

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2018 The Authors. Evolutionary Applications published by John Wiley & Sons Ltd

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

Correspondence
Carly N. Cook, School of Biological Sciences, 
Monash University, Clayton, VIC, Australia.
Email: carly.cook@monash.edu

Abstract
Despite wide acceptance that conservation could benefit from greater attention to 
principles and processes from evolutionary biology, little attention has been given to 
quantifying the degree to which relevant evolutionary concepts are being integrated 
into management practices. There has also been increasing discussion of the poten-
tial reasons for a lack of evolutionarily enlightened management, but no attempts to 
understand the challenges from the perspective of those making management deci-
sions. In this study, we asked conservation managers and scientists for their views on 
the importance of a range of key evolutionary concepts, the degree to which these 
concepts are being integrated into management, and what would need to change to 
support better integration into management practices. We found that while manag-
ers recognize the importance of a wide range of evolutionary concepts for conserva-
tion outcomes, they acknowledge these concepts are rarely incorporated into 
management. Managers and scientists were in strong agreement about the range of 
barriers that need to be overcome, with a lack of knowledge reported as the most 
important barrier to better integration of evolutionary biology into conservation 
decision-making. Although managers tended to be more focused on the need for 
more training in evolutionary biology, scientists reported greater engagement be-
tween managers and evolutionary biologists as most important to achieve the neces-
sary change. Nevertheless, the challenges appear to be multifaceted, and several are 
outside the control of managers, suggesting solutions will need to be 
multidimensional.
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1  | INTRODUC TION

There is a growing consensus among evolutionary biologists that 
better conservation outcomes could be achieved by considering 
evolutionary principles and process in the design of appropriate 

management actions (Carroll et al., 2014; Mace & Purvis, 2008; Sgrò, 
Lowe, & Hoffmann, 2011; Smith, Kinnison, Strauss, Fuller, & Carroll, 
2014). Such an approach has been termed evolutionarily enlightened 
management (Carroll et al., 2014). Recent reviews have suggested a 
range of conservation management issues that would benefit from 
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more evolutionarily enlightened management, including threatened 
species management, restoration projects and invasive species man-
agement (Frankham, 2010; Smith et al., 2014; Weeks et al., 2011). 
Recommendations for improved practice often centre on the ac-
tive management of genetic diversity to maintain resilient popu-
lations (Table 1; Hoffmann & Sgrò, 2011; Sgrò et al., 2011; Weeks 
et al., 2011). While the goal of conserving genetic diversity is widely 
recognized within international conservation policies, such as the 
Convention on Biological Diversity, little, if any, specific direction is 
provided about how management practices need to change (Cook & 
Sgrò, 2017). Conservation policies within individual countries appear 
to do little more than mention genetic diversity, while more specific 
evolutionary concepts (evolutionary process and principles), such as 
inbreeding and outbreeding depression or gene flow, are almost en-
tirely absent (Cook & Sgrò, 2017).

The evidence of poor integration of evolutionary concepts 
into conservation policy documents (e.g., Cook & Sgrò, 2017; 
Lankau, Jorgensen, Harris, & Sih, 2011; Pierson et al., 2015) sup-
ports the widespread criticism from evolutionary biologists that 
conservation managers (policymakers and on-ground managers) 
are not changing their management practices in response to the 
available science. A key concern raised by evolutionary biologists 
is the general lack of consideration given by managers to how 
their management practices can act as a selection pressure on 
wild populations (Hendry et al., 2011; Smith et al., 2014). This is 
particularly relevant for invasive species management, where the 
evidence from agricultural science can inform risk assessments 
for management practice that might promote the evolution of re-
sistance to the toxins used to control pest species (Neve, Busi, 
Renton, & Vila-Aiub, 2014; Tabashnik, Brevault, & Carriere, 2013). 
Despite continued commentary about the long-term implications 
of management actions that do not consider evolution (Carroll 
et al., 2014; Hoffmann & Sgrò, 2011; Smith et al., 2014), the rea-
sons for this gap remain largely speculative. Some of the many 
reasons proposed by evolutionary biologists to explain the wide-
spread failure to integrate evolution into management practices 
include poor training of managers in evolutionary biology (e.g., 
Frankham, 2010) and a lack of support for conservation managers 
to enable them to change their management practices (e.g., Hoban 
et al., 2013; Smith et al., 2014).

Anecdotal reports describing misconceptions among manag-
ers about evolutionary theory, which might act as impediments 
to evolutionarily enlightened management, have been blamed on 
a lack of specific training for conservation managers. For exam-
ple, some authors have reported that managers often view species 
as fixed entities that do not change (Ashley et al., 2003), or be-
lieve that evolution happens too slowly to be relevant to manage-
ment practices (Kinnison, Hendry, & Stockwell, 2007; Smith et al., 
2014). It has also been suggested that managers have risk adverse 
attitudes to changing their management practices, viewing the 
manipulation of evolutionary forces as potentially disrupting the 
integrity of natural processes (Hendry et al., 2011; Smith et al., 
2014). Concerns have also been raised that the actions of many 

managers remain guided by largely outdated or misinterpreted 
ideas, for example, anxiety about the risk of outbreeding depres-
sion when mixing populations, despite growing evidence that the 
risks have been overstated (Frankham, 2015; Frankham et al., 
2011). Similarly, the focus on the “local is best” paradigm, which 
places precedence on collecting seed from populations considered 
to be adapted to local conditions, may limit the genetic diversity 
of revegetated populations, compromising their long-term viability 
and success (Broadhurst et al., 2008; Byrne, Stone, & Millar, 2011). 
However, despite concerns that conservation managers misunder-
stand evolutionary concepts, the evidence for this belief remains 
anecdotal; managers’ knowledge of evolutionary biology has not 
been quantified.

Some authors have identified a lack of appropriate decision-
support tools as a barrier to better integration of evolutionary biol-
ogy into conservation management (Frankham, 2010; Hoban et al., 
2013). Specifically, changes to management practice require the 
development of tools that enable managers to identify the practi-
cal changes needed for evolutionarily enlightened management. 
However, criticisms have been made that evolutionary theory con-
tinues to be ignored within existing decision tools, such as population 
viability analysis (Ashley et al., 2003; Frankham, 2010) and species 
distribution models (Urban et al., 2016). In other cases, there is a fail-
ure to translate theory into practical management recommendations 
that managers could implement (Cook & Sgrò, 2017). For example, 
recommendations that managers should monitor genetic diversity 
are increasingly the norm (Cook & Sgrò, 2017), yet practical guidance 
about how this should be done and how to distinguish between neu-
tral and adaptive diversity is largely lacking (Hoffmann et al., 2015). 
It has also been suggested that the slow integration of evolutionary 
biology into conservation practice may stem from a general failure 
by evolutionary biologists to engage with conservation managers 
(Hendry et al., 2010; Hoban et al., 2013; Mace & Purvis, 2008).

The increasing attention in the literature given to the need for 
evolutionarily enlightened management, and the potential reasons 
for this slow uptake have helped raise awareness of this problem 
in conservation biology (Hendry, Gotanda, & Svensson, 2017). 
However, moving beyond the current speculation requires a clear 
understanding of the scale of the problem, quantifying the degree 
to which different evolutionary concepts are being integrated into 
management practice. Likewise, these data need to be paired with 
evidence for the causes of poor uptake in order to identify the most 
efficient ways to achieve change. This evidence needs to come 
from the conservation management community, to gain a true ap-
preciation of the challenges they face in making changes to man-
agement practices. Because this evidence is currently lacking, our 
objective was to fill this important gap by surveying conservation 
managers, along with conservation scientists involved in conduct-
ing management-relevant science, about their views on (i) the im-
portance of a range of key evolutionary concepts to conservation 
management, (ii) the current level of integration of these concepts 
into management decisions and (iii) the barriers and opportunities 
they see to achieving the necessary change.
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2  | MATERIAL S AND METHODS

To explore the degree to which evolutionary biology has been in-
tegrated into conservation management, we developed an anony-
mous, online questionnaire (Appendix 1) focused on a set of key 
evolutionary concepts (Table 2). These concepts were selected to 
represent evolutionary processes and principles from evolutionary 
theory and population genetics that are considered to be highly rel-
evant to conservation management decisions. The selection of the 
concepts was informed by the frequency of their mention in the 
literature and in consultation with experts in applied evolutionary 
biology (withheld for review).

We targeted two groups of respondents:

1.	 conservation managers in policy or on-ground management 
roles; and

2.	 applied ecologists whose research programmes focus on manage-
ment-relevant science.

The conservation managers were protected area or natural re-
source managers drawn from across all jurisdictions in Australia (five 
states, two territories and the federal government). Senior managers 
within protected area management agencies (n = 8) and national re-
source management organizations (n = 56) were contacted and asked 
to distribute the link to an online questionnaire to all relevant staff 
members, including those in policy and on-ground management roles.

We also contacted scientists whose research addresses conser-
vation management problems. These individuals were identified by 
searching staff profiles from universities and government research 
institutes across Australia (n = 23). Relevant individuals were con-
tacted via email (n = 78) and invited to participate in the study. They 
were also asked to distribute the survey to relevant members of their 
research groups, following a snowball sampling approach (Patton, 
2002).

2.1 | Questionnaire development

We asked respondents to determine how important each of the 
key concepts in Table 2 was for conservation management, and to 
what degree they believed each concept was being integrated into 
current management practices. Respondents were asked to score 
their responses according to a 5-point Likert scale (Table 3), with an 
option to indicate if they were unsure about any of the concepts. 
Respondents were not provided with definitions of the concepts, in 
order to avoid any temptation to speculate about the importance or 
integration of concepts they were not familiar with. However, this 
would not preclude respondents from looking up the meaning of 
concepts they were unsure about. It may also mean that respond-
ents had varying interpretation of the concepts, which may have in-
fluenced their responses.

We also asked respondents to describe their perception of the 
most important barriers that inhibit integration of evolutionary the-
ory into conservation management, and what they believed would 
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need to change within their organizations for evolutionary theory 
to be adopted more broadly. Respondents were asked to provide a 
range of demographic information, including their role, age, years of 
experience, gender, level of education and exposure to evolutionary 
theory during their formal education (Appendix 1). Scientists were 
also asked whether they spend time engaging with managers about 
effective management practices.

Before distributing the questionnaire, the tool was piloted with 
seven individuals who confirmed the face validity (i.e., whether the 
meaning of the questions is clear to respondents and results of the 
survey will provide a meaningful outcome; Wainer & Braun, 1988) of 
the survey tool.

2.2 | Data analyses

We coded responses (Table 3) and used Kruskal–Wallis nonpara-
metric tests to determine whether respondents differed in how 
they ranked the importance of each concept for conservation 
management, and in the degree to which they were integrated 

into management decisions. To determine whether there were 
differences in the level of importance or in the level of integra-
tion assigned to each concept by managers and scientists, we 
used Mann–Whitney U nonparametric tests. Kruskal–Wallis non-
parametric tests were used to compare respondents’ views on the 
level of importance and level of integration of the concepts with 
whether they had received formal training in the relevant con-
cepts (i.e., subjects in evolutionary biology or genetics).

The questions relating to barriers and opportunities for better in-
tegration of evolutionary theory were grouped according to common 
themes in their responses (i.e., open-coded following an inductive cat-
egory development methodology; Patton, 2002). All responses were 
coded independently by two researchers to ensure consistent interpre-
tation. All quantitative analyses were performed in SPSS version 23.

3  | RESULTS

We received 150 responses to the questionnaire (107 managers; 43 
scientists) drawn from across Australia. Managers were mostly in on-
ground management (n = 58) or policy or strategy roles (n = 39) (10 did 
not indicate their role). These respondents were mostly males (57%) 
and ranged in experience from 6 months to 29 years (μ = 8.7). The sci-
entists who responded were in research only (n = 18) or teaching and 
research roles (n = 21), and just over half of scientists (56%) indicated 
that they engaged directly with managers. Most scientists were female 
(56%), and their experience ranged from 1 to 43 years (μ = 9.3).

The level of education of managers varied from high school grad-
uates to postgraduate degrees (n = 6 declined to answer), while sci-
entists had a bachelor’s degree or higher (n = 4 declined to answer; 
Figure S1). Most respondents in each group reported having taken at 
least some subjects relevant to evolutionary theory, although 34% 

TABLE  3 The 5-point Likert scale used by respondents to score 
their responses to the questionnaire

Importance Integration Coding

Not at all important Never 1

Somewhat important Rarely 2

Neither important nor 
unimportant

Sometimes 3

Important Often 4

Very important All the time 5

Unsure Unsure Missing value

Concept Definition

General concepts

Genetic diversity Genetic differences between individuals of the same species

Adaptation The condition where the phenotype of individuals is well suited to the 
environmental conditions, such that the individuals have higher 
reproductive fitness.

Evolution The process by which populations or species change over successive 
generations.

Specific concepts

Gene flow Movement of alleles between populations through mating between 
individuals from different populations

Inbreeding 
depression

Mating between closely related individuals that leads to a loss of 
genetic diversity and corresponding reduction in reproductive fitness

Outbreeding 
depression

Mating between genetically distinct individuals that introduces new 
alleles that disrupt local adaptation and lead to reduced reproductive 
fitness

Mating system The way in which a population is structured in relation to sexual 
behaviour

Life history 
strategy

The way in which individuals invest in growth, reproduction and 
survivorship

TABLE  2 Key concepts relevant to 
integrating evolutionary theory into 
conservation practice
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of managers had not (Figure S1). Ten managers and four scientists 
declined to answer.

3.1 | The importance of evolutionary concepts

There were significant differences in the level of importance as-
signed by respondents to the different evolutionary concepts 
(H7 = 46.70; p < .001). While there was variation in which concepts 
managers and scientists considered most important to conservation 
management, this difference was only significant for the importance 
of life history strategy (U2 = 588.0; z = −2.02; p = .044; Figure 1; 
Table S1). Among managers, there was no difference in the level of 
importance ascribed to the evolutionary concepts by those in stra-
tegic roles and those in on-ground roles (U2 = 24676.00; z = −0.43; 
p = .668; Table S2).

Respondents with different levels of education had significantly 
different views on how important the different concepts are to con-
servation management (H3 = 9.32; p = .025; Figure 2a), with greater im-
portance ascribed by those with a diploma or bachelor’s degree. Prior 
exposure to evolutionary theory during their education influenced 
how important respondents considered evolutionary concepts to be 
(H3 = 10.71; p = .013; Figure 2b), with those who indicated they had 
only taken subjects relating to genetics being less likely to consider the 
concepts important. Further evidence that lower importance scores 
may relate to the level of understanding of these concepts comes from 
the correspondence between more respondents failing to score the 
importance of a concept (i.e., selecting unsure) and a lower importance 
score ascribed to the concept by other participants (Table S3).

3.2 | Integration of evolutionary concepts

There was a significant difference in the degree to which respond-
ents considered the different evolutionary concepts were being 
integrated in conservation management (H7 = 77.43; p < .001). 

While there was variation in the views of managers and scientists 
about the degree to which different concepts were being inte-
grated into conservation management, overall these differences 
were not significant (U2 = 49409.0; z = −0.38; p = .705; Figure 3a; 
Table S4). Within managers, those in policy or strategy roles and 
those in on-ground roles had similar views of how well the evolu-
tionary concepts were implemented within conservation manage-
ment (U2 = 23416.0; z = −1.56; p = .118; Table S5), while scientists 
who indicated they engaged directly with managers tended to 
show closer alignment to the views of managers (Figure S2).

The level of education of respondents did not influence the de-
gree to which they believed evolutionary concepts were being in-
tegrated (H3 = 1.70; p = .638). However, those who had not taken 
subjects specifically related to evolutionary biology during their de-
grees considered the concepts to be better integrated into conser-
vation management (H3 = 16.38; p = .001; Figure 3b).

3.3 | Barriers to and opportunities for greater 
integration of evolutionary theory

The most commonly reported barrier to greater integration of 
evolutionary theory by managers and scientists was a lack of un-
derstanding of the concepts (Figure 4a). Respondents from both 
groups also commonly suggested that conservation management is 
not being prioritized within management agencies, with an increas-
ing emphasis being given to visitor management (Figure 4a; Table 3). 
Managers showed greater concern with a lack of resources to im-
plement the necessary management actions, while scientists ranked 
a lack of communication between managers and researchers more 
highly (Figure 4a). Scientists were more concerned that a failure to 
demonstrate clear benefits of changed management practices was a 
barrier, while managers were concerned that a focus on short-term 
outcomes of management prevented greater integration of evolu-
tionary theory (Figure 4; Table 4).

F IGURE  1 The mean (±SE) importance 
score for different evolutionary concepts 
as reported by managers (black circles) 
and scientists (grey circles). Asterisk 
indicates significant difference between 
groups
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The opportunities identified for greater integration of evolution-
ary theory into conservation management were directly related to the 
key barriers, essentially being potential solutions (Figure 4b). Managers 
and scientists differed somewhat in which solutions they saw as high-
est priority to improve the uptake of evolutionary theory. Scientists 
were more focused on greater engagement with managers and the 
need to demonstrate the benefits of changed management practices 
in improving conservation outcomes (Figure 4b). Managers tended to 
be more focused on the need for more training in evolutionary biology, 
a greater emphasis on conservation management within their agencies 
and additional funding to facilitate the required changes (Figure 4b).

4  | DISCUSSION

Despite increasing discussion in the literature about evolutionary 
biology not being integrated into conservation management (Carroll 
et al., 2014; Frankham, 2010; Mace & Purvis, 2008; Smith et al., 2014), 

this study is the first to address the challenge from the perspective of 
the conservation managers and the scientists who engage with them. 
We reveal that most managers strongly support the view that evolu-
tionary biology is important for conservation management (Figure 1), 
but demonstrate there is a long way to go to achieve routine inte-
gration of these concepts into management practices (Figure 3). Our 
data also clearly show that managers face a range of practical con-
straints in trying to achieve the required changes (Figure 4). By identi-
fying these barriers and opportunities, we provide important insights 
into how the scientific community can better support managers, but 
also the changes that must occur within management organizations, 
and society more generally, to achieve real change.

4.1 | Importance of evolutionary concepts and their 
integration into conservation management

Managers consider evolutionary biology to be highly relevant to 
their management practices (Figure 1), suggesting that the concerns 

F IGURE  2 The mean (±SE) 
importance score for each of the 
evolutionary concepts based on (a) 
the level of education of respondents 
(black circles = certificate/diploma; 
grey circles = bachelor; open black 
circles = postgraduate) and (b) the level of 
exposure to evolutionary biology during 
their training (black circles = evolution and 
genetics; grey circles = evolution only; 
open black circles = genetics only; open 
grey circles = none)
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raised by evolutionary biologists have been heard. In particular, 
the messages about the importance of general evolutionary con-
cepts, such as genetic diversity (Hoban et al., 2013; Santamaria & 
Mendez, 2012; Sgrò et al., 2011; Weeks et al., 2011) and adaptation 
(Hoffmann & Sgrò, 2011), appear to have reached managers. These 
general concepts have also received more attention than other con-
cepts within the evolutionary applications literature (Cook & Sgrò, 
2017). Interestingly, evolution as a concept was not reported to be as 
important as adaptation and genetic diversity, potentially supporting 
concerns that rapid evolution is not being perceived as relevant to 
management (Ashley et al., 2003; Kinnison et al., 2007; Smith et al., 
2014). This pattern also seems to suggest a poor understanding of 
the links between genetic diversity, adaptive capacity and evolution, 
which has also been observed in conservation policy (Cook & Sgrò, 
2017).

While some evolutionary concepts were considered more im-
portant to conservation management than others, we found ev-
idence that these differences may have been driven by poorer 

understanding of the relevance of some concepts. Managers who 
had a greater exposure to evolutionary biology in their training gave 
greater emphasis to the importance of these concepts (Figure 2b), 
supporting calls for the value of increased training for managers 
(Frankham, 2010). We also saw qualitative evidence for a lack of un-
derstanding of some concepts because managers were more likely 
to abstain from rating the importance for concepts that were given 
lower importance across the rest of the sample (Table S3). This may 
suggest a reluctance by respondents to rate concepts with which 
they were less familiar. However, without asking respondents to 
define each of the concepts, it is not possible to truly judge their 
specific level of understanding, or the consistency of interpretations 
among respondents. Poor understanding of evolutionary biology has 
been repeatedly suggested as a barrier to evolutionarily enlightened 
management (Ashley et al., 2003; Frankham, 2010; Mace & Purvis, 
2008). Our results suggest that increased training in evolutionary bi-
ology may increase the value managers place on these concepts, and 
possibly their potential to integrate them into management.

F IGURE  3 The mean (±SE) integration 
score for each of the evolutionary 
concepts as reported by (a) managers 
(black circles) and scientists (grey 
circles), and (b) the level of exposure to 
evolutionary biology during their training 
(black circles = evolution and genetics; 
grey circles = evolution only; open 
black circles = genetics only; open grey 
circles = none)
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There have been concerns expressed in the literature that man-
agers are reluctant to mix individuals from different populations 
(e.g., gene pool mixing; Weeks et al., 2011) due to concerns about 
maladaptation of subsequent generations as a result of outbreeding 
depression (Frankham et al., 2011). However, the lower importance 
ascribed to outbreeding depression and the poorer application of the 
concept to management do not support this being a major concern 
for managers (Figures 1 and 2). The finding that managers consider 
outbreeding depression to be the least important concept for man-
agement decisions may reflect a poor understanding of the concept. 
We found that more than half of managers in the sample chose not to 
provide an importance score for outbreeding depression (Table S3), 
suggesting most managers were unfamiliar with this concept. The 
poor integration of outbreeding depression into management deci-
sions suggests managers are also not aware of the risk assessment 
frameworks available to guide decisions about when to mix popula-
tions (Frankham, 2015; Weeks et al., 2011). These decision-support 
tools also appear to have little penetration into conservation policy 
(Cook & Sgrò, 2017), making recent work that demonstrates the ben-
efits of gene pool mixing (Frankham, 2016; Weeks et al., 2017) all the 
more important.

Both managers and scientists consistently considered the in-
tegration of evolutionary concepts to be out of step with their im-
portance to management, with concepts rarely being integrated 
into management decisions (Figure 2). This supports the view that 

the level of integration of evolutionary concepts is generally quite 
poor (Hoban et al., 2013; Mace & Purvis, 2008; Smith et al., 2014). 
Both managers and scientists were in agreement that the greatest 
discrepancy between the importance and implementation of con-
cepts occurs for outbreeding depression and evolution (Figures 1 
and 2). Management agencies were considered to be doing better at 
integrating genetic diversity and life history strategies into manage-
ment decisions (Figure 2), and there is certainly increasing guidance 
in the literature for how managers can take account of these con-
cepts within revegetation (Breed, Stead, Ottewell, Gardner, & Lowe, 
2013; Byrne et al., 2011; Sgrò et al., 2011) and threatened species 
management (Frankham et al., 2011; Weeks et al., 2011), which may 
be filtering through to managers. However, further work is needed 
to understand exactly how managers are applying these concepts 
to determine whether more effective long-term management out-
comes are likely to be achieved.

4.2 | Changes required to facilitate greater 
integration of evolutionary theory into 
conservation management

While the message that evolutionary theory can benefit effective 
management appears to have been received by conservation man-
agers, we found that both managers and scientists perceive a wide 
range of barriers that will need to be overcome to achieve greater in-
tegration (Figure 4a). Some of these barriers are within the control of 
scientists and managers to address, such as a lack of understanding 
of the relevant concepts (Ashley et al., 2003; Frankham, 2010) and 
poor engagement between scientists and managers (Hoban et al., 
2013; Mace & Purvis, 2008). However, some barriers are beyond 
the control of both groups, such as insufficient resources to make 
changes to existing management practices (Figure 4a). This is not 
surprising, given the widely acknowledged shortfall in funding for 
conservation management (Waldron et al., 2013) is frequently cited 
as a barrier to implementing more effective management (Addison, 
Cook, & Bie, 2016; Leverington, Costa, Pavese, Lisle, & Hockings, 
2010).

Other barriers to greater integration of evolutionary biology that 
are beyond the control of managers and scientists include a shift 
in the emphasis of management roles away from biodiversity to-
wards visitor management (Figure 4). The concern that conservation 
management is being given lower priority by politicians (Addison, 
Flander, & Cook, 2017; Addison et al., 2016) and the general com-
munity (McCallum & Bury, 2013) seems to be translating to more 
prominence for tourism and economic objectives for natural areas, 
particularly within protected areas (Balmford et al., 2009; Eagles, 
2002). Managers reported that the ability to achieve best practice 
in management is being impeded by this lack of support, an idea that 
scientists appear to corroborate (Figure 4a). This reduced emphasis 
on conservation management may also be reflected in some manag-
ers’ concerns that conservation management is overly focused on 
short-term outcomes (Figure 4a), at the expense of the longer term 
benefits that can be achieved (Sgrò et al., 2011; Smith et al., 2014). 

F IGURE  4 The (a) barriers to and (b) opportunities for greater 
integration of evolutionary theory into conservation management 
as reported by scientists (black bars) and managers (grey bars)
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While a focus on longer term outcomes is certainly important, this 
must be balanced with the understanding that evolution can occur at 
management-relevant timescales (Kinnison et al., 2007), and nega-
tive outcomes can occur rapidly (Smith et al., 2014). Greater engage-
ment between evolutionary biologists and conservation managers 
may need to focus on how to achieve a balance between managing 
immediate threats and achieving the best long-term outcomes.

While we found broad agreement between managers and sci-
entists about the barriers preventing greater integration of evo-
lutionary theory in conservation, the two groups placed slightly 
different emphasis on the solutions needed to achieve change 
(Figure 4b). Managers focused on the need for more training to 
better understand evolutionary biology, while scientists empha-
sized the need to improve the science–policy interface to better 
support managers to make good decisions (Figure 4b). These two 
solutions could be seen as two sides of the same coin and have 
certainly been suggested as a key plank in improving the inte-
gration of evolutionary theory (Frankham, 2010; Mace & Purvis, 
2008), and scientific evidence more generally (Cook, Mascia, 
Schwartz, Possingham, & Fuller, 2013), into conservation deci-
sions. Evolutionary biologists have arguably been less proactive 
than ecologists when it comes to engaging with conservation man-
agers about improving management practices (Hendry et al., 2010; 
Hoban et al., 2013; Smith & Bernatchez, 2008). Therefore, by 
playing a greater role in the science–policy interface, evolutionary 

biologists could help to significantly improve management prac-
tices and outcomes.

Both groups also suggested that there needs to be greater em-
phasis on research that demonstrates how better conservation 
outcomes can be achieved by changing management practices 
(Figure 4b). Many of the scientific advances in evolutionary the-
ory have come through research on model systems, which allow 
greater traction when testing the impact of evolutionary processes 
(Frankham, 2015). However, it may be hard for managers to trans-
late this evidence into their management contexts, or even to see 
the relevance of these studies to management (Cook & Sgrò, 2017; 
Frankham, 2010; Hoban et al., 2013). The evolutionary biology com-
munity appear to be heeding calls to demonstrate how theory can 
be translated into more effective management practices (Frankham, 
2010; Hoban et al., 2013; Lankau et al., 2011), with more experimen-
tal studies being undertaken that demonstrate the benefits of evo-
lutionarily enlightened management within conservation contexts 
(e.g., Frankham, 2015; Hedrick & Fredrickson, 2010). The increas-
ing prevalence of these studies and risk assessment frameworks 
should assist managers to better understand the benefits that can 
be achieved through evolutionarily enlightened management. The 
important literature from other branches of natural resource man-
agement (e.g., forestry, fisheries and agriculture) should also not be 
ignored, offering insights into how to manage herbicide resistance 
(e.g., Neve & Powles, 2005) and climate change adaptation (Aitken 

TABLE  4 Description of the barrier to better integration of evolutionary theory reported by managers and scientists

Category Code Description

Barriers to better integration

Lack of education A lack of training and basic understanding of the relevant concepts, their importance and/or how they should be applied 
to management

Conservation not 
prioritized

A lack of support for conservation from governments and the broader community, and a shift in emphasis to towards 
visitor management rather than conservation management

Lack of resources Declines in the resources for conservation management mean funds are inadequate for on-ground management. There 
are competing priorities for resources, and funding is uncertain and short-term. Too few managers.

Lack of communi-
cation with 
scientists

A lack of engagement by scientists means there is poor translation of primary research into management programmes

Short-term not 
long-term

The focus of management is on dealing with immediate problems, not long-term outcomes. There is poor understanding 
of how concepts can be applied to short management time frames. Evolution and management occur over different time 
horizons.

Benefit not 
demonstrated

There is little evidence for the application of relevant concepts to conservation management. There are no case studies 
that show chances are beneficial.

Research and 
monitoring

Not enough research or funding for necessary research. Research is generally academic and not focused on conservation 
management. Unclear what to monitor.

Legislation, policy 
and guidelines

Legislation is interpreted too narrowly and provides impediments (e.g., managing across borders) to including evolution-
ary processes. There is no mandate within policy to change management practices. Managers do not know how to 
integrate these ideas into their practices.

Other Conflict between evolutionary theory and religious beliefs. Need to engage other landholders and managers for 
integrated management.

Mismatch in 
spatial scale

Management occurs at small scales (e.g., small, isolated areas), but evolutionary process often need to be managed at a 
landscape scale.

None There is currently nothing preventing greater integration.
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& Whitlock, 2013), for example. Drawing managers’ attention to 
the findings of these studies could help demonstrate the practical 
application of what could be perceived to be more abstract theory. 
Greater interaction between managers and evolutionary biologists 
would support greater knowledge transfer and potentially provide 
a platform for research demonstrating the outcomes of alternative 
management practices.

5  | CONCLUSIONS

Improving the uptake of evolutionary biology within conserva-
tion management requires a detailed understanding of the cur-
rent level of integration into management practice. However, this 
knowledge must be paired with the views of conservation man-
agers on the value they place on evolutionary theory, their level 
of understanding of relevant concepts and what needs to change 
to facilitate greater uptake. We reveal that managers do generally 
understand the importance of evolutionary theory to conserva-
tion management, although managers hinted through their survey 
responses that there are some concepts (e.g., outbreeding depres-
sion) that they do not fully understand. Further investigation of 
the depth of understanding of core evolutionary concepts would 
help to better assess the extent to which limited understanding 
acts as a barrier to evolutionarily enlightened conservation. We 
also show that managers face many barriers to improving the cur-
rently poor level of integration of evolutionary concepts into their 
management practices. There are practical things that can be done 
to improve the adoption of evolutionary theory, such as increas-
ing the exposure of managers to evolutionary theory during their 
training, and greater engagement with managers by evolution-
ary biologists. However, there are also issues beyond the control 
of managers, such as the level of public and political support for 
conservation management and the resources available to improve 
management practices, which require more systemic changes. 
Likewise, when making management decisions, managers must 
also consider scientific evidence relating to a range of other disci-
plines (e.g., ecology, hydrology, geology), in addition to influential 
social, political and economic factors, which may limit their ability 
to achieve evolutionarily enlightened management. Therefore, it is 
likely that a multidimensional approach is needed to achieve the 
necessary change.

ACKNOWLEDG EMENTS

This research was conducted in accordance with the requirements 
of the Monash University Human Ethics Committee (MUHREC-
approved project: CF15/774-2015000348). The authors thank D. 
Coates for useful discussion in the planning stage of this work and R. 
Valkan for assistance with data collation. The authors would also like 
to thank all the managers and scientists who generously gave their 
time to participate in this study. Thanks also go to three anonymous 
reviewers for comments on this manuscript.

CONFLIC T OF INTERE S T

None Declared.

DATA ARCHIVING S TATEMENT

We have been granted an exemption from data archiving some or all 
of the data associated with this paper.

ORCID

Carly N. Cook   http://orcid.org/0000-0002-4855-6409 

R E FE R E N C E S

Addison, P. F. E., Cook, C. N., & Bie, K. (2016). Conservation practi-
tioners’ perspectives on decision triggers for evidence-based man-
agement. Journal of Applied Ecology, 53(5), 1351–1357. https://doi.
org/10.1111/1365-2664.12734

Addison, P. A., Flander, L. B., & Cook, C. N. (2017). Towards quantitative con-
dition assessment of biodiversity outcomes: Insights from Australian 
marine protected areas T. Journal of Environmental Management, 198, 
183–191. https://doi.org/10.1016/j.jenvman.2017.04.054

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(1), 367–388. https://doi.org/10.1146/
annurev-ecolsys-110512-135747

Alphey, N., Coleman, P. G., Donnelly, C. A., & Alphey, L. (2007). Managing 
insecticide resistance by mass release of engineered insects. Journal 
of Economic Entomology, 100(5), 1642–1649. https://doi.org/10.1093/
jee/100.5.1642

Andow, D. A., & Zwahlen, C. (2006). Assessing environmental risks 
of transgenic plants. Ecology Letters, 9(2), 196–214. https://doi.
org/10.1111/j.1461-0248.2005.00846.x

Ashley, M. V., Willson, M. F., Pergams, O. R. W., O’Dowd, D. J., Gende, 
S. M., & Brown, J. S. (2003). Evolutionarily enlightened management. 
Biological Conservation, 111(2), 115–123. https://doi.org/10.1016/
S0006-3207(02)00279-3

Balmford, A., Beresford, J., Green, J., Naidoo, R., Walpole, M., & Manica, 
A. (2009). A global perspective on trends in nature-based tourism. 
PLoS Biology, 7(6), e100014.

Baskett, M. L., Levin, S. A., Gaines, S. D., & Dushoff, J. (2005). Marine 
reserve design and the evolution of size at maturation in har-
vested fish. Ecological Applications, 15(3), 882–901. https://doi.
org/10.1890/04-0723

Beckie, H. J., & Reboud, X. (2009). Selecting for weed resistance: 
Herbicide rotation and mixture. Weed Technology, 23(3), 363–370. 
https://doi.org/10.1614/WT-09-008.1

Breed, M. F., Stead, M. l. G., Ottewell, K. M., Gardner, M. G., & Lowe, A. 
J. (2013). Which provenance and where? Seed sourcing strategies for 
revegetation in a changing environment Conservation Genetics, 14(1), 
1–10. https://doi.org/10.1007/s10592-012-0425-z

Broadhurst, L. M., Lowe, A., Coates, D. J., Cunningham, S. A., McDonald, 
M., Vesk, P. A., & Yates, C. (2008). Seed supply for broadscale resto-
ration: Maximizing evolutionary potential. Evolutionary Applications, 
1(4), 587–597.

Byrne, M., Stone, L., & Millar, M. A. (2011). Assessing genetic risk in re-
vegetation. Journal of Applied Ecology, 48(6), 1365–1373. https://doi.
org/10.1111/j.1365-2664.2011.02045.x

Carroll, S. P. (2011). Conciliation biology: The eco-evolutionary manage-
ment of permanently invaded biotic systems. Evolutionary Applications, 
4(2), 184–199. https://doi.org/10.1111/j.1752-4571.2010.00180.x

http://orcid.org/0000-0002-4855-6409
http://orcid.org/0000-0002-4855-6409
https://doi.org/10.1111/1365-2664.12734
https://doi.org/10.1111/1365-2664.12734
https://doi.org/10.1016/j.jenvman.2017.04.054
https://doi.org/10.1146/annurev-ecolsys-110512-135747
https://doi.org/10.1146/annurev-ecolsys-110512-135747
https://doi.org/10.1093/jee/100.5.1642
https://doi.org/10.1093/jee/100.5.1642
https://doi.org/10.1111/j.1461-0248.2005.00846.x
https://doi.org/10.1111/j.1461-0248.2005.00846.x
https://doi.org/10.1016/S0006-3207(02)00279-3
https://doi.org/10.1016/S0006-3207(02)00279-3
https://doi.org/10.1890/04-0723
https://doi.org/10.1890/04-0723
https://doi.org/10.1614/WT-09-008.1
https://doi.org/10.1007/s10592-012-0425-z
https://doi.org/10.1111/j.1365-2664.2011.02045.x
https://doi.org/10.1111/j.1365-2664.2011.02045.x
https://doi.org/10.1111/j.1752-4571.2010.00180.x


1386  |     COOK and SGRÒ

Carroll, S. P., Jorgensen, P. S., Kinnison, M. T., Bergstrom, C. T., Denison, 
R. F., Gluckman, P., … Tabashnik, B. E. (2014). Applying evolutionary 
biology to address global challenges. Science, 346(6207), 313–323. 
https://doi.org/10.1364/FIO.2014.JW3A.13

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(4), 669–678. 
https://doi.org/10.1111/cobi.12050

Cook, C. N., & Sgrò, C. M. (2017). Aligning science and policy to achieve 
evolutionarily enlightened conservation management. Conservation 
Biology, 31(3), 501–512. https://doi.org/10.1111/cobi.12863

Eagles, P. F. J. (2002). Trends in park tourism: Economics, finance and 
management. Journal of Sustainable Tourism, 10(2), 132–153. https://
doi.org/10.1080/09669580208667158

Ellstrand, N. C., & Elam, D. R. (1993). Population genetic consequences 
of small population size: Implications for plant conservation. 
Annual Review of Ecology and Systematics, 24, 217–242. https://doi.
org/10.1146/annurev.es.24.110193.001245

Frankham, R. (2010). Challenges and opportunities of genetic ap-
proaches to biological conservation. Biological Conservation, 143(9), 
1919–1927. https://doi.org/10.1016/j.biocon.2010.05.011

Frankham, R. (2015). Genetic rescue of small inbred populations: 
Meta-analysis reveals large and consistent benefits of gene flow. 
Molecular Ecology, 24(11), 2610–2618. https://doi.org/10.1111/
mec.13139

Frankham, R. (2016). Genetic rescue benefits persist to at least the F3 
generation, based on a meta-analysis. Biological Conservation, 195(1), 
33–36. https://doi.org/10.1016/j.biocon.2015.12.038

Frankham, R., Ballou, J. D., Eldridge, M. D. B., Lacy, R. C., Ralls, K., Dudash, 
M. R., & Fenster, C. B. (2011). Predicting the probability of outbreed-
ing depression. Conservation Biology, 25(3), 465–475. https://doi.
org/10.1111/j.1523-1739.2011.01662.x

Gallagher, A. J., Hammerschlag, N., Cooke, S. J., Costa, D. P., & Irschick, D. 
J. (2015). Evolutionary theory as a tool for predicting extinction risk. 
Trends in Ecology & Evolution, 30(2), 61–65. https://doi.org/10.1016/j.
tree.2014.12.001

Hedrick, P. W., & Fredrickson, R. (2010). Genetic rescue guide-
lines with examples from Mexican wolves and Florida panthers. 
Conservation Genetics, 11(2), 615–626. https://doi.org/10.1007/
s10592-009-9999-5

Hedrick, P. W., & Kalinowski, S. T. (2000). Inbreeding depression in con-
servation biology. Annual Review of Ecology and Systematics, 31, 139–
162. https://doi.org/10.1146/annurev.ecolsys.31.1.139

Hendry, A. P., Farrugia, T. J., & Kinnison, M. T. (2008). Human influences 
on rates of phenotypic change in wild animal populations. Molecular 
Ecology, 17(1), 20–29. https://doi.org/10.1111/j.1365-294X.2007.03 
428.x

Hendry, A. P., Gotanda, K. M., & Svensson, E. I. (2017). Human influ-
ences on evolution, and the ecological and societal consequences 
Introduction. Philosophical Transactions of the Royal Society B-
Biological Sciences, 372(1712), 20160028. https://doi.org/10.1098/
rstb.2016.0028

Hendry, A. P., Kinnison, M. T., Heino, M., Day, T., Smith, T. B., Fitt, G., 
… Carroll, S. P. (2011). Evolutionary principles and their practical 
application. Evolutionary Applications, 4(2), 159–183. https://doi.
org/10.1111/j.1752-4571.2010.00165.x

Hendry, A. P., Lohmann, L. G., Conti, E., Cracraft, J., Crandall, K. A., Faith, 
D. P., … Donoghue, M. J. (2010). Evolutionary biology in biodiversity 
science, conservation and policy: A call to action. Evolution, 64(5), 
1517–1528.

Hoban, S. M., Hauffe, H. C., Perez-Espona, S., Arntzen, J. W., Bertorelle, 
G., Bryja, J., … Bruford, M. W. (2013). Bringing genetic diversity to 
the forefront of conservation policy and management. Conservation 
Genetics Resources, 5(2), 593–598. https://doi.org/10.1007/s12686- 
013-9859-y

Hoffmann, A., Griffin, P., Dillon, S., Catullo, R., Rane, R., Byrne, M., … Sgrò, 
C. M. (2015). A framework for incorporating evolutionary genom-
ics into biodiversity conservation and management. Climate Change 
Responses, 2(1), 1–23. https://doi.org/10.1186/s40665-014-0009-x

Hoffmann, A. A., & Sgrò, C. M. (2011). Climate change and evolutionary 
adaptation. Nature, 470(7335), 479–485. https://doi.org/10.1038/
nature09670

Jordan, R., Hoffmann, A. A., Dillon, S. K., & Prober, S. M. (2017). 
Evidence of genomic adaptation to climate in Eucalyptus microcarpa: 
Implications for adaptive potential to projected climate change. 
Molecular Ecology, 26(21), 6002–6020. https://doi.org/10.1111/
mec.14341

Kinnison, M. T., Hendry, A. P., & Stockwell, C. A. (2007). Contemporary 
evolution meets conservation biology II: Impediments to integra-
tion and application. Ecological Research, 22(6), 947–954. https://doi.
org/10.1007/s11284-007-0416-6

Lagator, M., Vogwill, T., Colegrave, N., & Neve, P. (2013). Herbicide cycling 
has diverse effects on evolution of resistance in Chlamydomonas 
reinhardtii. Evolutionary Applications, 6(2), 197–206. https://doi.
org/10.1111/j.1752-4571.2012.00276.x

Lankau, R., Jorgensen, P. S., Harris, D. J., & Sih, A. (2011). Incorporating 
evolutionary principles into environmental management and 
policy. Evolutionary Applications, 4(2), 315–325. https://doi.
org/10.1111/j.1752-4571.2010.00171.x

Leverington, F., Costa, K. L., Pavese, H., Lisle, A., & Hockings, M. 
(2010). A global analysis of protected area management effec-
tiveness. Environmental Management, 46(5), 685–698. https://doi.
org/10.1007/s00267-010-9564-5

Levin, B. R., Perrot, V., & Walker, N. (2000). Compensatory mutations, 
antibiotic resistance and the population genetics of adaptive evolu-
tion in bacteria. Genetics, 154(3), 985–997.

Mace, G. M., & Purvis, A. (2008). Evolutionary biology and practical con-
servation: Bridging a widening gap. Molecular Ecology, 17(1), 9–19. 
https://doi.org/10.1111/j.1365-294X.2007.03455.x

McCallum, M. L., & Bury, G. W. (2013). Google search patterns 
suggest declining interest in the environment. Biodiversity and 
Conservation, 22(6–7), 1355–1367. https://doi.org/10.1007/
s10531-013-0476-6

Merila, J., & Hendry, A. P. (2014). Climate change, adaptation, and phe-
notypic plasticity: The problem and the evidence. Evolutionary 
Applications, 7(1), 1–14. https://doi.org/10.1111/eva.12137

Neve, P., Busi, R., Renton, M., & Vila-Aiub, M. M. (2014). Expanding the 
eco-evolutionary context of herbicide resistance research. Pest 
Management Science, 70(9), 1385–1393. https://doi.org/10.1002/
ps.3757

Neve, P., & Powles, S. (2005). Recurrent selection with reduced herbicide 
rates results in the rapid evolution of herbicide resistance in Lolium 
rigidum. Theoretical and Applied Genetics, 110(6), 1154–1166. https://
doi.org/10.1007/s00122-005-1947-2

Patton, M. Q. (2002). Qualitative research and evaluation methods (3rd 
ed.). Thousand Oaks, CA: Sage Publications.

Pierson, J. C., Beissinger, S. R., Bragg, J. G., Coates, D. J., Oostermeijer, J. 
G. B., Sunnucks, P., … Young, A. G. (2015). Incorporating evolution-
ary processes into population viability models. Conservation Biology, 
29(3), 755–764. https://doi.org/10.1111/cobi.12431

Prober, S. M., Potts, B. M., Bailey, T., Byrne, M., Dillon, S., Harrison, P. A., 
… Vaillancourt, R. E. (2016). Climate adaptation and ecological resto-
ration in Eucalypts. The Royal Society of Victoria, 128, 40–53. https://
doi.org/10.1071/RS16004

Ridley, C. E., & Alexander, L. C. (2016). Applying gene flow science to en-
vironmental policy needs: A boundary work perspective. Evolutionary 
Applications, 9(7), 924–936. https://doi.org/10.1111/eva.12393

Santamaria, L., & Mendez, P. F. (2012). Evolution in biodiversity policy 
- current gaps and future needs. Evolutionary Applications, 5(2), 202–
218. https://doi.org/10.1111/j.1752-4571.2011.00229.x

https://doi.org/10.1364/FIO.2014.JW3A.13
https://doi.org/10.1111/cobi.12050
https://doi.org/10.1111/cobi.12863
https://doi.org/10.1080/09669580208667158
https://doi.org/10.1080/09669580208667158
https://doi.org/10.1146/annurev.es.24.110193.001245
https://doi.org/10.1146/annurev.es.24.110193.001245
https://doi.org/10.1016/j.biocon.2010.05.011
https://doi.org/10.1111/mec.13139
https://doi.org/10.1111/mec.13139
https://doi.org/10.1016/j.biocon.2015.12.038
https://doi.org/10.1111/j.1523-1739.2011.01662.x
https://doi.org/10.1111/j.1523-1739.2011.01662.x
https://doi.org/10.1016/j.tree.2014.12.001
https://doi.org/10.1016/j.tree.2014.12.001
https://doi.org/10.1007/s10592-009-9999-5
https://doi.org/10.1007/s10592-009-9999-5
https://doi.org/10.1146/annurev.ecolsys.31.1.139
https://doi.org/10.1111/j.1365-294X.2007.03428.x
https://doi.org/10.1111/j.1365-294X.2007.03428.x
https://doi.org/10.1098/rstb.2016.0028
https://doi.org/10.1098/rstb.2016.0028
https://doi.org/10.1111/j.1752-4571.2010.00165.x
https://doi.org/10.1111/j.1752-4571.2010.00165.x
https://doi.org/10.1007/s12686-013-9859-y
https://doi.org/10.1007/s12686-013-9859-y
https://doi.org/10.1186/s40665-014-0009-x
https://doi.org/10.1038/nature09670
https://doi.org/10.1038/nature09670
https://doi.org/10.1111/mec.14341
https://doi.org/10.1111/mec.14341
https://doi.org/10.1007/s11284-007-0416-6
https://doi.org/10.1007/s11284-007-0416-6
https://doi.org/10.1111/j.1752-4571.2012.00276.x
https://doi.org/10.1111/j.1752-4571.2012.00276.x
https://doi.org/10.1111/j.1752-4571.2010.00171.x
https://doi.org/10.1111/j.1752-4571.2010.00171.x
https://doi.org/10.1007/s00267-010-9564-5
https://doi.org/10.1007/s00267-010-9564-5
https://doi.org/10.1111/j.1365-294X.2007.03455.x
https://doi.org/10.1007/s10531-013-0476-6
https://doi.org/10.1007/s10531-013-0476-6
https://doi.org/10.1111/eva.12137
https://doi.org/10.1002/ps.3757
https://doi.org/10.1002/ps.3757
https://doi.org/10.1007/s00122-005-1947-2
https://doi.org/10.1007/s00122-005-1947-2
https://doi.org/10.1111/cobi.12431
https://doi.org/10.1071/RS16004
https://doi.org/10.1071/RS16004
https://doi.org/10.1111/eva.12393
https://doi.org/10.1111/j.1752-4571.2011.00229.x


     |  1387COOK and SGRÒ

Schierenbeck, K. A., & Ellstrand, N. C. (2009). Hybridization and 
the evolution of invasiveness in plants and other organisms. 
Biological Invasions, 11(5), 1093–1105. https://doi.org/10.1007/
s10530-008-9388-x

Sgrò, C. M., Lowe, A. J., & Hoffmann, A. A. (2011). Building evo-
lutionary resilience for conserving biodiversity under climate 
change. Evolutionary Applications, 4(2), 326–337. https://doi.
org/10.1111/j.1752-4571.2010.00157.x

Simberloff, D. (2009). The role of propagule pressure in biological inva-
sions. Annual Review of Ecology Evolution and Systematics, 40, 81–102. 
https://doi.org/10.1146/annurev.ecolsys.110308.120304

Smith, T. B., & Bernatchez, L. (2008). Evolutionary change in human-
altered environments. Molecular Ecology, 17(1), 1–8. https://doi.
org/10.1111/j.1365-294X.2007.03607.x

Smith, T. B., Bruford, M. W., & Wayne, R. K. (1993). The preservation of 
process: The missing element of conservation programs. Biodiversity 
Letters, 1(6), 164–167. https://doi.org/10.2307/2999740

Smith, T. B., Kinnison, M. T., Strauss, S. Y., Fuller, T. L., & Carroll, S. P. 
(2014). Prescriptive evolution to conserve and manage biodiversity. 
Annual Review of Ecology, Evolution, and Systematics, 45(1), 1–22. 
https://doi.org/10.1146/annurev-ecolsys-120213-091747

Tabashnik, B. E., Brevault, T., & Carriere, Y. (2013). Insect resistance to Bt 
crops: Lessons from the first billion acres. Nature Biotechnology, 31(6), 
510–521. https://doi.org/10.1038/nbt.2597

Urban, M. C., Bocedi, G., Hendry, A. P., Mihoub, J. B., Pe’er, G., Singer, 
A., … Travis, J. M. J.. (2016). Improving the forecast for biodiversity 
under climate change. Science, 353(6304), 1113.

Van Klinken, R. D., & Edwards, O. R. (2002). Is host-specificity of 
weed biological control agents likely to evolve rapidly follow-
ing establishment? Ecology Letters, 5(4), 590–596. https://doi.
org/10.1046/j.1461-0248.2002.00343.x

Vander Wal, E., Garant, D., Calme, S., Chapman, C. A., Festa-Bianchet, M., 
Millien, V., … Pelletier, F. (2014). Applying evolutionary concepts to 
wildlife disease ecology and management. Evolutionary Applications, 
7(7), 856–868. https://doi.org/10.1111/eva.12168

Vander Wal, E., Garant, D., & Pelletier, F. (2014). Evolutionary perspec-
tives on wildlife disease: Concepts and applications. Evolutionary 
Applications, 7(7), 715–722. https://doi.org/10.1111/eva.12179

Wainer, H., & Braun, H. I. (Eds.) (1988). Test validity. Hillsdale, NJ: 
Lawrence Erlbaum Associates.

Waldron, A., Mooers, A. O., Miller, D. C., Nibbelink, N., Redding, D., Kuhn, 
T. S., … Gittleman, J. L. (2013). Targeting global conservation funding 
to limit immediate biodiversity declines. Proceedings of the National 
Academy of Sciences of the United States of America, 110(29), 12144–
12148. https://doi.org/10.1073/pnas.1221370110

Weeks, A. R., Heinze, D., Perrin, L., Stoklosa, J., Hoffmann, A. A., van 
Rooyen, A., … Mansergh, I. (2017). Genetic rescue increases fit-
ness and aids rapid recovery of an endangered marsupial popu-
lation. Nature Communications, 8, 1071. https://doi.org/10.1038/
s41467-017-01182-3

Weeks, A. R., Sgrò, C. M., Young, A. G., Frankham, R., Mitchell, N. J., 
Miller, K. A., … Hoffmann, A. A. (2011). Assessing the benefits 
and risks of translocations in changing environments: A genetic 
perspective. Evolutionary Applications, 4(6), 709–725. https://doi.
org/10.1111/j.1752-4571.2011.00192.x

Williams, S. E., & Hoffman, E. A. (2009). Minimizing genetic adaptation 
in captive breeding programs: A review. Biological Conservation, 
142(11), 2388–2400. https://doi.org/10.1016/j.biocon.2009.05.034

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the sup-
porting information tab for this article. 

How to cite this article: Cook CN, Sgrò CM. Understanding 
managers’ and scientists’ perspectives on opportunities to 
achieve more evolutionarily enlightened management in 
conservation. Evol Appl. 2018;11:1371–1388. https://doi.
org/10.1111/eva.12631

APPENDIX 1
Questionnaire used to elicit managers’ and scientists’ perceptions 
on the integration of evolutionary concepts into conservation 
management
What type of organization do you work for?

1.	 Management-focused
2.	 Research-focused

If management-focused:
Which of these categories best described the type of organization 

do you work for?

1.	 Park management
2.	 Catchment management
3.	 Other

How would you describe your role?

1.	 Predominantly on-ground management
2.	 Predominantly policy development
3.	 Predominantly planning and strategic support
4.	 Other

If research-focused:
How would you describe your primary role?

1.	 Research only
2.	 Teaching focused
3.	 Research and teaching
4.	 Other

Do you spend time engaging with management agencies about 
how to improve management practices?

1.	 Yes
2.	 No

All respondents:
How many years have you worked in your current role?
How old are you?
Gender

1.	 Male
2.	 Female
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Concept
Not at all 
important

Somewhat 
unimportant

Neither important 
nor unimportant

Somewhat 
important Very important Unsure

Life history

To what degree do you believe these concepts are integrated into current management practices?

Concept Never Rarely Sometimes Most of the time Always Unsure

Evolution

Adaptation

Genetic diversity

Inbreeding depression

Gene flow

Outbreeding 
depression

Mating system

Life history

What do you believe are the greatest barriers to further integrating evolutionary theory into conservation management?
What do you believe would need to change for these ideas to be more broadly adopted?

Which state or territory do you currently work for?

1.	 Commonwealth
2.	 Australian Capital Territory
3.	 New South Wales
4.	 Northern Territory
5.	 Queensland
6.	 South Australia
7.	 Tasmania
8.	 Victoria
9.	 Western Australia

What is your highest level of education?

1.	 High school
2.	 Diploma

3.	 Certificate
4.	 Bachelor
5.	 Higher degree
6.	 Other

Did you take any subjects relevant to genetics or evolution during 
your training?

1.	 None
2.	 Genetics
3.	 Evolution
4.	 Other

In your opinion, how important are these concepts to conservation 
management?

Concept
Not at all 
important

Somewhat 
unimportant

Neither important 
nor unimportant

Somewhat 
important Very important Unsure

Evolution

Adaptation

Genetic diversity

Inbreeding 
depression

Gene flow

Outbreeding 
depression

Mating system


