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Abstract

Applied ecologists and conservation scientists have struggled with generating and sharing new knowledge that is of direct
relevance and use to practitioners, managers, and policy makers. The so-called knowledge—action gap remains pervasive,
and more is needed to narrow the gap and ensure that the best available science is used to inform environmental decisions.
By reflecting on my experiences over a 20-year period, I consider how I have transitioned from a state of utter frustration
to one where some successes have been achieved. In this paper, I share ten “revelations” that were derived from extensive
reflection. They include: partner early and often; commit to lifelong learning; one research domain is never enough; put it all
together; don’t assume; learn from your mistakes; embed yourself; look for policy windows; understand scalar influences;
there are no guaranteed wins. As an applied ecologist, I am trying to generate science of relevance to end users and train the
next generation of scientists on how to do the same or even better than I have been able to achieve. As a scientific community,
we need to have open conversations about our successes and failures and include both scientists and practitioners in such
discussions. If one is engaged in mission-oriented science (such as addressing the biodiversity crisis or solving environmental
problems), I consider it our responsibility to do all we can to ensure that we generate research that is relevant to end users
and share it via channels and in formats that they desire. If we fail to do so, not only will it be a source of frustration for the
knowledge generators, but it will also be a failure on our parts to help deliver on the promise of evidence-based conserva-
tion and environmental management.
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1 On frustration mission-oriented science and more than 50% of my research

program was specifically directed toward that space. More-

I am an applied ecologist with great interest in generating
new knowledge to inform the conservation of biodiversity
and sustainable management of natural resources—a com-
mon goal of the applied ecologist of today (Milner-Gulland
et al. 2012). Yet, I spent much of the first part of my aca-
demic career in a sense of “applied academic despair” when
I repeatedly noted that my work was failing to meaningfully
inform practice or policy. To be clear, I was committed to

< Steven J. Cooke
steven_cooke @carleton.ca; Steven.Cooke @carleton.ca

Fish Ecology and Conservation Physiology Laboratory,
Department of Biology, Institute of Environmental

and Interdisciplinary Sciences, and Centre

for Evidence-Based Conservation and Environmental
Management, Carleton University, Ottawa, ON K1S 5B6,
Canada

over, the lion’s share of my funding came from applied
sources so I assumed I was good at it. Yet, I struggled to
identify concrete examples of where my research had
directly informed practice or policy on a regional, national,
or global scale. I could not identify with ease a regulatory
change, a new management strategy, nor a change in the
way that practitioners did their work that I could attribute
to my research. I found this particularly troubling in that I
was purportedly training students in applied ecology with
the idea that they had the relevant skills to be effective in
science advice, environmental management, or the science
policy arena. Should I just keep trying? Should I give up on
applied science? Should I not care and just do what I thought
was important even if it was being ignored by end users? I
know that I was not alone: Other applied ecologists have
struggled to bridge the so-called knowledge—action divide
(see Cook et al. 2013, pp. 669-675).
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Fortunately, I took a pause and began to look to my peers
in allied disciplines and reflect on my early training. This led
me to recognize that I needed to change how I approached
applied science. In some cases, this meant revisiting my
expectations, and in other cases, it meant entirely rethink-
ing how I developed, executed, and shared my research.
Here, I summarize my transition from a state of frustration
to a renewed and genuine sense of fruition where I can now
point to many examples of how my work has directly or indi-
rectly informed policy and practice on relevant timescales
(see Table 1). I recognize that this is my story. And while
your story may be different, as I continue to reflect on my
experiences I feel that there are some messages worth shar-
ing with others—particularly early career scientists. I am
also humbled that I have had the freedom and opportunity
to learn from diverse scholars and practitioners spanning
the natural and social sciences. I present what I consider to
be “ten revelations” related to achieving success in applied
conservation research and practice (see Fig. 1). “Revelation
10” is rather pragmatic in that I also recognize that there is
no specific formula that will guarantee a “win.” Nonetheless,
the guidance provided below should increase the likelihood
of yielding meaningful outcomes.

2 More context—my journey

Before digging into the revelations, I think it important
to share some background information on my journey. I
started off in high school volunteering and then working
for the Grand River Conservation Authority (a watershed-
based government agency that manages water and other
natural resources on behalf of the one million residents of
the Grand River watershed) in roles related to communica-
tion, outreach, restoration, and environmental monitoring.
I then pursued an undergraduate degree in Environment
and Resource Studies (Bachelor of Environmental Studies)
where topics such as sustainability, stakeholder engagement,
and environmental policy were often discussed. After want-
ing to dig more into the hands-on aspects of applied ecol-
ogy, I conducted an M.Sc. and Ph.D. in the realm of natural
resources and environmental science. My PhD was done
within the Illinois Natural History Survey (an allied govern-
ment agency focused on understanding biological resources
in Illinois and beyond), with my two co-advisors working
for that agency. I then did my postdoctoral research with
an applied conservation research group where fundamental
experimental science underpinned the work we were trying
to do in conservation and natural resource management. I
was fortunate to work alongside and publish with a variety
of government, NGO and industry scientists and government
fisheries managers.
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I joined the professoriate in 2005 in an Environmental
Science and Biology unit. I recall my early days in the pro-
fessoriate hearing from the old guard that we were “bet-
ter” than those folks working in environmental studies on
the other side of campus. As a pre-tenure researcher, I kept
my mouth shut, but I have since (after tenure) been able to
fully embrace the idea that environmental problems require
diverse perspectives and ensure that other pre-tenure faculty
in my unit can work and think across boundaries (Cooke and
Vermaire 2015). I now hold a zero-time academic appoint-
ment (meaning one has academic privileges in a unit but
is not paid nor required to teach) in the aforementioned
environmental studies unit. [ have also become engaged in
academic leadership and have had the opportunity to help
revise our environmental science program (at Carleton) to
be more relevant to students and employers and recently
helped to obtain Senate approval for a new undergrad pro-
gram in interdisciplinary science and application. Also of
importance is that I connected with several social scientists
and individuals working in the socio-ecological systems
space. This extended to the level where I have co-supervised
a handful of graduate students with an environmental soci-
ologist with interest and expertise in knowledge mobiliza-
tion (i.e., Dr. Nathan Young at the University of Ottawa).
These experiences were formative in that it provided me
with an opportunity to codify what I was doing and anchor
it in theory, making connections to my early training in sus-
tainability science. The journey described here is in some
ways a full circle. I began with a foundation that involved
the human dimension and big picture that then moved on
to focus largely on the biology and then came back around
to acknowledge that biology alone is insufficient for solv-
ing complex conservation problems (sensu Balmford and
Cowling 2006, pp. 692—-694), given that humans are almost
always at the center. Reflecting on the new Socio-Ecological
Practice Research journal, I have had ten revelations that I
share here.

3 The ten revelations
3.1 Partner early and often

In today’s world, applied ecology demands partnerships
(Hulme 2011, pp. 1-2). I would argue that it is impossible
to be effective as an applied ecologist if one does not develop
rich and meaningful partnerships with relevant stakeholders
(e.g., anglers, bird watchers, environmentalists, members of
the public) and end users (e.g., resource managers and policy
makers in various sectors including government, NGO, and
industry; Braunisch et al. 2012). There is a growing body
of literature (confirmed by my own experiences; see Cooke
2011) that partnership begins well before any science is
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Table 1 (continued)

(5

2 done—it involves co-creation of the research agenda (termed
£ by some as inclusive knowledge production; Colloff et al.
§ 2017). Such models imply bidirectional knowledge exchange
F o (Reed et al. 2014, pp. 337-342) and ensure feedbacks and
g E % ongoing interactions (Bainbridge 2014). Partnership can
= o E extend throughout the entirety of the research process such
S § gﬁ that partners are assisting with data collection (perhaps
% '§ ia’ in the form of citizen science or as resource professionals
i, 3 E themselves in a more formal scientific collaborative man-
‘5’ 9 g ner—see Caudron et al. 2012). And of course, sharing and
o ) E interpreting research findings is best done in an open and
E g E § transparent manner. Some partnerships may require sig-
& g o E) nificant time and effort to orchestrate and maintain (which
% = é § requires frequent bidirectional communication), but this is
2= © el worthwhile and essential if researchers want the knowledge
§ 5. & E w § . i s s é; é they generate to have impact.
22g o888 EBZ8E<SETE =
§ § E¥ 2 ;0 i g §§ s z § 18)“ § ﬂ ‘q‘é 3.2 Comnmit to lifelong learning
££228E5 ZEESZ2G:TE|E
é % Z ;:) :g g § £ ;5 é‘) 2 g § ; é E The concept of lifelong learning has been espoused for dec-
8 § —E < % E £ £ § % g z E ; ;E é g ades'(Field 2000) yet still' rin.gs true for being effective in
Ig % § i 2 é 5 % % - § gé g ;Dg f § E apphfad ecology. The reality is that our' knowledge base is
“g 2 % £ ‘g £z32 2 é % = %’ Lg 2§85 :;: growing anq how knowled.ge generators interact W.lth knowl-
S ; 3 § = §§ ; 353 5% 2 %E Z| s edge users is ever changing. Much of the learnlgg I have
SRR $oZ g5 8E 938 < done has been a result of my students and associated col-
SEEE = 23 g 5 S ERE 32| 8 laborations where I am brought together with a colleague
ECE2E8ss E£ESEE S| 5 . . .
85582 2285 é g2 22| g who is qut51de of my normal research sphere. With studet?t
2 E E %’Dg § gg E 5 ﬁ g 3 % ER-EAR interactions, I openly acknowledge thaF I don’t know it
e R £2 ii“é g 8 é’ o ‘g % g Y all—the job of the professor and mentor is no longer to be
5 g E o 4 § 5 ‘g % % 3 E ks e z E E %’ omniscient but rather to be a guide, willing to acknowledge
E é g Eﬁ E o2 2 B8EZ fﬁ SR Ry what they don’t know and to learn from ones trainees (Cooke
" :éf‘é 2 & g E g5 é é % %D:C:’ % E’ é g" S and O’Connor 2014). When one opens the door to lifelong
E ;E :éo é § § :é % E E E g T§ _i % é"é ;; :E) learning, one is opening the door to opportunities to be more
AR = é effective in applied ecology.
<
=
g 3.3 One research domain is never enough
=
Q
% o § The complexity of environmental problems is such that one
= 3 2 discipline is insufficient for developing meaningful solutions
& _Tg E (Mallegowda 2013; Dick et al. 2016, pp. 67-74). This does
§ < E not mean that everyone must themselves be an expert in mul-
% £ E g tiple domains, but one does need to know how to engage in
S g = collaborative team work. Doing so requires mutual respect,
§ § % E a willingness to listen, and the identification of common
g é g % interests (Dick et al. 2016). There are numerous barriers to
g 2 B E engaging in various forms of multiple disciplinary research
= = g g and collaboration, ranging from institutional impediments
é 5 =S g (e.g., lack of reward structures) to more pragmatic barriers
g % :§ _;: (e.g., lack of comrpon lang.uage), but they can be overcome
§ :5; 8 ; by connecting with the right collaborators (Rhoten anfi
=, | g < § 2 Parker 2004). It is entirely acceptable to shop around until
g g é _QC, g you find a collaborator with whom you connect—it may
Z|E & E g not be the most esteemed or most senior person—instead, it
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The 10 Revelations

2. Commit to lifelong learning

o

1. Partner early and often

3. One research domain is never
enough

i, M g3
fi ki

4. Put it all together

5. Dont assume 6. Learn from your mistakes

i 4 T
ok

Why?

t
e

uuuuuuu

7. Embed yourself 8. Look for the policy window

’i‘ ] li@ '1‘ [} -

9. Understand scalar influences. 10. There are no guaranteed wins.

Tgﬁ
=

Policy

Fig. 1 Visual depiction of ten revelations for engaging in applied con-
servation research that informs policy and practice

may be the person for whom the collaboration will involve a
“give and take” relationship and that will enrich (rather than
insert stress and conflict to) your professional life.

3.4 Putitall together

Research is inherently reductionist; we tear a big problem
into its pieces. Yet, decision makers have to think about the
big picture. There is much need and opportunity to think
about how the individual pieces of knowledge (evidence)
come together to yield the comprehensive knowledge base
needed to act in an evidence-informed manner (Sutherland
et al. 2004, pp. 305-306). Recall that even when a single
study is bulletproof, the reality is that it is still just a single
study. Amassing and synthesizing high-quality research is
critical to evidence-based decision making (in the health and
environmental sciences) and something that is often left to
the managers. Yet, it is the science community that is best
equipped to critically appraise different pieces of evidence
and decide what is worthy of inclusion in decision making
(Dicks et al. 2014, pp. 607-611). Taking the time to syn-
thesize data while acknowledging bias and limitations in a

transparent manner will almost always be welcomed with
open arms by end users. A weight-of-evidence approach
trumps a single empirically based research paper any day.
However, at times there may be need to make decisions with
speed such that there is insufficient time to engage in the
evidence synthesis described here. Rapid evidence synthe-
sis methods show promise for such instances (see Ganann
et al. 2010).

3.5 Don’t assume

Early in my career I assumed that publishing papers was the
best way to influence policy and practice (see Fazey et al.
2005, pp. 63-70 for a discussion on the flaws in my early
thinking). It is widely understood that peer-reviewed papers
are the “accepted” means of sharing new knowledge. Yet,
we also now know that there are many factors that influence
if, when, and how practitioners and decision makers access,
consume, and apply new knowledge. Something as simple
as lack of access to pay-walled literature can be a significant
impediment to knowledge transfer (Cvitanovic et al. 2014).
The status quo is not an easy thing to change given how safe
it is to do what one knows and there can be institutional iner-
tia that further impedes adoption of new knowledge. Many
of the assumptions that I held about how resource manag-
ers and policy makers evaluated and used new knowledge
were quickly overturned as a result of social science stud-
ies that we did in the area of knowledge mobilization (see
Young et al. 2016a, b). What a manager might consider to be
important in influencing the reliability and applicability of a
given piece of knowledge may differ from other stakeholders
and the knowledge generator (Cvitanovic et al. 2016; Dunn
and Laing 2017). Rather than making assumptions, the best
choice is to read extensively on how knowledge moves and
is (or is not) applied and to simply ask practitioners how
you can be most relevant to them (Knight et al. 2008, pp.
610-614).

3.6 Learn from your mistakes

Along the way, I have repeatedly found that I learn much
more from my mistakes than from my successes, in the same
way I have learned as much from my worst mentors (do the
opposite) as I have from my best mentors (follow their lead).
To that end, it is critical to reflect on one’s mistakes and dis-
sect them like a meticulous pathologist. What didn’t work?
Why didn’t it work? What could I have done differently?
What are the lessons I need to take away? For academics,
this requires having a level of humility where one needs
to acknowledge failure and accept some level of personal
responsibility. A defensive reflection will do little to inform
one’s approach, yet a thoughtful and nuanced self-reflection
can be transformative.

@ Springer
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3.7 Embed yourself

Although it is easy for academics to pretend we know what
end users want or need, this is rarely the case. The only
way to truly understand their perspectives is to find ways to
embed oneself in institutions and their processes such that
we can learn more about how they work and ensure that the
work we do is relevant to their mission (Balmford and Cowl-
ing 2006, pp. 692-693). This can take many forms—a sab-
batical working in a natural resource management agencys;
a short-term policy internship; an ongoing collaboration
where one is able to begin to understand agency culture.
Whatever the path, it requires commitment from the scien-
tist. Moreover, it requires interacting in formal and informal
settings. Sitting across the lunch table from practitioners is
more valuable than only interacting with them in formal
meetings. No matter how many degrees or publications one
has, the most important aspect is recognizing that different
members of a team bring different expertise and ways of
thinking, knowing, and doing to the table.

3.8 Look for policy windows

Policy windows are often regarded as being serendipitous,
but Rose et al. (2017) argue that scientists can “create,
identify and seize on policy windows.” Policy windows
represent time-sensitive opportunities to inform decision
makers during periods when they are receptive to (and even
desperate for) new knowledge. Rose et al. (2017) provide a
useful framework for taking advantage of policy windows.
Although historically it was understood that the role of the
scientist was to simply generate the knowledge, there is
increasing recognition that scientists can and should play a
more direct role in enabling conservation actions (Arlettaz
et al. 2010; Milner-Gulland et al. 2010). Knowing when to
act and how to do so is critical for turning a policy window
into a meaningful change in policy or practice (Hulme 2014,
pp. 1131-1139).

3.9 Understand scalar influences

If one wants to generate science to inform global biodiver-
sity policy, one must do big science. If one wants to gener-
ate science to inform the recovery of imperiled turtles in
a given swamp, then one must do work on turtles in that
swamp. Understanding that not all science can be scaled
up or down is important. Identifying a tractable problem
is key—something about which you can generate clear
answers and deliver knowledge to the individual who can
use it to determine exactly which habitat features in the
aforementioned hypothetical swamp could be enhanced to
benefit turtle populations. If one wants to influence global
biodiversity with science, then it is important to understand

@ Springer

the ways in which decisions are made at such a scale (e.g.,
via intergovernmental bodies that have representatives from
most countries, typically selected by or representing national
governments) and recognize that no single piece of evidence
will be sufficient to yield change (Pullin and Knight 2003,
pp- 83-88). It is also important to understand the temporal
dimension. For example, in the turtle example above, a prac-
titioner may be able to act rather immediately and rally vol-
unteers to engage in habitat restoration. In other cases, the
issue may be contentious and extensive consultation would
be needed prior to any management action even being pos-
sible. There can also be institutional processes that retard the
movement of new science into practice and policy (Young
et al. 2016a, b). Working across spatial and temporal scales
allows one to be able to target issues that might be addressed
with relative ease and speed, while also working on the long
game (maybe 10 years or even a career) to tackle some of
the “bigger” issues (Cooke et al. 2014). Having a diverse
portfolio of scalar projects allows one to achieve regular
successes while working toward a really big “win.”

3.10 There are no guaranteed wins

Having spent years reflecting on what works and learning
from my mistakes, I have also recognized that there are no
guaranteed “wins.” I can follow the advice I outline above
(and as reviewed by others such as Chapman et al. 2015;
Cvitanovic et al. 2016; Young et al. 2016b), and sometimes,
it is simply not enough. For anyone with social science train-
ing, this will not be a surprise—humans are complex and
there are many factors that influence values, motivations,
perspectives, and behaviors of individuals and communities.
There is immense heterogeneity within superficially similar
individuals and complex and interacting social networks can
disrupt well-intentioned plans. The key here is to not give
up—to consider these failures as simply opportunities to
learn (or what some call “failing forward” (Maxwell 2007).
Perhaps more nuanced understanding of knowledge mobili-
zation and adoption in applied ecology, environmental sci-
ence, and conservation science will emerge as more research
is conducted on this important topic.

4 On Fruition

As an academic, I am proud of my publications, but I am
even more proud of the growing number of examples to
which I can point where our science has had a direct influ-
ence on resource management, conservation policy, and
environmental practice (see Table 1)—or what I call the
“influence” of my peer-reviewed publications (see Don-
aldson and Cooke 2014). The majority of these successful
examples are regional (e.g., site-specific for a given fish
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passage facility or waterbody), but there are also a growing
number of examples both nationally and internationally. I
encourage other applied ecologists to take the time to reflect
on their own successes in this respect and consider if any of
the revelations I have shared here could influence the fre-
quency with which they occur. I still firmly believe that peer-
reviewed publications are and should be a core component
of knowledge contributing to evidence-informed policy but
there are other sources of knowledge that are equally valid.

The body of knowledge we generate as scientists, and the
students and postdoctoral fellows we train are all impressive
legacies. However, as an applied ecologist, I am also try-
ing to generate science of relevance to end users (see Laur-
ance et al. 2012; Habel et al. 2013; Chapman et al. 2015 for
detailed discussions of how to be more relevant) and train
the next generation of scientists on how to do the same or
even better than I have been able to achieve. As a scientific
community, we need to have open conversations about our
successes and failures (See Evans and Cvitanovic 2018) and
include both scientists and practitioners in such discussions
(Young et al. 2014). This is very much an active area of
scholarly inquiry (understanding and measuring research
impact and increasing the relevancy of research such that
it can be of maximal benefit to end users) that could be
bolstered by incorporating aspects of knowledge mobili-
zation research (see Cvitanovic et al. 2015; Nguyen et al.
2017) and research impact assessment into one’s research
program (through collaboration with relevant social scien-
tists). Indeed, the science of science impact and knowledge
mobilization is itself fascinating and has much to offer the
aspiring applied ecologist.

My journey continues. I have been fortunate to work
closely with practitioners and decision makers on a near
daily basis. I am humbled by the opportunity to potentially
be a force of change by bringing evidence to bear on envi-
ronmental decisions. Yet, we know that many of the deci-
sions that are made are not informed by the best available
evidence. Among those who are engaged in mission-oriented
science in the environmental realm, I think it is our respon-
sibility to do all we can to ensure that we generate research
that is relevant to end users and share it via channels and in
formats that end users desire. If we fail to do so, not only
will it be a source of frustration for the knowledge genera-
tors, but it will also be a failure on our parts to help deliver
on the promise of evidence-based conservation and envi-
ronmental management. The discussions that we are having
as a community today combined with the next generation
being committed to developing solutions (e.g., Chapman
et al. 2015, pp. 334-344) give me optimism that the applied
ecology and conservation science of tomorrow will give
practitioners what they want and need.
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