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Abstract

Contemporary conservation problems are typically positioned at the interface of complex ecological
and human systems. Traditional approaches aiming to compartmentalize a phenomenon within the
confines of a single discipline and failing to engage non-science partners are outmoded and cannot
identify solutions that have traction in the social, economic, and political arenas in which conserva-
tion actions must operate. As a result, conservation science teams must adopt multiple disciplinary
approaches that bridge not only academic disciplines but also the political and social realms and
engage relevant partners. Five reasons are presented that outline why conservation problems demand
multiple disciplinary approaches in order to move forward because: (i) socio-ecological systems are
complex, (ii) multiple perspectives are better than one, (iii) the results of research must influence
practice, (iv) the heterogeneity of scale necessitates it, and (v) conservation involves compromise.
Presenting reasons that support multiple disciplinarity demands a review of the barriers that impede
this process, as we are far from attaining a model or framework that is applicable in all contexts. Two
challenges that impede multiple disciplinarity are discussed, in addition to pragmatic solutions that
conservation scientists and practitioners can adopt in their work. Overall, conservation researchers
and practitioners are encouraged to explore the multiple disciplinary dimensions of their respective
realms to more effectively solve problems in biodiversity and sustainability.

Key words: socio-ecological, transdisciplinary, interdisciplinary, complex systems, biodiversity

Introduction
Humans are dominating the globe ( ) and with that has come unprecedented loss of
biodiversity and dramatic alterations in ecosystem function ( ; ). Indeed,

some argue that we are now entering a new era—the Anthropocene ( ;

). Despite many small victories, often focused on a fine scale (e.g., single population, localized site),
conservation science may be losing the war on the global scale ( ). Regardless of the
commitment of most governments to reduce the rate and extent of ecosystem degradation, population
decline, and species loss, issues such as climate change, overexploitation of natural resources, habitat
loss, and invasive species continue to undermine the goal of conservation science, which is to concomi-
tantly maximize benefits to biodiversity and to people ( ). Today, conservation
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science is defined as a broad multiple disciplinary" field that incorporates many disciplines (and associ-
ated concepts, knowledge, and approaches), such as biology, geography, ecology, public policy, philoso-
phy, economics, sociology, and communications. This differs somewhat from

multidisciplinary perspective on conservation biology, which was largely focused on biodiversity and
its loss, maintenance, and restoration, with an acknowledgement of socioeconomic influences, rather
than placing humans and human behaviour at the forefront ( ). This new paradigm
of conservation research ( ; ) requires conservation
problems to be framed simultaneously in both natural and socioeconomic dimensions.

In recent years, multiple disciplinary research has gained recognition and support ( )
through the establishment of dedicated funds (i.e., the US National Science Foundation and
Research Councils UK), the emergence of new institutes that offer programs that cut across tradi-
tional disciplinary boundaries, and is listed in university mission statements, course curricula, and
in some cases, considered an asset when hiring new faculty members ( ). Indeed, multiple
disciplinarity (and all the associated terms: inter-, multi-, and transdisciplinarity) is arguably a conser-
vation science buzzword of our times, and as a result, it has also garnered some criticism. Some argue
that the concept is undergoing abuse due to the encouragement by governments and other institu-
tions of multiple disciplinary research seemingly for its own sake. We challenge this view and argue
that multiple disciplinary research, specifically in a conservation science context, is more than an
administrative label. Multiple disciplinarity not only defines conservation science, but also holds the
key to producing research findings that are relevant and applicable. We do not intend to argue that
all conservation problems require a multiple disciplinary approach. In fact, we only encourage multi-
ple disciplinary approaches when the problem truly demands it, not just for the sake of applying one
of the multiple disciplinary labels. Building a multiple disciplinary team by simply “checking the box”
for each discipline is unlikely to lead to successful integration ( ; )
Conservation science is necessarily a multiple disciplinary endeavour, and we contend that contempo-
rary scholars able to bridge fields of research and various political and social elements will be best
equipped for solving conservation problems.

Much scholarly activity has focused on defining and discussing the terms used to describe the differ-
ent levels or types of integrated research ( ; ; ;

). For the sake of brevity and inclusivity, we will use the term “multiple disciplinary
research” to describe all types of crossing and integration between/among disciplines and non-
academic institutions ( ).

Although there is an established literature addressing the issue of how to conduct multiple disciplinary
research (including a new framework; see ), there is relatively little written on why it
is important to continue pursuing this path in a conservation science context. Although there are a
growing number of incentives to conduct multiple disciplinary research, there remains a gap in the
level of career advancement it can offer. This is particularly important because engaging in multiple dis-
ciplinary activities can be negatively perceived as hindering one’s career due to the demand for large
time investments with little immediate rewards, and for venturing into an area where their expertise
may not be as easily identified ( ). As such, we present five reasons why a multi-
ple disciplinary approach to solving conservation problems is essential ( ), followed by two major
challenges that continue to deter the use of multiple disciplinary approaches. The primary goal is to
highlight the key benefits associated with multiple disciplinary research in understanding the dynamics
of conservation problems in a socio-ecological context. We do not pretend that the ideas we present
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NECESSITY OF MULTIPLE DISCIPLINARY
APPROACHES IN CONSERVATION SCIENCE
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Fig. 1. Infographic synthesizing why conservation problems demand multiple disciplinary approaches with the
limitations present, and considerations to overcoming these limitations to solve conservation problems.

here are entirely novel, but to our knowledge, they have not been presented in a cohesive single paper.
Here, we provide a short perspective article that synthesizes relevant literature that argues for reasons
why multiple disciplinary approaches are necessary in conservation science and practical ways to
achieve multiple disciplinarity. The intended audience is broad, but our thinking was somewhat framed
around the notion that it will be the next generation—today’s early career researchers—that need to be
prepared to engage in multiple disciplinary research and thinking to address the pressing conservation
problems of today and tomorrow (Chapman et al. 2015).

Why are multiple disciplinary approaches necessary in
conservation science?

Because socio-ecological systems are complex

Conservation biology was first described as a crisis discipline (Soulé¢ 1985). The “wicked problems” in
conservation science (e.g., climate change, global biodiversity decline) (Kareiva and Marvier 2012) are
extremely complex (Rittel and Webber 1973). Very few of these problems lie solely within the bounds
of one discipline (Daily and Ehrlich 1999). Traditionally, researchers have used disciplinarity as a way
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of reducing the complexity of these problems in order to approach them in isolation. It is naive
for conservation researchers, no matter their training, to think that they can reach a deep understand-
ing of an entire conservation problem, and thus propose an effective solution, simply by examining
a singular component of the problem ( ). We do not argue that the complex interactions even
within a single discipline (i.e., biologists studying the interactions between organisms and their environ-
ment) are not important, but rather that to solve complex conservation problems, a holistic understand-
ing of the full interactions (e.g., biotic, abiotic, and socioeconomic) is necessary. The vast majority of our

ecosystems are human-dominated ( ), and as a result, it is impossible to address con-
servation problems without fully acknowledging the human dimension ( ;
; ; ). A solution to complex problems such as

global biodiversity decline is unlikely to be successful solely by understanding the ecological drivers of
decline, but is likely to require a holistic approach that incorporates the complex interaction between
the ecological, socioeconomic, and political forces ( ; ).
Researchers must take the time to explore and build frameworks that do not rely on removing the com-
plexity of a problem, but rather collaboratively design synthetic frameworks that enable understanding
of complex interactions between the environment, society, and policy.

Examples of conservation success stories, with particular emphasis on why multiple disciplinary
approaches were necessary to solve conservation problems.

Because socio-ecological systems are complex

Degradation in protected areas—]It is generally accepted that animal populations are better conserved in areas
that have been designated for protection. Unfortunately, this simplistic relationship is rarely realized because
of complex human-ecological relationships. The Wolong Nature Reserve was established in 1975 to protect
high-quality habitat in Southwestern China for the endangered Giant Panda. Human activities in the reserve
include agriculture, fuel wood collection, and ecotourism. Analysis of forest cover and connectivity pre- and
post-establishment of the reserve revealed increased fragmentation and a higher rate of loss of high-quality
Giant Panda habitat due to an unexpected rapid increase in the human population size within the reserve
( ). China’s former one-child policy did not apply to members of the minority ethnic groups that
comprised nearly three-quarters of the local population in the reserve ( ). A shift in lifestyle
where more young adults established new households rather than remaining in traditional multigenerational
households and expanded economic opportunities from tourism further compounded the human impacts on
the Giant Panda habitat. In recognition of the complex human-ecological interactions in the reserve, the
Chinese government introduced several conservation programs to protect and restore high-quality habitat,
including a forest conservation program where locals monitor illegal harvesting, a hydropower station to
reduce dependency on fuel wood, and a program to reforest cropland with plantations ( ).
These conservation levels have achieved varied levels of success, as researchers continue to explore human-
wildlife interactions in this complex socio-ecological system.

Because multiple perspectives are better than one

Conservation of endemic Mahseers—India’s endemic Mahseers are a religiously, culturally, recreationally,
and economically important fish. They form the cornerstone of an emerging recreational fishery in many
regions of India. However, several species are listed as threatened or endangered. Primary threats include
habitat degradation and loss, as a result of river fragmentation and resource extraction, and overexploitation,
including both poorly regulated or non-existent fishing regulations and illegal fishing methods (

). Even though these fish have been a part of the livelihoods of local communities for centuries and the
target of angler and naturalists for over a hundred years, basic population biology, ecology, and taxonomy is
poorly resolved, making it difficult to reliably assess the status of these fishes and develop strategies to con-
serve them and their habitat ( ). In spite of uncertainty, conservation scientists, practitioners,
and local parties have increased habitat protection, initiated habitat restoration, and promoted responsible
catch and release angling techniques to sustain wild stocks of Mahseers ( ). However, grow-
ing conflicts between recreational anglers, poorly defined government organizations, and other activities
(e.g., hydro development) require multifaceted stakeholder engagement and commitment to ensure the sus-
tainable development and conservation of these fishes. It will require deeper ecological understanding,
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(concluded)

political commitment, and engagement between many local communities and state government organiza-
tions. Because both their importance and their threats are so diverse, no single perspective could possibly
capture all the nuanced value these fish have for sport, culture, economic growth, and sustaining livelihoods.

Because the results of research must influence practice

Declining avian abundance due to agriculture—In the last quarter of the 20th century, the British Trust for
Ornithology (BTO) identified a decline in numbers of farmland bird species in the UK. For decades, this
issue remained largely unknown to most members of the public, farmers, and politicians. The BTO sought
to protect these birds by influencing farmland practices and policies and by increasing the public’s under-
standing of the causes of the declines. The scientifically rigorous design and analysis of their monitoring
and modeling programs, their active links with policymakers and conservation practitioners, and their ability
to communicate with the wider community through their thousands of volunteer fieldworkers allowed the
BTO to increase public awareness of this issue and to reach consensus that something had to be done.
Ultimately, these multiple avenues of communication and interaction allowed for the science to translate
to policy and to a commitment by the government to halt the declines ( ). Since the begin-
ning of the 21st century, multiple agricultural policy measures have been developed with wildlife conserva-
tion in mind, several species of agricultural birds, and some agricultural habitats are now the subject of the
UK’s Biodiversity Action Plan, and “diversity and abundance of wildlife resources” is included in the top five
things that the Department of Environment, Food and Rural affairs aims to promote.

Because the heterogeneity of scale necessitates it

Effects of marine renewable energy projects assessed over spatiotemporal scales—Marine renewable energy
devices (MREDs) such as offshore wind, wave, and tidal-current energy converters are new ways of deriving
energy from the sea. In light of increasing concerns over global climate change and the need to reduce the use
of fossil fuels, MREDs will be ready for distribution on commercial scales soon. However, concerns exist
about the ecological effects of such energy projects on the surrounding marine flora and fauna. Past studies
on this subject have focused on species of interest, especially megafauna such as birds and marine mammals,
and have not considered long-term consequences of the construction or decommission of a MRED. This
study adopts a broader approach in studying the consequences of MRED:s for benthic flora and fauna across
a variety of scales ( ). The study aimed to measure the demands that MREDs require as a func-
tion of the sum of the effects of the project installation, maintenance of the array, decommission and any addi-
tional cumulative effects on the ecology of the benthic environment ( ). This approach allowed
for an investigation across biological scales (epibenthic communities, mobile species, and habitat availability),
abiotic scales (sedimentation patterns and accelerating and decelerating flow fields), and temporal scales
(construction, operation, and decommission). This study resulted in a comprehensive analysis of the overall
sustainability of MREDs across space and time and aided in understanding the magnitude of the ecological
response during the life cycle of an MRED relative to other human-related disturbances ( )

Because conservation involves compromise

Multiple uses of the Great Barrier Reef Marine Park—The Great Barrier Reef Marine Park (GBRMP) was created
in 1975 to protect one of the most diverse and complex natural systems on earth. It is widely considered a global
benchmark for conserving marine ecosystems. The GBRMP applies a multiple-use zoning approach to regulate
the protection of biodiversity whilst permitting wise and reasonable use of the area ( ). A management
plan that completely restricts access or extractive uses is unlikely to garner public support. The approach identi-
fies and enforces multiple spatial zones with varying levels of protection and recreational and commercial use.
Further still, the Representative Areas Program was created to re-zone the park in a manner that would further
protect the diversity of ecosystems in the park, beyond just coral reefs. This network of no-take areas now
encompasses more the 33% of the GBRMP (increase from ~4.5%), where at least 20% of each bioregion is
now protected under no-take areas ( ). The approach in GBRMP allows some compromise
to accommodate people’s diverse uses and values. When these uses can frequently compete and displace one
another, there has been a need to find equitable use and fair access to resources by soliciting public involvement,
early stakeholder engagement, and diverse and representative steering committees. Separating conflicting uses,
keeping ecologically or culturally sensitive areas free of use, and allowing for appropriate transition zones
between different zones has successfully mediated conflict in this multiple-use marine protected area ( ).
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Because multiple perspectives are better than one

Most researchers are trained by institutions to be experts within their discipline. Traditional discipli-
nary approaches are beneficial insofar as providing frames of reference, methodologies, theories, and
tools. However, when faced with, often unpredictable, conservation problems that involve complex
socio-ecological systems, researchers must abandon the status quo of analyzing a question from
within their disciplinary silo. No discipline has intellectual precedence in an endeavour as important
as solving conservation problems ( ). It is paramount that conservation researchers
are cognizant of how their expertise fits within the larger conservation context ( ). Conservation
researchers must commit to both working collaboratively as part of multiple disciplinary teams, and
learning and integrating multiple disciplinarity within their own approaches to conservation science.
Doing so can expand a researcher’s perspective in such a way that can foster future creativity and lead
to integrative approaches to solving conservation problems ( ). Conservation
researchers with expertise in or familiarity with social sciences will have more traction in the social,
economic, and political worlds ( ). Even though criticism exists that multiple discipli-
nary work lowers productivity in career paths ( ; ), we argue that the
benefits of multiple disciplinary approaches to an individual problem promote ongoing learning
outside one’s own area of expertise (see , for example); therefore, diversifying
and enhancing one’s own perspective, knowledge, and career satisfaction ( ;

; ).

Because the results of research must influence practice

In other fields, an integration of methods, approaches, and perspectives may suffice in achieving
multiple disciplinary research goals. However, in conservation, the results of research must generate
effective, evidence-based policies that enable action ( ). Such efforts demand col-
laboration with policymakers, conservation managers, and stakeholders outside of the academic realm
( ). Putting the results of research into action is what matters most, yet it is the biggest challenge
that any practicing conservationist faces ( ). Providing management recommenda-
tions that are applicable in reality requires the use of effective knowledge systems that help bridge
the gap between knowledge and action by facilitating communication, translation, and mediation
across boundaries ( ). Successful systems that mobilize science and technology for sus-
tainability are characterized by the involvement of boundary organizations that aid in knowledge
mobilization, promoting communication and translation, and enhancing the salience, credibility,
and legitimacy of the information produced ( ). Major advances in conservation action
will take place not in scientific laboratories or field research sites, but in the political and economic
arenas because current limitations in conserving biodiversity are not due to lack of knowledge, but
rather poor implementation ( ). The need for scientific results to impact
practice, therefore, demands not only a traditional interdisciplinary approach that can be defined in
an academic context, but also a multiple disciplinary approach that spans the boundaries of policy
and management and engages partners, stakeholders, and other non-scientists ( ).
The foundation of a knowledge system for sustainability cannot be built within the boundaries of
one discipline, or within the boundaries of academia alone.

Because the heterogeneity of scale necessitates it

Many of the problems encountered by societies in managing natural resources arise because there is a
mismatch between the scale of the ecological process in question and the scale of management
( ). Working across scales to understand mechanisms underlying conservation
problems is the norm ( ). Many different scales are relevant in defining conservation
questions, including biological, spatial, temporal, jurisdictional, and institutional, among others (

; ). However, in conservation science, the scale at which we can measure
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something is rarely at the same scale as the consequences of interest ( ). For example,
it is very challenging to monitor the population status of organisms that are rare (or cryptic) yet have
a broad distribution while trying to identify the mechanisms (including site-specific and more
regional or global processes) behind any changes in population trajectories. Although the biological
scale may be concerned with genes, organisms, populations, communities, and ecosystems that are
considered over specific levels of space and time, the relevant jurisdictional scales are, on the other
hand, organized by political units such as towns, counties, states, provinces, or nations, which exist
on vastly different spatiotemporal scales and have their own concerns and priorities. Reconciling these
biophysical and social scales is important to improve policy and management strategies ( ). Failure
to address the importance of scale in conservation science will impede the ability to generate scientific
understanding that can contribute to meaningful and desirable outcomes, particularly in forms of
policies ( ). A multiple disciplinary approach that spans both academic and
non-academic boundaries can account for the seemingly abstract and intangible scales that govern
the broader socioeconomic perspectives of the conservation problem at hand. The inclusion of societal
and management scales allows for the addition of the dimension that designs and implements appro-
priate policy/management plans (which again can be very local or more global). Conservation science
must be prepared to show how it is relevant at the policy/management scale, or to change the scale at
which policy/management intervention is applied ( ). Accepting where a research
question lies in the multidimensional and multiscalar arena of conservation science from a multiple
disciplinary perspective will allow researchers to understand the big picture and will increase the
applicability and level of impact of their work in different spheres ranging from local to global.

Because conservation involves compromise

Conservation researchers are required to make decisions in the face of uncertainty ( ;

; ). When conservation problems are initially identified,
researchers often have little or no evidence to guide them, yet they must still act ( ).
As a result of the interrelationships between ecological, socioeconomic, and political components of
conservation problems ( ), conservation researchers must have an understanding of
the trade-offs and potential unintended consequences that conservation action may have on both
these social and ecological systems ( ). Monitoring the outcomes of conservation
actions from all perspectives (i.e., socioeconomic outcomes) can enable conservation researchers to
gain more knowledge, achieve a deeper understanding of the problems, and adapt the solutions to
better understand and balance the trade-offs ( ). This will lead to more effective, long-term
conservation successes. When conservation actions are implemented, inevitably there are trade-offs
that affect society. Making conservation science decisions within an adaptive management framework
permits learning from management actions and further refinement of the management decisions

( ; )

Why is it so challenging to conduct multiple disciplinary
research?

There is much literature that explores the challenges associated with multiple disciplinary research.

Studies that trumpet multiple disciplinary approaches as succeeding in integrating disciplines and en-

gaging policymakers in conservation science almost always include comments on the challenges that

remain in engaging the social sciences and in understanding the social context of implementation (see

). Although simple and pragmatic solutions are often offered, others suggest that a

fundamental shift in the epistemological nature and philosophy of scientific knowledge is required,
which may be more difficult for conservation researchers to understand and apply (

; )- Indeed, it is crucial to address the issue of how to conduct multiple

disciplinary research in order to address conservation problems. Here, we focus on the practical
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solutions that researchers can readily adopt in their work to overcome barriers to multiple disciplinary
research.

Because languages/frameworks/cultures are distinct among
disciplines

Multiple disciplinary research brings together diverse fields and institutions that will have contrasting
research paradigms defined by distinctive languages, cultures, perspectives, and methods of commu-
nication ( ; ; ). The barriers to multiple
disciplinary research in this regard are often supported by obscure assumptions. For example, the per-
ceived gap between natural and social scientists that exists to this day limits the effectiveness of con-
servation action ( ). Misconceptions between groups extend into the non-academic
world too, where scholars hesitate to engage with the public and policymakers due to potential com-
munication problems and misaligned priorities. Different types of knowledge are often involved (e.g.,
traditional, experiential, and political knowledge), which adds new levels of complexity ( )
and raises questions about which information can be deemed “trustworthy” ( ;
). Discussion between these different parties demands a recasting of the inter-
actions between scholar and practitioner, which undoubtedly causes tensions ( ).
Failure to listen to or engage stakeholders has impeded conservation on many occasions (e.g.,
; ). In order for conservation science to produce results that can reli-
ably support effective management practices, collaboration between all involved parties (academic
and non-academic) must occur from the onset of the project. Reconciling these different definitions,
priorities, perspectives, and types of knowledge is a big challenge in conducting multiple disciplinary
research. Here, the involvement of “boundary organizations” or individuals capable of “boundary
spanning” and who can act as intermediaries between the arenas of science and policy may be key
( ; ). Instead of investing time and resources in designing a new lan-
guage to communicate across disciplines, researchers or groups already positioned at the interface
of two or more disciplines can bridge the gap and help translate in a common language while retain-
ing distinct lines of accountability to both groups. Furthermore, effective communication between the
scientific and practical spheres requires a revision of anticipated timelines surrounding conservation
projects. Time is required to overcome the assumption of mistrust that hampers the sharing of lan-
guage and knowledge ( ; ). Also, building trusting relationships
and collegiality are cited as critical to interdisciplinary success ( ); however,
relationships are not built overnight. Time and patience are required to develop relationships, meth-
ods and common research goals ( ).

Because the current institutional structure does not make it easy

The strongest barrier to integration is the fact that traditional academic reward systems discourage
multiple disciplinary collaboration and applied problem solving. Moreover, there is a lack of funding
for collaborative work, limited opportunities for multiple disciplinary publishing, and lack of incen-
tives or rewards to engage in multiple disciplinary or collaborative work ( ;

; ). Traditional institutional and organizational structures discourage
multiple disciplinary collaboration ( ) by failing to facilitate interdepartmental training
and scholarship ( ; ) and generate impediments to hiring, promo-
tion, and recognition ( ). Even when multiple disciplinary researchers or teams break
though disciplinary boundaries, funding has been difficult ( ) and time-consuming to
secure ( ), largely because decisions for funding support remain bounded within single
disciplines ( ), although this is improving ( ; ). Lastly,
multiple disciplinary researchers have limited avenues to publish their work. Numerous authors have
expressed that interdisciplinary journals are viewed as “young” and less reputable than established
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single disciplinary journals ( ; ; ). Moreover, it can
be difficult for editors to identify and secure appropriate referees who are able to review multiple dis-
ciplinary work. Not all researchers understand (e.g., they themselves only work in one discipline and
do not have experience to assess work that crosses boundaries) or accept the premise of multiple dis-
ciplinary research (e.g., viewed as being too general given lack of disciplinary depth or fail to value
such work) and do so with a limited respect. However, contends that most of the
obstacles actually lie within the group (i.e., lack of trust among team members) rather than within
the publication and peer review system. Despite the barriers posed by the current academic structure,
there is growing sentiment that multiple disciplinary researchers are slowly overcoming these
obstacles in pursuit of a holistic approach to conservation science [see for
a forward-looking viewpoint].

Paths forward: facilitating multiple disciplinarity

In light of the demand for multiple disciplinary approaches for conservation and the challenges asso-
ciated with engaging in such activities, we propose a general framework with considerations for facili-
tating multiple disciplinarity in conservation science. This framework and its considerations are
intentionally broad and not prescriptive as every conservation problem or question is context specific.
From our perspective, there are several key limitations that need to be overcome or addressed to
engage in multiple disciplinarity. There are limitations at the individual level ( ), which are chal-
lenges that are concerned with personal characteristics and social dimensions, such as relationship
building, building trust, capacity and ability to work as a team, willingness to commit time and energy
into learning a new language or culture, open-mindedness, social awareness, and motivation and
interest in engaging with others particularly those from other backgrounds. There are also limitations
at the institutional level ( ) such as institutional structures that do not make it easy to engage in
multiple disciplinarity, or the silos created in institutions that emphasize greater cultural differences.
To engage in multiple disciplinarity, it is necessary to function within the limitations of the individual
and institutional levels.

In general, recommendations for improving multiple disciplinary approaches have been poorly repre-
sented in the literature, although widely discussed in forums such as Twitter. It also appears that we
are just entering an era where examples are beginning to appear in the literature. With that in mind,
we put forth considerations (based on the literature to date) that may help to break down the limita-
tions that exist to achieve multiple disciplinarity. We categorize these considerations as ground-up
facilitators, which are considerations that can be invested in a priori to functioning in a multiple dis-
ciplinary realm, and ground-level facilitators, which are considerations that can be actioned simultane-
ously to multiple disciplinary functioning ( )-

Ground-up facilitators function to lessen the current individual and institutional limitations such as
providing training to students or professional development for practitioners and decision makers to
foster development of a multiple disciplinary skill set. One example is through experiential education
in a field course such as the one in Tambopata National Reserve and Bahuagja Sonene National Park
in the Department of Madre de Dios, Peru ( ). The course was designed to teach stu-
dents how to effectively engage with and learn from scholars and practitioners with different discipli-
nary backgrounds. Other considerations for ground-level facilitators can be instituting innovative
reward structures and incentives to help break down the current academic “publish or perish” culture
(see ) and foster more collaborative environment in the institutional structures.
There is a strong push for change in the traditional established disciplinary structure of universities,
and the 21st century will probably see new and possibly localized, organizational mix of disciplinary
departments, interdisciplinary centres, and new disciplines ( , 191). Some private
organizations use approaches such as requiring their employees to change work desks periodically
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to foster relationship building and breakdown silos with the purpose of fostering innovation or
provide informal spaces within workplaces to facilitate interaction.

Ground-level facilitators function to facilitate the process of multiple disciplinarity and are particularly
useful once the process of multiple disciplinarity has started. These ground-level facilitators can include
brokers or third-party facilitators whose role is to mediate the interactions of the various actors involved
( ). For example, the Learning for Sustainability Network provides tools to help facilitate inte-
gration and collaboration ( ). A popular lesson in the literature is
“finding a common ground” or a “common language”. The Baltic Sea Research Programme
(BIREME) of the Academy of Finland provides an excellent example of interdisciplinary research that
has yielded lessons learned. From this program, found that their common
ground or language was a methodology, which were Bayesian belief networks. This methodological
approach was situated in no-one’s land and bridged three conceptually different fields of social science,
biology, and economics to better understand the complexity of the Baltic salmon fisheries. Similarly, an
interdisciplinary team, investigating scarce brackish water that was causing problems with cultivating
crops, agreed that a common language was needed for the success of the project. Here, ecohydrologists
and agricultural economists from Wageningen University found their common language to be math-
ematics and found quantitative models to be an easy common ground to engage in interdisciplinary co-
operation ( ). A common ground or language can also be found in a common goal.
Setting a global goal can facilitate the integration of various disciplines. in Nature
argued for new sustainable development goals (SDGs) for 2030 that integrate planetary boundaries
and stability, which may potentially be drivers for transdisciplinary research and education.

Because the world is complex, it may require multiple disciplinary centres/institutions to be created,
where expert individuals who possess multiple disciplinary skillsets (e.g., collaborative skills, patience,
and social awareness) are recruited to advance conservation. Centres may be part of an academic insti-
tution such as the Integrative Research Institute on Transformations of Human-Environment Systems

(IRI THESys; ), or “Transdisciplinary Hubs” at Brock University in Canada
( ). The Research Institute for Humanity and Nature
(RIHN; ) is an inter-university research institute established

in 2001 that conducts integrated research in global environmental studies with the goal to conduct
research that will resolve global environmental problems. Governments may also create multiple disci-
plinary centres, such as the Transdisciplinary Research Integration Centre (

) in Japan, which was created to improve systems resilience after the 3.11 Tohoku earth-
quake in 2011. Ideally, joint government-university and (or) public-private partnerships may assist in
facilitating multiple disciplinary research as outlined in the Advancing Research In Science and
Engineering (ARISE) II report by the American Academy of Arts and Sciences published in 2013
( ), which describes a new playing field where the public and private sectors
and academia play a new role and need to adapt to new worldwide economic realities and to societal
challenges that are global, complex, interconnected, and urgent.

Conclusion

By necessity, conservation science has been shaped into a multiple disciplinary field that addresses
coupled human-ecological systems. The literature is replete with conceptual articles on how to con-
duct multiple disciplinary research, whereas there are fewer attempts to identify distinct reasons
why multiple disciplinary research approaches are necessary in conservation science. We argue that
multiple disciplinary approaches are necessary in conservation science because (i) socio-ecological
systems are complex, (ii) multiple perspectives are better than one, (iii) results of research must
impact upon practice, (iv) the heterogeneity of scale necessitates it, and (v) conservation involves
compromise. Although we offer reasons for why multiple disciplinary research approaches are
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necessary, we fully recognize that there are several practical challenges in doing so. We provide
a forward-looking perspective and framework on strategies for facilitating multiple disciplinarity
recognizing the need for action by individuals and organizations and mechanisms that operate as
ground-level facilitators and ground-up facilitators. The framework is not intended to be prescriptive
but rather to provide examples of ideas that have worked for others and may have relevance to your
particular context. Conservation researchers must adopt a broad perspective that combines basic bio-
logical sciences and its application in ecological systems with a human-centered focus on economics,
politics, law, and communication which together comprise the political arena in which all conserva-
tion efforts must operate ( ). We hope that this paper serves as a foundation to moti-
vate conservation researchers, especially those in training (see ), to address the
multiple disciplinary interactions of complex conservation problems necessary to help solve complex
conservation problems.
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