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ABSTRACT. Research has increasingly emphasized the importance of spatial alignment between ecosystems and the institutions that
govern them, known as social-ecological fit. Social network analysis (SNA) has been recognized as a valuable tool capable of integrating
social and ecological network data for empirical assessments of social-ecological fit. Few studies have integrated SNA with more
complex spatial models, and assessments of social-ecological fit have rarely been conducted from the perspective of “fit” for wildlife
conservation. We examined the spatial fit of the institutional network of heterogeneous conservation actors (both governmental and
nongovernmental) working to conserve the Andean bear (Tremarctos ornatus) across the Colombian Andes. Our analysis was based
upon social network and qualitative data derived from 67 semi-structured interviews with Colombian conservation practitioners along
with a model of Andean bear connectivity. In Colombia, the known range of the Andean bear crosses the jurisdictional boundaries
of 22 different “autonomous regional corporations” (corporaciones autonomas regionales or CARs), the primary entities responsible
for implementing conservation policy in the country. We found that 53 pairs of CARs shared habitat along their jurisdictional borders
that was identified as important to Andean bear connectivity, but only 16 pairs of CARs (30% of pairwise matches) communicated
with one another about Andean bear research and conservation strategies. CARs were more likely to communicate with entities of
Colombia’s National Natural Park Service or with nongovernmental organizations (NGOs). These other entities were often located
within the social network structure as intermediaries between otherwise disconnected CARs. These actors could use such strategic
positions to facilitate coordination between CARSs that share habitat important for Andean bear connectivity and, in so doing, improve
social-ecological fit for the conservation of this species. Indeed, during interviews, Colombian NGOs often expressed concern over the
lack of coordination among the CARs and several were working to amend the situation.

Key Words: corporaciones autonomas regionales (CAR); landscape connectivity, network governance; nongovernmental organizations;
social network analysis; spectacled bear; wildlife conservation

INTRODUCTION

Research has increasingly emphasized the importance of
alignment between ecosystems and the institutions that govern
them. This “social-ecological fit” is proposed to be a critical facet
of resilient social-ecological systems (Cumming et al. 2006, Folke
et al. 2007). Without such fit, institutions may struggle to grasp
the true magnitude of ecological problems they face, coordinate
their actions enough to manage large-scale issues requiring
collective action (Cumming et al. 2006), or address environmental
externalities (Dupar and Badenoch 2002). There is a large body
of literature that discusses the theoretical foundations of social-
ecological fit, and empirical evidence of its importance for
resilient systems is accumulating. For example, Bodin et al. (2014)
compared common-pool resource governance regimes in Kenya
and Madagascar and found that the social-ecological system with
better fit (i.e., more communication among individuals who were
sharing a resource) was more sustainable and had better
conservation outcomes than the system with less fit. Deteriorating
ocean health has been attributed to issues with fit, specifically
governance arrangements that have failed to account for links
between and among managed ecosystem components (Ekstrom
and Young 2009). Over time, three dimensions of social-
ecological fit have been distinguished: (1) temporal fitis the degree
to which institutions can implement responses to ecological
changes within the appropriate time frame; (2) functional fit is
concerned with how well links between ecosystem components
are accounted for with institutional design; and (3) spatial fit

refers to the agreement between institutions and the geographical
extents of ecological issues they are trying to manage (Epstein et
al. 2015).

Efforts to diagnose issues of social-ecological fit abound, but the
simultaneous consideration or integration of both social and
ecological systems into analyses has rarely been accomplished
(Pelosi et al. 2010), likely because of the incongruous nature of
the two datasets. Social network analysis (SNA) is one analytical
tool that has drawn increasingly more attention from scholars
working to create a holistic framework for assessing social-
ecological fit (Sayles et al. 2019). Originally developed by
sociologists in the early 20th century, SNA maps the relational or
communicative ties between actors (be they individuals, agencies,
or organizations) and explores how the patterns of these
connections determine characteristics of the network as a whole
(Scott 1988). Social networks, like all models, are by necessity an
abstraction. Nevertheless, they are useful abstractions, allowing
for the visualization of otherwise intangible relationships between
actors, rendering visible patterns of interactions and influence
(Marshall and Staeheli 2015). One of the reasons that SNA as a
unifying methodology is so attractive is because networks are an
analytical tool commonly found across the ecological sciences
(Janssen et al. 2006, Cumming et al. 2010). Thus, SNA can be
combined with various forms of ecological network data to create
a powerful analysis capable of integrating and/or comparing two
(or more) datasets derived from these different disciplinary
perspectives.
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SNA has repeatedly proven its utility for conservation science and
natural resource management (Guerrero et al. 2020). For example,
SNA can be used by natural resource managers to identify ideal
stakeholders for inclusion in participatory initiatives, such as
actors who have connections to diverse groups and could help
mediate conflicts of interest between them (Prell et al. 2009).
NGOs could use SNA to target their conservation
communications at “key players” who are well-positioned for
disseminating new information and ideas (Mbaru and Barnes
2017) or even recruit these individuals as agents of change (de
Lange et al. 2019). As traditional forms of government have been
replaced by more collaborative forms of governance, SNA has
become a helpful tool for informing which actors should be
collaborating (Bodin et al. 2017) or identifying which
organizations are performing key roles (such as bridging or
brokering) in the governance network (e.g., Hahn et al. 2006,
Olsson et al. 2007).

Several scholars have used SNA to diagnose social-ecological fit.
For example, Pittman and Armitage (2017) used SNA and the
theory of social-ecological fit to examine the ability of network
governance to address ecological issues that cross terrestrial and
oceanic systems in the Lesser Antilles. Pittman and Armitage
(2017) showed that collaborations were more common within
rather than across these two interconnected systems, concluding
that social-ecological fit across “the land-sea interface” was not
yet achieved by current structures of network governance.
Guerrero et al. (2015) used SNA to demonstrate that a self-
organized (“bottom-up”) governance network was enabling some
cross-scale management of ecological resources in Australia.
Bergsten et al. (2014) used SNA to diagnose weak social-
ecological fit of a loose governance network responsible for
managing a series of interconnected wetlands in Sweden and to
then make recommendations about where new collaborative ties
would be most beneficial for improving wetland management.
These case studies have led to important insights about the
relationships between different governance structures and their
ability to address environmental problems. However, only a few
studies thus far have integrated SNA with more complex spatial
models, and we know of no study that has done so to assess the
social-ecological fit of networks involved with wildlife
conservation (but see Dressel et al. 2018, 2020) nor incorporated
and investigated the impacts of multiple kinds of actors in such
an analysis. Thus, we make novel contributions to this growing
collection of informative case studies by examining the spatial fit
of the institutional network of heterogeneous actors (both
governmental and nongovernmental) working to conserve a
flagship species, the Andean bear (7Tremarctos ornatus), across the
Colombian Andes.

The conservation of megafauna invariably requires the actions of
numerous organizations and agencies. This is no less true in
Colombia where the range of the Andean bear crosses the
jurisdictional boundaries of at least 22 different autonomous
regional environmental authorities (known as corporaciones
autonomas regionales or CARs; see Table 1 for a glossary of
acronyms) and 22 different national natural parks. Similar to
other large mammals, Andean bears are thought to require large
tracts of contiguous habitat (between 1200 and 1900 km? is the
most often used estimate; Yerena 1998, Peyton 1999). However,
not only are most national parks in Colombia too small to support

Ecology and 8001ety 26(4) 13
ds 2

stable populations of Andean bears (Yerena 1998), many of the
largest remnants of Andean cloud forest (the primary habitat
of Andean bears) straddle the jurisdictional boundaries of the
CARs. Given the extensive degradation to ecosystems that
support Andean bears in the last half century (Kattan et al.
2004), the maintenance of landscape connectivity has become
increasingly important for the species. If practitioners are only
focused on the habitat within their jurisdictions, they may not
readily see whether or how their seemingly smaller parcels fit
within a broader context such as regional/national wildlife
corridors that are critical to this species’ long-term survival. The
CARs have no mandate to coordinate their efforts with one
another, not even among those neighbors that share
jurisdictional boundaries. However, self-organized networks of
actors that collaborate to address common challenges are
documented in a variety of different landscapes and have been
shown to improve social-ecological fit (Guerrero et al. 2015,
Sayles and Baggio 2017). In previous work, we documented that
knowledge of border-crossing Andean bears had spurred some
voluntary inter-institutional coordination among CARs
(Hohbein et al. 2021), but the extent to which these
collaborations correspond to Andean bear connectivity has not
yet been explored.

Table 1. Glossary of acronyms.

Acronym Meaning

CAR Corporaciones Auténomas Regionales, Autonomous
Regional Corporation

HCH Highly connective habitat

MinAmbiente Ministerio de Medio Ambiente y Desarrollo
Sostenible, Ministry of the Environment and
Sustainable Development

NGO Nongovernmental organization

PNN Parques Nacionales Naturales, National Natural Park
Service

SNA Social network analysis

WCI Weighted connectedness index

The vast majority of preceding research on the spatial fit of
institutions has concentrated on spatially bound organizations
operating within distinct and readily identifiable jurisdictions
(e.g., Bergsten et al. 2014, Alexander et al. 2017, Enqvist et al.
2020). We wish to expand upon this literature by integrating
“non-jurisdictional” actors into our analysis and explicitly
examining the impacts these actors have on indices of spatial
fit. In our study system, these non-jurisdictional actors are
nongovernmental organizations (NGOs) that work to conserve
Andean bears in collaboration with or independently from the
efforts of the CARs and the Colombian National Natural Park
Service (Parques Nacionales Naturales [PNN]). These actors
may serve particularly important roles in environmental
governance because they are not bound to distinct jurisdictions
and thus may serve as intermediaries among those that are
spatially bound. If NGOs are serving in this capacity, they would
improve the potential for knowledge diffusion and collective
action in the governance network (Bodin and Crona 2009) as
well as increase the likelihood that disconnected organizations
would communicate in time, because of their mutual
correspondent(s) and the principle of triadic closure—simply
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put, the propensity for two “friends” of a third friend to eventually
become friends themselves (Pittman and Armitage 2017).
Orejuela and Jorgenson (1999) had even anticipated that NGOs
would play an important role in coordinating Andean bear
management efforts in the then-newly decentralized environmental
system of Colombia (the new system had included legislation
which provisioned for greater NGO involvement in environmental
governance). By including these actors in our analysis, a more
complete and nuanced understanding of social-ecological fit in
this system can be gained.

We draw on the theories of social-ecological fit, landscape
connectivity, and social network analysis to examine the following
research question: How does the structure of the institutional
network across the Andean mountains impact its collective ability
to conserve a flagship species, the Andean bear? We had three
overarching objectives guiding this research: (1) To assess social-
ecological fit of the current governance structure in Colombia for
the conservation of the Andean bear; (2) to determine the impacts
non-jurisdictional organizations have on the network and indices
of social-ecological fit; and (3) to identify opportunities for
strategic “network weaving” that could strengthen the
conservation network and improve social-ecological fit. This
research is informed by qualitative and social network data
derived from 67 interviews with 71 different conservation
practitioners in Colombia, as well as a model of landscape
connectivity across the Colombian Andes constructed with circuit
theory (Hohbein and Nibbelink 2021).

METHODS
Study system

Environmental governance

In Colombia, the shift from centralized power and decision-
making authority to that which is decentralized and vested in
these CARs is a relatively recent one. One of the purported
advantages of this shift toward decentralized governance was,
though not explicitly put in these terms, to improve social-
ecological fit of environmental governance in the country. The
previous national environmental authority, INDERENA, had
been unable to adequately respond to and address regional issues
of environmental degradation. They lacked the ability to be
present in regions far-flung from the capital, they did not have
the necessary local-scale knowledge, and, in short, the feedback
loops between local problems and national level decision making
were broken (Rodriguez Becerra 2009). Partly in response to
international pressure and partly in response to social and
political turmoil within the country, Colombia adopted political
decentralization in 1991 (Pening Gaviria 2003). Two years later,
natural resource management was also decentralized with Law
99 of 1993 and the creation of 33 CARs whose jurisdictions now
covered the entirety of the country INDERENA was
restructured into what is today the Ministry of the Environment
and Sustainable Development (Ministerio de Ambiente y
Desarrollo Sostenible [MinAmbiente]).

The MinAmbiente creates national environmental policy, and the
CARs are the entities responsible for implementing it within their
jurisdictions, albeit with substantial room for discretion
(Blackman et al. 2004). In addition to their primary
responsibilities of managing natural resources, the CARs are also
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expected to work for the conservation of threatened and
endangered species such as the Andean bear. National natural
parks and the biodiversity within are managed separately from
the CARs by Colombia’s National Natural Park Service (Parques
Nacionales Naturales [PNN]; there are also regional natural parks
that are designated and managed by the CARs). PNN has an
administrative hierarchy tiered at the national, regional, and local
(park) level. Though the MinAmbiente was originally intended
to lead the collective environmental governance system in
Colombia and facilitate coordination among the CARs, previous
research has documented that they have not fully fulfilled this
responsibility (Blackman et al. 2004, Hohbein et al. 2021).

In addition to the CARs, PNN, and the MinAmbiente, there are
many environmental NGOs working at various scales across
Colombia. When Colombia restructured its environmental
governance, NGOs were clearly expected to become key actors in
natural resource management. NGOs were formally integrated
into the National Environmental System (Law 99 of 1993, Article
4); it was envisioned that they would help the state perform some
of its functions in environmental governance (Law 99 of 1993,
Article 1). Law 99 requires that the board of directors of each
CAR includes two representatives from the civil society sector
and encourages research institutes to partner with environmental
NGOs to accomplish their objectives. Today, many Colombian
NGOs are contractors, conducting research or implementing
projects that staff at CARs do not have either the time, expertise,
or manpower to do themselves. NGOs also often partnered with
PNN; PNN entities are unable to accept economic resources
directly and so require third-party executors to manage funds
meant to benefit PNN projects or programs. International NGOs
often have superior access to financial resources than their
Colombian counterparts and can leverage these resources to build
long-term programs for conservation or initiate partnerships with
CARsand PNN, occasionally subcontracting components of this
work to Colombian NGOs.

Colombian Andes

The Colombian Andes comprise three mountain ranges or
cordilleras that extend from the southwestern to the northeastern
borders of the country. The Andean region in Colombia covers
approximately 285,000 km?, roughly one-fourth of Colombia’s
total surface area. The Colombian Andes are considered to be a
global biodiversity hotspot (Mittermeier et al. 1999). The
Colombian Andes are also the center of the country’s economic
activity. Close to 70% of Colombia’s 50 million residents currently
reside in the Andean region. Andean ecosystems in Colombia
have been inhabited for millennia (van der Hammen 1992, as cited
in Etter et al. 2008), but the most drastic changes to these
ecosystems occurred after Spain’s colonization of the country in
the 1500s and the subsequent introduction and proliferation of
cattle ranching (Etter and van Wyngaarden 2000). Indeed, cattle
ranching continues to be a “dominant land use and driver of
landscape change” in the Colombian Andes (Etter et al. 2008:12).
Other prominent factors in land cover change during the 20th
century were illicit drug cultivation, particularly for cocaine
(Mantilla Valbuena 2012) and Colombia’s adoption of neoliberal
economic policies that prioritized natural resource extraction
(Vélez-Torres and Ruiz-Torres 2015, Gutiérrez-Gomez 2017). In
the latter half of the 20th century, Colombia also experienced
exponential population growth and substantial rural-to-urban
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migration, which have had important implications for Andean
ecosystems (Etter et al. 2008). Rural-to-urban migration has
allowed for some forest recovery, but the end of Colombia’s 50-
year civil war and promises of rural reform may soon reverse these
trends (Negret et al. 2017). Approximately 16% of the Andean
region in Colombia is under some form of protection (Bax and
Francesconi 2019).

Andean bears

Andean bears (also known as spectacled bears, in Spanish osos
de anteojos or osos andinos) are the only bear species in South
America and the last surviving lineage of the subfamily
Tremarctinae (Garcia-Rangel 2012). Andean bears are a relatively
under-studied species (Falconi et al. 2020), especially among
charismatic megafauna. However, evidence has been
accumulating that the species has experienced population declines
over the last several decades; the International Union for the
Conservation of Nature classifies Andean bears as vulnerable to
extinction (Velez-Liendo and Garcia-Rangel 2017). Rough
estimates place the current number of Andean bears between
13,000 and 18,000 individuals across the five countries where they
occur: Bolivia, Peru, Ecuador, Venezuela, and Colombia (Velez-
Liendo and Garcia-Rangel 2017). However, some regard these
estimates with skepticism; there may be far fewer Andean bears
than this (Peyton et al. 1998, Garshelis 2011). Andean bears
primarily occupy high elevational zones (above 1200 m) in cloud
forest and shrub ecosystems known as pdaramo.

Andean bears have experienced substantial habitat loss across
their range, much of this loss occurring in only the last half
century because of increasing agricultural conversion and
upslope development from populous inter-mountain valleys
(Etter et al. 2008). Previously, governments had relied on the
simple inaccessibility of cloud forest as a de facto approach to
Andean bear habitat protection (Peyton 1999). However,
increased transportation infrastructure across the Andes has
severely lessened the efficacy of this approach (Peyton 1999) and
compromised the integrity of these previously intact forests.
Andean ecosystems are recognized to be extremely fragmented
(e.g., Armenteras et al. 2003), which has important implications
for the persistence of this large-bodied species. Fragmentation in
the Andes implies the loss of landscape connectivity for Andean
bears as well as other species occupying these habitats; landscape
connectivity is important for the maintenance of metapopulations,
natal dispersal, mating opportunities, and nutritional
requirements (Taylor et al. 1993). Furthermore, landscape
connectivity may be essential for climate change adaptation by
allowing montane species to adjust their home ranges in response
to shifting climate envelopes (Davis and Shaw 2001, Littlefield et
al. 2019). Though many CARs have established regional protected
areas to prevent further degradation of core Andean bear habitat,
the explicit consideration of cross-jurisdictional connectivity in
the selection of these areas would improve the net benefits
achieved for Andean bear persistence in the landscape.

Thesecond greatest threat to Andean bearsis poaching. Although
poaching in other countries is often driven by the illegal trade in
wildlife parts, poaching in Colombia is more commonly tied to
issues of human-bear conflict (Peyton 1999). Andean bears are
largely herbivorous and can cause tremendous damage to crops
(Peyton 1980). They also scavenge, a behavior that has implicated
them in livestock losses across the Andes (Goldstein et al. 2006).
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Further, there has been increasing evidence that some “problem”
Andean bears will attack and kill livestock (Zukowski and
Ormsby 2016, Parra-Romero et al. 2019), something that Andean
ranchers have suspected and/or witnessed but whose perspectives,
until recently, have been met with skepticism from many
conservation practitioners (Hohbein et al. 2021). Issues with
human-bear conflict are further exacerbated at the jurisdictional
boundaries between CARs, as ambiguous responsibilities
occasionally lead to calls from locals for institutional intervention
in Andean bear depredation events to go unanswered; frustrated
ranchers may then take matters into their own hands (Hohbein
et al. 2021).

Network analysis framework, briefly

Social networks comprise nodes (sometimes called vertices)
connected by ties (sometimes called edges). Nodes represent
actors in the network while the ties that connect them represent
some form of relationship, be it friendship, communication, or
formal agreements. In our network analysis, the nodes represent
conservation actors across the Colombian Andes, specifically the
CARs, PNN, and NGOs (Fig. 1). We distinguish two types of
possible ties: ecological ties (defined by probable Andean bear
movement between the jurisdictions of the CARs, elaborated
below) and institutional ties (representing communication,
collaboration, contracts, or other forms of institutional
exchanges). Ties involving PNN or NGOs are institutional,
whereas ties between CARs could be either institutional or
ecological.

Fig. 1. An example of a social network. Note the vast amount
of information that can be portrayed; e.g., in this example, the
ties between actors are of varying widths, indicating differing
strengths of connections. The nodes themselves are sized
according to the number of connections held by each; the
middle autonomous regional corporation (corporaciones
autonomas regionales [CAR]) has four connections, the most in
the network, and so is depicted with the largest circle (but sizes
can also be indicative of other social network metrics). Nodes
can also be color-coded to indicate different kinds of actors, as
above, where green represents entities of Parques Nacionales
Naturales (PNN), blue represents nongovernmental
organizations (NGOs), and black represents the CARs.

@ Node (conservation actors)
—— Tie (relationships between them)

Ties involving NGOs NGO
or PNN represent only

institutional 3-.
connections + *,

PNN CAR

----- Ties between CARs
could represent

institutional or ecological
connections (will be
specified)
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Mapping the ecological network

We used a model of omnidirectional connectivity for Andean
bears (Hohbein and Nibbelink 2021) as the basis for the ecological
network across the Colombian Andes. Connectivity models help
delineate those areas in the landscape that are most conducive to
movement of the focal species for which they are developed. We
produced this circuit-based model largely following the
methodology of Koen et al. (2014). Briefly, circuit-based models
of landscape connectivity draw parallels between electrical
current and animal movement (McRae et al. 2008). These models
assume organisms have no prior knowledge of the landscape and
thus move as predicted by correlated random-walk theory
(McRae et al. 2008). Areas shown to have higher levels of
“current” in the circuit-based models are predicted to have higher
use by animals engaged in correlated random walks. These models
are guided by resistance values set by the spatial analyst that
correspond to the degree to which different landscape features are
understood to hinder or enable movement, e.g., high-volume
highways usually have high resistance values because they are
thought to be quite difficult for organisms to cross.

We used this connectivity model to quantify the degree to which
neighboring CARs were ecologically connected via the probable
movement of Andean bears given the distribution of habitat
considered to be important for Andean bear connectivity, i.e.,
those areas in the model with high current. Several steps were
required to turn this current map into an ecological network.
First, we categorized into 5 classes the distribution of current
values across the Colombian Andes according to Jenks natural
breaks (Jenks 1967). Those areas that had current values that fell
into the highest two classes were categorized as highly connective
habitat (HCH; Fig. 2). We then calculated the total amount of
HCH (in terms of 1-km? pixels), which was intersected by pairwise
jurisdictional boundaries between CARs. Those that had 0 km?
of shared HCH were considered ecologically disconnected in our
analysis, i.e., they did not share ecological ties. We then calculated
the quartile values of counts of shared cells of HCH (excluding
0 values). These quartiles guided the strength of ecological ties
assigned to pairwise CARs. Neighbors that shared HCH cell
quantities in the highest quartile were assigned an ecological tie
with a strength of 3; those in the middle two quartiles were
assigned moderately strong ecological ties (2); while those in the
lowest quartile were assigned ecological ties with a strength of 1.

Mapping the institutional network

Semi-structured interviews

R. Hohbein (RH) traveled to Colombia between August 2018 and
September 2019 to conduct 67 semi-structured interviews
(Bernard 2011) with 71 different conservation practitioners. These
individuals included the representatives of 22 CARs and 20
nongovernmental organizations, as well as 12 PNN employees.
Interviews were conducted in person whenever possible;
interviews were conducted over telephone/video chat when in-
person interviews were not possible. All interviews but one were
audio-recorded and only after receiving verbal consent from
interview participants. The majority of the interviews were
conducted in Spanish with the assistance of one of three local
translators. RH was always present as the primary interviewer.
The Institutional Review Board at the University of Georgia
approved all research conducted for this study (Protocol ID
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#STUDY00005270). No Colombian permits were required for
this research.

Fig. 2. This connectivity model for Andean bears in Colombia
was constructed with circuit theory and was the basis for the
ecological network in this analysis. Areas in green are those that
were predicted by the model to be most important for Andean
bear (Tremarctos ornatus) connectivity within the delineated
study area (blue). Jurisdictions of the autonomous regional
corporations (corporaciones autonomas regionales [CARs]) are
depicted.

0 45 90 180 Kilometers

We asked interview participants (1) to free list all entities with
whom they either collaborated, contracted, or otherwise
discussed Andean bear conservation or research and (2) to
describe the frequency and nature of their communication with
those identified. These various relationships collectively
comprised the institutional network. We also asked participants
(3) to elaborate on challenges in these relationships, benefits to
these communication ties, and overall observed barriers to
collaborative efforts in the country We did not include
institutional ties that covered topics other than Andean bear
conservation and research activities, nor did we include ties to
actors that were not one of the three types of actors we were
investigating (NGOs, CARs, and PNN). In addition to these
network-centric questions, we asked participants to describe
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Andean bear conservation and research strategies implemented
by their institutions, the challenges experienced while
implementing these efforts, and primary threats to the species
within their jurisdictions (if applicable).

Interview sampling strategy

We contacted all 26 CARs across the Colombian Andes. We
interviewed at least one representative from all CARs with
coincident Andean bear habitat and confirmed or suspected
Andean bear presence (n = 22). RH interviewed representatives
from all six territorial directorates (the regional tiers) of PNN
and two representatives working at the national level. Park-level
employees were interviewed only opportunistically. We began
NGO interviews with the Wildlife Conservation Society -
Colombia (WCS) and Fundacién Wii. We then used chain referral
sampling, i.e., snowball sampling, to identify other NGOs or
nonprofits who were involved with Andean bear conservation.
We did not follow up for interviews with NGOs named during
chain referral sampling if the NGOs identified were not actively
involved with creating, implementing, or managing projects that
directly dealt with Andean bears. See Hohbein et al. (2021) for a
full description of the interview sampling strategy.

Strength of ties

We assigned all institutional ties strengths of either 1, 2, or 3
according to various qualifications (see Table 2). If respondents
indicated different strengths for a mutual tie, we used the higher
value. Representatives from four CARs in the Andes
communicated that they had no evidence of Andean bear
presence in their territories and thus were not engaged in any
conservation activities specific to the species; we assumed they
had no communication ties with other entities specific to Andean
bears.

Table 2. Characteristics of the different strengths assigned to
institutional ties between actors

Strength
1 - Weak

Qualifications

scommunication explicitly described as “weak” or very
infrequent

other indicators of weak communication (e.g.,
participation in multi-party agreement described as
“non-active”)

*previous collaboration or contract between parties, but
no indication provided of ongoing communication
srelationships described by one or both parties as
“tenuous” or “challenging,” but that still included some
component of information exchange

sgrants or funds provided, but no collaborative effort
apparent

scontracts provided (similar to above); not considered
“partners”

«all other relationships not scored as 1 or 3
scommunication explicitly described as “strong” or
“constant”

*partners that shared or were active members of a signed,
formal agreement for collaborative work

2 - Moderate

3 - Strong

3 - Strong

PNN specificities
For ease of analysis, we collapsed ties to individual national
natural parks to the territorial directorate within which the parks
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belonged. For example, if a CAR or NGO described an
information exchange or collaboration with Chingaza National
Natural Park, we considered this to be a tie to the PNN territorial
directorate of Orinoquia. We assumed all territorial directorates
had a moderate tie to the PNN National Administration unless
respondents from the territorial directorates indicated otherwise
(as per Table 2). Communication among territorial directorates
was only included if it was mentioned by interview respondents.
However, we did not explicitly ask about communication between
territorial directorates and thus these inter-territorial ties may be
underrepresented.

Workflow for analyzing the social-ecological fit among CARs
We first compared the ecological network and institutional
network among the CARs exclusive of the other two types of
conservation actors, i.e., PNN and NGOs. Specifically, we tested
the frequency with which the strengths of communications
between neighboring CARs corresponded to the degree to which
they were ecologically connected via Andean bear movements.
From the perspective of spatial fit, the “ideal” outcome of this
analysis would be a perfect match between the institutional and
ecological networks. Our analysis thus reveals the extent to which
this ideal scenario was realized at the time of our research and
highlights the degree of disparity between these two metrics
among neighboring CARs. We assessed fit only among
neighboring CARs unless non-neighboring CARs indicated
shared institutional ties, in which case these data were included.
Andean bear populations potentially cross multiple CARs and
are thus possibly shared among CARs that are not adjacent to
one another. We chose not to include these more complex
dynamics in our analysis of social-ecological fit for it would have
required us to make more problematic assumptions about the
structure of Andean bear populations and movements. The level
of analysis presented here is a valuable first assessment because
it highlights those places where new institutional ties between
CARSs would be most imminently beneficial for enhancing the fit
of Andean bear conservation.

We then integrated into our social-network analysis the entities
of PNN and relevant NGOs. We trimmed NGOs from this
network who held only one tie to other actors in our network.
The networks of local-scale NGOs are thus not well-represented
in this analysis because their communications likely included (1)
only one CAR (within whose jurisdiction they are located), (2)
park-level employees (who were not systematically interviewed),
and/or (3) other local-scale NGOs. All CARs and PNN entities
were included regardless of the number of ties held. For this
complex network, we calculated standard SNA metrics including
degree centrality, betweenness centrality, and eigenvector
centrality (see Table 3 for definitions of these metrics).
Additionally, we assessed the number of connected components
and examined the shortest paths between all neighboring CARs
that did not share direct institutional ties. These analyses give us
insights into the impacts these different kinds of actors had on
the conservation network across the Colombian Andes.

Finally, we calculated an index of connectedness among
neighboring CARs, which theoretically corresponds to the degree
to which information from one CAR would likely reach another.
This weighted connectedness index (WCI) is derived from the
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number of unique pathways connecting the two CARs divided
by (1) the length of the shortest pathway between the two CARs,
i.e.,, the number of intervening nodes, and then by (2) the
cumulative weight of the shortest pathway between the two CARs.
The weight is the reversed rank order of the strengths of the
intervening ties (i.e., strength of 1 = weight of 3;2=2;3=1)and
indicates increasing difficulty for information passage. We
compared the relative contributions of PNN entities and NGOs
on WCIs between CARs that were not directly communicating
with one another with an analysis of variance (ANOVA) in
Program R. We followed this with a post-hoc Tukey’s honestly
significant difference to determine which type of actor’s inclusion
resulted in significant differences to WCls.

Table 3. Definitions of common social network analysis metrics

Social Network  Definition and relevance to practice

Metric or

Analysis

Degree The number of ties held by an actor; a measure of

Centrality social influence

Betweenness The number of times a node lies on the shortest path

Centrality between otherwise disconnected nodes; indicative of an
actor’s potential for distributing information or
facilitating coordination among disconnected actors

Eigenvector A relative metric that corresponds to the degree to

Centrality which a node is connected to other well-connected
nodes; a measure of the extent to which an actor is
affiliated with other influential actors (aka “friends in
high places”)

Modularity An assessment of the degree to which the social

Analysis network is divided into subgroups characterized by
more “in-ties” than “out-ties”; helpful for identifying
“cliques” in social networks

Connected A simple metric that counts the number of nodes that

Components are inter-connected by mutual ties; identifies which
actors are “reachable”

Density Network-level metric that indicates the number of ties

in the network relative to the number of ties possible,
indicative of the collective network’s relative affinity
for collaboration

We conducted most SNA analyses in Gephi Graph Visualization
and Manipulation software (v. 0.9.2). We used Program R to
identify the shortest paths between the CARs. All statistics were
performed in Program R.

Qualitative analysis

Although SNA can reveal many important insights about social-
ecological fit, the analysis is more meaningful when qualitative
data is considered as well (e.g., Riggs et al. 2020). Bodin (2017)
describes the important insights possible through a deeper
understanding of the actors in the network such as their
motivations, objectives, and even personal characteristics. These
insights can reveal whether central actors are playing positive roles
(leading, connecting), neutral, or negative roles (withholding
information). In other words, qualitative data provide an
opportunity to assess the meaning of interactions, insights that
cannot be gathered by an analytical analysis of network structure
alone (Fuhse and Miitzel 2011). Transcripts of the 67 semi-
structured interviews were translated into English and then
imported in MaxQDA (VERBI Software 2017) for analysis. We
used an iterative coding process to identify emergent themes
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(Saldafia 2016). Following the more traditional format of the
social sciences, we incorporate our qualitative data into our
discussion to contextualize results.

RESULTS

Ecological network among CARs

Sixty-seven pairs of CARs shared jurisdictional boundaries in the
Colombian Andes. Of these pairs, 53 shared habitat important to
Andean bear connectivity. Thus, if CARs were neighbors, there
was 79.1% chance that they shared at least some amount of habitat
critical to Andean bear connectivity (HCH) (range: 2-378 km?;
M = 85.4 km?). Each CAR shared HCH with an average of 4.08
neighbors (range: 1-8). Modularity analysis detected four
interconnected “ecoregions” across the Colombian Andes (Fig.
3). We refer to these ecoregions later in our analysis to characterize
conclusions about the relative fit of institutions in different parts
of the Andes.

Fig. 3. Ecological network across the Colombian Andes based
upon probable Andean bear (Tremarctos ornatus) movement
given the distribution of habitat critical to Andean bear
connectivity across jurisdictional boundaries. Jurisdictions of
each of the autonomous regional corporations (corporaciones
autonomas regionales [CARs)) are delineated; each CAR is
represented by a circle. CARs that shared habitat critical to
Andean bear connectivity are connected by lines; increasing
line width is associated with more shared habitat and thus a
stronger ecological connection in the network. Node sizes are
indicative of relative ecological degree centrality of each CAR.
Colors are indicative of four “ecoregions” detected with
modularity analysis.
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Institutional network among CARs

Very few CARs listed other CARs among those with whom they
collaborated, coordinated, or shared data with respect to Andean
bear conservation or research (also reported in Hohbein et al.
2021). Overall, 23 pairs of CARs (consisting of 14 unique CARs)
shared social ties regarding Andean bear conservation and
research efforts, providing a network density score 0.071; i.e., of
all possible pairwise connections between CARs (n = 325), 7.1%
were realized (Fig. 4). Most of these connections (n = 15, 65.2%)
came from a regional collaborative agreement among CARs in
the central portion of the eastern cordillera of the Andes. Seven
of the remaining eight connections among CARs were weak ties
that represented isolated conversations. Each CAR had
communicated to an average of 1.77 other CARs about Andean
bear conservation or research efforts.

Fig. 4. Institutional network among the autonomous regional
corporations (corporaciones autonomas regionales [CARSs])
regarding Andean bear (Tremarctos ornatus) conservation and
research. CARs that are connected by lines had shared some
level of communication, coordination, or collaboration; thicker
lines are indicative of “stronger” ties between the CARs.
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Social-ecological fit of the CARs

Of the 53 pairs of CARs that shared HCH, only 16 communicated
with one another; the other 37 did not communicate on the subject
of Andean bears. Of the 13 pairs of CARs we classified as sharing
the highest level of ecological connectivity (104-378 km? of
HCH), only three communicated (23.1%). Two pairs had strong
social ties (strength of 3), while the third had a weak social tie
(strength of 1). This indicates that 10 pairs of CARs were missing
critical social ties, i.e., had the highest degree of social-ecological
mismatch. Of the 26 pairs of CARs we classified as sharing a
moderate amount of ecological connectivity (28-104 km? of
HCH), nine communicated (34.6%). Five of these pairs had
strong social ties, three had moderate social ties, while one had a
weak social tie. Figure 5 is a representation of the degree of social-
ecological fitamong the CARs across the Colombian Andes given
the degree of agreement between the ranking of the ecological tie
and the weight of the social tie; those with the strongest ecological
connection but that did not communicate resulted in the greatest
social-ecological mismatch. The central portion of the eastern
cordillera had the best fit of the four ecoregions.

Fig. 5. Social-ecological fit of the autonomous regional
corporations (corporaciones autonomas regionales [CARs]) with
respect to Andean bear (Tremarctos ornatus) conservation and
research across the Colombian Andes. Social-ecological
matches and mismatches are premised on the degree of
alignment between the strengths of institutional and ecological
ties between the CARs. Nodes are sized by ecological degree
centrality.

0 45 90 180 Kilometers

) Corporaciones Autonomas Regionales

[CARs]
-Stronger Ecological than Social

-Stronger Social than Ecological

I Social-Ecological Match

Service Layer Credits: Esri, HERE, Garmin, (c) OpenStreetMap
contributors, and the GIS user community



https://www.ecologyandsociety.org/vol26/iss4/art13/

Ecology and Society 26(4): 13

https://www.ecologyandsociety.org/vol26/iss4/art13/

Fig. 6. Complex social network among the autonomous regional corporations (corporaciones
autonomas regionales [CARs]; black nodes), entities of Colombia’s National Natural Park
Service (green), and nongovernmental organizations (blue). Thicker lines are indicative of
stronger institutional ties regarding Andean bear (Tremarctos ornatus) conservation and
research. Node size is indicative of relative degree centrality of each organization in the

network.
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Complex social network among CARs, PNN, and NGOs

Many CARs identified PNN as an organization with whom they
collaborated on Andean bear conservation or exchanged
information on the topic (n = 18 CARs; 0.881 ties to PNN per
CAR); collaborations and information exchanges with NGOs
were even more common (n = 19 CARs; 1.651 ties to NGOs per
CAR; Fig. 6). The inclusion of these other types of actors
increased the average degree centrality of CARs to 4.31 ties.
NGOs had an average degree centrality of 6.33 ties relevant to
Andean bear conservation and research, whereas PNN entities
had an average degree centrality of seven ties. Of the three types
of actors, PNN entities had, on average, the highest betweenness
centrality scores (48.01), followed closely by NGOs (40.16),
whereas CARs had the lowest average betweenness centrality
scores (9.52). The two entities with the highest betweenness
centralities in the complete network were both NGOs (WCS and
Fundacion Wii); notably, these two NGOs did not communicate
with one another. WCS had the highest eigenvector centrality
score in the network, followed by members of the inter-
institutional agreement of the eastern cordillera, including
participating PNN territorial directorate Orinoquia and closely
aligned territorial directorate Nororientales.

' _Matura

The inclusion of these other types of actors of natural resource
governance into the social-network analysis improved many
metrics of network cohesion. Because of the higher number of
ties held by PNN entities and NGOs, the graph density increased
from 0.071 (with only the CARs) to 0.113 (i.e., 11.3% of all
possible ties were realized). Another metric that relates to
cohesion is the number of connected components. In the previous
analysis that considered only the CARs, most appeared
disconnected from any network, i.e., they were “isolates”. The
inclusion of ties to other types of actors greatly changed the
number of CARs that were within connected components. The
inclusion of ties to PNN resulted in two groups of connected
CARs: one group contained 19 CARs that were at least weakly
connected to one another through mutual correspondents; the
other contained two connected CARs. The remaining five CARs
remained isolated. The inclusion of ties to NGOs resulted in
similar changes to the network: there were 20 CARs that were at
least weakly connected through mutual correspondents, while six
CARs again remained isolated. When all three types of actors
were included (CARs + PNN + NGOs), 21 CARs were within a
single connected component, while five remained isolates.
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The integration of these other two types of actors into the SNA
revealed that 25 pairs of CARs that shared HCH, and had
appeared disconnected from one another, were connected via
mutual correspondent(s); the paths among these CARs had an
average cumulative weight of 5.4 (Fig. 7). PNN entities were on
the shortest paths between 19 pairs of previously disconnected
CARs that shared HCH, whereas NGOs were between nine pairs.
To better understand the differential effects these two different
types of actors had on the social network, we assessed their unique
contributions in isolation from the other on our index of
connectedness (WCI); i.e., we assessed the connectedness index
on a network with only CARs and PNN and then again with
CARs and NGOs. We found that the removal of NGOs from the
network resulted in a significant decrease to the WCI between
disconnected CARs (61.8%, p < 0.01), whereas the removal of
PNN resulted in a less dramatic reduction to the WCI among
those CARs (42.8%, not significant, p > 0.05). This difference
between the average WCIs was not due to NGOs significantly
shortening the paths between disconnected CARs, but rather
because their inclusion in the network introduced alternative
pathways through which information could travel between the
CARs.

DISCUSSION

We found very low levels of communication and coordination
among CARs in the Colombian Andes with respect to the
conservation and research of Andean bears. Our analysis of
spatial fit indicated that close to 70% of the ecological ties created
by probable Andean bear movement between adjacent CARs
were not matched with inter-institutional communication or
coordination, suggesting little immediate capacity for collective
action across these boundaries (Bodin and Crona 2009). Among
general issues caused by the lack of communication and
coordination, e.g., redundant efforts or lack of social learning,
qualitative interview data also suggested several issues that were
symptomatic of social-ecological mismatches such as
incompatible datasets between neighboring CARs, a supposed
lack of consideration of protected areas in neighboring CARs in
reserve design and land acquisition, and the lack of institutional
response to suspected Andean bear depredation events in
jurisdictional border zones mentioned previously. The
incompatibility of datasets prevents CARs from pooling their
data to draw conclusions about the broader status of Andean bear
populations in the Colombian Andes, while the latter two issues
have consequences for the probability of successful Andean bear
movement across jurisdictional boundaries. Conversely, members
of the eastern cordillera inter-institutional agreement (which
aligned perfectly with the central cordillera oriental ecoregion and
contained the most social-ecological matches in the Andes) had
the same methodology for assessing Andean bear occupancy, a
shared protocol for responding to depredation events, and
established communication channels for addressing issues at
border zones (Hohbein et al. 2021). Thus, this voluntary
collaborative agreement has allowed participants to address many
issues of social-ecological fit in the central region of the eastern
cordillera.

Although direct institutional ties between neighboring CARs
were rare, entities of PNN as well as NGOs often served as
intermediaries between otherwise disconnected CARs, bringing
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Fig. 7. The inclusion of nongovernmental organizations and
Colombia’s National Natural Park Service brought most (n =
21; 81%) of the autonomous regional corporations
(corporaciones autonomas regionales [CARs])) into a single
connected component. Cumulative weights of the intervening
paths between CARs that did not directly communicate with
one another (but did share correspondents) are provided; a
higher weight suggests that information is less likely to travel
from one CAR to the other. CARs connected by lines of any
color are considered ecologically connected via probable
movement of Andean bears (7Tremarctos ornatus).
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nearly all CARs working to conserve Andean bears across the
Colombian Andes into a single connected component. This is
significant because it demonstrates the existence of potential
pathways through which information could travel to and from
neighboring CARs. Stronger and more numerous pathways
interlinking these CARs increase the likelihood that these entities
will eventually communicate or even come to collaborate on
conservation initiatives for the species. PNN entities had the
highest average betweenness centrality scores of the three types
of actors considered in this analysis (meaning that they most often
appeared between otherwise disconnected actors), suggesting that
they have great potential for distributing information to their
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correspondents and encouraging the development of institutional
ties that would improve social-ecological fit for Andean bear
conservation in the country (Bodin and Crona 2009). The degree
to which they are leveraging this advantageous position in the
network for such ends is currently unknown. Though PNN
correspondents often spoke of the importance of coordinating
their own efforts with the CARs, e.g., for the designation and
management of buffer zones surroundings national natural parks,
only one PNN correspondent we interviewed spoke of the
importance or need for the CARs to coordinate their efforts with
one another. Conversely, the lack of coordination among CARs
was a common theme during interviews with Colombian NGO
representatives; representatives described it as a challenge to the
implementation of their Andean bear conservation programs.
Several NGOs were actively working to facilitate communication
between the CARs to remedy this. The degree to which the
removal of NGOs from the conservation network impacted the
extent to which CARs were interconnected (as observed with the
change in WCls) suggests that they too are strategically positioned
for these efforts.

NGOs varied in their structural impacts on the institutional
network (visible in Fig. 6). These different patterns in network
structure that radiate from these NGOs dictate how information
islikely to travel in the network and the bonds that could be created
through mutual correspondents. For example, the two NGOs with
the highest betweenness centrality scores, WCS and Fundacion
Wii, had drastically different network structures. WCS had
stronger ties to other actors (indicative of more enduring
communication channels), whereas Fundacién Wii’s immediate
network was characterized by more weak ties (indicating more
infrequent communications). WCS had a large-scale Andean bear
conservation program characterized by longer term partnerships
with local allies, notably including the national office of PNN,
and a concerted effort to share monitoring and human-bear
conflict mitigation strategies with interested CARs. Conversely,
Fundacion Wii operated primarily through comparatively short-
term contracts with the CARs to do various forms of community
engagement and research and monitoring programs. Upon
contract termination, little on-going communication remained.
However, Fundacion Wii continued to receive occasional phone
calls from previous contacts at the CARs whenever further
questions about the species arose. WCS, having stronger
institutional ties, is better positioned to transfer complex
knowledge to their correspondents, important for building a
consistent monitoring strategy across the Andes. They are also
more likely to be a catalyst for triadic closure (Granovetter 1973).
Fundacion Wii, through their weak ties, may be acting as a critical
bridge across the network, allowing for greater dissemination of
information between and among heterogeneous sub-groups
(Granovetter 1973, Bodin and Crona 2009).

Overall, our results are consistent with those found by others who
investigated the social-ecological fit achieved by self-organized
networks. Specifically, collaborative ties were relatively sparse,
and the network was characterized by more social-ecological
mismatches than matches (Bergsten et al. 2014). We reach a
similar conclusion as Guerrero et al. (2015) that although
conservation actors can be successful in self-organizing and
overcoming issues of fragmented management, the Andean bear
conservation network would generally benefit from guidance in
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the targeting and formation of these inter-institutional ties.
However, our approach of including non-jurisdictional entities
into our analysis was critical in allowing us to identify which
organizations might be best positioned for and most interested in
providing such guidance.

Limitations of this research

Our institutional network excluded ties between actors that
covered topics other than Andean bear conservation and research.
Perhaps most notably, we did not include communication ties
formed through GEF-SINAP, a Global Environmental Facility
project aimed at enhancing the communication and coordination
of regional and national protected area management in Colombia
and executed by PNN (Global Environmental Facility 2021).
Thus, some members of PNN, through GEF-SINAP, are directly
facilitating communication among CARs. However, these
communication channels are in support of protected area
management, specifically, and involve correspondents at CARs
distinct from those managing Andean bear conservation and
research programs. For these reasons, these communication
channels were not included in our analysis of social-ecological fit
for Andean bear conservation. However, these alternative
pathways represent important possible catalysts for the formation
of new communication ties between CARs that could include the
Andean bear conservation practitioners. We must further
emphasize that CARs are large institutions, often with hundreds
of employees working on numerous topics. We do not claim a
complete understanding of the status of collaboration between
CARs more generally. Our analysis includes the perspectives and
networks of only those actors at the CARs responsible for
designing, implementing, and managing programs for Andean
bears.

Finally, many actors in the network named local NGOs,
community groups, farmer’s associations, and municipal town
halls as allies in their Andean bear conservation and research
efforts. Our inclusion criteria, which were guided by our desire to
map horizontal social-ecological fit across Colombia, meant that
these local-scale actors were not included in this analysis. By
excluding these actors from our analysis, we do not mean to
suggest these connections were unimportant; quite the contrary,
these connections are critical to achieving vertical social-
ecological fit, e.g., between regional planning and local
implementation. We simply did not have the time and resources
available to investigate this other critical dimension of spatial fit
for Andean bear conservation.

CONCLUSION

We examined the social-ecological fit of actors across the
Colombian Andes working to conserve the Andean bear. We
found that CARs, the primary entities responsible for
implementing conservation policy in Colombia, rarely
communicated directly with one another about their Andean bear
conservation and research strategies, leading to many social-
ecological mismatches. Our qualitative data suggest that such
mismatches create issues for comprehensive status assessments
about Andean bears in the Colombian Andes and potentially
exacerbate human-bear conflict at jurisdictional border zones.
Limited communication among CARs (and therefore limited
social learning) is unfortunate given that neighboring CARs likely
face similar challenges regarding the conservation of this species
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and would have much to gain from sharing their experiences with
one another.

CARs were more likely to communicate with entities of PNN and
with NGOs about their Andean bear efforts. PNN entities had
the highest average betweenness centrality scores in the network,
but our qualitative interview data suggest they may not be using
this advantageous position to foster inter-institutional
coordination regarding Andean bear conservation and research
efforts among the CARs with whom they correspond. Conversely,
NGOs (several of whom were in an almost equal if not more
advantageous position in the conservation network) seem to be
more troubled by the lack of inter-institutional coordination
among CARs for Andean bear conservation and were actively
working to amend this situation. Two NGOs, WCS - Colombia
and Fundacion Wii, had the highest betweenness centrality scores
of all 48 conservation actors in the network, suggesting that they,
in particular, could help to coordinate the network in such a way
so as to improve social-ecological fit for the conservation of the
Andean bear in Colombia.

To our knowledge, this is the first empirical assessment of the
impacts of non-jurisdictional actors on social-ecological fit
among jurisdictional actors. Our data suggest that NGOs may be
particularly helpful in stimulating cross-jurisdictional efforts
because of the non-jurisdictional nature of their work and their
propensity to be common allies among otherwise disconnected
actors. Intentional and strategic leadership from conservation
actors that find themselves at the nexus of many disconnected
actors could be key to improving social-ecological fit.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.

php/12745
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