25784854, 2022, 0, Downloaded from https://conbio.onlinelibrary.wiley.com. By Mozambique Hinari NPL- on [15/03/2022]. Re-use and distribution is strictly not permitted, except for Open Access articles



Received: 9 April 2021

Revised: 10 December 2021

Accepted: 3 January 2022

DOI: 10.1111/csp2.12664

CONTRIBUTED PAPER

Conservation Science and Practice
T - [Cion i)
Aol o e Socioty ‘ar Consmrmtion Bictogy

Role of local communities in the social network
of the protected area management

Joana Pereira’ | Maria Joao Santos”

1¢E3c - Centre for Ecology, Evolution and
Environmental Changes, Faculdade de
Ciéncias, Universidade de Lisboa, Lisboa,
Portugal

*Department of Geography, University of
Zurich, Ziirich, Switzerland

Correspondence

Joana Pereira, cE3c - Centre for Ecology,
Evolution and Environmental Changes,
Faculdade de Ciéncias, Universidade de
Lisboa, Campo Grande, Lisboa 1749-016,
Portugal.

Email: jgopereira@fc.ul.pt

Funding information

Fundacao para a Ciéncia e a Tecnologia,
Grant/Award Number: SFRH/
BD/137682/2018; National Geographic
Society, Grant/Award Number: EC-
51226C-19; University Research Priority
Program in Global Change and
Biodiversity, University of Zurich; FCT/
MCTES, Grant/Award Number:
UIDB/00329/2020

1 | INTRODUCTION

| Luis Miguel Rosalino"

Abstract

Biodiversity conservation traditionally necessitates setting aside land, which
frequently impacts local communities. Although progress has been made on
how to optimize this process, conflict frequently emerges when conservation
and community goals are at odds. Improving communication and community
inclusiveness in decision-making processes is strongly recommended to
achieve livelihood goals and conservation outcomes. We used social network
analysis to understand how local communities are embedded within the struc-
ture and dynamics of stakeholder interactions in Quirimbas National Park
(Mozambique). We detected a network of limited cooperation that lacks bidi-
rectional communication, displaying low average knowledge transfer but high
bonding across stakeholder groups with similar perceptions. Local communi-
ties only interact with the district government and they have a passive voice in
the system. A more inclusive network structure is needed so that conservation
and community livelihood goals can be achieved.

KEYWORDS
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contributions and improve participation and inclusive-
ness. This collaborative governance model encompassing

Protected areas (PAs) aim to conserve nature while also
being socially and economically inclusive, given that
many people may live within their borders (Givd &
Raitio, 2017). The traditional top-down approach to PA
governance has gradually been replaced by a more
decentralized and collaborative approach, whereby multi-
ple interests are considered (IHaukeland, 2011) and all
stakeholders play an active role in some part of the pro-
cess (Plummer & Fitzgibbon, 2006). Enhanced inclusion
of local communities in the decision-making process
underlying PAs has been strongly recommended (Giva &
Raitio, 2017), particularly to decrease mismatches in

stakeholders with diverse power, values, and social
norms (Byers, 1996) relies on improving cooperation by
trust, reciprocity, and shared principles, and it tends to
be more successful (Plummer & Fitzgibbon, 2006).
Despite these objectives of the “Parks with People” con-
cept (Giva & Raitio, 2017), that is, PAs where local com-
munities live and wuse the natural resources,
implementation has not been smooth. Leading to com-
plex conflicts between conservation and livelihoods
(Haukeland, 2011), with issues regarding rights over
ownership and management, access to resources, and the
role and power of multiple actors being detrimental to
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program goals (Adams & Hutton, 2007). Such conflicts
may arise from a lack of inclusivity and communication
between stakeholders (Abukari & Mwalyosi, 2020), as
well as the issue of so-called “paper parks” (WWF, 2017),
that is, PAs that have official legal status but no manage-
ment or associated infrastructure, among other factors.
Achieving the decentralized governance necessary for
collaborative PA oversight is even more challenging
when the local communities living inside the park are
poor, have a historical and long-established cultural rela-
tionship with nature, and depend on subsistence agricul-
ture, so they often perceive conservation as a threat to
their livelihoods (Fletcher & Toncheva, 2021). Thus, it is
crucial to develop a better understanding of how collabo-
rative and inclusive governance can be achieved so that
local communities are represented, heard, and actively
participate in decision-making.

Participation of communities in the decision-making
processes for PAs has been shown as crucial to raising
awareness of environmental issues, increasing social
acceptance and positive perceptions of governance
(Hatcher et al., 2000), building local management capac-
ity (Beierle & Cayford, 2002), and empowering communi-
ties to fulfill their needs (Bulkeley & Mol, 2003; Iannuzzi
et al.,, 2019). A governance setting that encourages partic-
ipation is likely to promote more complex stakeholder
networks (Iannuzzi et al.,, 2019). Thus, social network
analyses, which are widely used in the social sciences to
assess the structure and dynamics of social groups, are
now being used to determine if behavioral changes
impact the effectiveness of conservation interventions
(de Lange et al., 2019), to evaluate the adaptive capacity
of management measures in relation to environmental
changes (e.g., Fischer & Jasny, 2017), to optimize natural
resources management (Berardo & Lubell, 2016), and to
investigate how governance systems can transition to
more  collaborative  schemes (Rockenbauch &
Sakdapolrak, 2017). Social networks depict the interac-
tions among stakeholders communicating with each
other, and can be viewed as “pipes” through which infor-
mation, knowledge, or resources flow (Borgatti &
Foster, 2003). In such networks, nodes represent individ-
uals (i.e., senders or receivers), and direct interaction
(or a tie) between two nodes is termed an “edge”
(Knoke & Yang, 2011). Interactions can be unidirectional
or bidirectional, and some measurement of the frequency
of interaction (i.e., strength) is typically assigned
(Knoke & Yang, 2011). The position of a given individual
in the social network defines their role in the flow of
information and their social influence and, consequently,
the structure of the network (de Lange et al., 2019; Pei
et al., 2017). Individuals with more connections in the
network (i.e., those who can be considered central, hubs

or opinion leaders) play an important role as dissemina-
tors and influencers, with individuals connecting two
sub-groups or two unconnected nodes in the social net-
work being termed “bridges” (Bodin et al., 2006). Individ-
uals in the network that are highly connected tend to
share similar views, perceptions or behaviors, so informa-
tion between them flows rapidly and they are more likely
to contribute to reducing conflict and promoting collec-
tive actions (Bodin & Crona, 2009). In contrast, poorly
connected individuals tend to represent isolated stake-
holders with dissimilar viewpoints, and though they may
hamper coordination, they are more likely to accept
innovation and new information (Aral & Walker, 2012;
de Lange et al., 2019).

For collaborative management systems, the most
resilient networks are densely connected (De Vincenzo
et al., 2017), heterogeneous (i.e., encompassing diverse
stakeholder groups) (Buckingham et al., 2021), and with
their central stakeholders displaying cross-group interac-
tions (Ehrhart et al., 2021; Iannuzzi et al., 2019;
Rockenbauch & Sakdapolrak, 2017). Applying these con-
cepts to PA decision-making would mean that local com-
munities should be integrated within a PA social network
if the PA is to operate as a collaborative management sys-
tem. Previous research has shown that excluding local
communities impairs effective collaborative management
of a PA (Crona & Bodin, 2006), despite such communities
often having the highest stake and being the most
affected (Khumalo & Yung, 2015). Their exclusion may
be unintended, arising from limited access to resources,
knowledge, and functioning institutions (Wilson
et al., 2013), culminating in an inability to participate
(Rockenbauch & Sakdapolrak, 2017). Accordingly, dis-
tancing communities from PA management may compro-
mise the interests and livelihoods of the local residents,
restricting community development (Abukari &
Mwalyosi, 2020), and undermining acceptance and
implementation of conservation measures (Salerno
et al., 2016).

Here, we assess how local communities in
Quirimbas National Park (QNP, Mozambique) are
embedded within the structure and dynamics of its
stakeholder interactions. More specifically we ask:
(i) what is the structure and strength of interactions
between entities in the QNP network; (ii) which factors
most affect the social network structure of QNP; and
(iii) how embedded are local communities within the
network? We conducted stakeholder surveys to investi-
gate these questions, anticipating that social network
structure reflects stakeholder views and would help
establish the role of the local communities in this net-
work. We expected that if QNP meets the principles of
a well-designed collaborative governance system, then

sa|Ipe ssendy uadQ 40j 3dadxa ‘paniwiad J0u A1d1s sl uonNqUISIP pue asn-ay “[2202/£0/51] Uo -1dN HeuiH anbiquiezoly Ag “wodAsimAieiqauljuo-oiquod//:sdny wody papeojumod ‘0 ‘2202 ‘vS8r8.se



PEREIRA ET AL

Conservation Science and Practice —Wl LEY | 3of11

the network should be densely connected, that is, with
strong ties between stakeholders, with most groups
being central, and communities being well integrated
into it. We also expected that stakeholders sharing sim-
ilar perceptions about the park would exhibit strong
cohesion and bidirectional information flow. Our find-
ings contribute to a growing body of knowledge for
how to make PA management systems more collabora-
tive and inclusive, adding to the limited number of
existing empirical studies on the social network
dynamics pertaining to natural resources (Alexander
et al., 2015).

2 | METHODS

2.1 | Study system

We studied communities living within and close to
QNP (Province of Cabo Delgado, NE Mozambique;
—12°30'0 S, 39°24'0 E). The human population
(N = 200,000) in QNP lives in 153 villages, of which
57% live within the park and the remainder in the
buffer zone (MITADER, 2012). The QNP governance
structure is composed of a participatory management
body (QNP Management Council), an advisory body
(COMDEQ—Quirimbas Development Committee), the
park administration, and the community councils
(CCP; Figure 1).

Aol of tha Seciaty far Consaranian Biclogy

2.2 | Sampling design

We defined stakeholders as actors conducting activities
within QNP and/or that are involved in decision-making
relating to its natural resources (Greenley &
Foxall, 1997). We collected our data in October 2019
through face-to-face semi-structured interviews and vir-
tual e-mail questionnaires. We conducted a pilot study
during a seminar in September 2019, when local and
national stakeholders were asked to comment and pro-
vide feedback on an initial draft of the survey questions.
These inputs were incorporated into the final question-
naires. We also allowed for updates during the interview
process. Simultaneously, we used the seminar to select
stakeholders by means of a snowball sampling method,
whereby seminar participants were asked to identify and
provide us with the contact information of other potential
stakeholders. This approach was also applied during
interviews to  identify  additional stakeholders
(Hay, 2010). Regrettably, due to time limitations, it was
not possible to interview every potential stakeholder until
no new stakeholders could be identified, a strategy often
recommended for attaining a saturation curve in the
number of interviewees (Hanneman & Riddle, 2005). We
adopted the name-generator questionnaire method
(de Lange et al., 2019), whereby respondents list the
names of people with whom they interact and the fre-
quency of those interactions (i.e., daily, weekly, monthly,
or yearly). We used this method to avoid restricting the

(a) (b)
; Instruments Government level Management body Management
’ councils
National MITADER
mm Government ANAC
. DPTADER-CD
Policy District administrators
Provincial/ District | Park administration o
l Government NGOs E
Private sector el
Researchers s
Laws
Regulations NRMC
Village ccp
Government Community leader
00 km ECTECTES

l

Strategy =

FIGURE 1 (a)Location of Quirimbas National Park (QNP) within Mozambique and the African continent. (b) QNP governance
structure, showing legal instruments, management bodies and councils. (MITADER—Ministério da Terra, Ambiente e Desenvolvimento
Rural (Ministry of Land, Environment and Rural Development); ANAC—Administracio Nacional de Areas de Conservacio (National
Administration for Conservation Areas); DPTADER-CD—Direccao Provincial da Terra, Ambiente e Desenvolvimento Rural de Cabo
Delgado (Provincial Directorate on Land, Environment and Rural Development for Cabo Delgado); NRMC—Comité de Gestao dos Recursos
Naturais (Natural Resource Management Council); CCP—Comité Comunitario de Pescas (Community Fisheries Council); CG-PNQ—
Conselho de Gestao do PNQ (Management Board of QNP); COMDEQ—Comité de Desenvolvimento de Quirimbas (Committee for the

Development of Quirimbas)
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answers to a predefined list of stakeholders and so as not
to overlook important interactions. The drawback of
using this method is that answers are recalled from mem-
ory, but biases can be reduced by increasing the number
of stakeholders interviewed to obtain a better representa-
tion of the network (de Lange et al., 2019). We asked
stakeholders about: (i) their perceptions of the challenges
or threats to QNP; (ii) the benefits QNP is generating;
and (iii) the diversity and frequency of stakeholder inter-
actions (Appendix S1). To obtain information on the
diversity and frequency of stakeholder interactions, we
built upon the questions provided in Moshier et al. (2019).
Participants were informed about the purpose of the
study and that participation was voluntary. Furthermore,
we highlighted that their names would remain anony-
mous and that the results of the study would be pres-
ented in conferences and academic journals. Before their
interviews, the participants were asked to give free and
informed consent to their participation in the study. The
study was previously approved by the Ethics Committee
for the Collection and Protection of Scientific Data
(“Comissdo de Etica para Recolha e Proteccao de Dados
de Ciéncias"—CERPDC) of the University of Lisbon,
Portugal.

We surveyed 40 stakeholder entities: QNP managers
(n = 2), local communities (n = 14), nongovernmental
organizations (n = 11), governmental organizations
(n = 6), private companies (n = 2), tourism operators
(n = 2), and conservation researchers (n = 3).

2.3 | Data analysis

We conducted a preliminary analysis of the survey data
using topic modeling to understand the main topics
stakeholders perceived as important for park manage-
ment. We used these topics as predictors of network
structure (Section 2.3.1). The results of our topic model-
ing are presented in the Supporting Information.

231 | Social network

We used social network analysis to describe the interac-
tions among stakeholder entities involved in managing
QNP. In the network, we differentiate between senders,
that is, entities represented by an interviewee, and
receivers, that is, those named by an interviewee
(Fischer & Jasny, 2017). The ties among network nodes,
that is, the connections between nodes, were weighted by
the interaction frequency on a scale of 1 (yearly) to
4 (daily). We calculated a set of network metrics, namely
network density, average degree, and centrality to

describe the network structure (Marsden, 2002; Table 1).
Analyses were performed using the “igraph” (Csardi &
Nepusz, 2006) and “sna” packages (Butts, 2013) in R
(R Core Team, 2019).

We employed exponential random graph models
(ERG; Robins et al., 2007) to test if the likelihood of an
entity being connected with other entity is higher when
entities shared the same view about the park (topic) and
belonged to the same stakeholder group. In our models,
we considered the number of interactions between two
entities as the dependent variable, and the predictor vari-
ables were the endogenous and exogenous characteristics
of the network (Table 1). First, we identified a well-fitting
model by detecting reliably estimated parameters, and
then we used simulations to evaluate the robustness of
the selected model, that is, how well the model was able
to retrieve the structure of the empirical network. We
examined the effect of predictor multicollinearity by esti-
mating the variance inflation factor (VIF), with VIF >3
indicating excessive multicollinearity. We calculated VIF
>2.15 for all model terms (Table S2), so all variables were
included in our model. We used Markov Chain Monte
Carlo simulations to perform likelihood-based inference
and to estimate goodness-of-fit statistics (Hunter
et al., 2008). ERG models were developed in R using the
package “statnet” (Handcock et al., 2008).

2.3.2 | Embeddedness of local communities
in the network

We assessed network structure and composition of local
communities by deriving an egocentric network of those
entities from the “full” network, that is, we selected
nodes representing local communities and those nodes to
which they were directly connected (Everett &
Borgatti, 2005). Community nodes could include locali-
ties, villages, civil societies (e.g., natural resources com-
mittees), or simply the local community in general. We
calculated the same metrics as those presented in Table 1
for this egocentric network.

3 | RESULTS

3.1 | Social network

The QNP social network consisted of 70 entities con-
nected by 124 ties (Figure 2). We found that the mean
frequency of interactions was 2.1, that is, most of the
interactions were on a monthly basis. The density of the
network was 0.02, meaning that only 2% of the potential
ties are in fact being formed. On average, entities had
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TABLE 1 Network descriptor statistics and predictor variables used in the exponential random graph model

Variables

Network metrics Size

Diameter

Average path length
Density

Degree centrality

Average degree
In-degree centrality
Out-degree centrality
Betweenness centrality

Reciprocity
Eigenvector centrality

Heterophily

External-Internal (E-I) index

ERG predictors
Endogenous Edges
Mutual

Geometrically weighted outdegree
distribution (Gwodegree)

Geometrically weighted edgewise
shared partners (Gwesp)

Exogenous Outdegree centrality (Nodeofactor)

Homophily (Nodematch)

three ties (average degree = 3.2), with <5% being bidi-
rectional (reciprocity = 0.048). The network diameter
was 20, and the average path length was 2.78. The aver-
age likelihood that information created anywhere in
the network reached an entity was 9% (degree central-
ity = 0.09), with the probability of a node receiving
information being 16% (in-degree = 0.16) and to pro-
vide information it was 12% (out-degree = 0.12). We
identified that QNP managers, NGOs (WWI' and
OIKOS) and the district government exhibited the
highest degrees of centrality (Figure 2a). QNP man-
agers, NGOs, and the private sector displayed the
highest out-degree centrality (Figure 2c), and the dis-
trict government, communities, and NGOs presented
the highest in-degree centrality (Figure 2b). We also

Definition
Total number of entities in the network

The geodesic distance between all pairs of entities in the
network

The average shortest path between two entities

The number of interactions an entity has, divided by the total of
possible interactions an entity could have. Measure of
cohesiveness of the network.

Number of direct interactions held by each entity. Measures the
connectiveness of an entity or network.

The average number of interactions per entity/network
Number of interactions other have initiated with an entity
Number of interactions an entity has initiated with others
The number of shortest paths going through an entity.

Measure of the likelihood of interactions in a directed network
to be mutually linked

The degree of connection to other important entities. Measures
the influence of an entity.

Tendency to connect to nodes which have different attributes

Proportion of ties between groups with different attributes by the
proportion of ties within groups with similar attributes. Higher
the E-I index, higher the heterophily of the group.

Number of edges in a network. Reveals network cohesion
Tendency for nodes to return the interaction (reciprocity)

Tendency to receive additional outgoing edges if node already
has many edges

Parameter that represents the number of nodes to whom both
nodes in that edge are tied. Capture patterns of closure/
clustering

Tendency to receive more outgoing edges based on the specified
node attributes

Tendency to connect to nodes which have similar attributes

detected very low betweenness centrality (betweenness
centrality = 0.06), indicating that the QNP social net-
work has a low number of nodes that work as bridges.
The main bridge entities were QNP managers, followed
by three NGOs (Aga Khan, WWF, and OIKOS) and the
conservation researchers (UniLurio) (Figure 2d). Lastly,
the nodes with the highest eigenvector-centrality, that
is, those connected to very influential nodes, were the
QNP managers, WWF, and OIKOS, as well as the dis-
trict government. The nodes of conservation
researchers, the private sector and communities were
also influential (Figure 2e), but not to the same degree
as the QNP managers, NGOs, and district government.
The External-Internal (E-I) Index was 0.48, meaning
that interactions were stronger between stakeholder
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Community
Government
NGO

Private Sector
QNP
Researchers
* Tourism

FIGURE 2 Quirimbas National Park stakeholder network, in which each node represents an entity from a stakeholder group
(represented by different colors). We mapped the network so that nodes are symbolized according to the type of stakeholder group to which
the entity belongs. We only display the nodes with a frequency greater than the mean frequency of the network. Node size represents (a)
degree centrality, (b) in-degree centrality, (c) out-degree centrality, (d) betweenness centrality, and (e) eigenvector centrality. Tie width
represents interaction frequency (thickest—daily interactions; thinnest—yearly interactions). The arrow represents the direction of the
interaction (i.e., unidirectional or bidirectional)

TABLE 2 Exponential random graph model results for the likelihood of interactions established between entities of different

stakeholder groups
Predictor variables Coefficient Std. error p-value OR (95% CI)
Edges —3.86 0.18 <.001 0.02 (—4.20, —3.51)
Gwodegree —2.84 0.41 <.001 0.06 (0.53, 1.22)
Gwesp 0.88 0.18 <.001 2.41 (—3.66, —2.03)
Nodeofactor: Topic cluster 2 0.39 0.12 .001 1.48 (0.15, 0.63)
Nodeofactor: Topic cluster 3 0.24 0.33 47 1.27 (—0.41, 0.89)
Nodeofactor: Topic cluster 4 0.66 0.24 .005 1.93 (0.19, 1.13)
Nodematch: Topics 0.56 0.22 .01 1.76 (0.13, 1.01)
Nodematch: Stakeholder group —0.29 0.23 23 0.75 (—0.75, 0.18)
Mutual 0.16 0.63 .79 1.17 (—1.06,1.38)

Note: Edges, reciprocity, geometrically weighted out-degree distribution (Gwodegree), and geometrically weighted edgewise shared partners (Gwesp) are
endogenous effects while the node outdegree effects (Topic 2, Topic 3, Topic 4), homophily (Topics), and homophily (Stakeholder group) relate to the
exogenous covariales effects on the established interactions. For every tested predictor variable the coeflicient value, standard error, p-value, odds-ratio (OR),
and 95% confidence interval (95%C1) were calculated. The predictor variables are ordered by the magnitude of contribution to the model.

groups (heterophily = 0.74) than within groups  the empirical network (Figure S4). The best model to test
(homophily = 0.26). if the likelihood of an entity being connected with other
entity is higher when entities shared the same view about
the park (topic) and belonged to the same stakeholder
3.2 | Modeling the stakeholder network group (Table 2) had a negative coefficient for edges and a
geometrically weighted out-degree, together indicative
Our ERG model displayed high goodness-of-fit, indicat-  of a sparse and skewed network in which a few actors
ing that the model adequately retrieved the structure of  have a disproportionately high number of outdegree ties.
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FIGURE 3 Egocentric network for nodes
labeled as “Community” in the overall
stakeholder network. The nodes represent
entities from a stakeholder group (represented
by different colors), with nodes identified as
“Community” being the “ego nodes™ and other
nodes being the “alter egos™ with first-order [
interactions with the ego nodes. The width of
the ties represents the interaction frequency
(thickest—daily interactions; thinnest—yearly
interactions). The arrow represents the direction
of the interaction (unidirectional or
bidirectional)

The structure of the network was also positively influenced
by shared partners (Gwesp), capturing the existence of clus-
ters within the network. In addition, the model showed
within-topics homophily, implying that entities are strongly
and closely connected (all ties are exhibited) when they
shared the same view. Lastly, the outdegree of the network
was better explained by a positive effect of the topics “Deliv-
ery of basic needs services,” “Relationship with the Park,”
and “Management challenges,” as well as “Rethink the
Park” (topic modeling is presented Appendix S2). The
effects of all other factors were not significant.

3.3 | Network embeddedness of local
communities

The communities-focused egocentric network included
33 entities and 49 ties, with an average degree of 1.5 ties
per entity, and had a diameter of 9 and a density of 0.048.
These entities presented a 13% likelihood of accessing
information shared in the network (degree centrality),
and a very low betweenness centrality of 0.03, evidencing
the lack of bridges in this network (Figure 3). Notably,
QNP managers and NGOs were peripheral nodes lacking
ties with community members, despite QNP managers,
the district government, and communities generally
being the most central nodes in the overall QNP stake-
holder network.

Aol of tha Seciaty far Consaranian Biclogy
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4 | DISCUSSION

We set out to understand the structure of the stakeholder
social network of the QNP management system and the
placement of local communities within that system. We
found local communities to be well integrated in the net-
work, with strong bonding across stakeholders holding
similar perspectives about the park. However, despite
their central role, local communities mostly acted as
information receivers, only interacting with the district
government. In general, the QNP stakeholder network
was sparse, lacking bidirectional communication, and
displaying low knowledge transfer among entities.

The low density of the QNP network, with just 2% of
all possible interactions being established, suggests high
disaggregation and low connectivity between stake-
holders (Plummer, 2009). In fact, very little information
flow (9%) reaches the actors of the stakeholder network,
perhaps because the large physical distance between enti-
ties makes it difficult to meet, even once a month. Never-
theless, we detected information flow between
stakeholder groups sharing similar perceptions of the
park, despite the expectation that this would only occur
in a denser network (Plummer, 2009). These results indi-
cate that the QNP network meets the required design for
knowledge sharing between stakeholders (Wolfer
et al., 2015). However, this low sharing of knowledge
could isolate some groups even further; this could cause
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some groups to become detached from decision-making,
thereby fostering distrust and social and political conflicts
(Wélfer et al., 2015), as well as uncooperative behavior
(Berardo & Lubell, 2016). In the case of QNP, such
detachment does seem to be occurring, as entities already
very isolated only have a few interactions with less influ-
ential actors (i.e., entities with the lowest eigen-vector
centrality also have the lowest degree-centrality, as
observed for some communities, NGOs, and tourism
operators). If segregated in this way, the likelihood of
entities participating in decision-making or being
informed about park policies diminishes (Wolfer
et al., 2015). Contrary to our expectations, the functional
roles of QNP stakeholders had no bearing on communi-
cation, as demonstrated by the weak bonding and high
bridging characteristics of the network (Plummer &
Fitzgibbon, 2006). Bridging emerges in a network when a
few entities are markedly more active in the system, such
as is the case for the QNP managers, NGOs and the dis-
trict government. Accordingly, our findings suggest that
the QNP network is a low risk system, especially since
low risk systems tend to form bridging structures rather
than bonding (Berardo & Lubell, 2016). IHowever, for a
functional network to persist long-term, bridges still need
to be created between entities.

The popular actors in the QNP social network, and
consequently those more integrated in the system, are
the QNP managers, some NGOs, and the district govern-
ment. The absence of a single authority figure in the net-
work evidences decentralization and integration of the
various stakeholder groups (Dwyer & Iodge, 2016),
which is a positive feature. Ilowever, the very low aver-
age bidirectionality (5%) in this network demonstrates
that greater efforts at integration are needed. The ratio of
in- and out-degree interactions suggests that local com-
munities exhibit the major mismatches, receiving a rea-
sonable number of interactions but giving too few. In
contrast, the QNP managers and NGOs disperse more
information in the network, but receive much less. Previ-
ous studies have shown that local elites, typically politi-
cians and the private sector, but potentially also park
managers and international NGOs, often leave communi-
ties badly informed and with a passive role in PA opera-
tions (Wertz-Kanounnikoff et al., 2014). From the
perspective of QNP, the directionality we observed in
information flow limits the capacity of the overall stake-
holder network to receive information from its local com-
munities and interact with them. From the perspective of
the communities, this lack of information flow is a bar-
rier for their aspirations and needs to be heard and con-
sidered. This mismatch could seriously limit the
effectiveness of the QNP management plan, possibly
impairing acceptance of its implementation and

increasing community vulnerability (Le et al., 2012), cre-
ating circumstances in which conservation conflicts
could arise. Local NGOs are expected to act as bridges
between communities and authorities (Gross, 2017), yet
they are not fulfilling that role adequately in QNP, poten-
tially due to the short-term nature of their funding and
temporary projects (Gross, 2017).

Interestingly, QNP communities mainly communi-
cate with the district government, rendering it the main
channel by which information is disseminated from local
communities and in line with its expected role (Province
et al., 2003). Problems of miscommunication between PA
communities and governments have been identified
before (Soto et al., 2001), and this issue seems to exist in
the QNP network, with its communities expressing many
ways by which they feel that communication regarding
the park is failing. First, communities feel inadequately
informed about park legislation and do not feel inte-
grated in the management of the park, an issue they have
in common with other PAs (e.g., Virtanen, 2005; Wertz-
Kanounnikoff et al., 2014). Second, communities would
like to understand the fate of the 20% of the park reve-
nues that their are legally entitled to receive, i.e. how are
these 20% being used and how can communities access it.
Only 4 of the 13 villages we visited mentioned receiving a
fraction of park revenue on a regular basis. This lack of
revenue sharing could have arisen because some local
communities lack an organized and formalized natural
resource management committee, as required by national
law, as well as a lack bank account, which would enable
them to receive the revenues they are entitled to
(Norfolk, 2004). Furthermore, QNP generates very little
revenue (MITADER, 2012), which is insufficient to share
with all communities. Alternatively, corruption and
vested interests within the local communities may pre-
vent the distribution of the revenue to community mem-
bers (Grossmann et al., 2020). Thus lack of information,
transparency, and tangible benefits from QNP may
strongly affect the willingness of its communities to
actively engage in the network and participate collabora-
tively (Ullah & Kim, 2020). Moreover, these impediments
may also affect bonding between villages, potentially
restricting implementation of the management plan
(Alexander et al., 2015).

Despite our finding that QNP communities are some-
what involved in park management, our results should
be interpreted with caution. First, we could not interview
all stakeholders in the PA, resulting in an incomplete
network and nonresponding nodes (i.e., those lacking
outgoing ties). Second, we used a recall approach, which
could have resulted in misreported or unreported ties
(Guerrero et al., 2020). To circumvent this limitation, we
used metrics robust to missing data (e.g., in-degree
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centrality) and robust analysis (ERG; Robins et al., 2007).
Third, we assumed that the perceptions of respondents
were transmitted as information or knowledge in the net-
work, but we could not validate that assumption. Fourth,
our modeling analysis is static, solely representing a
snapshot of the QNP stakeholder network (Berardo &
Lubell, 2016).

Generally, a primary objective of PA management is
to foster a culture of trust and collaboration, in which all
stakeholders are actively engaged and involved in a
decentralized decision-making process. Theoretically,
such a structure would have major benefits in terms of
meeting both conservation and livelihood goals, yet in
many cases such networks have not been attained. Iere,
we have shown quite substantial communication flow
among stakeholder groups in QNP. Regrettably, informa-
tion flow is not even throughout the stakeholder net-
work, with some actors, such as the QNP managers and
NGOs, being more central, whereas local communities
remain peripheral and act as receivers rather than
senders of information. Moving forward, although our
results indicate that the network structure of QNP stake-
holders might possess some of the desired characteristics
for protected area management, the fact that there is no
flow of information from the communities to the park
suggests that there is a need for more inclusivity. For
instance, we propose that it will be crucial that NGOs
and QNP managers act as stronger bridging entities by
facilitating better bidirectional communication regarding
rules and revenues of the park. We also suggest that fur-
ther analyses could improve our understanding of trust
and collaboration beyond what is presented in our analy-
sis, and how can they play a role in meeting concurrent
goals of biodiversity conservation and improvement of
community livelihoods.
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