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Abstract: The conservation and management of natural resources operates in social–ecological systems in
which resource users are embedded in social and environmental contexts that influence their management
decisions. Characterizing social networks of resource users can be used to inform understanding of social
influences on decision making, and social network analysis (SNA) has emerged as a useful technique to explore
these relationships. We synthesized how SNA has been used in 85 studies of natural resource management. We
considered how social networks and social processes (e.g., interactions between individuals) influence each
other and in turn influence social outcomes (e.g., decisions or actions) that affect environmental outcomes
(e.g., improved condition). Descriptive methods were used in 58% of the studies to characterize social processes,
and 42% of the studies compared multiple networks or multiple points in time to assess social or environmental outcomes. In 4 studies, authors assessed network interventions intended to affect social processes or
environmental outcomes. The heterogeneity in case studies, methods, and analyses preclude general lessons.
Thus, to structure and further learning about the role of social networks in achieving environmental outcomes,
we created a typology that deconstructs social processes, social outcomes, and environmental outcomes into
themes and options of social and ecological measures within each. We suggest shifts in research foci toward
intervention studies to aid in understanding causality and inform the design of conservation initiatives. There
is a need to develop clearer justification and guidance around the proliferation of network measures. The
use of SNA in natural resource management is expanding rapidly; thus, now is the time for the conservation
community to build a more rigorous evidence base to demonstrate the extent to which social networks can
play a role in achieving desired social and environmental outcomes.
Keywords: biodiversity conservation, environmental outcome, intervention, network metrics, social network
analysis, social outcome, social process, theory of change
Uso de la Investigación en Redes Sociales para Mejorar los Resultados del Manejo de Recursos Naturales

Resumen: El manejo y la conservación de los recursos naturales operan en los sistemas socio-ecológicos en
los que los usuarios de recursos están inmersos en contextos sociales y ambientales que influyen sobre sus
decisiones de manejo. La caracterización de las redes sociales de los usuarios de recursos puede usarse para
informar al entendimiento de las influencias sociales sobre la toma de decisiones, y el análisis de redes sociales
(SNA, en inglés) ha surgido como una técnica útil para explorar estas relaciones. Sintetizamos cómo el SNA se
ha utilizado en 85 estudios sobre el manejo de los recursos naturales. Consideramos cómo las redes sociales
y los procesos sociales (p. ej.: las interacciones entre los individuos) influyen uno sobre el otro y en cambio
influyen sobre los resultados sociales (p.ej.: decisiones o acciones) que afectan a los resultados ambientales
(p. ej.: mejorı́a en las condiciones). Se usaron métodos descriptivos en 58% de los estudios para caracterizar los
procesos sociales, y el 42% de los estudios compararon múltiples sistemas o múltiples puntos en el tiempo para
evaluar los resultados sociales o ambientales. En cuatro estudios los autores evaluaron las intervenciones en
los sistemas con la intención de afectar a los procesos sociales o los resultados ambientales. La heterogeneidad
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en los estudios de caso, los métodos y los análisis excluye a las lecciones generales. Ası́, para estructurar y
aprender más sobre el papel de las redes sociales en la obtención de resultados ambientales, creamos una
tipologı́a que desensambla a los procesos sociales, los resultados sociales, y los resultados ambientales hasta
volverlos temas y opciones de medidas sociales y ecológicas dentro de cada uno. Sugerimos cambios en los
focos de investigación hacia estudios de intervención para apoyar en el entendimiento de la causalidad e
informar el diseño de las iniciativas de conservación. Existe una necesidad para desarrollar una justificación
y dirección más claras alrededor de la proliferación de medidas de sistemas. El uso del SNA en el manejo
de recursos naturales se está expandiendo rápidamente; por lo tanto, ahora es el momento para que la
comunidad de la conservación construya una base de evidencias más rigurosa para demostrar el alcance
hasta el cual las redes sociales pueden tener un papel en la obtención de los resultados sociales y ambientales
deseados.

Palabras clave: análisis de redes sociales, conservación de la biodiversidad, intervención, medidas de sistema,
proceso social, resultado ambiental, resultado social, teorı́a del cambio
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Introduction
Effective and sustainable management of natural resources by communities or private individuals is an essential factor in reducing the loss of biodiversity, complementing or enhancing protected areas, and enabling
landscape-scale conservation approaches that target important natural ecosystems (Gutiérrez et al. 2011; Stolton
et al. 2014). Natural resource management (NRM) can be
viewed as functioning within social–ecological systems
(Berkes & Folke 1998), with resource users or managers
embedded in broader social, political, and environmental contexts that influence their management decisions
(Chaffin et al. 2016). To encourage individuals to conserve biodiversity, mechanisms and programs have been
developed that range from regulatory restrictions imposed on resource use to voluntary strategies adopted by
willing resource users (Rydin & Falleth 2006; Kamal et al.
2015). Given the extent of private lands in many countries
and the pressing need to sustainably manage commonpool resources, there is much scholarly interest in what
influences individual or collective motivations and decisions to engage in conservation initiatives (Knowler &
Bradshaw 2007; Chaffin et al. 2016).
Whether complying with existing norms of resource
use or participating in new conservation initiatives, individuals need the necessary awareness, attitude, and
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capacity to implement those actions (Honig et al. 2015).
This involves learning about new management options
(Pannell et al. 2006), forming attitudes about the best
options for their situation (Lawrence & Dandy 2014),
shifting their management practices (Stroman & Kreuter
2015), and committing to conservation approaches long
term (Dayer et al. 2018). Acquiring information, improving capacity, and changing attitudes can come about
through social interactions, such as communication with
family or neighbors (Borgatti & Halgin 2011). Thus, the
decision of whether to take on and commit to a conservation initiative is influenced in part by the social networks
of the individual (Kittredge et al. 2013).
The ways in which an individual’s behavior can be
influenced by their relationships with others has generated interest in understanding social networks; many
disciplines seek to identify how these networks might be
leveraged to promote desirable behaviors (Wasserman &
Faust 1994; Valente 2012). To analyze relationships, social network analysis (SNA) examines who is connected
to whom in a system, how they are connected, and to
what extent those connections enable the movement
of ideas and information or influence the beliefs and
behaviors of the individuals comprising it (Valente &
Davis 1999; Borgatti & Halgin 2011). In SNA concepts
from graph theory are used to construct networks in
which nodes often symbolize actors (e.g., individuals,
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organizations) and ties between the nodes symbolize
ways in which actors are connected (e.g., friendship,
movement of materials [Borgatti et al. 2009]). Networks
can be visualized from the perspective of individuals
(actors) and their connections, known as egocentric
networks, or visualized as whole networks, where the
position of individuals are viewed relative to each other
(Wasserman & Faust 1994). Network structure can
then be described by calculating various metrics that
characterize individuals, subgroups, or the network as a
whole (commonly used metrics described in Supporting
Information).
Social network analysis expanded initially in the fields
of psychology, anthropology, and sociology (Prell 2012),
and while arguably a theory in itself (Borgatti & Halgin
2011), SNA has also offered a lens through which other
concepts and theories can be further analyzed, such as
social capital (Burt 2000) and diffusion of innovations
(Valente & Davis 1999). It has been applied across many
disciplines, including public health (Latkin & Knowlton
2015), economics (Wilkinson 2006), and education (Cela
et al. 2015), and increasingly within the context of NRM
(e.g., fisheries, forestry) and governance (e.g., comanagement of resources) as a way to understand learning and
collaboration toward sustainable resource use (Bodin &
Prell 2011). Crona et al. (2011) describe several theories that apply within natural resource governance and
management, such as social learning, social influence,
social movements, and social capital. Social interactions
are fundamental to these theories; thus, “SNA can be used
[for example] as a tool to identify actors for participatory
processes, [or] it can serve as an analytical tool to understand an ongoing collaborative resource governance
process or why an adaptive co-management initiative
has stalled” (Crona et al. 2011:48). This enhanced understanding would ideally lead to improved management
or governance processes.
Analyzing network structure in other fields has generated insights into how networks influence social processes and outcomes (Borgatti & Halgrin 2011). This and
other work within NRM and social–ecological systems
can be described through a theory of change in which
network characteristics and social processes that influence each other can, in turn, influence social outcomes
that affect environmental outcomes (Fig. 1). A social process is an approach or activity that involves interactions
between people or organizations (e.g., communication
[Bardis 1979]) that can be influenced by and serve to form
the structure of a social network. That is, social processes
can influence network structure (e.g., through the formation of new connections [Snijders et al. 2010]) and network structure (e.g., presence of subgroups) can likewise
influence social processes (e.g., information transfer). Social outcomes result from social processes and could be
a decision or change in behavior (e.g., participating in
a conservation program) or an achievement or level of
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Figure 1. A conceptual diagram of a theory of change
that links social networks, processes, and outcomes.
Direction of arrow indicates direction of influence.
Social networks may influence or be influenced by
social processes (e.g., communication), leading to
social outcomes (e.g., change in behavior) which may
then influence environmental outcomes (e.g., fewer
invasive species).

performance (e.g., access to funding [Borgatti & Halgin
2011]). These social outcomes are sometimes more akin
to what the conservation-science literature describes as
outputs (e.g., number of kilometers fenced [Hockings
2003]); however, we preserve the terminology used in
the network-theory literature to avoid confusion (Borgatti & Halgrin 2011). Social outcomes that result in a
desirable activity being conducted should ultimately lead
to desirable environmental outcomes (Eklund & Cabeza
2017) (Fig. 1).
At the core of our theory of change is the concept
that network structure is associated with particular
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social processes or outcomes, which paves the way for
exploring how changes to the network may influence
those outcomes (Valente 2012). There is evidence from
other fields that network interventions—purposeful
changes to social networks—can be used successfully
to influence social processes and shape social outcomes
(e.g., decreasing intentions to smoke [Valente et al.
2003], increasing social participation [Howarth et al.
2016], and improving local-level adaptation to climate
change [Serrao-Neumann et al 2013]). In a health
context, a social outcome of lower rates of smoking is
motivated by a desired health outcome (Valente et al.
2003), whereas in the context of NRM or biodiversity
conservation, the desired outcome is a positive change
in environmental or ecological condition (Koontz &
Thomas 2006). For example, the decision by landowners
to enroll in a conservation program, influenced in part
by their interactions with others (a social process), and
landowners’ implementation of the actions prescribed in
that program (a social outcome) ideally enhance species
abundance on the property (an environmental outcome)
(Fig. 1).
Given the evidence from other fields that social network data can be used to design interventions that shift
attitudes and behavior toward desired outcomes (Valente
2012; Latkin & Knowlton 2015), we investigated how
social networks have been studied and used in NRM to
better understand or achieve desired social and environmental outcomes with the goal of the conservation of natural resources. Through an extensive search and review
of social network research in the context of the NRM
and conservation literature, we assessed how the existing body of research is positioned, relative to our theory
of change, to inform conservation efforts. To structure
the diversity of concepts and approaches found in this
literature, we devised a typology that organizes themes
and outlines possible measures to address key elements
within this theory of change. With the recent expansion in SNA research, this review is timely to consolidate
learnings, reveal knowledge gaps, and provide direction
for research that is needed to advance concepts of social
networks in environmental management and biodiversity
conservation.

Methods
We searched the published literature to identify studies that used SNA (the calculation of metrics to quantify elements of network structure) in the context of
the conservation and management of natural resources,
particularly by private individuals or through collective
action to manage communal resources. Our aim was to
review the use and findings of SNA in NRM to determine
what lessons can be drawn from this literature about the
influence of social network characteristics on social and
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environmental outcomes and whether the lessons could
inform initiatives to promote more effective biodiversity
conservation by individuals with the direct ability to conduct on-the-ground management.
Search and selection criteria
Using Scopus and Web of Science online databases,
which encompass natural and social sciences, we
searched articles published in all years through 15 January 2018. We scanned for search terms used in article
titles, abstracts, and keywords. We used social network
and network analysis as key search terms because social
network analysis tended to overly restrict the results.
Several terms covering various resource conservation
and management situations helped balance the breadth
and precision of search results. Specifically, we searched
for “social network∗ ” AND each of the following terms
in turn: biodiversity, conservation, “eco∗ mange∗ ”,
“eco∗ service∗ ”, “natural resource manage∗ ”. We then
searched for “social network∗ ” AND enviro∗ AND each
of the following: agri∗ , agro∗ , fish∗ , forest∗ , marine,
rangeland, soil, water, wood∗ . We searched “network
analysis∗ ” AND each of the following terms in turn: “eco∗
manage∗ ”, “eco∗ service”, “natural resource manage∗ ”.
We then searched for “network analysis∗ ” AND social
AND each of the following: agri∗ , agro∗ , biodiversity,
conservation, fish∗ , forest∗ , marine, rangeland, soil,
water, wood∗ . Finally, we searched for “egocentric network” to capture any remaining relevant articles.
Natural resource management is a broad field with
numerous research foci and scales of inquiry, and the
study of social networks within NRM is similarly diverse. To enable comparison among or generalizations
across studies given the wide range of objectives and
methods used in the literature, we retained studies from
the search results if they met all of the following criteria: used social network analysis (qualitative or quantitative) as part or all of the data analysis to better understand a population of interest; provided sufficient
methodological details; and represented people or organizations in the network nodes, some or all of whom
were local-level actors with direct ability to manage resources. Additionally, we focused on natural resource
governance, management, or conservation, with the aim
of improving biodiversity conservation or sustainable resource use. This criterion served to exclude studies on
resource management for the primary purpose of increasing productivity or financial capacity and a range of
other research foci such as energy consumption or food
security.
Data extraction and synthesis
We synthesized the reviewed articles at 2 levels. Broadly,
we included all relevant articles and produced an
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overview of the research field that includes progress toward validating the theory of change (Fig. 1) and use
of network interventions. To that end, we extracted
details from the 85 studies including publication year,
location, conceptual framework, data-collection methods, network features, and general conclusions. We categorized the studies according to broad method (i.e.,
whether authors described the structure of one or more
networks or subgroups using network measures [descriptive]), whether networks were compared across multiple
people, groups, or subgroups that displayed different processes or outcomes (compare across groups), or whether
1 or more networks or subgroups were compared across
multiple periods (compare across time). Using the theory
of change (Fig. 1), we then classified studies as addressing social process, social outcome, or environmental outcome. Although few authors used these specific terms,
the intentions were discerned from the stated goals or
analyses (e.g., to what were the researchers trying to
correlate network characteristics). Although all studies
included aspects of social process (e.g., in measuring interactions between people), within the theory-of-change
classification, we were particularly interested in the proportion of studies that moved beyond social process in
the analysis. To provide further distinction in the types of
social processes examined in the studies, we categorized
all studies into 4 themes based on study objectives and
analyses: flow of information or resources, social learning, social influence, and collaborating. These themes
help distinguish among appropriate measures in the typology discussed later.
The variability in study design and analyses across the
reviewed studies resulted in a wide array of network
metrics calculated and prevented meta-analysis of SNA
findings. However, for a subset of sufficiently similar
studies, we undertook a finer-scale analysis in which we
summarized the network metrics used to characterize
the network. Studies within a management context and
focused on private or communal resources were included
in the subset (Supporting Information).

Typology of processes and outcomes
Relative to the theory of change, we created a typology that deconstructs social processes, social outcomes,
and environmental outcomes into themes and options of
measures within each. The goal of this typology was to
ease classification of the types of themes discussed in the
literature and provide illustrative examples and possible
measures that could help researchers identify or better
target the element of the theory of change their studies
address. This is not intended to be an exhaustive list;
rather, we offer suggestions of how the themes could
be quantified for analysis and provide guidance for researchers new to the subject.
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Results
Our searches initially returned 4,781 articles (number
of articles per search term in Supporting Information).
We retained 572 articles based on reading the titles and
abstracts. Further reading confirmed 85 articles were relevant, and we retained these for data extraction and synthesis. The 85 reviewed articles (full list, extracted data,
and categorizations in Supporting Information) were published from 1992 to 2018; 86% were published during
or after 2010, indicating SNA is a relatively nascent research area within conservation and NRM fields of study.
Research was conducted in 35 countries on local- to
international-scale issues related to marine, coastal, or
terrestrial resources. Network theory was the primary
framework for one-quarter of the studies, whereas the
remainder used SNA as an analytical tool within other
frameworks, such as diffusion of innovations or social
capital. Therefore, SNA was often one of several analytical tools used within a study. Analyzes occurred for
single whole networks (55% of studies), 2 or more distinct
whole networks (31%), or multiple separate egocentric
networks (14%).
Actors (types of nodes) included individuals in direct
control of on-the-ground work or decisions (e.g., farmers, fishers) and organizations or other stakeholders in
positions to influence resource use and management by
creating policy or programs but that were not themselves
direct managers. Forty-seven percent of studies focused
on direct-only actors, whereas 53% of the studies included both direct and indirect actors. Questions used
to elicit information on the number and type of connections between actors (network ties) varied considerably.
Three of the more common types of ties can be generalized as exchange of information or knowledge (29% of
studies), communication (24%), and collaboration (15%).
The number of connections within a network was determined by various methods or combinations of methods.
Most approaches relied on an individual’s ability to freely
recall their interactions, with or without prompts by the
researcher, whereas others used rosters as a recognition
method. The number of ties were either all inclusive or
bounded by an upper limit (“list up to 5 people . . . ”)
or period (“within the past 2 years . . . ”) or they were
reduced according to the strength of connections (e.g.,
limiting analysis to strong ties). Network data in most
studies were collected through commonly used qualitative or mixed method approaches, such as semistructured
interviews, participant observations, or focus groups,
to aid interpretation of the network connections and
context.
Most studies (64%) used SNA to characterize a type of
social process, whereas fewer studies attempted to link
SNA results with social outcomes (29%) or environmental
outcomes (7%; Table 1). Six of the 54 studies classified as
characterizing social process did so within a system that
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Table 1. Examples from reviewed studies of social processes (grouped into one of 4 themes), social outcomes, and environmental outcomes.
Social-process themea

Example research findingsb

Flow of information, knowledge, or resources (13 studies)
social process (n = 8)
Relative to local farmers, migrant farmers have larger networks, more connections across distinct
community groups, and more knowledge about proenvironmental management practices, which
makes them well-positioned to exchange information about such practices (Isaac et al. 2014).
social outcome (n = 4)
Communication patterns in a fishing community show deep-sea fishers occupy central positions in
the knowledge network, but their lack of awareness of declining fish stocks in the area means
ecological information is not being passed through the network, which may explain the
community’s lack of collective action to rectify their unsustainable use of resources (Crona &
Bodin 2006).
environmental outcome
Rates of shark bycatch suggest one ethnic group of fishers are using better shark bycatch avoidance
(n = 1)
behaviors than other groups, but the lack of information sharing between groups appears to limit
the diffusion of such behaviors to other groups (Barnes et al. 2016).
Social learning (11 studies)
social process (n = 4)
Scientists and managers who work on fish- and fire-management issues show a lack of social
interaction, illustrated by the limited number of ties between the groups, which may limit the
opportunity for generation of new knowledge, learning, and innovation (Fischer et al. 2014).
social outcome (n = 6)
The networks of landholders who adopted the practice of field-edge habitat plantings had ties to
other landholders and agencies that provide technical support, whereas networks of nonadopters
included only one of those groups, suggesting the importance of multiple learning pathways
(Garbach & Long 2017).
environmental outcome
Comparing several cultural groups living off rainforest habitat suggests sustainable use of resources
(n = 1)
(based on measures of forest ecosystem function) correlate with social networks that include
people who are important sources of social support and knowledge (Atran et al. 1999).
Social influence (25 studies)
social process (n = 13)
Stakeholders in a forest-management planning process show a disconnect between their perceived
level of influence and actual power as determined by their communication activity (i.e., the
number of incoming and outgoing ties of each stakeholder in the network [Paletto et al. 2016]).
social outcome (n = 9)
Stakeholders’ opinions about land management are less influenced by their particular organizational
affiliation or category (e.g., conservationist vs. farmer) and more by whom they speak with on a
regular basis (Prell et al. 2010).
environmental outcome
Cooperation within local networks and access to new ideas through external connections are
(n = 3)
needed for successful adoption of agricultural practices that improve land use and diversity (Isaac
& Matous 2017).
Participating, cooperating, collaborating (36 studies)
social process (n = 29)
Social network analysis illustrates collaborative connections among coastal-management
practitioners and suggests that decentralized networks with well-positioned individuals who can
facilitate information and resource exchange may strengthen the process of ecosystem-based
management (Smythe et al. 2014).
social outcome (n = 6)
Assessing ecosystem-based management outcomes stemming from different planning processes
shows that collaborative networks with similar overall network characteristics can achieve
different outcomes and networks with different characteristics can achieve similar outcomes.
Thus, different causal pathways can contribute to accomplishing desirable ecosystem-based
management (Bodin et al. 2016).
environmental outcome
Labor-exchange networks help maintain close connections among swidden farmers, which limits
(n = 1)
establishment of new settlements in pristine areas and slows overall rates of deforestation
(Downey 2010).
a Number
b Full

in parentheses is number of reviewed studies categorized per theme or outcome.
∗∗∗∗∗
citations and remaining studies are listed in Supporting Information.

was considered successful or unsuccessful in some manner (e.g., lack of collective action). However, because no
clear description or supporting evidence was provided
for this potential outcome measure, they remained in
the social-process category. Relative to general method
(Fig. 2), 58% used descriptive methods, primarily to characterize social processes (47 studies; e.g., described structure of social networks to understand flow of information) or social outcomes (2 studies; e.g., describe a single
network that reached a particular outcome as a group).
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Fewer studies (34%) compared across separate networks
or subgroups within a single network (Fig. 2), the majority of which attempted to correlate network metrics
with different social (e.g., land-use decisions [Kittredge
et al. 2013]) or environmental outcomes (e.g., species
richness of trees [Isaac 2012]) (Table 1). Seven studies
characterized networks across >1 period to assess network dynamics (Fig. 2), 4 of which used participant recall
to determine network connections for the earlier periods
and 3 of which collected data at each period.

Groce et al.

59

Figure 2. Number of reviewed studies (n =
85) in each method category (descriptive,
compare across groups, compare across
time) grouped by their focus on social
process, social outcome, or environmental
outcome.
Only 4 studies assessed networks before and after an
intervention, such as establishing a bush-fire planning
procedure (Brummel et al. 2012) and providing mobile
phones to Ethiopian farmers to examine the impact
on information-seeking activity (Matous & Todo 2015).
Although interventions were rarely evaluated, many
authors (39 studies) commented on how altering the
networks may improve structural characteristics (e.g.,
increased connectivity) and thus possibly the outcomes.
Suggested alterations included establishing new projects
(Berdej & Armitage 2016) involving influential individuals
as stakeholders in management decisions (Prell et al.
2009) or actively creating new connections among
existing network nodes (Vance-Borland & Holley 2011).
Thirty-nine studies (46%) addressed both a management context and privately owned (e.g., famers, 24 studies) or common pool (e.g., fishers, 15 studies) resources.
Network metrics in this subset varied (Table 2). We distinguished between egocentric or whole networks (because
the metrics differed) and the 4 social-process themes in
Table 1. For whole networks, we also grouped metrics
by whether authors provided information about general
connectivity in the network, insights into overall structure (e.g., cohesion, existence of subgroups), or information on the positions of actors relative to others. Studies
in which egocentric network analysis was used, which
characterized separate networks of multiple individuals,
consistently investigated the influences of network size
or type of alter against process or outcomes (Table 2).
Type of alter includes attributes of the people or organizations to which an individual is connected. Eleven
of these egocentric studies compared network metrics
between different social or environmental outcomes.
Studies in which a whole network-analysis approach was
used reported on or tested 36 different network measures
collectively (Table 2). Eleven of these studies compared
measures between networks or subgroups that displayed
different outcomes yet were still quite variable in the

approaches and measures used (Supporting Information).
Relatively common metrics included network density (indicates the extent to which all actors are connected),
calculations of ties within versus between groups (indicates tendency towards group closure), betweenness
centrality (indicates actors who can control the flow
of information), and network size and type of alter
(Table 2). These common metrics are also reflected in the
full set of reviewed studies. Network size, type of alter,
and network density were used in 78%, 66%, and 48% of
studies, respectively (Supporting Information). Although
the individual research contexts generally explain the
diversity of measures used, the variability we observed
in this subset, along with inconsistent use of terms and
definitions (e.g., variable nomenclature, written description rather than mathematical formulae), made it difficult
to identify patterns that could assist in highlighting the
most informative network measures.

Discussion
Social network analysis has gained prominence in NRM
research in recent years and is seen as a “flexible tool that
provides a different and useful perspective on complex
social dynamics in relation to environmental management” (Salpeteur et al. 2017:4). We sought to synthesize
how SNA has been used in NRM studies and its relevance
to the decisions and actions of private individuals or communities in conserving natural resources. This body of
literature has grown rapidly over the past 10 years and
has captured a diverse range of case studies with equally
diverse objectives, methods of data collection, nodes and
ties of interest, network metrics, outcome variables, and
analytical approaches. Although this case-study approach
offers a rich set of baseline data and contexts, the lack of
an overarching methodological framework limits the advancement of learning beyond context-specific scenarios.
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Table 2. Network metrics used in studies (n = 39) examining the management of resources by private individuals or communities.
Themes related to social processes

Network level

Network metricsa

Egocentric networkb

ego-network size (degree)
type of alterc
tie strengthd
density
efficiency
cliques
2-step neighborhood

Whole networke
Measures related to
connections

Measures related to
community structure
and/or subgroups

Measures related to actor
positions

network sizef (reported)
network density
average degree
average path length
network diameter
double 2-step paths
geodesic distance
line connectivity
network centralization
tie strengthd
type of alter
ties within vs between groupsg
no. of components
modularity
reciprocity
transitivity
block models (cutpoints)
cycles (dyads, triads)
hierarchy
network efficiency
clustering coefficient
core, periphery
factions
k core
network betweenness
network heterogeneity
betweenness centrality
degree centrality
closeness centrality
eigenvector centralityh
indegree centrality
outdegree centrality
brokerage roles
key-player measures
leverage centrality
pair dependency

a Metrics defined in Supporting Information.
b Egocentric networks characterize separate

flow of
information
or resources

3

social
learning

social
influence

2
2

10
10
4
3
1
1
1

2
6

2
2
2

1
1
1
1

collaboration

12
12
4
3
1
1
1
6
2
3
2
1

1
1
1
5
4

7
3

3
2
1
1
2

5
1
2
1
1

1
6
2
3
1
2
2
1
2
2
1
1

1

1
1

2
1
1

5
5
2
3

1
2
1

1
1
1
2
1
1
2
1

1
1
1
1

Total no.
of studies

13
10
6
3
2
1
1
1
1
1
23
10
5
5
4
4
2
2
2
2
1
1
1
1
1
1
10
8
4
3
3
3
2
1
1
1

networks of multiple individuals. Examination of egocentric networks occurs in 12 studies (11
private resource ownership, 1 communal resource ownership). Of these 12 studies, 2 are categorized as social learning and 10 as social
influence (no studies categorized as flow of information or resources or collaboration).
c Includes measures of diversity, heterogeneity.
d Does not include articles in which tie strength is used as a means to exclude certain ties from the analysis.
e Examination of whole networks occurs in 27 studies (13 private resource ownership, 14 communal resource ownership). Of these 27 studies,
5 are categorized as flow of information or resources, 7 are categorized as social learning, 7 are categorized as social influence, and 8 are
categorized as collaboration.
f Includes counts of nodes and ties.
g Includes various measures, such as external-interal (E-I) index and cross-boundary exchanges.
h Includes a single use of alpha centrality (Dı́az-José et al. 2016).
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To consolidate theory about how social networks
can influence attitudes and behaviors (Borgatti & Halgin
2011), we developed a theory of change that links social
networks and social processes as a precursor to social
outcomes, which in turn can influence environmental
outcomes (Fig. 1). This connects the concept of one’s
actions being influenced by others in their networks
(Borgatti & Halgrin 2011) with the concept of one’s
actions then influencing environmental outcomes (e.g.,
Eklund & Cabeza 2017). This theory of change provided
a valuable framework with which to assess how well
the current literature supports the theoretical basis
for focusing on SNA within NRM. Using the theory of
change, we distinguished among the reviewed studies
where the objectives focused primarily on interactions
between people (social processes), on the decisions or
actions made by individuals because of those interactions
(social outcomes), or on further associating network
metrics with environmental measures (environmental
outcomes). Although elements of this theory of change
were often discussed or implied in the studies, there has
been little attempt to validate the causal relationships
implied, leaving a large gap in demonstrating whether
network interventions can be used to promote desired
outcomes in resource conservation and management.
Using social network analysis to address social process
The dominant focus in the reviewed studies was on social
processes, which is understandable given that is the immediate link to social networks. Processes examined in
the studies could be grouped into the themes of information flow, social learning, social influence, and aspects of
collaboration (Table 1). The authors of these processoriented studies often used SNA to establish baseline
information about and assess social connections within
social-ecological systems. In particular they looked for
potential strengths or weaknesses in the network or
explored the value of SNA as a tool to understand the
connections among actors. Many examined resourcegovernance processes, such as communication among
key actors, in line with the concept that promoting an
effective governance system will support conservation
outcomes (e.g., Berdej & Armitage 2016). Yet a descriptive approach still leaves unanswered the question of
whether changes in governance influence the attitudes
and behaviors of those who directly use the resources
(i.e., social outcomes) or influence the quantity or quality of the resource itself (i.e., environmental outcomes
[Koontz & Thomas 2006]).
The majority of process-oriented studies used descriptive methods to visualize the links between individuals
and organizations of interest (Fig. 2), often in only a
single network. Some studies looked at differences in
subgroups within a network (e.g., Barnes-Mauthe et al.
2013) or compared network characteristics with ran-
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domly generated networks (e.g., Maciejewski et al. 2016)
to further understand connections within the system.
This descriptive approach is an essential starting point in
understanding the diversity in network structures across
different contexts and gathering baseline information of
a particular system, but it offers little in the way of contrasting network characteristics where processes differ.
Several studies, however, compared network data for 2
or more temporal points (Fig. 2) to either assess network
dynamics over time (e.g., Garcı́a-Amado et al. 2012) or
understand the effect of an intervention on connecting
otherwise unconnected individuals (e.g., Brummel et al.
2012).
Using social network analysis to understand social outcomes
Nearly one-third of the studies addressed specific
social outcomes relative to network characteristics and
associated social processes (Fig. 2). They addressed social
outcomes such as acquiring new ecological knowledge
(Crona & Bodin 2011), manufacturing traps that are more
environmentally friendly (e.g., Cavalcanti et al. 2013), or
enrolling in a conservation program (e.g., Kittredge et al.
2013). Assessing social outcomes requires additional data
beyond that of network connections in a single context
that is sufficient to demonstrate that a clearly defined
and measurable outcome was or was not attained (e.g.,
adopting a management practice or not). Data are needed
from more than 1 network or from more than 1 period
to contrast outcomes across different contexts (e.g.,
Sandström & Lundmark 2016). The majority of studies
that centered on social outcomes used comparative
methods to determine whether correlations existed
between network characteristics and differing outcomes
(Fig. 2), in which they contrasted separate networks,
subgroups within a single network, or separate groups of
egocentric networks. Although the results were informative within the individual case studies, the heterogeneity
we observed in research objectives, methods, and use
of network metrics (e.g., Table 2) made it challenging
to generalize the findings. Furthermore, although new
knowledge or adopting best management practices were
assumed to have a positive relationship with environmental outcomes, this was rarely tested and often not made
explicit, leaving the reader to infer the possible links.
Using social network analysis to understand environmental
outcomes
Demonstrating the link between network structure and
environmental outcomes in the theory of change requires
yet another data set, one that explicitly includes environmental measures, possibly a longer time series of measurements to capture lags in ecological change, and sufficient data to disentangle factors influencing the change
(Koontz & Thomas 2006). Only 6 studies measured

Conservation Biology
Volume 33, No. 1, 2019

62

environmental variables (Table 1) that were then related
to network characteristics of farmers, forest owners, and
fishers in both private and communal systems (details
in Supporting Information). These studies used comparative methods to test for associations between individual
or group behavior and environmental outcomes. Even
within this small number of studies there was a diverse
array of methods and contexts that limit generalization
of findings. Nonetheless, they offer examples of correlating social networks with environmental outcomes and
provide some test of the theory of change.

Recommendations for improving the value of SNA research
The limited use of interventions (e.g., before-and-after
studies) among the reviewed studies precluded our learning about the causal relationships in the theory of change
and learning how to design successful network interventions, as has been done in other fields such as health programs (Latkin & Knowlton 2015). Conservation science
is often criticized for failing to evaluate the outcomes of
ecological interventions and therefore missing the opportunity to learn about how to improve effectiveness (Ferraro & Pattanayak 2006), and it would be regrettable to
repeat this pattern with network interventions. We suggest taking advantage of opportunities to learn from conservation programs (e.g., collecting data before and after
the intervention) aimed at creating the social outcomes
hypothesized to improve environmental outcomes
(Fig. 1). Likewise, the large number of reviewed studies
that suggested particular changes to network structures,
as a means to possibly improve connections and outcomes, provide a great opportunity to follow up and
test these hypotheses. Research focus can be directed
to where critical network attributes are already known
from previous SNA research (e.g., testing the use of influential individuals on program uptake [Prell et al. 2009]).
We also encourage researchers to assess multiple periods
after an intervention to consider the longevity of changes
observed. We appreciate that experimental interventions
in social networks will have limitations (e.g., due to cultural sensitivities [Matous & Todo 2015]), but in many
cases experimental designs are feasible, such as implementing before-and-after studies where interventions (via
organizational outreach or implementing conservation
programs) are already planned. In action research, another option, researchers become involved purposefully
in change by engaging with people or groups and creating space for social learning and problem solving (Patton
2002). For example, Westerink et al. (2017) actively created connections between farmers and public officials
that built trust among the groups and led to the creation
of adaptive management agreements intended to improve biodiversity and water quality. Although time- and
effort-intensive, knowledge gains will be worthwhile, and
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journals could encourage the publication of these studies,
rather than more descriptive studies of social processes.
Longitudinal studies with data collected at multiple
periods would also improve understanding of how networks may evolve over time or whether changes in social
processes or outcomes are sustained after the intervention has occurred. Descriptive studies of a single point in
time provide important baseline information about existing relations among people or entities that can be used
for targeting interventions (Valente 2012). However, this
static representation fails to capture the shifting nature of
networks, in which interactions and relationships form or
end over time (Matous & Todo 2015). Many authors of the
reviewed articles recognized that the lack of longitudinal
studies is a significant gap in the existing literature that
must be remedied to better understand causality (Crona
& Bodin 2011), effectiveness of interventions (KochoSchellenberg & Berkes 2015), network evolution (Sandström & Lundmark 2016), and lasting changes in behavior
or other outcomes (Cavalcanti et al. 2013).
Our assessment of SNA metrics used within the studies
reveals a clear need to critically assess the value of the
diversity of metrics used. Although we found that a small
number of metrics are commonly used in NRM contexts,
the diversity of metrics used across studies precludes
generalizations. We also found that the lack of clear
justification and description of metrics calculated (i.e.,
reporting equations) in many studies made it difficult
to assess whether the diversity arose from meaningful
differences or variable terminology. Although this
diversity provides enormous flexibility in the ways
networks can be assessed, it is important to evaluate
whether the evolution of analytical methods and network
metrics is the result of a positive and natural advancement
or a product of lack of clarity and the proliferation of
SNA software packages. This is particularly important
for whole network approaches, where there is greatest
flexibility in the types of metrics that can be calculated.
We see a need to develop clearer guidance within NRM
and conservation research about the most appropriate
and meaningful network metrics to test in studies with
different contexts and objectives. Therefore, reporting
standards are required to ensure studies provide a clear
justification for the metrics used in a study and how they
were calculated to avoid confusion associated with trends
in nomenclature and genuine progress in the development of new metrics as the field continues to mature.
With the aim of assisting researchers to orient their
studies in relation to the theory of change, we devised
a typology (Table 3) of processes and outcomes to distinguish the wide array of research avenues and where a
study fits in relation to testing the validity of this theory of
change. We hope our recommendations will encourage
authors to conduct studies that build the evidence base
on which conservation practitioners can design effective
interventions in social–ecological systems. An example
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Table 3. Typology of themes within social process, social outcome, environmental outcome.∗
Theme
Social process
flow of information,
knowledge, or
resources
social learning
gaining insights into
others’ beliefs or
actions
social influence

collaborating
(including
participating,
cooperating)
Social outcome
choice (e.g., adoption
of or change in
behaviors, attitudes,
or beliefs)
performance (e.g.,
achievement or
access to resources)
Environmental outcome
species level

Example∗

Possible measures

distribution of information among individuals
accessing funding opportunities

engagement and sharing among individuals
proportion of connections in a network
where individuals have identified each
other (reciprocated) as links number of
different types of people or organizations
to which an individual is connected
individuals who can exchange information
with multiple types of people or
organizations individuals with potential to
initiate change in a group
involvement in a management planning
process coordinating activities with a
common goal

change in attitude change in land
management practices

management performance access to funding

change in demographics change in behavior

community level

change in species diversity change in
resource availability

landscape level

change in landscape connectivity change in
dispersal patterns

number of sources of information to which
an individual is connected number of
direct and indirect pathways between an
individual seeking funding and someone
who is a source of funding

identify individuals with the largest numbers
of connections to people in different
groups proportion of people in a network
to whom one individual is directly versus
indirectly linked
identify individuals with the lowest number
of connections to the rest of the group
(e.g., terminal nodes) proportion of people
in a network to whom one individual is
directly or indirectly linked
responses from 2 or more periods to
attitudinal questions by individuals socially
connected to each other responses of
individuals from 2 or more periods about
their adoption of new management
practices
reported satisfaction of individuals after
implementing a management activity
number of funding grants received by an
organization
rates of juvenile mortality across 2 or more
breeding seasons number of daily foraging
events for a period of time
species richness and species evenness at 2 or
more periods presence of ephemeral water
sources at 2 or more periods
habitat patch size and inter-patch distances at
2 or more periods number of successful
dispersal events at 2 or more periods

∗

Examples of specific topics of interest for each theme. Content influenced by Noss (1990), Schusler et al. (2003), Bodin and Crona (2009),
Borgatti and Halgin (2011), and Prell (2012).

of the type of studies required can be seen in Crona
et al. (2017), whose theory of change in the context of
understanding leadership and social capital in fisheries
systems links network measures with social and environmental outcomes and provides clear explanations of variables, metrics, and evaluation of those outcomes. Because
myriad other factors (e.g., individual characteristics, culture, climate) also contribute to changes in behavior or
changes in ecological condition (Ostrom 2009), it will
require a large and targeted evidence base to clearly
demonstrate the role of social networks in influencing
social and environmental outcomes. Such an evidence
base can only be built through the types of studies we
outline above.

Reviews of SNA in other research areas (e.g., online
education [Cela et al. 2015], HIV prevention or treatment
[Ghosh et al. 2017], project management [Zheng et al.
2016]) are not immune from similar shortcomings to the
SNA research we reviewed. The relatively recent increase
in the use of SNA is generating insights about social interactions, but there is often more emphasis on processrelated benefits rather than outcomes (Zheng et al. 2016).
Information on network characteristics are rarely used
to design interventions or test whether interventions
improve outcomes (Cela et al. 2015), and the lack of
longitudinal studies limit causal determinations (Zheng
et al. 2016). Another consistent trend among fields is
the heterogeneity of objectives, methods, and analyses
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among studies, which precludes meta-analysis and generalizations (e.g., Ghosh et al. 2017). Given that the use of
SNA is nascent in the field of environmental management
and conservation, learning the lessons from other fields
should enable this research area to bypass many of the
potential pitfalls and advance rapidly toward providing
valuable evidence to design more effective conservation
programs.

Conclusion
Studies of SNA within NRM have improved understanding
of the important role key individuals can play in transmitting ideas and information through a network and potentially in influencing the decisions and actions of others.
Descriptive studies and focus on social processes have
advanced the knowledge base, but as the field continues
to develop it is important to validate causal relationships
and build the evidence base for the links between observations about network structure and desired outcomes.
More targeted research in the future could yield important insights into how to structure conservation programs
aimed at engaging resource users to ensure they achieve
desired social and environmental outcomes that can be
sustained over the long term. The bulk of SNA research in
NRM is <10 years old and expanding rapidly, so now is an
opportune time to review progress, identify strengths and
weaknesses in the existing evidence base, and find ways
to enhance the ability for the conservation community to
learn from future research. This review is not intended as
a critique of individual studies. Rather, we have identified
ways to build a more rigorous evidence base to demonstrate the extent to which social networks can play a role
in achieving desired environmental outcomes.
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