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Abstract

Protected and conserved areas (PCAs) target at biodiversity conservation and

human well-being, but often reflect low levels of effectiveness. Understanding

PCAs social-ecological systems in which people and nature interact in so-

called social-ecological interactions is key to understanding the roots of (in)

effectiveness, and to leverage change toward resilient and sustainable systems.

Despite this potential, social-ecological interactions in PCAs are commonly

neglected in effectiveness evaluations. To address this gap, we elaborated a

thorough understanding of the social-ecological interactions in PCAs through

the following steps: In a first step, we extracted from scientific literature which

social-ecological interactions influence the effectiveness of PCAs in general

and derived influencing factors which shape those interactions. Based on these

insights, we developed an analytical framework, which, in a second step, we

applied to a case study in North Luangwa, Zambia. We elucidated three

dimensions of social-ecological interactions occurring in the study area: care

(e.g., conservation programs), conflict (e.g., disease transmission), and use

(e.g., hunting). We visualized relationships between these interactions and

associated key variables in a causal loop diagram. Finally, we drew on the case

study in Zambia's Luangwa Valley to propose system-specific metrics for key

variables central to the social-ecological structure of the study area to make

effectiveness measurable. Our approach allows for linking site-specific social-

ecological interactions to PCA effectiveness. More generally, our findings call

for the consideration of the relationships between people and nature when

assessing conservation effectiveness.
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1 | INTRODUCTION

Protected and conserved areas (PCAs) contribute to the
conservation of biodiversity, ecosystem services and
functions, and to human well-being (Convention on
Biological Diversity [CBD] 2020). Their importance is
recognized at a global level: the most post-2020 biodi-
versity framework demands the conservation of at least
30% of the planet by 2030 through a “well connected
and effective system of protected areas” (CBD 2020,
p. 5). Although the number of PCAs increases, biodi-
versity and its associated benefits for all living species
continue to decline (Ceballos et al., 2020; Pimm
et al., 2014). This reflects a lack of effectiveness of
PCAs (Coad et al. 2015, Leverington et al., 2010).

PCA effectiveness is influenced by many ecological
(e.g., Geldmann et al., 2020), social (e.g., McKinnon
et al., 2016; Schreckenberg et al., 2016) and social-
ecological (e.g., Cumming & Allen, 2017; Palomo
et al., 2014) factors. Based on these factors, various tools
exist to assess the effectiveness of PCAs (dos Santos Ribas
et al., 2020), with ecological and social drivers of PCA effec-
tiveness being commonly assessed separately (Caillon
et al., 2017; de Lange et al., 2016; Ghoddousi et al., 2022).
This separation, as well as the rare consideration of social-
ecological interactions (SEIs), disregards the diverse inter-
plays that link human and biophysical components and
processes across multiple scales (Berkes & Folke, 1998,)
and their impacts on PCA performance (Martín-L�opez
et al., 2017; Muradian & Pascual, 2018; Soga &
Gaston, 2020). The detailed consideration of the interac-
tions (see Ostrom, 2009) between the resource system
(PCA) and users (humans) disentangle how human-nature
relationships play out in the wider social-ecological systems
that PCAs are embedded in.

Social-ecological system thinking recognizes PCAs
as complex coupled systems encompassing ecological
processes, social processes, and their interactions
(Cumming et al., 2015; Cumming & Allen, 2017; Palomo
et al., 2014). Interactions between social and ecological
system components are defined as the “direct interac-
tions between individual people and nature” (Soga &
Gaston, 2020, p. 1). Such interactions drive dynamics in
social-ecological systems (Cumming et al., 2006;
Schlüter et al., 2017) by triggering feedback, causing
emergent phenomena and continuously changing pat-
terns and structures within and across scales (Preiser
et al., 2018; Schlüter et al., 2019). In the context of
PCAs, social-ecological effectiveness refers to effective-
ness along three complementary dimensions: ecological
outcomes (e.g., biodiversity), social outcomes (e.g., well-
being), and social–ecological interactions (SEIs, Ghod-
dousi et al. 2022). Some important SEIs are human

pressures (e.g., poaching, land-use change) and nature's
contribution to people (e.g., spiritual values of nature,
human-wildlife conflict). SEIs, however, have been
rarely considered in PCA effectiveness evaluations
(Ghoddousi et al., 2022).

Because of their significance for social-ecological sys-
tems (Ramos-Quintana et al., 2019; Soga &
Gaston, 2016), SEIs are crucial to understanding the roots
of (in)effectiveness of PCAs (da Costa Rego et al., 2015;
Sodhi et al., 2011) and leverage change toward resilient,
sustainable protected systems. While specific SEIs have
been used to assess PCA effectiveness in the past
(e.g., anthropogenic pressures on nature; Geldmann
et al., 2019), there is no research on the combined influ-
ence of multiple SEIs on social-ecological effectiveness.

Zambia's Luangwa Valley exemplifies a social-ecological
system where North Luangwa National Park and four adja-
cent game management areas exhibit a high level of biodi-
versity and are home to several endangered and endemic
species (Riggio et al., 2013) while people inhabit this area
and have relationships with nature (Anderson et al., 2015;
Watson et al., 2015). Despite years of conservation in the
region, the lack of effectiveness of the study PCA system is
reflected in habitat conversion and loss (Riggio et al., 2013;
Watson et al., 2015), unsustainable natural resource use
(Dumas et al., 2017) and human-wildlife conflict (Gross
et al., 2018; Subakanya et al., 2018). Thus, this system of
PCAs provides an opportunity to assess the relationship
between SEIs and social-ecological effectiveness.

With this case study, we develop a novel approach
that allows practitioners and policymakers to generate a
comprehensive understanding of SEIs and their links
occurring in PCAs. This understanding, in turn, can
inform site-specific conservation strategies. In this
research, we aim to answering two research questions:
(1) Which factors shape SEIs and thereby influence
social-ecological effectiveness in PCAs in general?
(2) Which SEIs occur and how do they interact in the
study area in North Luangwa, Zambia? Specifically, we
develop an analytical framework in the scope of research
question one, which is applied to the North Luangwa
case study as part of research question two.

2 | METHODS

2.1 | Study area

Zambia designated 41% of its terrestrial surface for
PCAs. One of the most remote national parks is North
Luangwa National Park (IUCN category II), which is
surrounded by the game management areas (IUCN cat-
egory IV) Musalangu, Lumimba, Munyamadzi, and
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Mukungule. Conjointly, these PCAs cover 27,705 km2

(UNEP-WCMC, 2020) and will henceforth be referred
to as North Luangwa. The Luangwa Valley is of central
importance to large mammal conservation in Zambia
and hosts some of the largest remaining populations of
lion (Panthera leo) (Riggio et al., 2013) as well as sev-
eral large ungulate species (Lewis et al., 2011). In
Zambia, national parks are core conservation areas
with minimal human impact through tourism, while
game management areas serve as buffer zones and
entail designated zones for sustainable use (National
Parks and Wildlife Service 2018).

2.2 | Analytical framework

To answer our first research question of which factors
shape SEIs and influence social-ecological effective-
ness in PCAs, we developed an analytical framework.
This analytical framework emerged from a purposeful
literature search (Gentles et al., 2016) on the relation-
ship between SEIs and PCA effectiveness. We
obtained the literature using Web of Science and Sco-
pus queries, the snowball method (Greenhalgh &
Peacock, 2005), citation searches (Hart, 2001), and
keyword searches on Google Scholar. Keywords for
these searches included “human-nature interaction,”
“social-ecological interaction,” “protected area,”
“national park,” and different spellings of these terms
(see details in Appendix 1). This literature review
yielded 22 peer-reviewed journal articles on SEIs and
their influence on PCA effectiveness (Figure 1).

The extent to which PCAs achieve their respective
objectives determines their degree of (in)effectiveness.
In North Luangwa, two types of PCAs are of central
importance: a national park (IUCN category II) that
seeks to protect “natural biodiversity along with its
underlying ecological structure and supporting envi-
ronmental processes, and promote education and rec-
reation” (Dudley, 2008, p. 16) and four Game
Management Areas (IUCN category VI), which are
PCAs with sustainable use of natural resources and fol-
low the primary objective of protecting “natural ecosys-
tems and [using] natural resources sustainably, when
conservation and sustainable use can be mutually ben-
eficial” (Dudley, 2008, p. 22).

2.3 | Data collection: Interviews and
literature search

To answer our second research question of which SEIs
occur and how they interact in the study area in North

Luangwa, we used two datasets (Figure 1). First, we
conducted 34 nondirective interviews in 2019 (hence-
forth abbreviated by “I” and numbered) with people
living or working in the study area to gain in-depth
information on various perspectives on conservation
and natural resource management. Interviewees were
selected to represent a broad range of stakeholders and
sectors according to a previously conducted stake-
holder analysis in the study area. Interviewees
included local inhabitants, rangers, women, teachers,
traditional leaders and chiefs, members of NGOs active
in the area, members of the community resource
boards and people from the tourism sector. After
explaining the purpose of our inquiry, we asked partici-
pants for their consent to take notes and explained that
the provided information will be kept anonymous.
Interviewees shared their experiences with living and
working in North Luangwa and in the process referred
to diverse SEIs that shape their daily lives.

Second, we conducted a systematic literature search
on SEIs occurring in North Luangwa and in PCAs in
Zambia, in general, using the Web of Science platform,
citation searches (Hart, 2001), publications found via
the snowball method (Greenhalgh & Peacock, 2005)
and keyword searches on Google Scholar. Here, search
keywords were “Zambia,” “people-nature interaction,”
“human-nature interaction,” “human-environment
interaction,” “social-ecological interaction,” “wildlife
conflict,” and different spellings of these terms (see
details in Appendix 2). Subsequently, we scrutinized
the 54 journal articles obtained by this search as well
as the 34 interviews to identify SEIs occurring in the
study area. Here, the analytical framework developed
in the scope of the first research question was used to
systematically organize influencing factors, involved
stakeholders, temporal and spatial scales, and out-
comes of each SEI.

2.4 | Data analysis: Coding and causal
loop diagrams

To provide a more structured overview of the identified
SEIs, we inductively coded SEIs into nonhierarchical
dimensions. We did this by differentiating between key
characteristics of the SEIs following the analytical frame-
work with a particular focus on stakeholders and the out-
comes of the interactions between these stakeholders and
the social-ecological system in which they live and oper-
ate in. We further classified different categories of SEIs
within each dimension through an iterative coding pro-
cess. Importantly, some SEIs can be aligned with more
than one dimension. Here, the dimension fitting best for
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a particular SEI was identified based on the focus of the
interviews and the literature. For instance, hunting is
classified to be part of the use dimension. At the same
time, hunting could be understood as a conflict because
the ecological system components experience detrimental
effects.

Finally, we visualized the links between the SEIs in a
causal loop diagram (Rissman & Gillon, 2017;
Sterman, 2001), using the system dynamics software Ven-
sim PLE (Ventana Systems, 2015). Causal loop diagrams
have been applied in social-ecological systems research to
visualize links between key system elements (e.g., Coletta
et al., 2021; Hanspach et al., 2014; Jiren et al., 2020). For
the causal loop diagram to be simultaneously compre-
hensive and manageable, we included the most fre-
quently mentioned SEIs and variables emerging from the
interviews and the literature (n = 18; variables were
mentioned by at least five different sources). We derived
links between the variables from the interviews and liter-
ature and visualized these links through arrows. Closed
cycles between variables indicate either balancing (self-
regulating) or reinforcing (growing) feedback loops
(Haraldsson, 2004). We classified the variables in the
causal loop diagram as either root nodes, central nodes,
or end-of-chain nodes to clarify their influence on the
system. Root nodes are variables with many outgoing
arrows (=causal links) that typically provide information
on the source of an issue or phenomenon; central nodes
exhibit multiple outgoing as well as incoming arrows and
are thus connected to a particularly high number of pro-
cesses and interactions occurring in the system; end-
of-chain nodes are characterized by mostly incoming
arrows and usually are the product of several upstream
dynamics (Niemeijer & de Groot, 2008). This classifica-
tion supports the identification of root causes of ineffec-
tiveness and the determination of interactions and
variables with strong leverage for change—the root nodes
and central nodes with many causal links. It also illus-
trates how causes and links might be overlooked when

solely focusing on the end products of ineffective
processes.

3 | RESULTS

3.1 | The influence of social-ecological
interactions on protected area
effectiveness: Analytical framework

We identified diverse factors that restrict, facilitate, or
otherwise shape SEIs, which in turn, influence PCA
effectiveness (Table 1). The literature analysis yielded the
following influencing factors: biophysical conditions such
as climate and geography predetermine patterns of spe-
cies distributions and ecosystem structures. Socio-cultural
dynamics shape people's values of and attitudes toward
nature, laws and regulations, which moderate the rela-
tions between humans and nature, and power structures
that shape societies and the way they view and interact
with nature. In this socio-cultural fabric, different stake-
holders emerge: residents, tourists, external resource
extractors, land managers, governance agencies, and con-
servationists. These stakeholders and their interactions
with nature underlie and contribute to closely inter-
twined economic, socio-cultural, and ecological changes.
Governance restricts or furthers many of these interac-
tions and historical conditions shape their form and
development. Finally, scales are relevant when discussing
SEIs to account for temporal and spatial dynamics.

Based on these influencing factors, the analytical
framework (Figure 2) comprises three building blocks
that guide data collection and analysis to better under-
stand SEIs: (1) the influencing factors provide context for
identified SEIs, which are the product of preceding condi-
tions; (2) the spatial and temporal scales, as well as rele-
vant stakeholders, describe the manifestation of SEIs;
(3) the outcomes of interactions on ecological or social
system components are considered as effects of SEIs.

Analytical framework 
to analyze SEI and 
link them to PA 
effectiveness

22 journal articles
on the influence of 
SEI on PA 
effectiveness

54 journal articles
on SEI occurring in 
North Luangwa

34 non-directive 
interviews
conducted in North 
Luangwa

Dimensions of SEI

ezylanaotesUpolevedotesU

RQ1 RQ2

Identify SEI 
occurring in 
North 
Luangwa Illustrate relationships

Classify SEI

Causal loop 
diagram

FIGURE 1 Flowchart of the step-wise approach to develop the analytical framework, identify social ecological interactions (SEIs), and

develop indicators following the two research questions (RQ).
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3.2 | Social-ecological interactions
occurring in north Luangwa: Three
dimensions of interactions

Guided by the analytical framework, we identified SEIs
mentioned in the systematically collected literature and
in the interviews. During this process, we inductively cat-
egorized SEIs occurring in the study into the three non-
hierarchical dimensions: care, conflict, and use (Figure 3;
see details in Appendix 3). We further classified different
categories of SEIs within each dimension.

3.2.1 | Dimension care

The dimension care includes social system components
that actively take a caring role for ecological system
components. It comprises three categories (conserva-
tion, stewardship, knowledge) and six SEIs (establish-
ment of PCAs, establishment of conservation programs,
wildlife translocations, voluntary restrictions of individ-
ual actions for the sake of conservation, research, envi-
ronmental education).

Conservation, stewardship and knowledge are sub-
ject to strong historical, political and societal changes
accompanied by different laws and attitudes. While the
Luangwa Valley has been inhabited for centuries
(Anderson et al., 2015), the enforcement of European
worldviews on local communities changed long-
standing SEIs dramatically during the colonial era.
Overall, colonial laws fractured the way people used
and related to nature (Anderson et al., 2015, I13,
Kaunda, 2016) and still shape the view of conservation
today (Anderson et al., 2015). Today, stakeholders in
conservation and stewardship are residents, govern-
ment authorities, NGOs and state agencies (Anderson
et al., 2015; Lindsey et al., 2014; Subakanya et al., 2018).
Stakeholders in the category of knowledge differ
between research and education: while mainly external
groups conduct and finance research (I1, Abel and
Blaikie 1986), education takes place in schools, within

FIGURE 2 The analytical framework used for the analysis of

each social-ecological interaction. The first component refers to the

context in which a social-ecological interaction occurs and aims at

identifying factors that influence the occurrence of this interaction.

The second component concerns the social-ecological interaction

itself, its scales and the involved stakeholders. The third component

encompasses the effects of a social-ecological interaction on the

ecological and social system components. The long green arrow

indicates that the social-ecological effectiveness of a protected area,

in turn, influences the context in which a social-ecological

interaction occurs.

TABLE 1 Overview on factors influencing social-ecological

interactions in PCAs as derived from the literature review

Factor influencing social-
ecological interactions Sources

Natural landscape
conditions

Ruiz-Ballesteros & Ramos-
Ballesteros, 2019, Soga &
Gaston, 2020

Socio-cultural influences:
people's values and
attitudes towards nature

Fox & Xu, 2017, Ellis
et al., 2019, Muradian &
Pascual, 2018

Socio-cultural influences:
laws and regulations

Ruiz-Ballesteros & Ramos-
Ballesteros, 2019

Socio-cultural influences:
power relations

Boonstra, 2016, Ruiz-
Ballesteros & Ramos-
Ballesteros, 2019

Actors Cumming et al., 2015, Ellis
et al., 2019, García
et al., 2020, Martín-L�opez
et al., 2017, Nyhus, 2016,
Ramos-Quintana et al., 2019

Governance Ruiz-Ballesteros & Ramos-
Ballesteros, 2019

Economic aspects Ruiz-Ballesteros & Ramos-
Ballesteros, 2019, Soga &
Gaston, 2020

History Nyhus, 2016, Roux et al., 2020

Temporal and spatial
dynamics

García et al., 2020, Soga &
Gaston, 2020
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communities (I26, Nyirenda et al., 2017), and in the
context of conservation programs (I7). The subjects of
care are mostly wildlife populations, species, or ecosys-
tems and not individual specimens (I2, I5, Marks, 2001).
For all three categories in the care dimension, we found
no information on spatial and temporal patterns neither
in the interviews nor in the literature.

To create incentives for sustainable natural resource
use and simultaneously enhance the welfare of local
communities, Community Based Natural Resources Man-
agement was initiated in 1988 (Milupi et al., 2020). Yet,
the distribution of benefits among households tends to be
uneven (Manning, 2012; Richardson et al., 2012) and the
political elite frequently usurped power, decision-making
capacities, and funds. Local communities, however, face
strict law enforcement, restricting traditional land-use
practices. This drives some people into illegal hunting to
ensure their survival, which accelerates social tensions
among residents. Moreover, residents harvesting renew-
able resources for subsistence purposes on customary
land were reported to be abused and imprisoned by state
conservation agents (Manning, 2012).

Formally, local communities controlled 94% of
Zambian land, however, the state appropriated custom-
ary land across the country and transformed it into game
management areas controlled by governmental organiza-
tions (Manning, 2012). Apart from legal aspects of land
ownership, cultural factors play a role in the conservation
and stewardship of land. Some interviewees reported that
they proudly take care of the land, feel part of the PCA
system, and acknowledge the impact of human activities
on nature (I19, I21, I24). Some people supported the pro-
tection of natural resources by either joining official pro-
grams and organizations (e.g., becoming rangers, I27) or
by engaging in their own projects (e.g., voluntary

conservation farming to protect soil, I25). Heritage and
intergenerational knowledge transfer were considered
important in these forms of stewardship (I7, I21). Simul-
taneously, interviewees mentioned other groups of local
people who were unaware of the benefits obtained from
the environment or conservation, thinking that only the
government profits from PCAs (I27).

3.2.2 | Dimension conflict

The conflict dimension includes all interactions
between social and ecological system components with
detrimental effects for some or all system components
involved. It comprises three categories (human-wildlife
conflict, habitat conversion, disease transmission) and
nine SEIs (injury/death of humans by wildlife, killings
of wildlife by humans, wildlife damage/destroy human
infrastructure, crop consumption by wildlife, livestock
depredation by wildlife, wildlife by-catch, habitat con-
version and encroachment, disease transmission from
wildlife to humans, disease transmission from wildlife
to livestock).

Actors involved in human-wildlife conflicts com-
monly include individual residents or communities on
the one side and single animals on the other side. In the
study area, elephants (Loxodonta africana) cause most of
the damages to crops and infrastructure, and accidentally
injure or kill people (Gross et al., 2018, I4, I5, I8, I10, I19,
Richardson et al., 2012, Subakanya et al., 2018). Leopards
(Panthera pardus), spotted hyenas (Crocuta crocuta), and
raptors mainly attack livestock (Nyirenda et al., 2017).
Crop damage and livestock depredation often exhibit
clear spatial and temporal patterns. For example, ele-
phants predominantly raid the villages during harvest

FIGURE 3 The 24 social-

ecological interactions that were

identified in the study area were

iteratively assigned to eight

categories of social-ecological

interactions (green font) within

three dimensions of social-

ecological interactions (care,

conflict, use).
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months and during nighttime (I12, I17). The number of
incidents varies widely with the locality: some inter-
viewees state daily conflicts with animals (I19, I26)
while others do not report any major conflict with wild-
life at all (I7, I13). Damage to crops and livestock by
wildlife results in food shortages. The resulting food
insecurity impedes socio-economic development (I20,
I26, Richardson et al., 2012)—especially since no real-
ized compensations for residents in game management
areas exist (I5, I8, I20, Subakanya et al., 2018). Some
people respond to human-wildlife conflict with
increased illegal subsistence hunting (Lewis et al., 2011)
or retaliatory killing of wildlife (I8, Becker et al., 2013).

Actors from both inside and outside the PCAs
engage in habitat conversion of natural areas and crop-
land encroachment. Zambia has experienced rapid
human population growth with high growth rates in
game management areas (Rosenblatt et al., 2019;
Watson et al., 2015). The associated increases in roads,
railways, and infrastructure (Watson et al., 2015) as
well as in agriculture and charcoal production result in
habitat conversion (Lindsey et al., 2014), paving the
way for more human encroachment to follow. Human
encroachment, in turn, jeopardizes ecological connec-
tivity among PCAs (Lindsey et al., 2014), restricts ani-
mal movements (Curry et al., 2019), replaces natural
vegetation with cultivated land (Watson et al., 2015),
reduces population densities of wildlife (Rosenblatt
et al., 2016), and exposes wildlife in national parks to
edge effects in the form of snaring and diseases
(Watson et al., 2015). While game management area
boundaries rarely halt encroachment in the Luangwa
Valley (Watson et al., 2015), national park boundaries
largely deter humans from invading natural areas: the
annual rate of habitat loss in game management areas
of 0.69% is considerably faster than in national parks
(0.05%) and outside PCAs (0.51%) (Lindsey et al., 2014).

Finally, the prevalence of zoonotic diseases such as
sleeping sickness (Human African Trypanosomiasis and
African Animal Trypanosomiasis, henceforth HAT and
AAT; Alderton et al., 2018; Leach et al., 2017), anthrax
(Lehmann et al. 2017), foot-and-mouth disease, and
malaria (Lewis et al., 2011) impacts the compatibility of
wildlife conservation and agro-pastoralist land uses in
the study area. With hot and dry climatic conditions ideal
for the tsetse fly, North Luangwa is a hotspot of HAT and
AAT (Anderson et al., 2015; Nakamura et al., 2019). Pro-
nounced seasonal effects on both tsetse and wildlife
populations result in changes in infection risk over the
year (Leach et al., 2017). Anthrax outbreaks are associ-
ated with the food insecurity of the dry season and com-
monly pause during the rainy season when wildlife and
humans regain access to water and food (Lehman

et al., 2017). Hence, people living in the Luangwa Valley
developed alternative land use and management strate-
gies based on hunting and agriculture over the centuries
(Anderson et al., 2015). Habitat conversion and deforesta-
tion lowers HAT risk because they decrease reservoirs,
thereby releasing more land for human use (Leach
et al., 2017). This is why attempts to control HAT histori-
cally conflicted with conservation objectives (Anderson
et al., 2015). Recent intensification of farming practices,
including the increased number of livestock in North
Luangwa amplifies the risk of HAT and AAT epidemics
(Alderton et al., 2018, Leach et al., 2017). Anderson et al.
(2015) predicted that “ecological changes associated with
this diversion from traditional land-use patterns will be
contributing to reductions in biodiversity, ecosystem
functioning and […] ecosystem services” (p. 3).

3.2.3 | Dimension use

The use dimension includes all interactions where social
system components use ecological system components
for their enrichment. It comprises two categories
(resource use, recreation) and nine SEIs (agricultural pro-
duction, harvesting of wild fruits, honey and wood, sub-
sistence hunting, commercial hunting, trophy hunting,
livestock keeping, charcoal production, medicinal use of
plants, wildlife tourism).

The category recreation comprises tourism, which
is organized by tourism operators (White &
Belant, 2015) and mostly revolves around nature in
the study area (Richardson et al., 2012). Other stake-
holders include tourists and residents who are
employed in tourism-related economies (Lindsey
et al., 2014). The category resource use encompasses
eight SEIs. The literature as well as the interviewees
mainly focus on agricultural production, livestock
keeping, and different forms of hunting. Food security
impacts the temporal patterns of these activities.
While some residents are food insecure year-round,
many others experience seasonal food insecurity (I19,
Marks, 2001). Besides their economic importance for
local livelihoods, agriculture, livestock, and resource
use have fundamental societal and cultural meanings,
such as being connected to certain gender roles (I17)
or shaping emotional connections to wildlife (I24).
Increasing demand for land drives deforestation, habi-
tat conversion, and human encroachment (I2, Leach
et al., 2017, Lindsey et al., 2014). These developments
often accelerate wildlife harvest (Watson et al., 2015),
which affects ecological system components: wildlife
movement become restricted (Watson et al., 2013) and
animal populations decrease (Becker et al., 2013;
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Chomba & Matandiko, 2011; Creel et al., 2016;
Rosenblatt et al., 2016).

In the Luangwa Valley, inconsistent rains (Lewis
et al., 2011), floods (I21), droughts (Marks, 2001), dis-
eases, restricted access to markets (Anderson et al., 2015;
Lewis et al., 2011), and lacking infrastructure (Dumas
et al., 2016) reinforce chronic poverty and food insecurity
among smallholder farmers (Dumas et al., 2016). Agricul-
tural production is the primary livelihood for an esti-
mated 90% of households in the Luangwa Valley (Dumas
et al., 2016). To supplement food supply, generate addi-
tional income, and cope with extreme climate events,
many farmers use natural resources and engage in hunt-
ing, fishing, logging, and charcoal production (Dumas
et al., 2017; Robledo et al., 2012) or practice livestock
keeping (Dumas et al., 2018). However, livestock owner-
ship is largely restricted to few animals per household
(Dumas et al., 2018) due to the high risk of HAT and
AAT, the prevalence of other diseases (Anderson
et al., 2015; Dumas et al., 2018), wildlife depredation
(Anderson et al., 2015, Dumas et al., 2018), poor forage,
(Dumas et al., 2018), and minimal access to veterinary
care (Anderson et al., 2015, Dumas et al., 2018).

Hunting in the study area mostly occurs illegally
(Marks, 2001; Rosenblatt et al., 2019). Residents engage
in hunting for short periods of time for cultural or subsis-
tence reasons (I3, Marks, 2001). Importantly, some resi-
dents oppose illegal hunting categorically, while others
rely on illegally hunted meat for their livelihood (Lewis
et al., 2011). Moreover, organized poaching groups from
outside the PCA hunt elephants and other species for
commercial purposes (Watson et al., 2013). Legal ways of
hunting are resident hunting (Lindsey et al., 2014;
Rosenblatt et al., 2016) or trophy hunting (Curry
et al., 2019; Ray-Brambach et al., 2018). Spatially, wildlife
use is concentrated in game management areas
(Anderson et al., 2015; Watson et al., 2013). Hunting
reduces crop damage (Richardson et al., 2012) and trophy
hunting generates revenues (White & Belant, 2015),
which contribute to infrastructural improvements (I17)
and conservation (Creel et al., 2016; White &
Belant, 2015). This, in turn, reduces illegal hunting (I13;
White & Belant, 2015). While residents benefit from free
meat distributed by trophy hunting operators, the two
parties are also in conflict over access to land (I17, I18,
White & Belant, 2015).

3.3 | Illustrating links between key
system elements: Causal loop diagram

The causal loop diagram (Figure 4) illustrates the
links between the 18 most repeatedly reported

variables describing dynamics between social and
ecological system components that occur in North
Luangwa (Appendix 3). While most variables depicted
in the causal loop diagram are not SEIs, they repre-
sent context-specific factors that can induce SEIs, are
the product of SEIs, or shape the manifestation of a
particular SEIs. For instance, the causal loop diagram
reveals that the SEI crop consumption by wildlife
affects the food security of local communities—not a
SEI itself—which in turn influences the SEIs subsis-
tence hunting.

Additional information provided by the causal
loop diagram include variables' positions as either
root nodes (e.g., extreme climate and weather events),
central nodes (e.g., wildlife population size) or end-
of-chain notes (e.g., human development). This classi-
fication offers more insights on the role a specific
variable plays in a given system. Finally, the causal
loop diagram revealed information about the feed-
backs between the variables in coupled social-ecologi-
cal systems, such as feedback loops about processes
and developments.

Given the high number of variables and feedbacks,
we exemplarily show the additional information that
the causal loop diagram contain: feedback loop “B”
highlights the balancing link between subsistence hunt-
ing, wildlife population size, crop consumption by wild-
life, and food security of local communities (Figure 4). A
high degree of subsistence hunting reduces wildlife
population densities and thereby lowers wildlife crop
consumption, which in turn, causes a high level of food
security, subsequently reducing the need for subsis-
tence hunting. Hence, the cycle starts anew, this time
with contrary developments. This feedback loop por-
trays the conflict between North Luangwa's human
and nonhuman inhabitants who compete for space and
food resources. Due to the balancing nature of the feed-
back loop, insecure conditions prevail for all stake-
holders involved.

Feedback loop “R” is a reinforcing loop (Figure 4).
It reveals that habitat conversion and encroachment are
steadily increasing in North Luangwa and interest in
trophy hunting is high. This increases the capital of
conservation programs, which boosts the development
of infrastructure. Again, the cycle continues, this time
steadily spiraling upwards, causing ever more habitat
conversion. This feedback loop shows how human
development reinforces itself. Once the social system
components are not the only part of the equation, how-
ever, it becomes apparent that this socio-economic
development only operates at the expense of nature:
human activities further erode biophysical structures
and drive habitat loss and fragmentation.
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4 | DISCUSSION

Our study disentangles the direct interactions between
the North Luangwa PCAs (i.e., a resource system; see
Ostrom, 2009) and the people living and working in this
socia-ecological system (i.e., the users of this resource sys-
tem; see Ostrom, 2009). Our approach to explore social-
ecological effectiveness of North Luwanga PCAs com-
prises three components: an analytical framework for the
analysis of SEIs occurring in a PCA; three dimensions of
SEIs that summarize interactions in the study area; and a
causal loop diagram that depicts the links and feedback
between SEIs and associated variables that shape the
social-ecological system in North Luangwa. These three
components allow researchers, practitioners, and stake-
holders to enter a discussion about the social-ecological
effectiveness of PCAs. While we based our work on the
voices of residents and peer-reviewed articles, we
acknowledge the importance of cross-checking and refin-
ing our results with the people living and working in the
study area as well as the managers of the study PCAs. By
asking stakeholders´ perceived relevance of SEIs, we can
enhance our approach and facilitate a thorough under-
standing of PCA effectiveness on multiple levels. This

knowledge can then be used to develop socially, ecologi-
cally, and social-ecologically effective strategies to
support PCAs.

4.1 | Working with social-ecological
interactions

4.1.1 | Identifying social-ecological
interactions

The three dimensions of SEIs—care, conflict, and use—
summarize the manifold SEIs that occur in North
Luangwa. Potentially, SEIs belonging to all three dimen-
sions are present in every PCA where humans and nature
coexist. Hence, the three dimensions can help uncover
SEIs. Scientific literature majorly presents unidimen-
sional PCA effectiveness analyses (Geldmann et al., 2019;
Kiffner et al., 2020; Lindsey et al., 2017). In accordance
with Martín-L�opez et al. (2017), Muradian and Pascual
(2018), and Soga and Gaston (2020), we recommend SEIs
to become routinely considered in assessing PCA effec-
tiveness and we further recommend the considerations of
SEIs belonging to all three categories.

FIGURE 4 Causal loop diagram of human-nature dynamics in North Luangwa, Zambia. Blue arrows with a “+” represent relationships
between variables with an enhancing effect. Orange arrows with a “�” indicate relationships with a reducing effect. Closed cycles in the

diagram indicate either balancing, self-regulating (B) or reinforcing, growing (R) feedback loops. The highlighted balancing feedback loop

illustrates the interaction between wildlife and human communities the highlighted reinforcing feedback loop illustrates how socio-

economic development continuously increases at the expense of nature. Social-ecological interactions are highlighted with black boxes.
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Each dimension affects PCA effectiveness differently.
First, SEIs belonging to the dimensions conflict and use
comprise benefits and disbenefits that people derive from
interactions with nature. This influences people's quality
of life (Ramos-Quintana et al., 2019) and thereby impacts
PCAs' effectiveness to contribute to human well-being.
For example, material and nonmaterial services provided
by nature in North Luangwa include the provision of
building materials (Chidumayo, 2016), food (Anderson
et al., 2015, Dumas et al., 2017, I9), and emotional con-
nections to specific places (I4, I8). Disservices and disben-
efits are human-wildlife conflicts (Gross et al., 2018, I3,
I19, I26) or crop damage by wildlife (I19, I27, Subakanya
et al., 2018). Negative interactions seem to outnumber
positive ones in our study system. However, reports
might be skewed toward detrimental outcomes for
humans, which requires further investigation.

Second, SEIs belonging to the dimensions conflict and
use considerably shape how people view nature. This, in
turn, influences the acceptance and commitment of
communities to conservation (Miller, 2005, Soga &
Gaston, 2016)—and can thereby cause the emergence of
SEIs belonging to the care dimension. In North Luangwa,
attitudes toward nature vary widely. On the one hand,
nature is seen as a “gift from God” (I9) and the source of
everything humans need to live. This perception of
nature is often linked to SEIs belonging to the use dimen-
sion and accompanied by support for conservation. In
contrast, living near wildlife and nature entails risks:
attacks on humans (e.g., I5, I10), crop-raiding (e.g., I19,
I27), and destruction of infrastructure (e.g., I17, I20)
threaten the survival of some people. Such SEIs result in
a hostile attitude: “nature is a threat, not friendly” (I17)
and farmers describe that they do not work with but
rather fight against nature (I26).

Finally, SEIs belonging to the care dimension influ-
ence PCA effectiveness by facilitating activities to create
sustainable SEIs (da Costa Rego et al., 2015; Sodhi
et al., 2011), thereby supporting the long-term effective-
ness of PCAs. Such activities often directly tackle conflict
or unsustainable use. Examples include conservation
efforts that aim to reduce human-wildlife conflict
(Anderson et al., 2015; Marks, 2001) and support sustain-
able natural resource management (Subakanya
et al., 2018), different forms of stewardship such as volun-
tary hunting restrictions (I19, I22), or research on ecolog-
ical system components (I30, I32).

The analytical framework enables a thorough analysis
of single SEI. The framework depicts a causal flow from
context to SEIs to outcomes to effectiveness. However,
the framework can also be read backwards: ineffective
aspects of PCAs can also be related to outcomes of spe-
cific SEI, which in turn are influenced by contextual

factors. This inversion of perspective presumes reciproc-
ity between SEIs and effectiveness: dynamics in a PCA
influence the context, which cascades to changes in the
interactions between nature and people, resulting in new
outcomes.

4.1.2 | Connecting social-ecological
interactions

While the analytical framework identifies single SEI, the
causal loop diagram offers insights into the links between
these SEIs. Inducing change in the study system requires
knowledge about such interactions that can sometimes
be closed balancing or reinforcing feedback loops. For
example, an oversimplified attempt to reduce subsistence
hunting through laws and regulations will negatively
affect the food security of local communities. The identi-
fication of outcomes and their links to interactions and
contexts following the analytical framework allows draw-
ing connections between SEIs and social-ecological effec-
tiveness. Eventually, statements on which SEIs or which
context factors support or obstruct social-ecological effec-
tiveness in the study PCAs can be made. Similarly, the
causal loop diagram can be used to track causes and
effects of different variables and thereby identify places
and strategies to intervene in the system.

4.1.3 | Measuring social-ecological
effectiveness

Identifying SEIs and understanding interactions between
them is a first step to develop site-specific conservation
strategies. As a next step, the assessment of PCA effec-
tiveness requires a site-level set of related metrics to
allow for quantification. To date, social-ecological metrics
that measure effectiveness beyond social or ecological
spheres are lacking (Cumming & Allen, 2017). We argue
that the development of such metrics is key to advance
conservation research and practice. In the case of our
study area, such metrics could for example include the
proportion of area under direct human influence (mea-
sured by % of area exhibiting signs of human presence:
infrastructure, cultivated land, livestock herds, logging
sites) and the rate of conversion of natural areas for
human purposes in km2/year to measure habitat conver-
sion and encroachment; or the average number of live-
stock per household and the percentage of households
keeping livestock to quantify livestock keeping. The
development of such metrics can benefit from the
approach we present in this article: A list of SEIs occur-
ring in a given PCA can be used to identify relevant
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variables for which to create metrics. Causal loop dia-
grams can then act as tools for working with the metrics
by providing a visual portrayal of structures and links
within the system that illustrates how different metrics
relate to the wider system.

4.2 | Reflecting our approach and
positionality

Our work explores dynamics and feedbacks in a particu-
lar social-ecological system from the perspective of peo-
ple living and working in this system. This approach
entails several implications regarding the positionality
and scope of this study. In the past years, the need for
more reflexivity in conservation science became increas-
ingly recognized (Beck et al., 2021; Boyce et al., 2022). In
agreement with this call for more self-critical and respon-
sive conservation research (Montana et al., 2020), we
reflected on three implications of our approach for the
results we present from this research.

First, as we based our work on spoken and written
descriptions of the processes taking place in the study area,
our inferences are stemming from anthropocentric view-
points by local stakeholders, scientists and conservationists.
This is especially apparent when considering the three
dimensions care, conflict, and use. Because we assigned dif-
ferent SEIs to these categories based on the interviews and
literature, the resulting classification is inherently anthro-
pocentric and does not represent these interactions from
the point of view of the nonhuman inhabitants of the study
area. While the nature of our data resulted in this human-
centered perspective on interactions between the PCAs and
the people living and working there, we acknowledge that
other viewpoints on such interactions exist and are valu-
able. For example, several research areas have incorporated
more-than-human perspectives in the past years
(e.g., political ecology: Whatmore, 2013; intrinsic values of
nature: O'Connor & Kenter, 2019; nature-based solutions:
Maller, 2021) to account for realities beyond human per-
ception and rationality. Such approaches have the potential
to reveal new dimensions and interpretations of SEIs but
were beyond the scope of this study.

Second, we acknowledge that conservation science is
inextricably informed by normative values (Beck
et al., 2021, Boyce et al. 2022). In our case, this has two
consequences. First, the interviews we based our work on
are not entirely objective assessments of the processes
taking place in the study area but rather paint a partial
picture that is influenced by respondents' personal expe-
riences. Second, the literature we included in our analysis
as well as the inferences we made from the data, are at
least partially affected by normative values. Throughout

our analysis, we paid attention to draw conclusions based
on the existing data and refrain from subjective interpre-
tations. Nevertheless, we believe it is important to
acknowledge that conservation science is shaped by
researchers' own background and (predominantly West-
ern) values (Beck et al., 2021, Boyce et al. 2022) and that
interview data are influenced by stakeholders' normative
values, rules and knowledge (Colloff et al., 2017).

Third, because we focused on interactions between
local people (users) and their environment (resource sys-
tem), some elements of the social-ecological system of
PCAs in North Luangwa (Ostrom, 2009) are not included
in the study. This includes for instance decision-making
processes about human-human interactions or about
human-wildlife conflicts that are taking place in the PCAs,
and which are, in fact, a manifestation of conflicts between
human interests (Madden, 2004, Dickmann 2010, Redpath
et al., 2015). In contrast, the three dimensions care, con-
flict, and use summarize how people relate to the PCAs
and describe direct interactions between stakeholders and
their environment.

In summary, our decision to base our work on inter-
views with local stakeholders as well as relevant literature
on the topic results in an anthropocentric, normative view
on interactions between humans and their environment
that does not capture all processes happening in the study
system. These limitations, however, do not mean that our
results are irrelevant in the real world. We integrated a wide
range of voices of stakeholders, scientists and conservation-
ists that are all key voices needed to create sustainable
PCAs and elicited central SEIs taking place in the North
Luangwa PCAs. This knowledge can contribute to tackling
conservation and sustainability challenges in the study area.
In addition, the resulting framework can be applied to other
social-ecological systems.

5 | CONCLUSION

Protected areas have the potential to significantly contrib-
ute to the conservation of biodiversity, the integrity of
ecosystem processes, and to human well-being (CBD
2020). Promoting this potential requires the consideration
of social-ecological interactions that are central to under-
standing the roots of (in)effectiveness of protected areas
and leverage change toward resilient, sustainable sys-
tems. Here, we propose a framework that guides a thor-
ough analysis of social-ecological interactions occurring
in a given protected area. First, the analytical framework
facilitates the analysis of single social-ecological interac-
tions. Second, the three dimensions care, conflict, and use
summarize the different types of social-ecological interac-
tions occurring in PCAs. Third, the causal loop diagram
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illustrates links and feedback between social-ecological
interactions. These three key results can be applied to
other PCAs to varying degrees. The analytical framework
can be applied to other PCAs without further adjust-
ments; the three dimensions care, conflict, and use can
serve as an orientation toward which SEIs might occur in
a PCA; the causal loop diagram is site-specific and needs
to be specifically generated for the PCA of interest.
Although there are universally congruent dynamics in
PCAs worldwide, reaching impactful area-based conser-
vation measures in different contexts requires case-
specific analyses of SEIs and their dynamics that actively
involve local stakeholders (guided by the analytical
framework and the three dimensions of interactions, and
involving a causal loop diagram). The holistic under-
standing of dynamics and processes generated with the
help of this approach can support the development of
effective, resilient, and sustainable protected areas that
meet the biodiversity and human well-being goals.
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