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Abstract 

Land use changes and the expansion of protected areas (PAs) have amplified the interaction 

between protected and unprotected areas worldwide. In this context, ‘interface processes’ 

(human–nature and cross-boundary interactions inside and around PAs) have become central 

to issues around the conservation of biodiversity and ecosystem services. This scientific 

literature review aimed to explore current knowledge and research gaps on interface processes 

regarding terrestrial PAs. First, 3,515 references related to the topic were extracted through a 

standardized search on the Web of Science and analyzed with scientometric techniques. Next, 

a full-text analysis was conducted on a sample of 240 research papers. A keyword analysis 

revealed a wide diversity of research topics, from ‘pure’ ecology to socio-political research. 

We found a bias in the geographical distribution of research, with half the papers focusing on 

eight countries. Additionally, we found that the spatial extent of cross-boundary interactions 

was rarely assessed, preventing any clear delimitation of PA interactive zones. In the 240 

research papers we scanned, we identified 403 processes that had been studied. The ecological 

effects of PAs were well documented and appeared to be positive overall. In contrast, the 

effects of PAs on local communities were understudied and, according to the literature 

focusing on these, were very variable according to local contexts. Our findings highlight key 

research advances on interface processes, especially regarding the ecological outcomes of 

PAs, the influence of human activities on biodiversity, and PA governance issues. In contrast, 

main knowledge gaps concern the spatial extent of interactive zones, as well as the 

interactions between local people and conservation actions and how to promote synergies 

between them. While the review was limited to terrestrial PAs, its findings allow us to 

propose research priorities for tackling environmental and socio-economic challenges in the 

face of a rapidly changing world. 
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Introduction 

Worldwide, land use changes driven by the expansion of human activity and infrastructure on 

the one hand, and by initiatives to protect terrestrial biodiversity on the other, have created 

landscapes with increasing interaction between humans and biodiversity. Indeed, human-

dominated areas – including rangelands, managed forests, and cultivated lands – now occupy 

around 80% of the planet (Haddad et al., 2015; Ramankutty et al., 2018). Their expansion has 

vastly increased the extent of fragmented landscapes where a wide range of interactions take 

place between natural and human-modified habitats (Driscoll, Banks, Barton, Lindenmayer, 

& Smith, 2013). In parallel, statutory terrestrial protected areas (PAs) have been expanding 

and now cover around 15% of the planet (UNEP-WCMC & IUCN, 2016), multiplying contact 

zones and interactions between protected and unprotected areas (Watson, Dudley, Segan, & 

Hockings, 2014). As many PAs are actively managed, and sometimes inhabited, by humans 

(categories IV–VI of the IUCN; Shafer, 2015), a vast range of human–biodiversity 

interactions occur within their boundaries. 

In this context, the role of ‘interface processes’ has become central to questions regarding the 

conservation of ecosystems and biodiversity in protected and unprotected areas and, 

consequently, of ecosystem services (Cumming, 2016; DeFries et al., 2010; Hansen & 

DeFries, 2007; Mathevet, Thompson, Folke & Stuart Chapin, 2016; Palomo et al., 2014). In 

this paper, interface processes are defined based on two main types of interactions that occur 

in terrestrial PA-related social-ecological systems (SES; Fig. 1): 

-  Local social-ecological interactions: These are interactions between human and non-

human components (i.e. at the interface between social and ecological systems) that occur 

either outside or inside PAs. One aspect of these interactions refers to the influence of 

humans on their local environment, through road expansion that alters species distribution 

and landscapes (Spellerberg, 1998), agricultural practices that influence biodiversity at 

field and landscape scales (Carrié, Andrieu, Ouin, & Steffan-Dewenter, 2017), or PA 

management practices that aim to conserve or restore ecological assets (Chamaillé-

Jammes, Charbonnel, Dray, Madzikanda, & Fritz, 2016). The other aspect refers to the 

influence of biodiversity on humans, through the various ecosystem services humans 

derive from ecosystem production and functioning (Bennett et al., 2015) or the negative 

impacts – what can be termed ecosystem disservices (Shackleton et al., 2016). 

- Cross-boundary interactions: These are biophysical, social and social-ecological 

interactions between areas predominantly managed for biodiversity conservation and areas 

predominantly managed for human activities. In contrast to local social-ecological 

interactions, cross-boundary interactions are specific to PA-related SES, and refer to the 

many influences of PAs on their surroundings (and vice versa); these are variously termed 

‘spillover effects’, ‘edge effects’, or ‘boundary effects’ in the literature (Ament & 

Cumming, 2016; Balme, Slotow, & Hunter, 2010). For example, animal movements into 

and out of PAs to feed or migrate (Loveridge, Valeix, Elliot, & Macdonald, 2017) 

generate biophysical cross-boundary interactions. When these animals enter adjacent 

agro-pastoral areas or human settlements, this creates social-ecological interactions (e.g. 

crop raiding, retaliation killings) that may affect wildlife survival as well as human 

societies (Guerbois, Chapanda, & Fritz, 2012). Finally, these phenomena sometimes lead 

to negative attitudes of adjacent communities toward PAs, which may in turn affect their 

social interactions with PA managers (Castilho, De Vleeschouwer, Milner-Gulland, & 

Schiavetti, 2018; Chouksey & Singh, 2018). 
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Fig. 1 Conceptual diagram of the two types of interface processes within PAs and across their 

boundaries. The first type (red plain lines) refers to local social-ecological interactions between 

human and non-human components (either inside PAs or in their surroundings). The second 

type (blue dotted lines) refers to cross-boundary interactions between biophysical, social, and 

social-ecological components. 

Altogether, interface processes substantially influence interactions between social and 

ecological components (i.e. a species, a stakeholder, etc.) within a PA-related SES (Fig. 1). A 

clear understanding of interface processes and their effects on biodiversity inside and outside 

of PAs as well as on social systems is crucial in order to improve PA management and 

biodiversity conservation. In a context of shifting climatic conditions, biodiversity 

conservation in the near future will rely on the ability of species to move outside current PA 

networks, which will be facilitated by effective biodiversity-friendly actions in unprotected 

areas (Lehikoinen, Santangeli, Jaatinen, Rajasärkkä, & Lehikoinen, 2019). Yet if these actions 

deprive local communities of the natural resources important to their livelihoods, they may 

jeopardize community well-being and undermine social support for conservation (McElwee, 

2010). A better understanding of local social-ecological interactions will help to avoid this 

pitfall. Secondly, providing information on the effect of cross-boundary interactions on 

biodiversity inside PAs will help PA managers to adapt their management plans and actions. 

As advocated by many studies, such adaptations may include involving adjacent communities 

and stakeholders in PA co-management (Agrawal & Ostrom, 2006; Porter-Bolland et al., 

2012; Thoms, 2008). 

A large body of knowledge exists on interface processes. The aim of this review was to 

provide a thorough and critical analysis of the peer-reviewed literature focusing on terrestrial 

PAs. To this end, we first conducted a quantitative review of the literature to shed light on the 

main research topics that relate to interface processes. We then summarized the current 

knowledge of these processes through a full-text analysis of a selection of papers, 

emphasizing empirical results and advances. Lastly, we identified key gaps in the research. 
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Our findings indicate the need for integrated research that will help to better understand the 

complex links between land use, socio-economic change, cultural change and biodiversity, 

which represent a critical challenge for fostering biodiversity conservation and local 

development in the Anthropocene. 

 

Materials & methods 

Systematic review and bibliometric analyses 

The first step of the review was to search the Web of Science’s Core Collection for literature 

on interface processes associated with PAs over the past 30 years (1988–2018), limiting our 

scope to terrestrial PAs (i.e. marine and urban PAs were excluded). To conduct the search, we 

designed standardized queries using keywords referring to PAs (e.g. ‘conservation area*’, 

‘protected area*’, ‘national park*’, etc.) that co-occurred with keywords referring either to PA 

surroundings (e.g. ‘buffer zone*’, ‘buffer area*’, ‘around’, ‘adjacent’, etc.) or to interactions 

between human and social systems (e.g. ‘interface*’, ‘social-ecological’, etc.) (see Table S1 

for further details). These queries led to a corpus of 3,515 references on interface processes 

associated with terrestrial PAs, part of a larger corpus of 41,710 references on terrestrial PAs 

more generally (Table S1). According to the terms used by the authors to designate PA 

surroundings or the interactions between ecological and social systems, we classified each 

reference into one of six categories, including ‘buffer area’, ‘buffer zone’, ‘interface’, 

‘proximity adjectives’, ‘social-ecological’, and ‘multiple’ (Table 1). 

Table 1. Description of the six categories used to classify the 3,515 papers collected in the 

search, including the classification criteria, the number of papers, and examples in each 

category. 

Categories Classification criteria 

(based on the use of each notion in the title, 

abstract or keywords) 

No. of 

papers 

Examples of references 

Buffer area Use of the concept of ‘buffer area’ to designate 

PA surroundings (and none of the other 

concepts in our classification) 

24 (Kinnaird et al., 2003; Román-Cuesta 

& Martínez-Vilalta, 2006) 

Buffer 

zone 

Use of the concept of ‘buffer zone’ to designate 

PA surroundings (and none of the other 

concepts in our classification) 

412 (Fernández-Juricic, Vaca, & 

Schroeder, 2004; Hoa Hong Dao & 

Hölscher, 2015) 

Interface Use of the concept of ‘interface’ to designate 

interactions between biodiversity and societies, 

or between PA and their surroundings (and 

none of the other concepts in our classification) 

224 (Chapple et al., 2011; Magige & 

Senzota, 2006) 

Proximity 

adjectives 

Use of proximity adjectives to designate PA 

surroundings, including ‘around’, ‘edge’, 

‘adjacent’, ‘near’, ‘surrounding*’, “border*’, 

‘periphery’, ‘boundary’, and ‘adjoining’ (and 

none of the other concepts in our classification) 

2278 (Fernández & Gómez, 2012; William 

D. Newmark et al., 1996) 

Social-

ecological 

(SES) 

Use of the concepts of ‘social-ecological’, 

‘socio-ecological’ or ‘socio-ecosystem’ to 

designate interactions between biodiversity and 

societies in or around PA (and none of the other 

concepts in our classification) 

346 (Pinki Mondal & Southworth, 2010; 

Murungweni et al., 2011) 

Multiple Use of at least two of the above-mentioned 

concepts to designate PA surroundings or the 

interactions between biodiversity and societies 

231 (Haggar et al., 2015; Kintz, Young, & 

Crews-Meyer, 2006) 

Total  3515  
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We then identified the main journals and the timeline of appearance of the different terms, 

and analyzed (i) the countries/territories of affiliation of the authors and (ii) the keyword co-

occurrence patterns. For the latter, we created a distance-based map of keywords with a 

bibliometric mapping software (i.e. VOSviewer 1.6.9, van Eck & Waltman, 2010). The map 

reflects the association strength ‘𝑠’ between keywords, calculated with the following direct 

similarity measure: 

𝑠 =
c𝑖𝑗

s𝑖𝑠𝑗
 

where 𝑐𝑖𝑗 equals the number of co-occurrences of keywords i and j, and 𝑠𝑖 and 𝑠𝑗 equal the 

total number of occurrences of keywords i and j, respectively. On the basis of this map, we 

identified clusters of keywords through a modularity-based clustering method based on 

minimizing Eq.(3) in Waltman, van Eck, & Noyons (2010), which is a widely used clustering 

method in scientometric research. 

Full-text analysis of a sub-corpus of articles 

A full-text analysis was then carried out on a sub-corpus of articles in order to extract 

information from their ‘Methods’ and ‘Results’ sections. To select this sub-corpus, we 

followed the standardized procedure described in Fig. 2. From the full complement of 3,515 

references, we first selected a sub-corpus of 1,199 papers published in the 19 most 

represented journals (i.e. journals that have included at least one article per year on interface 

processes over the last 30 years). From this sub-corpus, we randomly selected 335 papers (ca. 

10% of the complete corpus). A full-text analysis of these papers allowed us to identify the 

240 empirical research articles that were most relevant to our analysis, i.e. studies that focused 

on terrestrial PAs and analyzed one or many biophysical, social and/or social-ecological 

components or interactions (excluding gap analyses, method articles and concept and opinion 

papers). 

The full-text analysis of the 240 research articles was carried out in order to systematically 

extract the following information: 

- the country(ies)/territory(ies) where the study was conducted 

- the existence or not of a formally legislated management zone (i.e. buffer zone and/or 

transition area) 

- the definition of the zone that interacts with the PA, if included in the paper 

- the nature of the studied component(s) or interaction(s), grouped into 25 different types 

and 11 larger categories (see Table S2) 

- where relevant, the nature of the interaction (either positive, negative or neutral) between 

the studied components 

- the nature of the data used in the study (i.e. social, biophysical or both) 

- the methods used to collect or handle the data 

- the location of the data collection site (inside PAs, in PA surroundings, or both). 

This analysis was performed by the first two authors, who designed the analytical grid 

together and regularly discussed how to code an article or a variable in order to reduce bias. In 

addition, the studied components and interactions were grouped into different types, and 

subsequently into broader categories, in order to homogenize the dataset and uncover 

dominant trends and effects for similar types of components and interactions. This resulted in 

the classification system presented in Table S2, which was established through a bottom-up 

approach: after the identification of 403 studied components and interactions from the full-

text analysis of the 240 research articles, the first two authors agreed to group them into 25 

different types, which were then grouped into 11 larger categories. 
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Fig. 2 Selection procedure of the 240 research articles and 31 reviews used for the full-text 

analysis of the literature. This procedure also allowed the assessment of the rate of relevancy of 

the query, i.e. its capacity to capture existing studies of interface processes in the context of 

terrestrial protected areas. 

To complete the analysis, 31 reviews were selected, including 11 seminal reviews (i.e. 

reviews cited >100 times) and 20 recent reviews (published after 2008) (Fig. 2). These 

reviews were analyzed with the aim of shedding light on key research advances, salient results 

and seminal publications in the field. They allowed us to enrich our understanding and to gain 

a broader perspective on the state of the art in interface processes. 

For the sake of clarity, hereafter we will use the term ‘studied process’ to designate the 

components and interactions that were identified in the scanned full texts. Components refer 

to a social or an ecological entity (i.e. a stakeholder, a social norm, a species, a habitat, etc.) or 

to the variables used to describe an entity (i.e. the social status of a stakeholder, the level of 

diversity of a habitat, etc.). The term ‘interaction’ refers to the relationships between entities 

and how they influence each other. Of the ‘studied processes’, interface processes designate 

more specifically cross-boundary interactions or human–biodiversity interactions, as defined 

in the introduction. The zone that interacts (or is supposed to interact) with PAs though cross-

boundary interactions is referred as the ‘interactive zone’. 

 

Results 

Geographical imbalances 

The literature on interface processes represented 8.4% (N=3,515 references) of the total 

literature extracted on PAs (N=41,710; Table S1). A total of 10,403 authors associated with 

140 countries/territories contributed to this literature on interface processes, of whom 29 

contributed to eight or more papers. Most papers were published by authors from the United 

States (N=1,184; 33.7%), the United Kingdom (N=364; 10.4%), South Africa (N=270; 7.7%) 
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and Canada (N=248; 7.1%) (Fig. 3a). Beyond the dominance of authors from North America 

(N=1,333 papers; 37.9%) and Europe (N=1,367; 38.9%), several other countries were 

disproportionately represented, including South Africa, China (N=142; 4.0%), India (N=125; 

3.6%) and Brazil (N=124; 3.5%). North and West Africa and the Middle East (N=28; 0.8%) 

were underrepresented. 

 

Fig. 3 Geographical distribution of authors and study sites of the selected literature, and 

terrestrial PA coverage. (a) Number of papers published for each country/territory on the basis 

of author affiliation (based on the full complement of 3,515 references); (b) Number of papers 

published on each country/territory on the basis of the location of study sites, and co-authorship 

links between countries/territories (based on the scanned 240 articles); (c) Proportion of land 

covered by protected area for each country/territory (Source: UNEP-WCMC & IUCN, 2018). 
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In the 240 research articles we scanned, study sites were located in 85 different countries 

(Fig. 3b), but 8 countries were the focus of >50% of the articles: Tanzania (N=23; 9.6%), 

India (N=20; 8.3%), USA (N=18; 7.5%), South Africa (N=16; 6.7%), Nepal (N=15; 6.3%), 

Indonesia (N=11; 4.6%), Kenya (N=11; 4.6%) and Uganda (N=11; 4.6%). Overall, 75% of the 

articles focused on 15 countries, with 35 countries appearing in just one article. Co-authorship 

links indicated the strong involvement of authors based in Europe and North America in 

articles dealing with study sites located in developing countries (Fig. 3b). Thus, developing 

and emergent countries were overrepresented as study sites, while developed countries were 

overrepresented in terms of authors. Large geographical areas remained overlooked, in 

particular North Africa, the Middle East and Central Asia, which may be partly explained by 

the relatively low occurrence of statutory PAs in these regions (Fig. 3c). 

 

Research at the crossroads between social and ecological sciences 

Between 1988 and 2018, the number of annual publications on terrestrial PA-related interface 

processes rapidly increased (Fig. 4a). With 199 papers, Biological Conservation was the main 

publishing journal, followed by Conservation Biology (98 papers) and ORYX (95, Fig. 4b). 

Thus, interface processes have tended to be investigated mainly through the lens of 

biodiversity conservation. This result was corroborated by the two most frequent keywords: 

‘conservation’ (in 287 papers; 8.2%) and ‘biodiversity’ (107 papers; 3.0%). 

Through the analysis of keyword co-occurrences, we identified 70 frequent keywords 

(appearing in 20 or more papers) pointing to a wide diversity of research topics, approaches 

and methods (Fig. 5). Within these, five main clusters, related to five core topics, emerged: 

- Species diversity and distribution across landscapes: This cluster is dominated by 

keywords referring to biodiversity surveys (e.g. ‘species richness’, ‘camera trap’) and to 

species’ use of their habitats (e.g. ‘distribution’, ‘home range’, ‘predation’) in the context 

of human-modified landscapes, as suggested by the keywords ‘buffer zone’, ‘land use’ 

and ‘edge effects’. 

- Landscape changes and their impacts on biodiversity: This cluster is dominated by 

keywords referring to landscape ecology (e.g. ‘remote sensing’, ‘fragmentation’, 

‘connectivity’) in the context of changes in land use and cover as well as in climate. 

- Interactions between local people and protected areas: This cluster is dominated by 

keywords illustrating the impact of wildlife on local people (e.g. ‘human–wildlife 

conflict’, ‘crop raiding’) and by keywords highlighting the benefits PAs provide to people 

(e.g. ‘ecotourism’) in the context of PA co-management. 

- Governance of protected areas: This cluster is characterized by social-ecological 

approaches and associated keywords (e.g. ‘ecosystem services’, ‘resilience’, ‘institutions’) 

in the context of sustainable and participative management of PAs. 

- Wildlife conservation and anthropogenic threats: This cluster is dominated by population 

ecology keywords (e.g. ‘population dynamics’, ‘habitat selection’) in the context of 

anthropogenic pressures on wildlife through hunting and poaching. 

These five topics reflect the diversity of approaches employed to address conservation issues, 

including wildlife-centered, social-centered and landscape ecology approaches. As illustrated 

by the keywords referring to the impacts of conservation on local populations and to PA 

governance and management challenges, the synergies and antagonisms between human 

development and biodiversity conservation appear as major research themes. Yet the position 

of, and links between, the different keywords, suggest strong overlaps between clusters 

(Fig. 5). Rather than disconnected research topics, the keyword map highlights a gradient 
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between ‘pure’ ecological research (left side of Fig. 5) and social-ecological research (right 

side). 

 

Fig. 4 Annual publications on terrestrial PA-related interface processes and main publishing 

journals. (a) Annual publications since 1988 according to the term used to designate interface 

processes and/or PA surroundings, and comparison with the annual publication of the targeted 

research areas (i.e. the Web Of Science research areas included in this review: ‘Environmental 

Sciences Ecology’; ‘Zoology’; ‘Biodiversity conservation’; ‘Plant Sciences’; ‘Forestry’; 

‘Agriculture’; ‘Geography’; ‘Social Sciences Other topics’). (b) Number of publications in the 

19 journals that have published at least one paper per year on interface processes since 1988. 
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Fig. 5 Distance-based map of the main keywords and their association strength in the selected 

literature, depicting five core research topics identified by a modularity-based clustering 

method. This figure highlights the 69 keywords (‘conservation’ excluded) appearing in at least 

20 articles and their co-occurrence links extracted from the 3,515 references. Circle sizes are 

proportional to the occurrence of each keyword. Co-occurrence links indicate keywords that 

appear together in at least three papers, and the thickness of the line is proportional to the 

number of co-occurrences of keywords. Colors correspond to the five clusters obtained with the 

modularity-based clustering method (implemented in VOSviewer software). 

The unclear characterization of interactive zones 

We found a lack of clarity in the way the zones that interact with PAs (i.e. ‘interactive zones’) 

were described and defined in the selected research articles. Firstly, the coexistence of a 

diversity of terms to refer to interactive zones and cross-boundary interactions suggested a 

lack of uniform denomination (Fig. 4a). The majority of papers used proximity adjectives 

(N=2,278; 64.8%) such as ‘around’, ‘adjacent’ or ‘near’ (Table 1). The most noticeable 

change in designation was the emergence of the concept of ‘social-ecological system’ (SES) 

in 1991, which became a frequent way to refer to PA-related interface processes. 

Secondly, interactive zones were defined in only 21 of the 240 research articles we scanned, 

and these definitions revealed contrasting visions (Table S3). These mostly referred to ‘buffer 

zones’ (N=20), understood as areas of trade-offs between local livelihoods and biodiversity 

conservation. More specifically, 8 definitions emphasized the restrictions imposed on human 

activities, while 9 emphasized the allowance of sustainable activities. An alternative vision of 

the buffer zone and its functions (found in one paper) considered it as a sacrificed area 

“meant to protect its conservation unit from deforestation rather than itself, to reduce edge 

effects, to protect from gold mining, drug cultivation, poaching and maintaining viable 

population of species” (Jusys, 2016). 
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Beyond terminology and conceptual considerations, 52 research papers (21.7% of the 240 

references) did not integrate PA surroundings in their study design, referring to them only in 

the introduction or discussion. For the remaining 188 papers, the spatial boundaries of the 

zone investigated were mainly established from pre-existing institutional, administrative or 

legislated boundaries rather than biophysical or cultural boundaries such as watersheds or 

traditional land tenure (Fig. 6). Arbitrary and technology-driven delineations were common 

(e.g. an arbitrary distance from the PA boundary without justification of the definition of the 

particular distance used, or boundaries based on the availability of aerial photographs), while 

33 articles did not explicitly delimit the zone they investigated. Only 12 papers considered 

biophysical and/or cultural criteria to determine boundaries. 

 
Fig. 6 Studies mentioning or considering the surrounding areas of PAs, and approaches to 

defining their boundaries. The pie chart shows the number of papers that only mention PA 

surroundings (in the introduction or discussion) and the number of papers that included them in 

their study design. Of these, the bar chart indicates the way the zones of interest were designated 

in the papers. 

A lack of consideration of cross-boundary interactions 

From the 240 research articles, we identified a total of 403 studied processes (components 

and/or interactions). Most investigated processes (n=242; 60.0%) did not consider cross-

boundary interactions (Fig. 7). Of these, 78 processes (19.4%) were studied only inside PAs, 

merely incorporating the effect of cross-boundary interactions to contextualize or discuss 

results (e.g. Gurd, Nudds, & Rivard, 2001; Newmark, Boshe, Sariko, & Makumbule, 1996). 

For 91 studied processes (22.6%), the area around PAs was used as a control to test the effect 

of PAs on a given ecological process such as species communities (e.g. Fernández & Gómez, 

2012) or land cover changes (e.g. Mondal & Southworth, 2010). Finally, 73 processes 

(18.1%) were assessed independently of PA boundaries, which included studies about genetic 

variation in animal populations (e.g. Forbes & Boyd, 1996), livelihoods (e.g. Murungweni, 

van Wijk, Andersson, Smaling, & Giller, 2011), or land use changes in unprotected areas (e.g. 

Brandt, Allendorf, Radeloff, & Brooks, 2017). 
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Fig. 7 Consideration of cross-boundary interactions in the literature and examples of studied 

processes. Each studied process identified in the 240 research articles was classified according 

to (i) the location of the study site and (ii) whether the study integrated the influence of cross-

boundary interactions. Black dots show study sites, which may be located inside the PA, in a 

legal management zone, or outside the PA. Arrows indicate whether cross-boundary interactions 

were considered to influence the studied process. 

When cross-boundary interactions were considered (n=161; 40.0%), study sites were 

predominantly located outside PAs (n=107; 26.6%), and very few (n=46; 11.4%) combined 

locations inside and outside a PA. Seventy-two (17.9%) cross-boundary interactions were 

associated with the influence of PAs on their surroundings: on neighboring people’s attitudes 

toward conservation (e.g. Lagendijk & Gusset, 2008), on human–wildlife conflicts (e.g. Seiler 

& Robbins, 2016), or on development outcomes (e.g. Baird, 2014). Conversely, 69 (17.1%) 

cross-boundary interactions concerned the influence of surrounding areas on PAs, such as 

hunting pressure (Altrichter, 2005) or natural resource extraction (e.g. Shova & Hubacek, 

2011). Only 29 cross-boundary interactions (7.2%) were considered as two-way relationships 

between PAs and interactive zones, which included the study of animal movements between 

PAs and neighboring lands (e.g. Balme, Slotow, & Hunter, 2010), the involvement of local 

people in PA governance (e.g. Nepal, 2002), or social relationships between stakeholders (e.g. 

Zhou, Wang, Lassoie, Wang, & Sun, 2014). 

 

Overview of the methods and research topics 

The 240 research articles were dominated by biophysical studies (N=127; 53.0%) that used a 

diverse set of methods, including ecological surveys, remote sensing and modeling 

approaches (Fig. 8a,b). A total of 76 articles (31.7%) used only social data collected through 
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field interviews conducted by the authors (including questionnaires) or through the use of 

other types of social surveys such as preexisting socio-economic censuses, poaching records 

obtained from local patrollers, tourism records, or expert-based information. Articles 

combining biophysical and social data were fewer (N=37; 15.3%). Nearly one-third of the 

articles (N=71; 29.6%) combined different methods (such as ecological surveys and remote 

sensing, or ecological surveys and field interviews) (Fig. 8b). 

 

Fig. 8 Data and methods employed in the 240 research articles, and trends observed in the 

studied processes. (a) Number of papers according to the type of data (biophysical, social, or 

both) employed. (b) Number of papers according to the methods used in the analyses. (c) 

Number of times each studied process has been investigated according to study site location, 

and dominant reported trends when relevant (see Table S2 for further details on the types of 

processes). 

The grouping of the 43 studied processes into 25 types and 11 categories (Table S2) allowed 

us to summarize the dominant trends and effects (Fig. 8c). A total of 112 (27.8%) processes 

were related to ecological systems without consideration of interface processes, i.e. of social-

ecological or cross-boundary interactions. This literature was dominated by studies comparing 

species diversity and distribution across landscapes (n=90; 22.3%), with a primary focus on 

animal species (n=72; 17.9%) and less attention to plants (n=18; 4.5%; Table S2). This 

included research on species’ habitat preferences (e.g. Bhattarai & Kindlmann, 2013), 

variability in biodiversity between land use types (e.g. Haggar, Asigbaase, Bonilla, Pico, & 

Quilo, 2015), or species abundance inside a PA at a single point in time (e.g. Dallimer & 
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King, 2008). Landscape and habitat analyses that, amongst other, aimed to characterize land 

cover and vegetation (e.g. Danby & Slocombe, 2005) or rates of deforestation independently 

of the influence of PAs (e.g. Kinnaird, Sanderson, O’Brien, Wibisono, & Woolmer, 2003) 

were less represented (n=19; 4.7%). Studies that explicitly assessed ecosystem services were 

particularly scarce (n=3). 

Pure social system studies do not appear in Fig. 8c, as the papers selected by the search strings 

invariably investigated social interactions in the context of PAs or natural resource 

management, which we considered to be part of interface processes. Of the studied interface 

processes, three main topics emerged. The first was related to the interactions between 

biodiversity and local people, including studies of ‘Local human activities & livelihoods’, 

‘Human influence on biodiversity & landscapes’, and ‘Biodiversity influence on local 

activities & livelihoods’ (Fig. 8c). The second was related to the ecological effectiveness of 

conservation actions, including studies of ‘Conservation influence on biodiversity’ and 

‘Conservation influence on land use & habitats’. The third topic focused on the social 

dimension of conservation actions, including studies of ‘Conservation effects on local 

livelihoods & development’ and ‘Conservation governance & relationships with local people’. 

 

Interactions between biodiversity and local people 

Within this topic, studies on ‘Local human activities & livelihoods’ (n=44; 10.9%) aimed to 

characterize the pattern of uses of biodiversity by local people and identify the underlying 

factors, focusing on the socio-economic factors involved in natural resource extraction (e.g. 

Shova & Hubacek, 2011), on seasonal hunting patterns (e.g. Reyna-Hurtado, 2009), or on the 

link between wealth, education and natural resource dependence (e.g. Mgawe, Mulder, Caro, 

Martin, & Kiffner, 2012). In a similar perspective, studies on ‘Biodiversity influence on local 

activities & livelihoods’ (n=19; 4.7%) focused on non-material relationships between local 

people and biodiversity, such as local people’s knowledge and attitudes toward wildlife (e.g. 

Dickman, Hazzah, Carbone, & Durant, 2014; Nyhus, Sumianto, & Tilson, 2003), as well as 

on material interactions such as human–wildlife conflicts, which were generally found to be 

exacerbated around PAs (e.g. Sarker & Røskaft, 2010; Wegge, Yadav, & Lamichhane, 2018; 

Woodroffe, Lindsey, Romañach, Stein, & Ole Ranah, 2005). 

Conversely, many studies aimed to assess ‘Human influence on biodiversity & landscapes’ 

(n=71; 17.6%), depicting an overall negative effect of human activities on biodiversity, both 

inside and outside PAs (Fig. 8c). The intensification of land use, the fragmentation of natural 

landscapes through the expansion of infrastructure, as well as logging and deforestation 

activities were found to be particularly detrimental to biodiversity (e.g. Armenteras, 

Rodríguez, & Retana, 2009; Botha, Witkowski, & Shackleton, 2004; Dallimer & King, 2008; 

Thorn, Bässler, Svoboda, & Müller, 2017). In contrast, the influence of agro-pastoral 

activities on biodiversity was found to be more variable according to the context and systems 

considered (e.g. Leigh, Smart, & Gill, 2017; Mworia, Kinyamario, & Githaiga, 2008; Petracca 

et al., 2014). 

 

The ecological effectiveness of conservation actions 

Most studies that focused on conservation areas’ effects on biodiversity (n=40; 9.9%) and 

land use and habitats (n=35; 8.7%) found an overall positive effect at species and landscape 

levels (Fig. 8c). This included positive PA influences on pollinator communities (Fernández 

& Gómez, 2012), on threatened tree species (Hoa Hong Dao & Hölscher, 2015), and on forest 

conservation (Jusys, 2016). Yet PA effects on biodiversity were shown to be neutral in 26% 

of the cases, and negative in 13% (Table S2). For example, Gurd et al. (2001) found that PAs 
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in North America were generally too small to be effective in protecting mammal species, 

while Harihar, Pandav, & Goyal (2011) warned about the negative influence of PAs on 

untargeted species due to interspecific competition. 

 

The social dimension of conservation actions 

Studies concerning the ‘Conservation effect on local livelihoods & development’ were 

relatively scarce (n=9; 2.2%) and had contrasting conclusions (Fig. 8c). While ‘Conservation 

governance & relationships with local people’ featured strongly (n=61; 15.1%), findings 

varied according to local contexts. For example, some studies reported that human–wildlife 

conflicts did not affect local people’s support for conservation (e.g. Karanth, Naughton-

Treves, Defries, & Gopalaswamy, 2013; Lagendijk & Gusset, 2008), while others concluded 

that it generated negative attitudes to conservation (e.g. Petracca et al., 2014; Stronen, Brook, 

Paquet, & Mclachlan, 2007). Similarly, conflicts with PA staff were shown to contribute to 

negative attitudes to PAs (e.g. Newmark, Leonard, Sariko, & Gamassa, 1993), although not 

everywhere (e.g. Studsrød & Wegge, 1995). Further, while positive attitudes appeared to be 

favored when local people benefit from tourism or development (e.g. Archabald & Naughton-

Treves, 2001), people could also support PAs independently of these benefits (e.g. Walpole & 

Goodwin, 2001). 

 

Discussion 

Main advances in research on terrestrial PA interface processes 

A large number of scholars have highlighted that, far from being isolated islands, PAs are 

connected to human societies and to surrounding unprotected areas (e.g. Beale et al., 2013; 

Newmark, 2008), and are also generally part of a broader PA network (Gonzalez, Thompson, 

& Loreau, 2017). As shown by publication trends, our results indicate that research on 

interface processes has increased exponentially over recent decades. This body of literature 

sheds light on both human–nature interactions inside and outside PAs, and the interactions 

between protected and unprotected areas. 

A primary finding of our review was that studies confirm the overall positive effect of PA-

based conservation strategies on biodiversity (Godet & Devictor, 2018; Gray et al., 2016). 

The understanding researchers have gained on ecosystem functioning seems to have enabled 

the implementation of effective PA management strategies to maintain or improve this. 

However, our analysis also revealed that conservation measures and monitoring tend to focus 

on a limited number of vertebrate taxa (especially birds and mammals; Di Marco et al., 2017). 

To address this gap, future research should include other taxa such as plants and invertebrates, 

and develop multi-taxa approaches to expand the focus beyond emblematic or threatened taxa 

(Harihar et al., 2011). Further studies are also needed with regards to genetic and landscape 

level interactions (Aldana-Domínguez et al., 2017). 

A second finding was that the literature on terrestrial PA-related interface processes has 

allowed robust conclusions to be reached about the influence of human societies on 

biodiversity and landscape dynamics. Consistent with the recent IBPES global assessment of 

biodiversity and ecosystem services (IPBES, 2019), the development of anthropogenic 

infrastructure, the intensification of land use and the unsustainable use of natural resources 

were found to be the main drivers of biodiversity loss inside and outside terrestrial PAs. A key 

challenge for fostering biodiversity conservation is therefore to reconcile human activities and 

ecosystem conservation. Research regarding the influence of agro-pastoral systems on 

biodiversity was underrepresented in the literature we reviewed (Table S2). Increasing 



17 

research effort on this topic would enable the identification of farming and herding practices 

that could meet biodiversity conservation and food security challenges, as well as ways to 

move from lose–lose to win–win systems (Fischer et al., 2017). 

Our review also partially assessed the vast literature on PA governance and the relationships 

between local communities and conservation stakeholders (Fig. 5, Fig. 8c). These studies 

provide insights on the main opportunities and pitfalls associated with the creation, 

implementation and management of terrestrial PAs (Adhikari & Baral, 2018; Ellis & Porter-

Bolland, 2008; Zhou et al., 2014). Research questions included how to better engage local 

communities in PA management through community-based management, payment for 

ecosystem services, or by developing new economic opportunities through environmental 

certification or ecotourism. This body of knowledge may provide an important source of 

inspiration for PA managers. Yet our review was unable to extract clear answers to these 

questions (Fig. 8c), limiting our analysis (see the section ‘Limits in the scope of this review’ 

below). 

 

Critical research gaps and ways forward 

Despite a rapid increase in the number of studies on terrestrial PA-related interface processes, 

these still represent less than 10% of the total literature on PAs, and many research questions 

and challenges remain to be addressed. We identified three areas that we consider the most 

critical for future research. 

The first knowledge gap relates to cross-boundary interactions and the definition and 

delineation of interactive zones. Evidence of this gap included the lack of clearly defined 

spatial boundaries of interactive zones in studies, but also the non-consensual views about 

their role (i.e. sacrificed zones vs. areas of trade-offs). Furthermore, a unidirectional 

understanding of cross-boundary interactions dominated, as few articles combined study sites 

both inside and outside PAs to investigate these interactions (but see Anderson & O’Farrell, 

2012; Balme et al., 2010). Several frameworks have been proposed to help (i) spatially 

delineate interactive zones, and (ii) consider two-way interactions between PAs and their 

surroundings, such as the ‘Zone of Interaction’ framework (DeFries, Karanth, & Pareeth, 

2010), the ‘Ecological Solidarity’ framework (Mathevet et al., 2016), or ecosystem service-

based frameworks (e.g. Palomo et al., 2014). Yet our findings suggest that putting these 

frameworks into practice in empirical research remains challenging, no doubt because they 

require a large amount of spatially explicit data on both social and ecological systems 

collected in multiple locations inside and around PAs. Remote sensing techniques may 

improve the ability to more clearly define interactive zones and their interactions with PAs 

(e.g. Alessa, Kliskey, & Brown, 2008; de Araujo Barbosa, Atkinson, & Dearing, 2015; Lopez 

& Frohn, 2017; Martín-López et al., 2017). 

The overall influence of biodiversity and conservation actions on local communities is a 

second underrepresented research topic (Fig. 8c). In particular, our results demonstrated a 

divide between studies that investigated the synergies between local people and PAs (e.g. 

through the maintenance of key natural resources and ecosystem services) and studies that 

focused on antagonisms between local people and PAs (e.g. through increased human–

wildlife conflicts and ecosystem disservices). Of the 240 articles we reviewed, no studies 

simultaneously investigated synergies and antagonisms between PAs and local people, except 

to some extent the study of McElwee (2010) in Vietnam. This gap in research, as well as the 

overrepresentation of studies on human–wildlife conflicts, is likely to explain the apparent 

overall negative impact of biodiversity around PAs on local livelihoods (Fig. 8c). Addressing 

this gap is essential to better quantify and reduce the social costs of conservation, while 
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reinforcing existing synergies (Naughton-Treves, Alix-Garcia, & Chapman, 2011). A joint 

assessment of ecosystem services (i.e. the positive contributions of ecosystems to people’s 

well-being) and disservices (i.e. their negative counterparts) may allow a better understanding 

of how different stakeholders are affected by the ecological outcomes of PAs (Blanco, 

Dendoncker, Barnaud, & Sirami, 2019). This understanding would help improve the overall 

socio-economic outcomes of PAs, a key step toward more sustainable PA management 

(Cumming, 2016; Watson et al., 2014). 

A third critical challenge is related to the reinforcement of synergies between PAs and local 

communities. In contrast to the relative success of PAs in protecting ecological systems, their 

outcomes on social systems appeared to be less positive (Fig. 8c). Two issues may explain 

this result. Firstly, many PA managers face human and financial resource shortages, which 

may jeopardize the effectiveness of PAs in conserving biodiversity (Adams, Iacona, & 

Possingham, 2019). In this context, the money available may primarily be invested in 

biodiversity rather than on social actions, leading to a lack of trans-sectorial funding and 

undermining the alignment of conservation- and agricultural-based actions. Secondly, 

research efforts may not have been adequate to understand the specificity of each local social 

system and implement effective site-specific actions. Indeed, social-ecological system 

approaches are relatively recent, so their outcomes may not be fully visible in the literature 

yet. Moreover, the dialogue between social scientists and conservationists remains difficult to 

operationalize (Agrawal & Ostrom, 2006). Nonetheless, the abundant literature on 

interdisciplinary approaches based on SES thinking and on ecosystem services provides a 

sound theoretical and methodological basis to reinforce social sciences in conservation 

biology research in order to tackle this last challenge (Maestre-Andrés, Calvet-Mir, & van den 

Bergh, 2016; Martín-López et al., 2019; Palomo et al., 2014). 

 

Limits in the scope of this review 

While this review enabled us to provide a thorough summary of the current knowledge on 

terrestrial PA-related interface processes, there were some limitations in its scope. First, we 

were unable to reach clear conclusions about PA governance issues. This lack of clarity may 

be partly explained by the strong influence of site-specific factors on relationships between 

PAs and adjacent human populations, with their different historical legacies, cultural 

backgrounds and socio-economic dynamics (Ament & Cumming, 2016; Gardner et al., 2009). 

In addition, our quantitative approach might have resulted in overlooking some of the less 

obvious governance processes around PA management that qualitative methods such as 

discourse analysis may have revealed (e.g. Rodela, 2012). Readers could, however, refer to 

existing reviews on PA governance issues, such as Reed (2008) or Berkes (2009). 

A second limitation was that marine and freshwater PAs were outside the scope of this 

review, although the associated body of literature may contain key information on interface 

processes in these systems. In particular, the success of many PAs relies heavily on the 

management of large watershed areas that cover several administrative units and different 

types of terrestrial, freshwater and coastal ecosystems (Pallero, Barragán, & Scherer, 2018). 

All of these social and ecological units are connected and have varying degrees of protection, 

which makes understanding their interface processes particularly crucial for managing 

ecosystems that are simultaneously influenced by terrestrial, freshwater and marine PAs and 

their stakeholders. Furthermore, promising approaches and methods such as network analyses 

have been widely used in freshwater and marine PAs, and these could inspire research on 

terrestrial PAs. For example, these methods have allowed the identification of stakeholders’ 

interests and interactions around PA-related issues such as water pollution (Ruzol, Banzon-

cabanilla, Ancog, & Peralta, 2017) and public participation (Nita, Ciocanea, Manolache, & 
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Rozylowicz, 2018). They have allowed the investigation of how mismatches between social 

and ecological systems affect environmental management and conservation (Bodin, Crona, 

Thyresson, Golz, & Tengö, 2014; Sayles & Baggio, 2017). Developing similar approaches for 

terrestrial PAs could help navigate the complexity of social systems and identify relevant 

actions to undertake built on existing local governance or social structures (e.g. Moeliono et 

al., 2016). 

The final limitation was that the query used to select the reviewed literature did not include 

any specific reference to multi-scale processes and telecoupling interactions, which are, 

however, key to the success of PAs. The results did reveal evidence about the existence of a 

‘scale effect’ that relates to changes in the observed dynamics according to the spatial scale 

chosen for the analysis (Ament & Cumming, 2016). Thus we can conclude that the choice of 

the scale of sampling according to the research questions requires careful attention. In 

addition, natural resource governance systems involve multiple actors and institutions, which 

operate at different levels through both vertical and horizontal interactions (Nunan, 2018). 

Similarly, while local ecosystems respond to local management practices and ecological 

processes, they are embedded in larger ecological systems that respond to other types of large-

scale phenomena, such as climate change or the development of international markets. While 

these cross-scale interactions were outside the scope of this review, the recent emergence of 

telecoupling frameworks (Liu et al., 2013; Martín-López et al., 2019) may provide valuable 

insights about interface processes such as trade flows, information transfer, and species 

dispersal across scales (see Kapsar et al., 2019 for a review). 

 

Conclusions 

The capacity of protected areas and the areas surrounding them to achieve a diverse set of 

ecological, social and economic objectives will be crucial to the success and performance of 

PAs in the Anthropocene (Watson et al., 2014). Meeting this challenge requires an 

understanding of the interface processes that facilitate, or impede, the coexistence between 

humans and other species inside and outside PAs; this will involve creating new connections 

between landscapes with contrasting functions and uses, and between social and ecological 

sciences. Our review found that consistent advances have been achieved in this perspective, 

although many research questions persist. The results testify to the existing connections 

between natural and social sciences, which can be employed together to investigate terrestrial 

PA-related interface processes and allow a way to examine the complex interdependence 

between ecosystems and human societies. The findings also indicate that natural sciences 

have achieved a reasonable understanding of ecosystem functioning that appears to be 

actionable as shown by the implementation of successful conservation and restoration 

initiatives. Despite these advances, past and present research effort on interface processes is 

strongly unbalanced, focusing on a limited number of study sites. Increasing research in 

underrepresented areas, such as North and West Africa and the Middle East, should be a 

future priority. We also identified a lack of research concerning cross-boundary interactions 

(between PAs and their surroundings), particularly regarding the spatial extent of these 

interactive zones. As biodiversity conservation in the future will increasingly rely on 

conservation outside PAs (Kremen & Merenlender, 2018), it seems urgent to better evaluate 

how protected and unprotected areas influence each other, either through antagonistic or 

synergistic interactions. Finally, the review highlighted that most related studies on this topic 

center on biodiversity – there is a lack of research about the socio-economic and cultural 

outcomes of PAs for people living in their vicinity. In the studies that do exist, the fuzziness 

of individual research conclusions suggests that generalizable knowledge is lacking that could 

be scaled up to more systematically ensure the creation of synergies between biodiversity 
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conservation and local development. The persistence of the many conflicts inside and around 

PAs, and the difficulty of reconciling local conservation initiatives with the local people they 

impact – positively or negatively – are testimony to an incomplete understanding of PAs as 

social-ecological systems. 
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Table S1 Standardized queries targeting the literature on protected areas (PAs) and PA-related 

interface processes, and main characteristics of the two resulting literature corpuses. Search was 

performed on November 2nd 2018 in the Web of Science’s Core database. 

 Literature on PA Literature on PA-related interface processes 

Queries¶ 

1) Selection of different types of protected 

areas: 

TS=(“conservation area*" OR "protected 

area*" OR "national park*" OR "natur* 

reserve*" OR “wilderness area*” OR 

“biosphere reserve*”) 

 

2) Exclusion of marine and urban PAs 

NOT TS=("marine" OR "urban protected" 

OR "urban conservation") 

1) Selection of proximity adjectives…: 

TS=((around OR edge OR adjacent OR "near" OR 

surrounding* OR border* OR periphery OR boundary 

OR adjoining) 

2) … appearing close to a type of PAs (marine and 

urban PAs excluded) 

NEAR/3 ("conservation area*" OR "protected area*" 

OR "national park*" OR "natur* reserve*" OR 

"wilderness area*" OR "biosphere reserve*")) NOT 

TS=("marine" OR "urban protected" OR "urban 

conservation") 

OR 

3) Selection of concepts designating PA interactive 

zones and social-ecological interactions…: 

TS=("buffer zone*" OR "buffer area*" OR 

"interface*" OR "co-occurrence area*" OR "social-

ecological" OR "socio-ecological" OR "socio-

ecosystem") 

4) …occurring together with a type of PAs (marine 

and urban PAs excluded): 

AND TS=(“conservation area*" OR "protected area*" 

OR "national park*" OR "natur* reserve*" OR 

“wilderness area*” OR “biosphere reserve*”) NOT 

TS=("marine" OR "urban protected" OR "urban 

conservation") 

No of papers 

including: 

- articles 

- reviews 

41,710 

 

37,436 

1,322 

3,515 

 

3,151 

105 

No of citations 

- average 

- most cited 

18.4 

2,316 

17.0 

1,166 

Main authors 

(No of papers) 

Chapman, C.A. (173) 

Macdonald, D.W. (124) 

Boesch, C. (88) 

Chapman, C.A. (21) 

Radeloff, V.C. (21) 

Macdonald, D.W. (20) 

Main journals 

(No of papers) 

Biological Conservation (1,354) 

Biodiversity and Conservation (806) 

Forest ecology and management (787) 

Biological conservation (199) 

Conservation Biology (98) 

ORYX (95) 
¶ The literature search was restricted to the following research areas: “Environmental Sciences Ecology”; 

“Zoology”; “Biodiversity conservation”; “Plant Sciences”; “Forestry”; “Agriculture”; “Geography”; “Social 

Sciences Other topics”. 

  



29 

Table S2 List of the components and interactions (i.e. processes) that had been studied in the 

240 research articles analysed, and observed trends. “n” represents the number of time each type 

of process had been studied. 

Studied processes organized in categories n 
Negative 

trend 

Neutral 

trend 

Positive 

trend 

Multiple 

trends 

Biodiversity & its distribution across landscapes 90     

Animal populations, distributions & dynamics 72 4% 88% 6% 3% 

Plant populations, distributions & dynamics 18 6% 78% 6% 11% 

Landscape and habitat characteristics & dynamics 19     

Landscape characteristics (incl. LULC & habitats) 6 - 100% - - 

Landscape changes (incl. LULCC) 13 - 85% 8% 8% 

Ecosystem service assessments 3     

Ecosystem service assessments & evolution 3 - 33% - 67% 

Local human activities & livelihoods 44     

Local agro-pastoral systems & their drivers 5 20% 80% - - 

Socio-economic situation and/or activities of local 

people 

4 - 100% -  

Socio-economic drivers of other local activities 10 - 50% 10% 40% 

Local ecological knowledge & use of biodiversity 25 4% 92% - 4% 

Human influence on biodiversity & landscapes 71     

Agro-pastoral practices influence on biodiversity & 

habitats 

9 44% 11% 11% 33% 

Human infrastructure & land use intensity influence on 

biodiversity 

23 61% 13% - 26% 

Logging effect on biodiversity & habitats 7 57% 29% - 14% 

Socio-economic drivers of LULC change 10 30% 50% - 20% 

Other human practices influence on biodiversity & 

habitats 

22 55% 18% - 27% 

Biodiversity influence on local activities & livelihoods 19     

Perceptions & attitudes toward wildlife 9 33% 11% 22% 33% 

Biodiversity impact on humans & agro-pastoral systems 10 80% 20% - - 

Conservation effect on biodiversity 40     

PA effect on biodiversity (species and populations) 31 13% 26% 52%  

Protection regimes effect on biodiversity 9 11% 33% 44%  

Conservation effect on land use & habitats 35     

PA effect on land use/cover & habitats 20 10% 20% 40% 30% 

Protection regimes effect on land use/cover & habitats 15 13% 33% 47% 7% 

Conservation effect on local livelihoods & development 9     

PA effect on population livelihoods & development 9 - 33% 33% 33% 

Conservation governance & relationships with local 

people 

61     

Perceptions & attitudes toward conservation tools 36 19% 11% 39% 31% 

Local populations interactions with PA governance 10 20% 40% 10% 30% 

PA governance processes & challenges 14 - 79% 7% 14% 

Other 12 - - -  

Total 403 - - -  
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Table S3 List of the different definitions found in the 240 research articles. Definitions were 

found only for “buffer areas” and “buffer zones”. 

Concept 

used 

Definitions/descriptions References 

Buffer 

area 

“Areas where human activity is restricted, to reduce human disturbance 

on wildlife” 

(Fernández-Juricic, 

Venier, Renison, & 

Blumstein, 2005) 

Buffer 

zone 

“where conservation is emphasized, but sustainable land use and 

tourism are allowed” 

(Kuemmerle, Hostert, 

Radeloff, Perzanowski, 

& Kruhlov, 2007) 

“where resident resource needs could not be met by existing resources in 

the peripheral area outside the Park” 

(ORMSBY & 

KAPLIN, 2005) 

“where some low intensity uses are permitted in order to maintain local 

livelihoods and traditions while reducing anthropogenic pressures on 

protected core areas” 

(Hoa Hong Dao & 

Hölscher, 2015) 

“It has some allowable human activities, thereby aspiring to soften the 

impact of human activities from the human activity zone on the core 

zone” 

(Xu et al., 2016) 

“restrict access to specified areas and specified periods of time” (Fernández-Juricic, 

Vaca, & Schroeder, 

2004) 

“allows low-impact activities in the form of sustainable land use and has 

the function of protecting the core area from high human impact” 

(Mehring & Stoll-

Kleemann, 2011) 

“Areas adjacent to protected areas, on which land use is partially 

restricted to give an added layer of protection to the protected area itself 

while providing valued benefits to neighboring rural communities” 

(Weisse & Naughton-

Treves, 2016) 

“restrict access around individual nests. The size of the buffer zone 

depends on the species’ sensitivity to disturbance, type of disturbance, 

and nest location” 

(Cruz et al., 2018) 

“which is supposed to reduce the effect of people on the core area of the 

park” 

(Bhattarai & 

Kindlmann, 2013) 

“in which particular attention is paid to limiting future growth in, and 

where possible reducing, artificial nighttime lighting” 

(Gaston, Duffy, & 

Bennie, 2015) 

“mosaics of managed vegetation that provide a physical buffer to the 

core. They not only insulate the core protected area from outside 

disturbance, but also facilitate an extension of the ecosystem processes 

and functions of the core area” 

(Shyamsundar, 1996) 

“meant to protect its conservation unit from deforestation rather than 

itself, to reduce edge effects, to protect from gold mining, drug 

cultivation, poaching and maintaining viable population of species” 

(Jusys, 2016) 

“Transition zone between human settlements and protected area” (Sarker & Røskaft, 

2011) 

“where limited human activities are allowed but are controlled by the 

reserve management” 

(Grill & Cleary, 2003) 

“managed by the Deparment of Forestry, from which communities can 

legally extract resources” 

(Allendorf et al., 2006) 

“where certain controlled uses are also desirable and taken into 

consideration” 

(Krishna, Chhetri, & 

Singh, 2006) 
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“within which the sustainable use of natural resources is allowed” (Blom, van Zalinge, 

Heitkönig, & Prins, 

2005) 

“has allowed low levels of agriculture, logging, mining and hunting” (Licona, McCleery, 

Collier, Brightsmith, & 

Lopez, 2011) 

“an area of controlled and sustainable land-use, which separates a 

protected area from direct human or other pressure and provides valued 

benefits to neighbouring rural communities” 

(Nepal & Weber, 1994) 

“a management strategy to reduce the influence of surrounding land-use 

activity on biodiversity within the protected area” 

(Kintz, Young, & 

Crews-Meyer, 2006) 

Interface No definition/description found  
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