Natureza & Conservagéo 10(1):3-11, July 2012
Copyright© 2012 ABECO

Handling Editor: José Alexandre F. Diniz-Filho
Brazilian Journal of Nature Conservation http://dx.doi.org/10.4322/natcon.2012.002

Ecological, Legal, and Methodological Principles
for Planning Buffer Zones

Luis Fernando Carvalho Perell6', Demétrio Luis Guadagnin?,
Leonardo Maltchik® & José Eduardo dos Santos*

! Institute of the Environment, Pontificia Universidade Catdlica do Rio Grande do Sul - PUCRS, Porto Alegre, RS, Brasil

? Post-graduation Program in Animal Biodiversity, Universidade Federal de Santa Maria - UFSM,
Santa Maria, RS, Brasil

? Post-Graduation Program in Biology, Ecology and Aquatic Ecosystem Conservation Laboratory, UNISINOS,
Sao Leopoldo, RS, Brasil

* Program in Ecology and Natural Resources, Environmental Analysis and Planning Laboratory,
Universidade Federal de Sao Carlos - UFSCar, Sdo Carlos, SP, Brasil

Abstract

The use of the land around protected areas may pose risks as well as benefit the conservation of biodiversity. Nevertheless, little
attention has been given to their management, in the form of clearly established buffer zones (BZ). Moreover, a great deal of
confusion exists around their objectives, dimension and location. In this study we review the scientific and technical literature on
BZ planning and the related legislation of Argentina, Brazil, Paraguay and Uruguay. Current literature emphasizes the threats to
biodiversity from the lands around protected areas, and their role to promote life quality of neighboring communities. On the other
hand, neglect the negative impacts of protected areas on the use of land around them, and the potential role of these lands in
supplementing or complementing the protection of species and habitats. In the countries which legislation we surveyed, the BZ
guidelines are superficial and confusing. The reviewed literature does not present an applied guide for the implementation of BZ.
The lack of a comprehensive perception of the relationship between protected areas and their surroundings, clear objectives for
buffer zones, and scientific rules for delimitation precludes the integration of these key areas in the effort to conserve biodiversity.
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Introduction

The establishment of protected areas is one of the main  goal of preserving 10% of each biome worldwide probably
strategies for the biodiversity conservation. However, their ~ will not be achieved in regions that were intensely modified.
implementation has many challenges, once they dependon ~ In Brazil, federal protected areas of full protections (IUCN

political decision processes. Most of the protected areasare  categories I to I1T) represent 4.22% of the national territory
(personal communication, August 2011 by Carlos Henrique

Veldzquez Fernandes, ICMBio/MMA), reaching 6.15% when
the state areas are also considered (Brasil 2009), however
most of these areas are small - 46% have up to 30,000 ha
(Santos-Filho 1995; personal communication, August 2011
by Carlos Henrique Veldsquez Fernandes, ICMBio/MMA ).

restricted to fragments of ecosystems and their functioning
is dependent of interactions with their surrounding areas
(Machlis & Tichnell 1985). In most tropical parks, illegal
activities, such as smuggling, lumbering, farming, animal
grazing, and mining, continue to exist (Terborgh &
Schaik 2002). In addition to that reduced size and lack of

connectivity of these protected areas limit their capacityto ~ The management of the territory around protected areas

fulfill the goals and objectives of their implementation, which provides a unique opportunity to guarantee the main

is the conservation of the biodiversity. The international objectives of biodiversity conservation. In situ conservation

outside the protected areas is a strategy to overcome the

*Send correspondence to: Luis Fernando Carvalho Perell6 limitations of the system (Brandon et al. 1998; Glowka et al.
Institute of the Environment, 1994; Soares et al. 2004). Problems in management of
Pontificia Universidade Catolica do Rio Grande do Sul - PUCRS,

Aw. Ipiranga, 6681, Partenon, CEP 90619-900, Porto Alegre,
RS, Brasil inefficiency management proposals for their surroundings

the protected areas frequently derive from the lack or

E-mail: Ifperello@yahoo.com.br (Liet al. 2009). These peripheral areas are denoted as Buffer
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zones (BZ) and they are settled to take in consideration the
objectives of protected areas (Oldfield 1988; Milano 1991).

Despite that the use of the land around protected areas
put in risks the conservation, it may also to benefit the
conservation. However, little attention has been given in
this subject to the planning of BZ. Few studies addressed
their role in the conservation of biodiversity (Gotmark et al.
2000), and most of them considers only the social-economic
benefits, and not its ecological functions (Heinen & Metha
2000; Martino 2001). The Convention for Biological
Diversity (CBD) does not specifically mention “buffer
zones”. They are seldom addressed on international and
national conservation policies (Ebregt & Greve 2000).
Buffer zone was specifically discussed in only one meeting
in Davos in 2008 (Unesco 2009). In Brazil, BZ have been
or are being implemented in only 31% of the 137 federal
protected areas (personal communication, August, 2011 by
Carlos Henrique Veldzquez Fernandes, ICMBio/MMA), and
they were rarely mentioned in technical discussions, and
usually considered as minor issue (Kinouchi 2009). The lack
of specific guidelines and regulations for BZ planning limits
the possibility of including such territory in the process of
organizing biodiversity conservation (Wallace et al. 2005).
In general, the delimitation of these areas is based on weak,
arbitrary criteria, and not related to peculiarities of each
protected area (Kelly & Rotenberry 1993).

In the present study, we reviewed the ecological, legal
and methodological principles that have supported the
establishment of BZ. We discussed the legislation around BZ
in selected South-American countries (Argentina, Paraguay
and Uruguay), with a major focus on Brazilian case, in
which we make some improvements recommendations.
Despite of the focus on Brazil, we hope that our approach
be used to support discussions on the legislation in other
countries. The establishment of a BZ implies proposing
management and control actions on private lands, but
such initiative is strongly opposed by the owners (Hough
1988). The main issues around the establishment of buffer
zones is the antagonist positions about their role (Martino
2001), the conflict between expansion of the protected area
and private lands and the promotion of benefits to local
people. In some countries schemes are being proposed
to compensate economical losses or to provide benefits,
as a payment for ecosystem services (Wallace et al. 2005;
Lacher Junior et al. 1995). We believe in the principle that
buffer zones should help achieve the conservation objectives
of protected area. The literature focusing BZ in marine
protected areas is particularly scarce and we acknowledge
a bias to terrestrial ecosystems.

Methods

We reviewed articles published in scientific journals available
at Web of Science, Bireme, and Scielo (www.scielo.br);
publications of environmental protection agencies of Brazil
and selected South-American countries; and digital libraries

cipedia (www.cipedya.com), Plos (www.plos.org), CAPES
homepage (http://livre.capes.gov.br), and Google Scholar
(http://scholar.google.com.br). The survey was not limited
to a determined period in time. We used the term “buffer
zones” in English, the terms “zona de amortiguamiento”
and “zona de amortiguacién” in Spanish, and “zona de
amortecimento’, “zona tampdo” and “entorno” in Portuguese,
in association with the expressions “protected area” and
“reserve’, in the respective languages. We included only
studies related to buffer zones of protected areas of full
protection (IUCN I to III) and excluded other approaches,
such as the buffer zones of water bodies.

In relation to the legal aspects, we reviewed and compared the
analyses given to BZ in the legislation of Brazil, Argentina,
Paraguay and Uruguay. We reviewed the legal history of
Brazilian BZ in publications of governmental agencies - the
House of Representatives (www.camara.gov.br) and Senate
(www.senado.gov.br), Ministry for the Environment (www.
mma.gov.br), National Environmental Council (www.mma.
gov.br/conama), National Institute of the Environment
and Renewable Natural Resources - Ibama (www.ibama.
gov.br) and Institute Chico Mendes for the Conservation
of Biodiversity (ICMBio) (www.icmbio.gov.br). We also
consulted printed publications on Brazilian environmental
legislation (Brasil 2008; Benjamim 2001; Rocco 2002) and
references cited on retrieved documents.

Buffer Zone Definitions and History

The concept of buffering indicates that the interactions
between protected areas and their surroundings are seen
as negative, and should be avoided, i.e., “buffered”. BZ was
initially implemented as a means of protecting people and
crops from animals that escaped the conservation areas
and forests in India and Africa. From the 1980s, (Ebregt &
Greve 2000) the concept was broadened, and received the
missions of 1) reducing human impacts on protected areas
and 2) supplying the social-economic needs of the population
living inside its boundaries and that benefited from the
use of its natural resources before the establishment of the
protected area (Ebregt & Greve 2000; Spiteri & Nepal 2008).
This broader perspective seems to be a trend, particularly
influenced by the rationales of Biosphere Reserves, where
the expressions “cooperation, participation, sustainable
management, contribution to the populations” are often
observed (Ozyavuz & Yazgan 2010; Unesco 2009; Nautiyal
& Kaechele 2009; Ma et al. 2009). The roles of the BZ in
biosphere reserves are to reduce external negative effects
derived from human activities that may affect the core
area, and to promote the quality of life of the neighboring
human communities (Unesco 2009).

An example of BZ definition with an exclusive focus on
conservation was observed in Sayer (1991), who defines this
zone as the peripheral territory of a protected area where
restrictions are imposed to the use of resources, and special
actions are adopted to increase its conservation value. Wild
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& Mutebi (1997) sustained a broadest definition - any
territory peripheral to a protected area which is managed
to increase the positive aspects and to reduce the negative
impacts of conservation on the neighboring communities
and vice versa.

In the following sections, based on a landscape perspective,
we discussed the mutual influence between the protected
areas and their surroundings, and the opportunities to
achieve the objectives of the protected areas.

Influence of the Surroundings on
Protected Areas

What is the role of the surrounding areas in the management
of the protected areas? Literature mentions that the
surroundings should ensure protection against external
threats and generate biological, social, and economic
benefits. There are few studies (Nepal & Weber 1994; Ebregt
& Greve 2000; Martino 2001) mentioning the expansion of
total area of habitats for native species, which demonstrates
that the addition of area available for conservation in the
buffer zones is still rarely discussed and considered (Table 1).

The list of the main external threats on protected areas is
quite consistent in literature (MacKinnon & MacKinnon
1986; The Nature Conservancy 1999; Terborgh & Schaik
2002; Granizo et al. 2006; Worboys et al. 2006). Most
studies are carried out in terrestrial protected areas and
mention fire, introduction of exotic species, pesticides,
mining, hunting, fishing, and urban expansion as the
main threats. These factors influence the animal and
plant distribution, which may result in local extinctions
(Luck 2007; Wittemyer et al. 2008). The main threats to
the protected areas with surrounding areas are the direct
and indirect results of the need of human populations to
use natural resources such as water, food and shelter and
energy. The establishment of a protected area attracts human
occupation, increasing the threats against the biodiversity.
The occupation of land surrounding the protected areas
is increasing in all continents as compared to other rural
areas (Wittemyer et al. 2008), and the main cause is
agriculture expansion and intensification (Sherbinin &
Freudenberger 1998; Lacher Junior et al. 1995), followed by
increasing tourism, building of holiday houses (Theobald
& Hobbs 2002), and attraction by job opportunities and
available infrastructure (Wittemyer et al. 2008). In Brazil,

some protected areas are specifically created to counteract
this expansion of human occupation. Many studies try
to determine the sources of such threats, to measure the
magnitude of each impact, and to identify proper methods
of mapping (Thomas & Middleton 1999; Margoluis &
Salafsky 2001; Salafsky et al. 2003; Worboys et al. 2006).

Several studies stress the positive impacts of the surrounding
areas on the protected areas, as a barrier against external
threats. These include human access, undesirable use of the
core land, and invasion by exotic species (Naiman et al. 1993,
Schultz et al. 1997). The surrounding areas may also protect
the core from storms, drought, and erosion, contributing to
improve the environmental services supplied by the protected
area, such as water sources quality (Radkins et al. 1998;
Nordstrom & Hotta 2004; Lee et al. 2003; Lowrance et al.
2002). The buffer zone can also limit indirect human impact
by delaying the dispersion of undesirable animals, plants
(Hanski 1982), diseases (Dobson & May 1986), and fire
(Baker 1992).

At the social-economic aspect, the management of the
surrounding areas may offer some compensation to the
neighboring communities that lost rights or privileges due
to the establishment of the protected area. The surrounding
areas may supply essential products (firewood, wood, food,
and other resources) that would otherwise be obtained
in the protected area (MacKinnon & MacKinnon 1986).
As they influence the organization of the exploitation of
natural resources located around the protected areas, BZ
could also contribute for the organization of economic
relations (Henry et al. 1999; Schultz et al. 1997).

Buffer zones can also act as corridors - linking the protected
area with other fragments - reducing the effects of isolation
on populations (Henry et al. 1999; Schuller et al., 2000).
Corridors may be an efficient tool in conservation strategies,
but also present several aspects that should be considered
by the managers of protected areas. Fire and diseases are
mentioned in literature as impacts that easily disseminate
through these “routes”. Corridors located in BZ may benefit
from the management of the entire landscape around them.

The surrounding areas may have either complementary
protect areas, protecting habitats or species that are not
represented in the core, or supplementary ones, offering
more areas for already protected habitats and species. The
proper management of the surrounding areas may represent

Table 1. Studies on buffer zones (BZ) around protected areas (PA) according the focus analyzed (updated in December, 2010).

Type of influence (BZ>PA) n

Studies

Wikramanayake et al. (2004); Thomson et al. (2000);

Gotmark ef al. (2000); Nepal & Weber (1994); Hjortso et al. (2006).

Fiorello et al. (2006); Ma et al. (2009);

Lynagh & Urich (2002); Duffy et al. (2001); Nepal & Weber (1994); Dinh et al. (2010);

Adhikari et al. (2009); Spiteri & Nepal (2008); Baral & Heinen (2007).

Positive for biodiversity 5
Negative for biodiversity 2
Positive for local communities 7
Negative for local communities 1

Neumann (1997).

BZ = Buffer zone; PA = Protected area.
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an effective territorial expansion for many populations
(Ebregt & Greve 2000), even if the surrounding areas are
not submitted to the same level of use restriction as the core
(Unesco 1974; Lovell & Sullivan 2006). This role is one of
the least mentioned in the reviewed literature.

Influence of the protected area on the
surrounding areas

The impacts derived from creation of a protected area on
the neighboring areas are the other least mentioned aspect.
Whenever mentioned in literature, only socioeconomic
impacts are recognized (Gurung et al. 2008). They can be
either positive, due to improved infrastructure, scenery or
job opportunities (Wittemyer et al. 2008), or negative, due
to restrictions on rights relative to the use the land. Impacts
on biodiversity outside protected areas are totally neglected.

Methods for delimitation of buffer zones

There are few studies on methods for the establishment of
BZ boundaries (Reid & Miller 1989). We did not find any
general guideline. Li ef al. (2009) employed multi-criteria
analysis to plan a BZ in China. Silva & Santos (2004)
reviewed methods using Boolean algebra and multivariate
analysis for zoning processes, which could be employed
for the establishment of BZ. Focusing on national parks,
Vilhena et al. (2004) used a method adapted from the
Center for International Forestry Research (Prabhu et al.
1999). Alexandre et al. (2010) proposed to delimit buffer
zones as a concentric area including all surrounding habitat
patches needed to protect a minimum viable population.
Hauft (2004) mentioned suggestions for the establishment of
buffer zones based on the perception of rural communities.
The planning method of Ibama - Brazilian Environmental
Institute (Galante et al. 2002) suggests qualitative criteria

for BZ inclusion or exclusion on cartography basis, but
not a method to integrate themes. Marchioro et al. (2005)
proposed subsidies for the demarcation of buffer zones
through the assessment of potential impacts of oil spills,
but aimed exclusively at the Abrolhos National Marine
Park and the Corumbau Marine Extractive Reserve in
Brazil. The Man and Biosphere Program (Unesco 1974),
that established the concept of BZ as very general criteria,
was used as reference for its discussion after the 1970s. In
Brazil, for instance, the recent review of the boundaries of
the Atlantic Forest Biosphere Reserve defined BZ arbitrarily
as areas 2.5 to 10 km from the core zones (RBMA 2008).

Buffer zones in the Brazilian legislation

In the last 40 years, six different expressions have been used
to refer to the areas neighboring protected areas and to
establish guidelines for their management (Table 2). Some
expressions were not clearly defined and most statements
had no explicit criteria for the delimitation or management
of BZ. All concepts consider exclusively the function of
protecting the core area from the potential negative effects
from outside (Brasil 2004).

The first legal guideline was issued in 1967, included in Act
n. 5.197, establishing a range of five kilometers of neighboring
land and public dams where the use, pursuit, destruction,
hunting or poaching of wild animal species was prohibited.
In 1979 federal act n. 84.017, which regulated national
parks, recommended that infrastructure, maintenance,
and work services were built beyond park boundaries, and
called as “Special Use Zone”. In 1990, federal act n. 99.274
established that in the 10 km radius from a protected
area, all the activities that could affect the biota would
be subordinated to the National Environmental Council
(Conama). In this year, the Conama issued Resolution
n. 13, using the expressions “surroundings of the protected

Table 2. Timeline of how the land neighboring of protected areas is considered in the Brazilian legislation.

Name Source Function Limits
Adjacent land Act 5, 197/1967 Regulates the use of the fauna 5 km
Special use zone and periphery  Act 84, 017/1979 Regulates the location of park infrastructure Not defined

Neighboring areas Act 6.902/1981 Regulates the establishment of Ecological Not mentioned
Stations and Environmental Protection Areas
Surrounding areas Act 99.274/1990 Regulates Act 6.902/1981 relative to 10 km
environmental licenses
Surroundings and surrounding  Conama Resolution Regulates articles 7 and 27 of 10 km

areas 13/1990*
Surroundings Conama Resolution
10/1993
Surroundings Act 9.605/1998
Buffer zone Act 9.985/2000
Buffer zone Conama Resolution

428/2010

Regulates environmental license

Established the National System of Conservation

Regulates licensing of activities with significant

Act 99.274/ 1990

10 km or according to

management plan
Environmental crimes act Not mentioned
Not mentioned
Units (SNUC)

3 km
environmental impact

*Extinct legislation.
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areas” and “areas surrounding the units”, established that
in a radius of 10 km from the boundaries of the core, any
activity that could affect the biota would require a license
from the local environmental agency. This resolution was
substituted in 2010 by Resolution n. 428, which reduced
the perimeter to 3 km. A definition for the surrounding
area appeared firstly in 1993 in Conama Resolution n. 10,
as “[...] the area of natural plant cover contiguous to the
boundaries of the protected area [...]” (Brasil 2008). A
definition for “buffer zone” appeared for the first time in
Act n. 9.985 of 2000, which established the National System
of Conservation Units (SNUC), as

“[...] the surroundings of a protected area, where human activities

are submitted to specific norms and restrictions, aiming at

minimizing the negative impacts on that unit” (Brasil 2004).

The application of the legislation on the BZ is still confusing.
The surrounding area mentioned in Resolution n. 10 of
1993 seemed to have the same function of the BZ, but they
were restricted to continuous natural plant coverage areas.
There are only two rules for the surrounding areas: a) any
activity to be established in the area must be allowed by the
manager of the protected area and b) all activities that may
potentially impact the protected area must be submitted
to a process of environmental licensing. In general, these
rules have a weak practical effect. The doubts about the
correct legal statement for the delimitation of BZ resulted
in an issue in 2007 involving the Abrolhos National Park,
eventually paralyzing all demarcation processes at the time
(Gongalves et al. 2009).

The idea of having two different concepts in the Brazilian
legislation - surroundings and buffer zones - is sometimes
argued to serve for different purposes. The first one is relative
to the provision of some protection to the protected area,
and the second one is clearly defined by the management
plan. However, these purposes are not explicit in current
legislation.

The adoption of fixed distances from the core boundaries
disproportionately affects small and large protected areas. For
example, the 10 km surrounding area (Conama Resolution
n. 13 of 1990) applied to areas of 100 and 1000 ha would
correspond respectively to 440 and 54 times the extension
of the protected area (Kinouchi 2009). The area was
expressively reduced under the new Resolution n. 428 of
2010, but kept the old rationale.

Buffer zones in the Southern Cone of South
America

In the three other South-American countries surveyed,
buffer zones receive less legal attention as compared to Brazil.
The expected function of buffer zones in the legislation of
Argentina and Uruguay is the protection from external
threats. The Argentina legislation on protected areas does
not mention the term zoning, determining that a single
protected area may host more than one protection category.

In fact, the less restrictive categories could be interpreted as
the buffer zones of the more restrictive areas located in their
core. Act 22.351/80 establishes, for instance, that National
Reserves are “[...] areas of interest for the conservation
of ecological systems and for the maintenance of zone
protecting a neighboring National Park [...]” (SADS
2011). As National Reserves are less restrictive than the
National Parks, since they allow the “[...] promotion and
development of human settlements” (SADS 2011), they may
be considered as buffer zones of the parks. In Brazil there are
similar situations, where Environmental Protection Areas
(Areas de Protegio Ambiental — APAs, TUCN cathegory
IV and V) are protected areas of full protection.

Paraguayan legislation (Act 352/1994) lists ten possible

management zones for their protected areas, including

BZ. In Paraguay, BZ are defined as
“[...] the region adjacent to the entire perimeter of a Protected
Wild Area. Its size may change, and its boundaries will be
determined by the Management Plant of the respective Protected
Wild Area. In this zone, solidarity, mutual benefit, and the
required shared responsibility between the Administration of
the Protected Wild Area and the community, individuals and
private and governmental organizations will be expressed for
the management and consolidation of the Protected Wild Area
and sustainable social-economic development.” (SEAM 2011)

In that country, agricultural and forestry activities are allowed
in BZ, to reduce the conflicts between the protected area
objectives and surrounding land use. The law also determines
the conversion of production activities into others that
are more compatible with environmental protection. The
definition of BZ in the Paraguayan legislation follows the
conceptual line supported by Unescos MaB Program when
using the expressions “[...] solidarity, mutual benefit...
and sustainable social-economical development [...]”
(SEAM 2011).

In Uruguay, the legislation (Act 17.234/2000 and Act 52/2005)
mentions “adjacent zones” and “influence zones”; the
dimensions of these areas are not mentioned, but restrictions
are established. Legislation treats the adjacent zones as
protected areas. The legislation in Uruguay prioritizes the
protection of biological diversity, ecosystems, and genetic
material, but supports the articulation of this management
with regional development plans. However, any national or
local territorial ordainment plan involving works within
the adjacent zones must be communicated to the federal
government. This is similar to requirements present in the
Brazilian legislation, where the agreement of unit manager
must be obtained.

Concluding Remarks

There are still few studies on the ecological functions of
buffer zones. Most studies focused socioeconomic benefits
(Heinen & Metha 2000). The surroundings of protected areas
are privileged spaces for the biodiversity conservation as
they may supplement or complement habitat protection.
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However, this function is largely ignored. We did not find
any study focusing effects of protected areas on biodiversity
outside them, as well as on planning or legal guidelines, or
on the mutual influences between BZ and protected areas.

Literature emphasizes primarily the threats of land use
on biodiversity of surrounding areas of protected areas.
The threats almost were not explored in recent literature,
despite being present in the origin of the conception of BZ.
Current literature stresses the role of the surrounding areas
as a place to promote the life quality of local communities.

In the countries in which legislation was surveyed, the BZ
guidelines are very generic. Only the Paraguay established
formally the BZ; however, there was no mention as to their
perimeters or how should they be implemented. There
are no clear rules defining the boundaries, functions or
management of those places. In Brazil, there are two areas
external to the protected areas that are recognized and with
defined areas, which makes planning and management
more difficult. Moreover, the BZ concept implied in the act
of the National System of Conservation Units (SNUC) is
protectionist - it considers the surroundings of the protected
areas as a source of threat and does not mention any concern
with human populations, sustainable use of resources or
the capacity of biodiversity conservation.

The reviewed literature does not present a comprehensive
guide for the implementation of BZ. There are only general
guidelines on their possible functions and delimitation
methods. This gap both makes it difficult to implement
these areas, and supports our conclusions as to the low
importance given to the management of the surroundings
of protected areas.

The integration of protected areas with their surroundings
or regional context can be accomplished through several
approaches other than the establishment of buffer zones.
Alternatives include embedding protected areas in large-
scale corridors, watershed management plans, biosphere
reserves or protected areas of sustainable use categories.
These approaches differ from buffer zones in several aspects,
mainly if they intend to relate the accomplishment of a
protected area to set of objectives. In particular, they tend
to consider larger areas than usual buffer zones and that
have their own set of objectives, management programs,
zoning, administration structure, legislation, and challenges.

The effective conservation of biodiversity depends on
strategies complementary to the creation of protected
areas that are capable of conserving habitats and species
in the regional landscape scale. The management of the
areas surrounding the protected areas may fulfill this role
and it is especially important in small protected areas,
fragmented matrices, and regions that do not have other
opportunities to expand their protected areas. However,
the lack of clear definitions, weighing of all potential roles
and mutual relationships between protected areas and their
surrounding areas expose the proper organization of these
spaces to benefit biodiversity and the neighboring.
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