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Abstract
Management of conservation conflicts is a challenge of growing relevance for the effectiveness of protected areas
worldwide, particularly in the case of socially inclusive areas such as biosphere reserves. For a successful management of the
protected area, is critical to consider the social use of natural resources carried out by local populations linked to reserves,
especially in socio-ecological contexts facing potential conservation conflicts (i.e., conflicts that have not yet arisen). We
addressed the importance of an early detection of potential conflicts through the study of artisanal charcoal production by
Yucatec Mayan communities located in the zone of influence of a biosphere reserve in Northwest Yucatan Peninsula,
Mexico. Through semi-structured interviews with charcoal producers and in-depth interviews with environmental authorities
linked to the reserve, we discuss the advantages associated to early detection of potential conservation conflicts for biosphere
reserves’ management.
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Introduction

Conflicts are an inherent element in the establishment and
management of protected areas (PAs) (Lewis 1996; De
Pourcq et al. 2017). Deciding how and where to put con-
servation into practice has put conservation institutions,
whether governmental or not, in confrontation with local
populations (García-Frapolli et al. 2018). Conflicts in PAs
arise because of a clash of interests between different

stakeholders (e.g., PA administration, local populations)
regarding the use of natural resources, and because one of
the parties imposes its position over the interests of the other
(Redpath et al. 2013). Addressing conservation conflicts is
crucial for the effective management of PAs (Carmen et al.
2015). On a global level, the occurrence of this type of
conflict is widely documented, and an incipient biblio-
graphy exists that analyzes the different strategies for
managing and solving them (Baynham-Herd et al. 2018;
García-Frapolli et al. 2018; Soliku and Schraml 2018a).
Nevertheless, little emphasis has been given to the impor-
tance of anticipating the detonation or the escalation of
these conservation conflicts.

As has been widely documented, the use of natural
resources in PAs contributes to the livelihoods of many
local populations located inside and outside the areas under
protection (Anaya and Espírito-Santo 2018; García-Frapolli
et al. 2009). The overlap of conservation areas and local
populations who make social use of natural resources is a
scenario that favors the emergence of conservation conflicts,
since local interests regarding the use of natural resources
can diverge from the conservation interests of a PA (Red-
path et al. 2013). Thus, the establishment and operation of a
PA inherently entails potential conservation conflicts.
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Because of the social use of ecosystems occurring within
the context of PAs, management of conservation conflicts
should focus on reconciling local livelihood strategies with
conservation goals (Redpath et al. 2013). Biosphere
reserves, which hold the dual objective of conservation and
socio-economic development (UNESCO 2014), could be
seen as a PA model for facing this conservation challenge
and its associated conflicts, particularly in regions where
various extractive practices contribute to local livelihoods
(Oliva and Montiel 2016).

Biosphere reserves explicitly consider the involvement
of the human population and their socioeconomic devel-
opment as part of their conservation strategy (Halffter
2011). Nevertheless, although these reserves allow natural
resource use by local populations in accordance with
specific zones (e.g., buffer and core zones; UNESCO
1996), it has been seen over the years that they face dif-
ferent obstacles in achieving their conservation and
development goals. Among these are difficulties in
achieving effective social participation and adequate
management implementation, as well as a lack of financial
and human resources for their operation (Cooper and
Kainer 2018; Lu et al. 2012; Van Cuong et al. 2017).
These findings have shown that conservation conflicts are
an additional obstacle for effective management of bio-
sphere reserves.

Redpath et al. (2013) identified two particularly relevant
stages for conducting effective conflict management in the
context of PAs: mapping (i.e., understanding and descrip-
tion), and the management of the conflict. Figure 1b indi-
cates aspects related to the description and understanding of
a conflict, and its management. It begins with the definition
and identification of stakeholders (and their perspectives),
as well as the characterization of the sociopolitical context
and the collection of evidence (social and ecological)
regarding the conflict and its impact. In a subsequent stage,
if a willingness between the parties to engage in a dialogue
exists, they proceed to seek consensus in designing alter-
natives for conflict management. In this paper, we propose
the incorporation of an initial stage (Fig. 1a) within this
management model. The initial stage proposes the early
identification of a potential conservation conflict, when an
interaction of different interests (e.g., extraction versus
protection) occurs between the local population and con-
servation authorities. We argue that the early detection of a
potential conservation conflict could improve its manage-
ment, for instance by encouraging the early engagement of
stakeholders in the management process.

To illustrate our proposal for identifying potential con-
servation conflicts, we address the case of artisanal charcoal
production in the setting of the Los Petenes Biosphere
Reserve (LPBR), located in the Northwest Yucatan Peninsula,
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Mexico. The LPBR, unlike other reserves in the region, has
no human settlements in its terrestrial area (36% of the PA).
Nevertheless, as part of its zone of influence (ca. 1125 km2

along the reserve’s eastern border) there are at least 20
Yucatec Maya communities that have historically reproduced
the multiple natural resource use strategy characteristics of the
Yucatec Maya culture (Barrera-Bassols and Toledo 2005;
Oliva et al. 2014). One of the activities shaping the liveli-
hoods of inhabitants living near the LPBR, which is of great
relevance to their household economy, is the artisanal pro-
duction of charcoal through “earth kilns.” This is the oldest
and most rudimentary traditional technique for charcoal pro-
duction (Wolf and Vogel 1985), which involves the proces-
sing of firewood obtained from agricultural plots or
communal forests (CONANP 2006; León and Montiel 2008).

In this context, a situation of potential conflict between
the LPBR’s authorities and the charcoal producing com-
munities is revealed, because (1) a potential ecological
impact exists from charcoal production in areas neighboring
the LPBR (e.g., exceeding the natural regeneration rate of
the forest), with the possible spreading of this ecological
effect to the interior of the LPBR, and because (2) charcoal
production is of great relevance for local livelihoods. We
define this situation as a potential conservation conflict (i.e.,
it has not yet emerged), because there is still no direct
dispute regarding the use of the natural resource (in this case
the forest) among the involved parties. If the firewood used
to produce the charcoal were to be extracted within the
LPBR, a current concern of the PA administration, it would
create a clash of interests between the LPBR and the local
charcoal producers regarding the use and conservation of
the forest, which would lead to the emergence of a con-
servation conflict. We argue that the potential character of
such a conflict provides the opportunity for intervening in
its anticipated management and, thus, offering the possibi-
lity of avoiding social and ecological impacts. Similarly, the
anticipation of negative impacts could translate into a more
effective management of the biosphere reserve.

Using this case study on charcoal production in the
LPBR’s zone of influence, in this paper we explore the
opportunities for the early detection of conservation conflicts.
In addition, we analyze the challenges that arise regarding the
management of this conflict, and we conclude by emphasizing
the advantages that the early detection of potential conflicts
represents for the management of biosphere reserves.

Methods

Study Area

The study area covers the domain of the LPBR, located in
the state of Campeche, in the Yucatan Peninsula (Fig. 2).

This reserve was decreed in 1999, and covers 282,857 ha
(64% marine, 36% terrestrial) (CONANP 2006). The
reserve’s predominant vegetation is called petenes, com-
posed of medium sub-deciduous forest and mangroves that
develop naturally on slightly elevated ground in a matrix of
natural grassland (Flores and Espejel 1994). The coastal
wetland that it hosts has had Ramsar site recognition since
2004. The communities neighboring the LPBR are Yucatec
Maya, whose subsistence activities (e.g., seasonal agri-
culture, hunting) are marked by strong sociocultural roots
(CONANP 2006; Rodríguez et al. 2012).

In particular, charcoal production is of great importance
in various communities near the LPBR. One of these
communities is Los Petenes (community reference used by
Rodríguez et al. 2012), which has 885 inhabitants, mostly
Yucatec Maya, and has a high degree of marginalization
(INEGI 2010). The landholding system is communal, called
ejido, which is a form of land tenure that emerged as an
outcome of the land redistribution and restitution policies
following the Mexican Revolution. Decisions regarding the
use of the land are taken by ejidal assembly, comprised
exclusively of ejidatarios (Haenn 2006). Los Petenes is
endowed with 5811 ha (INEGI 1997) located in the LPBR’s
zone of influence. The communal land is divided into
individual work areas called plots (parcelas) of 50 ha each.
In these plots, local producers obtain the raw material for
charcoal production, and build the earth kilns. There is also
a portion of land that is not distributed among ejidatarios
but remains as common land. On occasion, common land is
used collectively for conservation or productive projects
(e.g., payment for ecosystem services).

In Los Petenes, charcoal production has been practiced
for at least two generations. The production technology is
artisanal, by making earth kilns which are built on the sites
where firewood is obtained. Fifteen species are used for
charcoal production, the most common being jabín (Pisci-
dia communis), kitinché (Lonchocarpus rugosis), tzalam
(Lysiloma bahamensis), dzidzilché (Gimnopodiu flor-
ibondum) and chukun (Phytecellobium albicans). No
infrastructure is required, since the kilns are built by
stacking the firewood, which is then covered with grami-
noids (e.g., Cladium jamaicense) and soil obtained from the
surroundings. The firewood is obtained by the complete
felling of an area (a method known as matarrasa felling), a
practice that consists of extracting all the arboreal indivi-
duals in a given area.

Data Collection and Fieldwork

Thirty-six semi-structured interviews were undertaken with
charcoal producers, landowners or ejidatarios, and those
without land rights or pobladores. We interviewed 82% of
inhabitants engaged in charcoal production to obtain
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information regarding the following: (a) charcoal production
activity, (b) impact of the reserve’s regulations and the legal
framework on the activity’s development, and (c) local per-
ceptions and perspectives regarding the productive activity
and the potential conflict with the reserve’s authorities. In the
community, the interviewees were selected using the snow-
ball method (Newing 2011), starting with two key informants
who helped identify the other charcoal producers.

In addition, semi-structured interviews were performed
with the community authorities, addressing the following
themes: (a) the community’s relationship with the reserve,
(b) the community’s participation in the Technical Advisory
Committee of the LPBR (liaison entity between the bio-
sphere reserve authorities and the local populations), and (c)
opinions about the current charcoal production situation in
relation to forestry official permits and the enforcement
authorities (the Secretary of the Environment and Natural
Resources [SEMARNAT] and the Federal Attorney of
Environmental Protection [PROFEPA]). Similarly, an in-
depth interview was undertaken with the director of a local
non-governmental organization (NGO), who is fostering an
alternative program of forest management (the Plot Man-
agement Program [PMP]).

We performed participant and nonparticipant observation
to complement and triangulate the information obtained
with the information from the interviews with the charcoal
producers. This observation offered useful data for
describing the productive and organizational context in the
community, as well as the attitudes and perceptions
regarding the environmental authorities—mainly SEMAR-
NAT and PROFEPA.

To obtain the official perspective of potential conflict,
an in-depth interview was undertaken with the director of
the LPBR, asking for: (a) his perspective regarding
charcoal production issues in the reserve’s zone of influ-
ence, (b) the strategies that have been implemented or are
currently being developed to address the issues associated
with charcoal production, and (c) the limitations and
advantages identified for this conflict’s resolution. In
addition, the head of the Natural Resources Use and
Regeneration Unit of the SEMARNAT (henceforth
SEMARNAT) was interviewed. This unit is responsible
for awarding the permits for charcoal production. In this
case, we sought to understand the procedures and requi-
sites for the aforementioned activity, as well as to evaluate
the legal feasibility of the PMP proposal.

Fig. 2 Study area location in the northwest of the Yucatan Peninsula. Los Petenes Biosphere Reserve (LPBR) is denoted by the gray area, with its
core area delineated in white. The area of charcoal production (green oval) is located in the LPBR’s zone of influence
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Data Analysis

Following the method of Redpath et al. (2013), we
approached the conservation conflict through its mapping,
considering the following variables: (1) the identification of
the involved stakeholders and their positions, (2) the char-
acterization of the sociopolitical context of the conflict
(legal forestry framework), (3) the collection of evidence of
the conflict, (4) the recognition of the social and ecological
effects of the conflict, and (5) the evaluation of the will-
ingness for a dialogue between the parties. In the second
stage, we acknowledged the existing alternatives for
addressing the potential conflict.

Data obtained from interviews with householders was
coded through the identification of key themes and patterns
of information. Codes were primary defined in the interview
guides, and new ones emerged during the elaboration of the
database. By applying descriptive statistics to codes, we
identified the attributes and opinions representative of the
majority community perspective, and used them to define
some of the variables corresponding to the conflict mapping
(items 1, 4, and 5 of the conflict mapping).

To construct the official perspective of this case study,
we used information obtained through interviewing the
LPBR director and SEMARNAT. We also analyzed the
contents of the reserve’s management program (CONANP
2006), as well as official norms regarding forest use that
included the General Law of Sustainable Forest

Development (LGDFS 2018), its regulation (Regulation
LGDFS 2005), and the State of Campeche’s Law of Sus-
tainable Forest Development (LGDFS for the state of
Campeche 2018). As a result of coding data from these
official documents and the interviews with the LPBR and
environmental authorities, we obtained the official per-
spective regarding the regulations and social aspects of
forest use and charcoal production, and about the potential
conflict associated with this activity. We used this data for
describing variables 1, 2, and 5 of the conflict mapping.

Results

Charcoal Production

Among the activities practiced by the local people of Los
Petenes, charcoal production was the main source of income
for 64% of the interviewees and their families. Thirty-three
percent of the charcoal producers mentioned the com-
plementary and seasonal nature of charcoal production,
together with other activities that are part of their livelihood
strategies. The other activities that are implemented are agri-
culture, poultry breeding, apiculture, hunting, small-scale
cattle ranching, and wage work outside the community.

The process of transforming firewood into charcoal by
using earth kilns (Fig. 3) mainly takes place (in 94% of the
cases) in the plot of each producer. In many cases (39%)

Fig. 3 The main stages of artisanal charcoal production with earth
kilns. The firewood is piled in the form of a volcano (a), then the
volcano is covered with dry grass and soil. While it burns, the oven is
regularly visited (two or three times daily) to verify that the charcoal
transformation process is proceeding adequately (b). When this

process finishes, after five days on average, the kiln is dismantled with
the help of sticks and rakes and then extinguished with water (c).
Finally, the resulting charcoal is manually placed in sacks of
approximately 20 kg each for subsequent sale to the local intermediary
(d)
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producers use the sites employed in subsistence agriculture
(i.e., milpa, the traditional shifting cultivation of maize, beans
and squash [Eastmond and Faust 2006]), as well as the fire-
wood obtained from clearing those lands, for making the
charcoal. Furthermore, the areas used for firewood extraction
are periodically rotated, allowing forest regeneration that,
according to interviewees, takes approximately 10 years to
recover and be subject to new use. Fifteen tree species are
employed to make charcoal, none of which are under the
protection of Mexican legislation (NOM-059 2001). Ninety-
two percent of producers sell the charcoal to a local inter-
mediary. If producers want to sell the charcoal outside the
community, where the price is 67% higher, official permits
supporting the legal origin of the product are required—
documentation that producers currently do not have.

Conflict Mapping and Management

We structured this section according to an adapted synthesis
from the guide for the effective management of conserva-
tion conflicts, by Redpath et al. (2013) (Fig. 1b).

Definition of the potential conflict

Although the use of wood and charcoal production occur in
the producers’ plots, in ejidal lands, where the LPBR has no
legal jurisdiction, a concern on the part of the reserve
authorities exists regarding the intensity of these activities.
As there is no information documenting the charcoal pro-
duction intensity and its changes over time, we can take the
number of charcoal producers in the community as an
indicator of the intensity of the activity. We found that there
have not been changes in the last decade (45 producers
reported by Arrocha and Villena [2012], 44 producers
identified in the present study). However, according to the
perceptions of the LPBR authorities, the intensity of char-
coal production in the area could be exceeding the rates of
natural regeneration of the vegetation. The LPBR argues
that this poses a threat to forests within the reserve that,
given its proximity, would be the natural choice for con-
tinuing firewood extraction by charcoal producers. We refer
to this situation as a potential conflict, since the community
does not currently use the forest inside the LPBR. If that
was the case, it would mean a direct clash of interests
between the reserve authoritie’s protection interests and the
local producers’ interests of use.

Identification of stakeholders and their perspectives

Local perspectives regarding the potential conflict The
majority of charcoal producers (94%) work individually or
with family members, and expressed no interest in working
in groups. Regarding production permits, no interviewee

indicated they needed them. In relation to the LPBR, the
majority of charcoal producers (81%) know of its existence,
and indicated there was no problem with them regarding
charcoal production (97%), since the reserve does not
intervene in decisions about the activities performed in the
plots (69%). The majority of the interviewees (72%) did not
perceive a decrease in available raw material (firewood) in
the ejidal area. Regarding the required actions for improv-
ing production conditions and the commercialization of
charcoal, the need to obtain permits to sell charcoal outside
the community (53%) and to improve its sale price (22%)
were the main issues mentioned.

Official perspectives regarding the potential conflict The
LPBR’s official position is that, as a result of intense
exploitation of the forest for charcoal production, an eco-
logical impact exists for the forests surrounding the LPBR.
Currently, there is no formal representation of the Los
Petenes community in the reserve’s Technical Advisory
Committee, which hinders fluid communication between
the reserve and the community. The reserve’s proposal to
create a Charcoal Production Committee (a locally inclusive
working group for approaching this productive activity,
referred to in section “Alternatives for conflict manage-
ment”), is a way of establishing a direct link with charcoal
producers, and to compensate for their lack of participation
in the biosphere reserve committee.
According to the LPBR, budget cutbacks suffered by the

Mexican environmental and productive sector over the last
few years (e.g., elimination of support for subsistence
agriculture) have hindered the possibility of the reserve
having a more active presence in neighboring communities,
limiting its ability to promote conservation practices in
these communities.
It is important to highlight that the official position of

SEMARNAT does not award authorization for the
nonselective explotation of the forest (i.e., matarrasa
felling), even though there is no legal basis for this in
Mexican legislation. Neither does SEMARNAT alllow the
transformation of firewood into charcoal in extraction areas.

Characterization of the sociopolitical context: Regulatory
aspects of charcoal production

During the process of charcoal production, different permits
bestowed by the appropriate federal authority, SEMARNAT,
are required. Among the required permits is the Program of
Forestry Management (PFM) that regulates wood extraction,
as well as a series of forest documents to legally support the
transportation of firewood, its transformation into charcoal in
authorized sites, and finally, the transportation of the charcoal.
Los Petenes has a PFM: however, it expired in 2016 and is
pending renewal. The majority of the interviewees in Los

Environmental Management



Petenes (89%) did not know that the PFM existed, nor the
necessity of renewing it. This lack of awareness was even
demonstrated by the ejidal authority, who is responsible for
handling these affairs. Since none of these permits are in place
in Los Petenes, currently charcoal production occurring there
could be considered illegal.

Analyzing the legal instruments that regulate charcoal
production in the case study (the LGDFS and its regula-
tion, the corresponding law for the state of Campeche, and
the management program of the LPBR), and contrasting
them with the local ways of using the forest and the local
expectations regarding charcoal production, we found
some significant incompatibilities which may become
obstacles for the local artisanal practice. Among the most
relevant obstacle for this practice, according to forestry
regulation, is the need to obtain authorization to (1)
extract firewood, (2) register the sites where the kilns are
located, and (3) transport the firewood and the charcoal. In
the community, there is no clarity regarding the permits
required for forest use. Particularly, there is confusion
regarding who must obtain the permits for charcoal pro-
duction, with 44% of the interviewed producers believing
that it is the charcoal buyer’s (the local intermediary)
responsibility. A total of 25% believed that each producer
should obtain the permits, 14% thought that the ejidal
authority should, while 17% did not know who held the
regulatory responsibility.

Evidence of the conflict

Referring to the ecological evidence of the potential conflict
(i.e., the conservation status of the natural resource
employed), we found no documented information support-
ing the alleged degradation of the exploited forest in the
ejido, nor inside the reserve, as a consequence of firewood
extraction for charcoal production. Neither does information
exist about the rates of vegetation regeneration after
this use.

Identification of impact

Similarly to the lack of ecological evidence, there is no
registered information about the impact of charcoal pro-
duction on the rate of deforestation in the ejidal land area or
in the LPBR. The assessment of the decrease in vegetation
cover expressed by the LPBR is based on flyovers per-
formed in the region, and visits to the rural area by envir-
onmental authorities (pers. comm. LPBR director).

In contrast, in relation to the socioeconomic effects, we
identified a potential concern for local livelihoods given the
restrictions that could be established regarding forest use in
the LPBR’s zone of influence. Similarly, we identified that
currently, the local population is being affected by the

surveillance activities conducted by the environmental
authorities (rounds of surveillance by PROFEPA in the
producing communities) in the ejidal common land areas, as
well as by the enforcement of sanctions for firewood or
charcoal transportation without the corresponding forestry
documentation. There is a complex and strict regulatory
framework for the conditions of rural artisanal production,
such as the need of specific knowledge, money (approxi-
mately USD $1337 for all permits) and time (six months
approximately until permits are emitted)—neither of which
local peasants usually have (CCMSS 2008). There is a
forest law inadequate for the ecosystem dynamics of
peninsular forests (considering its regeneration rates
(Román-Dañobeytia et al. 2014). As a result, the activity is
currently illegal. This impedes access to better sale prices
for the charcoal, and places families in a context of inse-
curity in terms of performing the local activity of the highest
relevance as a source of income.

Willingness to dialogue

According to interviewees, the LPBR’s administration
shows a willingness to dialogue, as demonstrated by its
initiative to form a working committee specifically for
addressing charcoal production, to promote trust between
the reserve’s authorities and the charcoal producers. With
respect to the willingness of the charcoal producers to enter
the dialogue, they seem to be less willing to modify their
productive practice and to adapt themselves to the current
legal framework. This, according to interviewees, has to do
with factors such as a lack of internal cohesion and disin-
terest in working in groups.

Alternatives for conflict management

Currently, two proposed alternatives exist for approaching
this conflict. One of the proposals is the Committee for
Charcoal Production proposed by the LPBR, and the other
is the PMP, proposed by a local NGO. The Committee for
Charcoal Production aims to create a working group com-
prised of key regional stakeholders related to charcoal
production (e.g., ejidal authorities from the charcoal pro-
ducing communities, members of civil society and acade-
mia, and the LPBR, among others), who will promote a
long-term vision of sustainable forest use for charcoal
production. This represents a first step in building bonds of
trust between the local charcoal producers and the reserve’s
authorities. Similarly, the committee seeks to support the
proposal of a PMP (described in the following paragraph),
particularly in relation to the attainment of permits for
charcoal production and the strengthening of the relation-
ships between the stakeholders interested in accomplishing
this management proposal.
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The PMP is the second identified proposal, which seeks
to create a forest management program adapted to the local
production practices, while addressing the obstacles that the
legal framework and the enforcement authorities present:
the matarrasa felling practice and the transformation of the
firewood into charcoal in the extraction areas. The PMP
consists of a management model within a rotating use cycle
of 10 years.

As a summary, in Table 1 we show the elements of the
mapping and management of potential conflict in Los
Petenes discussed above, according to the most relevant
stakeholders’ positions in the conflict.

Discussion

Performing activities for family subsistence (like charcoal
production) in conservation contexts is of crucial relevance,
because of the potential social impact that the restrictions
imposed by a biosphere reserve can generate for local
livelihoods (Robinson 2011; Woodhouse et al. 2015). In the
case of Los Petenes, while a conservation conflict with the
authorities of the LPBR does not exist currently, we define
the situation as a potential conflict. As such, a direct clash of
interests does not exist regarding the forest resource, cur-
rently and in the same territory, between the LPBR and the
charcoal producers. However, the possibility of this

situation occurring in the near future exists. If the firewood
extraction that is presently performed in the producers’ plots
within the zone of influence of the LPBR was extended to
the reserve, a conflict of interests could occur between the
local population and the LPBR.

Thus, we define a potential conflict as the situation in
which a possible dispute between different stakeholders
over a natural resource, with opposing interests regarding
this resource (e.g., protection versus use), is detected early
on. Literature on conflicts in protected areas has not
emphasized the advantages of identifying and addressing
conflicts before they emerge. For instance, Soliku and
Schraml (2018b) state the importance of co-management for
avoiding conflict escalation, but they do not focus on con-
flict prevention. Likewise, Young et al. (2016a) mention the
anticipation of future conflicts, based on issues emerging
from monitoring existent conflicts, but do not address the
need to consider situations where conservation interests and
local use of natural resources converge in order to detect
possible arising conflicts. The proposal of this conflict
characterization as potential, and its associated early
detection, bring certain advantages for biosphere reserve
management, which we discuss toward the end of this
section.

At present, although no standing conflict exists with the
LPBR and charcoal production in surrounding areas, a
conflict does exist between charcoal producers and

Table 1 Synthesis of the potential conflict and the main positions regarding it

Stages of conflict Most relevant stakeholders

LPBR Charcoal producers

Conflict mapping

Definition of the
conflict, and
Main stakeholders’
positions

Perceive an imminent entry of local producers in the LPBR for
firewood extraction. Need to establish forest management practices
that permit local livelihoods, oriented toward the sustainability of
the activity and of forest use

Do not perceive a conflict with the LPBR, since it does
not interfere in the common lands where the forest use
takes place. They feel an impairment of their
susbsistence interest on the part of other federal
environmental authorities (PROFEPA and
SEMARNAT)

Characterization of
the sociopolitical
context

Inadequacy of the forest regulatory framework for the socioecological conditions of the region.

Operational criteria of SEMARNAT: the local charcoal production practices are not authorized (i.e., matarrasa felling;
transformation of firewood into charcoal in exraction areas)

Evidence of the
conflict, and
Identification
of impact

There is no evidence of the ecological impact on the forest as a
consecuence of charcoal production

Impact on the local livelihoods by limiting access to
better charcoal sale prices (outside the community), by
the continued fear of sanctions from the federal
environmental authorities and of potential restriction of
forest use

Willingness to
dialogue

Yes Partial

Conflict management

Alternatives for
conflict
managementa

Committee of Charcoal Production, Plot Management Program No local proposals exist for conflict management

aAt the time of this research, none of the alternatives were underway
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environmental authorities in charge of forest regulations and
surveillance (i.e., SEMARNAT and PROFEPA). This
conflict situation with environmental authorities has been
categorized as “conflict with conservation authorities”
(De Pourcq et al. 2017), or as “conflict with the law, leg-
islation and policies” (Soliku and Schraml 2018a). The need
to englobe this type of conflict under a specific categor-
ization reveals the frequent occurrence of this clashing of
interests among local populations and official authorities in
conservation contexts.

Our work documents a social impact on the local
population from the ongoing conflict with environmental
authorities regarding forest use, which is part of conflict
mapping. This impact affects the local livelihoods as a
consequence of federal legislation, which, despite recog-
nizing the need for government to support community forest
management (Merino-Pérez 2013), hinders the use of the
natural resources (Román-Dañobeytia et al. 2014). In light
of the absence of alternative sources of income, this situa-
tion fosters a context for illegal charcoal production
(Gardner et al. 2016). The implications of a legislation
disconnected from local contexts, that hampers a sound
local forestry practice, are that ecological impacts could
occur in the reserve, thereby compromising its conservation
effectiveness.

We documented the nonexistence of studies regarding
the ecological impact of regional charcoal production,
which would be a crucial element in better understanding
the conflict. This gap in information about the ecological
impact of charcoal production is relevant for two reasons.
First, it could lead to a possible application of the precau-
tionary principle on the part of the LPBR regarding forest
use, resulting in restrictions on resource use for the local
population, as has previously happened with other natural
resources in the same region (see Oliva et al. 2014). This
could lead to an exacerbation of poverty in the community
(Gardner et al. 2016). A precautionary reasoning (sensu
Meijboom and Brom 2012) seems to prevail in the man-
agement of the LPBR, sustained by a lack of ecological
information about the conservation status of animal and
plant species in the reserve. In turn, this lack of information
could be associated with the scarce availability of financial
and human resources for the adequate operation of the
reserve, a common cause of ineffectiveness of PA man-
agement worldwide (Lu et al. 2012; Van Cuong et al. 2017).
Second, the absence of ecological information is relevant
because it supports the need to study the ecological effects
resulting from the local use of the forest. The resulting
information would enable better decision-making for man-
agement (Redpath and Sutherland 2015). Such information
would allow the existence or inexistence of an ecological
impact on regional forests derived from charcoal production
to be determined, as well as allowing definition of the long-

term potential for the sustainability of this activity (Gerez-
Fernández and Alatorre-Guzmán 2007). This data becomes
vitally important for the management of a potential conflict
(Redpath et al. 2013) and would permit (1) knowledge
regarding whether the current local practices and forest
management are sustainable, and (2) reduction of the social
impact of possible restrictive measures on forest use aimed
at the preservation of this natural resource.

The producers do not perceive a decrease in the avail-
ability of firewood in their plots, which contradicts the
views held by the reserve’s authorities that firewood
extraction to make charcoal is severely affecting the forest.
There is no evidence that charcoal extraction is envir-
onmentally destructive, hence no argument against this
activity (Smith et al. 2017). This implies the need for eco-
logical studies that can reveal the impact of the current rate
of forest exploitation (Mohibbi and Cochard 2014).

Similarly, the assumption (without evidence) of the
occurrence of an ecological impact caused by charcoal
production, with no existing information to support it,
suggests top-down management decision-making, which
labels the local practice as an ecologically unsound one
without having the information to support this (Brown
2007; Martín-López and Montes 2015). This, together with
the prioritization of conservation objectives over local
interests (Whitehouse 2015) and the imbalance of power in
the management of the natural resources (Carmen et al.
2015; Dawson et al. 2018; Durand et al. 2015), leads to the
subsequent application of restrictive conservation measures
disconnected from local realities (Oliva and Montiel 2016).
This illustrates the importance of promoting strategies that
address these conservation conflicts (potential and current)
without rejecting the local ways of using the environment,
and assessing the viability of the local practices to be
continued sustainably instead of assuming that they must be
adjusted to comply with the standing legal regulations
(Cooper and Kainer 2018; Smith et al. 2017; Wali et al.
2017).

Forcing the local management of natural resources to
adjust to a regulatory framework can lead to an ineffective
use of financial resources by imposing solutions from per-
spectives incompatible with those of local stakeholders
(Wali et al. 2017), which would reinforce the conflict
(Redpath et al. 2015) and could exacerbate the level of
poverty in the community by restricting an activity relevant
to local livelihoods (Gardner et al. 2016; Kefa et al. 2018).
Similarly, in its last report regarding the worldwide state of
forests, the Food and Agricultural Organization (FAO)
recognized the need to reconcile the interests of all parties in
the policy framework, oriented to sustainable forest man-
agement (FAO 2018). This reinforces the need to appraise
local perspectives and practices during the development of
this kind of policy. The need to design policies locally
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linked to socioecological contexts and participatory imple-
mentation has been widely documented (see, for example,
García-Frapolli et al. 2009, Bennet and Dearden 2014,
Méndez-López et al. 2015, Bouamrane et al. 2016, Oliva
and Montiel 2016). In particular, in contexts with a long
history of community forest management, such as in
Mexico, forestry policy needs to include local perspectives
and should also rely in an adaptive knowledge and man-
agement which considers local experiences and expecta-
tions regarding forest use (Merino-Pérez 2013), such as
those of Maya populations in the Yucatan Peninsula.

With its proposal to create a Committee of Charcoal
Production, the LPBR is addressing two primary aspects of
the management of conservation conflicts: building trust
between the parties (Cooper and Kainer 2018; Reed 2008;
Young et al. 2016b) and, resulting from the former, building
a shared understanding by proposing a dialogue between
local producers and other relevant stakeholders in the con-
flict (Dawson et al. 2018). The existing synergy among the
proposals for conflict management in Los Petenes, like the
Committee of Charcoal production and the PMP, shows the
alignment among the intentions of the stakeholders with the
greatest power to undertake conflict management actions.
Nevertheless, although one of the most important elements
for conflict management exists—a mechanism for building
trust and promoting dialogue between parties (Redpath et al.
2013)—the legal framework is disconnected from the local
practices and this hinders the conflict resolution process,
demanding actions and interventions that exceed the areas
of incidence of the involved parties.

Addressing potential conflicts presents a series of
advantages that affect the effectiveness of conflict man-
agement, and consequently of the biosphere reserve.
Among these advantages, we found that the early detection
of potential conflicts permits the evaluation of the impact of
a human activity (in this case, charcoal production) in a PA
zone of influence before it extends to the PA, which could
in time act as a trigger for conservation conflict. In this
sense, the anticipation of conflicts through early detection
would allow: (1) use of the time prior to the occurrence of
impact inside the reserve to estimate the ecological impact
of the anthropogenic activities in the PA’s zone of influ-
ence, (2) reduction of the uncertainty in management by
using this information, (3) the development of strategies for
preventing or mitigating these ecological effects, and (4)
consideration of the social impact of these preventive stra-
tegies on the human populations that base their livelihoods
on the natural resources within the PA.

The time saved by the early detection of potential conflicts,
before ecological or social effects occur, creates the possibility
of carrying out stakeholders processes, which often involve
long periods of time and effort (Reed 2008). Such stakeholder
processes involve the building of trust and the establishment

of a dialogue between the parties, which are key factors in
managing conservation conflicts (Redpath et al. 2013, 2015).
Both the dialogue and the trust contribute to the building of a
shared understanding among parties, laying the foundation for
arriving at consensual solutions and, thus, to greater equity in
PA management (Dawson et al. 2018). Thus, early detection
enables the building of consensual solutions from the early
involvement of those affected (Madden and McQuinn 2015),
integrating conservation and the well-being of local popula-
tions (Wali et al. 2017).

Finally, the potential stage of the conflict emphasizes the
relevance of working with alternatives for the early
approach to its management, searching for a reconciliation
between local livelihoods and the conservation of the eco-
system (Redpath et al. 2013). This could replace the fre-
quent application of corrective or compensatory actions in
conflict management. Because of the possibility of relying
on evidence and information about the potential impact of
the conflict, the uncertainty of the management itself is
reduced (Jerneck et al. 2011), granting more room to
maneuver in the process, which could positively mitigate
the socio-ecological impact of the conflict.

Conclusions

Our study suggests the potential of early detection of con-
flicts as a way to foster conservation conflict management,
thereby enhancing the effectiveness of biosphere reserves.
Through our case study, we reaffirm the need to address
human activities performed in conservation contexts, such
as PAs and their zones of influence, particularly when these
activities form part of the livelihoods and subsistence
practices of the PAs’ neighboring populations. By doing so,
the early detection of conservation conflicts is favored.

The main advantage of early potential conflict detection
is that it permits reduction of the uncertainty in management
processes, enabling the collection of evidence and scientific
information before the occurrence of socio-ecological
impacts, making conservation efforts more efficient. In
addition, we emphasize that this early approach contributes
to conceiving management strategies that allow the devel-
opment of stakeholder and social processes that require
plenty of time, and that are key for the management of
conservation conflicts in PAs throughout the world.

Finally, because conservation conflicts are inherent in the
establishment and operation of PAs, we emphasize the
importance of applying a preventative focus to address
them. Early attention to potential conflicts could lead to
better management solutions for the conflict itself, and for
the PAs overall. More research is needed on the monitoring
of early addressed conflicts, which will allow evaluation of
the results of preventive management.
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