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ABSTRACT 

In the last three centuries, the planet’s biomes have changed. Human beings have drastically altered the 
quantity, pattern and composition of natural vegetation globally, fragmenting native vegetation in patches, 
forming a matrix composed by decreasing numbers of natural areas and growing numbers of areas modified 
by anthropogenic activities.  When the connectivity between natural areas are altered by fragmentation, 
native biodiversity is threatened, because fragmentation isolates the habitat of plants and animals, 
preventing the movement of organisms and processes that occur in habitats of connected landscapes. 

In this process, often areas designated for biodiversity conservation, the so-called Protected Areas (PA), 
become ‘islands’ surrounded by a matrix formed by anthropogenic activities.   However, the conservation 
of biodiversity is optimized when protected areas are connected,  

Due to international commitments, since 2016 Mexico, seeks to implement connectivity approaches into 
biodiversity conservation policies. The Biosphere Reserve Sierra Abra Tanchipa (BRSAT) is located in the 
mountain range Sierra Madre Oriental in northeastern of Mexico, has an exceptional landscape with an 
important extension of deciduous and sub-deciduous tropical forests with great biological diversity. This 
includes endemic and threatened taxa of plants and animals. BRSAT is surrounded by a complex fragmented 
landscape of agricultural activities, and land uses.  

The aim of this research is to develop a systematic approach to link BRSAT with relevant areas for 
conservation integrating physical ecological and socio economic data of the landscape to find the most 
suitable areas for connectivity conservation and to explore their incorporation to a voluntary conservation 
scheme. 

The analysis was made through mapping different criteria with Geographic Information Systems (GIS) 
(Arcgis 10.5) and with the Least Cost Path tool, using as a resistant layer, and the most relevant areas for 
conservation. Secondly, physical, ecological and socio economic data was combined to obtain a suitability 
map to identify the optimal areas for conservation adjacent to the connectivity route. This was achieved 
through an Analytic Hierarchy Process (AHP) method that considers experts weighted assessment for the 
elected variables. Finally, through interviews to landowners, government agents, and academia experts, to 
a brief look of the knowledge, motivations and constraints to establish protected areas to create 
connectivity under the national Mexican Scheme for ‘Voluntary Destined Areas for Conservation’ (VDAC)  
was obtained. 

The routes connect BRSAT with relevant areas for conservation and go across mainly through Ejidos, with 
high and medium values of suitability. There were critical areas found, that could help to promote 
connectivity for conservation, mainly in the surroundings of BRSAT (Ejido las Pitas). In addition, areas with 
high suitability values for connectivity conservation were found in the south of the study area, close to 
Biosphere Reserve Sierra Gorda. This connectivity route has not being analyzed properly before. Moreover, 
according   to the interviews there is a good potential establish VDCA to protect natural resources, to help 
to create connectivity and to generate benefits to the landowners.   

This results helps to fulfill Mexican mandates to create new areas for conservation, and to reconnect to the 
threatened of BRSAT which otherwise would become an isolated area. Additionally, to explore among some 
stakeholders the potential to establish through the route, private protected areas destined voluntarily by 
the landowners.  

Key words:  Connectivity conservation – Protected Areas – Voluntarily Destined Areas for Conservation 
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RESUMEN  

En los últimos tres siglos, los biomas del planeta han cambiado. Los seres humanos han alterado 
drásticamente la cantidad, el patrón y la composición de la vegetación natural a nivel mundial, 
fragmentando la vegetación nativa en parches, formando una matriz compuesta por un número 
decreciente de áreas naturales y un número creciente de áreas modificadas por actividades antropogénicas. 
Cuando la conectividad entre áreas naturales se ve alterada por la fragmentación, la biodiversidad nativa 
se ve amenazada, debido a que la fragmentación aísla el hábitat de flora y fauna, limitando el movimiento 
de organismos y procesos que ocurren en hábitats de paisajes conectados. 

En este proceso, a menudo las áreas designadas para la conservación de la biodiversidad, las llamadas Áreas 
Protegidas (AP), se convierten en "islas" rodeadas por una matriz formada por actividades antropogénicas. 
Sin embargo, la conservación de la biodiversidad se optimiza cuando las áreas protegidas están conectadas, 

Debido a los compromisos internacionales, desde 2016 México busca implementar enfoques de 
conectividad en las políticas de conservación de la biodiversidad. La Reserva de la Biosfera Sierra Abra 
Tanchipa (BRSAT) está ubicada en la Sierra Madre Oriental en el noreste de México, tiene un paisaje 
excepcional y una extensión importante de bosques tropicales caducifolios y subcaducifolios con gran 
diversidad biológica. Esto incluye taxones endémicos y amenazados de plantas y animales. BRSAT está 
rodeado por un complejo paisaje fragmentado de actividades agrícolas y usos de la tierra. 

El objetivo de esta investigación es desarrollar un enfoque sistemático para vincular BRSAT con áreas 
relevantes para la conservación integrando datos físicos ecológicos y socioeconómicos del paisaje para 
encontrar las áreas más adecuadas para la conservación de la conectividad y explorar su incorporación a un 
esquema de conservación voluntario. 

El análisis se realizó mediante el mapeo de diferentes criterios con los Sistemas de Información Geográfica 
(SIG) (Arcgis 10.5) y con la herramienta Least Cost Path (Ruta de menor coste), utilizando como capa de 
resistencia, las áreas más relevantes para la conservación. En segundo lugar, los datos físicos, ecológicos y 
socioeconómicos se combinaron para obtener un mapa de aptitud para identificar las áreas óptimas para 
la conservación adyacente a la ruta de conectividad. Esto se logró a través de un método de Jerarquía 
Analítica (AHP por sus siglas en inglés) que considera la evaluación ponderada de expertos para las variables 
elegidas. Finalmente, a través de entrevistas a propietarios, agentes gubernamentales y expertos de la 
academia, se obtuvo un breve acercamiento sobre el conocimiento, las motivaciones y las limitaciones para 
establecer áreas protegidas para crear conectividad bajo el Esquema nacional mexicano de 'Áreas 
Voluntarias Destinadas para la Conservación' (ADVC). 

Las rutas conectan a la RBSAT con áreas relevantes para la conservación y atraviesan principalmente Ejidos, 
con valores altos y medios de aptitud. Se encontraron áreas críticas que podrían ayudar a promover la 
conectividad para la conservación, principalmente en los alrededores de RBSAT (Ejido las Pitas). Se 
encontraron áreas con altos valores de aptitud para la conservación de la conectividad en el sur del área de 
estudio, cerca de la Reserva de la Biosfera Sierra Gorda. Esta ruta de conectividad no se ha analizado 
correctamente antes. Además, según las entrevistas, existe potencial para establecer ADVC para proteger 
los recursos naturales, ayudar a crear conectividad y generar beneficios para los propietarios. 

Este resultado puede auxiliar a cumplir con los mandatos mexicanos de crear nuevas áreas para la 
conservación voluntaria y para reconectar la BRSAT que de lo contrario se convertirían en un parche forestal 
aislado. Además, para explorar entre algunos interesados, el potencial de establecer a través de la ruta, 
áreas protegidas en el esquema del ADVC. 

Palabras claves: Conservación para la biodiversidad - Areas Naturales Protegidas - Areas destinadas 
voluntariamente a la Conservación.  
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1 INTRODUCTION  

1.1 FRAGMENTATION AND BIODIVERSITY LOSS 

On a global level, fragmentation and loss of habitats are recognized as the main threats of 

biodiversity at a global level (Castro-Navarro et al., 2017; Fahrig, 2003; Fischer & Lindenmayer, 

2007; Frost et al., 2006; Haddad et al., 2015). 

The concept of fragmentation will be analyzed as a phenomenon that not only reduces the total 

amount of available habitat, but also isolates the remaining habitat, preventing the movement of 

organisms from one ecosystem to another and the respective processes that were carried out 

between them in previously connected ecosystems. First, the concept of fragmentation will be 

defined. Next, the causes and consequences of fragmentation will be listed and the relationship 

between this phenomenon and biodiversity loss will be clearly explained.  

 DEFINITION  

The first hypotheses based on the biogeography of the oceanic islands provided a theoretical 

framework that allowed understanding the effects of fragmentation on species distribution. 

Terrestrial forest  surrounded by a matrix of agricultural activities, become “ islands ”of natural 

habitat spread through a“ sea ”of habitat transformed by humans" (Kirkby, MacArthur, & Wilson, 

1968). 

In 1986, fragmentation was defined as a phenomenon that occurs in large areas of habitat, in 

which it is divided into increasingly smaller patches, and isolated by a matrix of habitats different 

from the original state of the matrix (Wilcove, McLellan, & Dobson, 1986) 

Haddad (2015)adds this definition that the new matrix of habitats is the result of anthropogenic 

activities that modify land uses. Some authors define fragmentation as the division of a habitat 

(Fahrig, 2003), some others focus the definition in the influence of human activities in the process 

of habitat fragmentation (SEMARNAT et al., 2017b). Scientists do criticize the human impact, 

whereas governments usually drive fragmentation, and are shy to develop political strategies 

against fragmentation. 

Understanding how fragmentation is influenced by human actions, allows prioritizing the 

protection and management of natural areas where there are options to protect large intact 

habitats or fragmented habitats (with the same total amount of habitat) (Loyola et al., 2019)). 

According to Fahring (2017)there are more authors that link biodiversity loss with habitat 

fragmentation “per se”, despite there is no empirical evidence that supports the generalized 
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assumption that a group of small habitat patches generally, have a lower ecological value than 

large patches of the same total area. 

On the contrary, Fletcher (2018)specify that current literature indicate the negative ecological 

effects of fragmentation are not “per se”, given the unproven extrapolation of patterns and 

mechanisms at patch scale (size effects, patch isolation and edge effects) for purposes of habitat 

fragmentation at landscape scale.  

Despite the different conclusions, both authors and their collaborators around the world confirm 

the effects of fragmentation on biodiversity and the urgency of working on solutions that 

minimize the causes and their effects, being undeniable that habitat fragmentation disrupts the 

connectivity, and is the main threat to global biodiversity (Fahrig et al., 2019). 

 CAUSES AND CONSEQUENCES OF FRAGMENTATION  

Fragmentation is also a phenomenon that not only reduces the total amount of habitat available, 

but also isolates the remaining habitat, preventing the movement of organisms from one 

ecosystem to another  and the respective processes that they carried out among themselves in 

their previously connected ecosystems. Therefore, he causes and consequences of fragmentation 

are related to the biodiversity loss and will be described above. 

According to Fahrig (2003) fragmentation consequences can be summarize in two:  habitat loss 

and fragmentation “per se”, being the elimination of habitat, the most common effect of the 

fragmentation process.  

Fragmentation is linked to anthropogenic pressures. Nowadays, humans use almost half of the 

Earth surface to raise cattle(UNEP, CBD, & SBSTTA, 2011).When agricultural and livestock lands 

modify and separate fragments of natural ecosystems, these fragments are ecologically analogous 

to islands, - as in islands biogeography theory -, then the greater distance the islands have, the 

survival of biotic populations is affected. Consequently, the sustainability of ecological goods and 

services of forests, are at risk. This also will affect economic sectors dependent on natural 

resources, such as agriculture and livestock (SEMARNAT et al., 2017b 

Fragmentation experiments considered by many as the most expensive and longest in ecology - 

have demonstrated up to 70%(Haddad et al., 2015) of the world's forest cover on the five 

continents is already facing some degree fragmentation this has reduced the biodiversity between 

13% and 75%,(Haddad et al., 2015). This altered key ecosystem functions, especially in smaller 

and isolated fragments, in which the effects are magnified (Haddad et al., 2015). This changes in 

the matrix of the landscape, leaves fauna and flora habitat disconnected from other ecosystems 

(UNEP et al., 2011). Their mobility corridors are lost. (López Yela, 2017). 
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In the central Amazonia, forest fragments are found (ranging from one to 100 hectares,) which 

have undergone a great variety of ecological changes over the past 32 years. The evidenced has 

been registered through the “Biological Dynamics of Forest Fragments Project” or BDFFP, in which 

the impacts of fragmentation in the world's largest rainforest - the Amazon -, and biota are 

evaluated (Laurance et al., 2011) 

The species richness of many organisms decreases according to the size of the fragments. For e.g, 

the decline in population rates is evident in flora (Aguilar & Tabarelli, 2010; Ibáñez, Katz, Peltier, 

Wolf, & Connor Barrie, 2014) and in fauna: insects (Habel et al., 2010), reptiles (Driscoll, 

2004)birds (Ferraz et al., 2007), and primates (Boyle & Smith, 2010). For these groups, small 

fragments are not often able to maintain viable populations increasing edge effect that can lead 

to further biodiversity loss(Laurance et al., 2011).  

In other cases, for some plants in mutualistic relations with ants, no significant decline in diversity 

was reported despite the habitat fragmentation this also influences biodiversity loss rates 

(Laurance et al., 2011). Extinction rates increased in some bird species and mammals that inhabits 

fragmented habitats have a higher probability of extinction (Crooks et al., 2017) 

Land-use changes in rainforest lead to massive habitat destruction and as a consequence, 

fragmentation. The above mention, confirmed the effects of fragmentation, such species mobility, 

species extinction. Other effects can be added to the list: effect-border mortality(Lovejoy, et al., 

1986), higher mortality of trees(Pütz et al., 2011), local seed loss and external seed rain, (Melo, et 

al., 2010), alterations in genetic flows (Drees, et al., 2011) and other population ecological process  

(Fischer & Lindenmayer, 2007; Pütz et al., 2011). 

According to Martínez and colleagues, (2009) landscape fragmentation is “the last phase of 

habitat degradation process in which the forest surface decreases, the edge-effect increases and 

the subdivision of the habitat continues until the landscape loses its functionality ". This process 

occurs in two phases: 1) Habitat loss and its deterioration, without affecting the operation of the 

landscape; 2) Habitat loss with a surplus that leads to the isolation of habitat scraps. In the first 

phase, the habitat loss is hardly solvable, since in many cases it is a consequence of territorial 

demands for urban growth or agricultural expansion. In the second phase, the problems of 

fragmentation arise the need to maintain or increase connectivity between the remaining 

elements of the landscape(Martínez Alandi et al., 2009). 

Given the growing concern and awareness of the effects of habitat fragmentation on natural 

systems, it is urgent to apply conservation and restoration measures to improve landscape 

connectivity and to reduce species high extinction rates and to maintain the ecosystem services 
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1.2  CONNECTIVITY AS A BIODIVERSITY CONSERVATION STRATEGY 

Connectivity conservation describes actions taken to conserve landscape connectivity through 

conservation criteria and incorporating social and institutional dimensions(Worboys, Francis, & 

Lockwood, 2010). Connectivity conservation provides the methods of how to link areas for 

conservation purposes, 

Nowadays, International Agencies like UN, FAO, UNESCO(FAO, 2017; GWS, 2018; UNEP, 2010), 

International NGOs IUCN, Nature Conservancy, The Wildlands Project, and World Wildlife Fund 

and numerous local government institutions are adopting strategies to promote 

connectivity(Salido Pérez, 2015); in order to maintain or regenerate population flows in 

fragmented ecosystems (Haddad & Tewksbury, 2006).  

Connectivity is a relatively recent topic that seeks to respond to the habitat fragmentation. 

Reports mention, “Near 67,500 scientific articles have been published in 23 scientific journals in 

recent years. 328 and 352 articles had in their keywords connectivity and corridor respectively” 

(Guzmán Wolfhard & Raedig, 2019). Ecological corridor studies were relatively rare in 1980, but 

they grew prominently during the 1990.  

Like any concept that arises in the field of environmental sciences, the term "connectivity" has a 

wide variety of definitions, interpretations, and evaluation methods (Fagan & Calabrese, 2007). 

Connectivity can be defined as “the ease with which plants and animals move between particular 

landscape elements; the number of connections between patches relative to the maximum 

number of potential connections” (Worboys, Francis, & Lockwood, 2010). 

Improving connectivity can counteract the effects of fragmentation and habitat loss; resulting 

even more effective than focusing on targeting  land-use changes. Connectivity does not require 

large areas to operate, or high levels of conservation, but rather a continuity of the well-planned 

and executed landscape (Martínez Alandi et al., 2009). While some authors conceive connectivity 

as “a property of the landscape as a whole”, others conceive it as “a characteristic intrinsically 

associated with a unit of individual habitat” (Tischendorf & Fahrig, 2000) 

 LANDSCAPE CONNECTIVITY 

To define the concept of landscape connectivity, it is necessary to define landscape. A landscape 

according to Mussi (2010) in (Guzmán Wolfhard & Raedig, 2019)is “a group of ecosystems that 

share flow interactions, under the influence of the same climate, with similar geomorphology, and 

subject to the same disturbances. From another perspective, landscape can be conceived as “a 

group of elements that define a geographical space where within its limits are carried out social 

economic and cultural interrelations with the natural environment, and with its transformations” 

(Manent-Bollo, 2017) 
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Forman and Godron (1981) and Fischer & Lindenmayer (Fischer & Lindenmayer, 2007), define 

three elements of the landscape: 1) The matrix, 2) The patches, and 3) The corridor, these 

elements can be analyzed and measured through landscape metrics to understanding the 

landscape process. 

Landscapes are as a structural habitats, natural barriers, connectivity corridors and biological 

borders (Bennett, 2003). Notwithstanding landscape connectivity depends not only on the 

structural characteristics(Adriaensen et al., 2003).Landscape connectivity is also "the degree to 

which it is landscape facilitates or prevents the movement of organisms between ecological 

patches"(Taylor, Fahrig, & With, 2010).Is it then an “emerging property "of species' interactions 

with the landscape. For instance is essential for ecosystem health and biodiversity conservation 

(Haddad & Tewksbury, 2006; Zhang, Meerow, Newell, & Lindquist, 2019) 

However, it should be consider that landscape connectivity is a human construct, which uses the 

word landscape to emphasize its anthropogenic nature (Fischer & Lindenmayer, 2007). 

 TYPES OF CONNECTIVITY  

Fragmentation and connectivity of the landscape can be evaluated to show the distribution and 

land cover changes over time (Cubides Isaacs, 2011). Two types of connectivity: structural and 

functional can be described(Uezu, et al., 2005) 

In terms of structure, connectivity can be defined as the spatial configuration of different habitat 

types (A. F. Bennett, 1999). Structural connectivity is related to the landscape patterns and the 

results of the density and complexity of the corridors, as well as the distance between patches, 

and the matrix (Uezu et al., 2005).  

Structural connectivity does not incorporate any data on the dispersal capacity of species or the 

potential  movement of organisms between patches (Fagan & Calabrese, 2007)In functional 

terms, connectivity refers to the behavioral response of individuals to the landscape structure 

(Bennett, 1999), the extent to which the species under study move through the landscape (Uezu 

et al., 2005). 

Therefore, there are the two types of landscape connectivity: 1) Structural connectivity, which 

describes only the physical relationships between habitat patches such as habitat corridors and 

interconnected distances, which can be measured through a wide variety of landscape metrics 

and analytical-spatial approaches, and 2) Functional connectivity, which considers the response 

of organisms' behavior to the landscape structure (Moilanen & Nieminen, 2002).  

Structural landscape connectivity increases when physical relations between habitat patches are 

enhanced. The use of structural connectivity strategies could improve functional connectivity for 

some species (Taylor et al., 2010) 
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 ECOLOGICAL CORRIDORS  

To optimize connectivity, there are several strategies; one is the use of ecological corridors. Linked 

to scientific and social contexts, the concept of ecological corridor appears in recent decades in 

scientific literature. An ecological corridor can be defined, as an extensive regional connections 

that aim to facilitate the movement of animals ecosystems and ecological processes different 

sections of the landscape” generally in a linear shape, which improves the ability of organisms to 

move between patches of their habitat", (Dobson et al.,1999; Worboys et al., 2010).  

Corridors are formed by three elements: “The patches, the matrix, the corridors, all which are 

connected in a multidirectional form”(Guzmán Wolfhard, 2015). In recent studies, the great 

potential of certain land cover mixtures - for example, forests, mixed vegetation and grasslands - 

has been proven to provide corridors for the maximum number of species and thus allow 

biodiversity conservation (Ersoy, Jorgensen, & Warren, 2019). 

For instance, the agriculture matrix is a concept that in recent years has been related to ecological 

corridors given the rise of anthropogenic activity. This matrix is an area of the landscape occupied 

by agricultural areas, human settlements, agroforestry, and remnant forests, and these matrices 

can function as habitat or as a corridor system linking distant protected areas(Wood et al., 2017).  

It is essential to include the agriculture matrix if effective management is desired. Through this 

some species are able to migrate; although it is worth mentioning that some species, whose 

means of survival are found in forest areas, are unable to cross-large distances of open spaces 

between protected areas (Wood et al., 2017)Therefore, ecological corridors as a management 

strategy is complex. 

There is wide variety of roles and functions that ecological corridors have for the conservation of 

biodiversity. 

 According to the roles and functions they cover, ecological corridors can be classified as: 

 Linear corridors, allowing the continuity of a habitat through level crossings, riverine 

vegetation or river systems. 

 Stepped corridor or walkway: serves as a connection or passage between patches that 

are not connected, for example, small wetlands, urban parks or a sequence of islands. 

 Landscape corridors, composed of a mosaic of habitats that form a connected landscape, 

examples of this type of corridor are mosaics of successive stadiums in a type of 

vegetation or a mosaic of plant communities controlled by different geologies (Bennett, 

2003; Worboys et al., 2010). 

 

Ecological corridors (in Mexico) are classified in 1) Biological Corridors, 2) Ecological Corridors, 3) 

Conservational Corridors and 4) Sustainable Development Corridors(SEMARNAT et al., 2017) : 
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 Biological corridors focus on functional and structural connectivity, for diverse taxa. This 

type of corridor is also known as a biodiversity corridor by some authors (Lino, 2007, cited 

in (Guzmán Wolfhard, 2015) 

 Ecological corridors integrate the idea of landscape and patch structure in territorial 

entities of a larger scale with an ecosystem perspective.  

 Conservation corridors are based on the concept of regional development and 

connectivity networks in diverse mosaics, considering the environmental aspects, the 

social aspects of sustainable practices and the participation of various actors  

 Finally, sustainable development corridors, whose focus on the economic benefits of 

sustainable production and trade, are based on a governance model of inclusion, 

participation, cooperation and political integration  

 

Ecological and biodiversity corridors seek to protect and conserve biodiversity through integration 

of different types of land use. This can be achieved by reconnecting the remaining fragments of 

forest areas at the regional level, thus ensuring the conservation of biodiversity and ensuring that 

ecosystems continue to contribute to the well-being of human populations (Worboys et al., 2010) 

To do this, different methodologies can be used according to the physical or biological 

characteristics of  the habitat, patches, and matrix and the function that will have the 

corridor(Panagakos, 2016) . One of the most common methods are the distances analysis tools, 

in  Geographic Information Systems like Arcgis(Redlands, 2014). Specifically the Least Cost Path 

(LCP) tools(Adriaensen et al., 2003; Lee, Chon, & Ahn, 2014; Raney, 2009; Williams & Snyder, 2005; 

Zhang et al., 2019)  

The method is a distance analysis method used to create connectivity paths (Garrido-Garduño & 

Vázquez-Domínguez, 2013; Penrod et al., 2006; Raney, 2009).This is the concept can be defined 

as the  path that is drawn representing the movement with the lowest cost given through a 

resistance of each pixel, which is set in accordance with the objective to be achieved 

It can be used, for example, to determine paths between large centers (matrices), small sites 

(patches) and links (corridors) (Lee et al., 2014) 

This is often done by a suitability analysis; this describes areas that are characterized by a 

combination of certain properties. Often, the result of a suitability analysis is a suitability map. It 

shows which locations or areas are suitable for a specific use in form of a thematic map(GITTA, 

2013) 

Although, assume that corridor connectivity is the only solution to achieve biodiversity 

conservation, it is risky, some studies on the mobility of species through corridors are descriptive 
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and not experimental, and  the fact that some species can move from one natural area to another 

does not guarantee their reproduction and survival (Crooks & Sanjayan, 2006) 

 Nevertheless, there is a consent on some authors agrees that connect two areas, increases the 

mobility of species in the landscape (Beier, Majka, & Spencer, 2008; Haddad & Tewksbury, 2006; 

Sloan et al., 2019). The structural or physical continuity of the forest habitat will guarantee 

connectivity for the less mobile and more sensitive forest species to the effects of fragmentation. 

Once the possibility of dispersal of these is guaranteed, it is assumed that it will also be secured 

for the rest of the species with greater mobility (Martínez Alandi et al., 2009) 

In summary, the processes of landscape modification are complex and involve human actions. 

There are many anthropic factors associated with the modification and fragmentation of the 

landscape (Fischer & Lindenmayer, 2007). The use corridors as a biodiversity conservation 

approach, should consider, but should include socio economic factors. 

Despite this, there are few methodologies that to, considering socio-economic criteria to stablish 

connectivity paths or corridors. Therefore, for this research work it is proposed to follow a 

connectivity approach by conservation areas. 

 CONNECTIVITY CONSERVATION AREAS 

Connectivity conservation areas is defined by the use of biodiversity conservation criteria, 

including social and institutional dimensions as “a complex natural and semi-natural lands that 

are spatially defined as the area subject to a connectivity conservation vision and management. 

It potentially includes core protected areas and a range of different land owners, land tenures and 

land uses” (Worboys et al., 2010) 

Therefore, for the purposes of this investigation, connectivity will be considered as a systematic 

approach that allows the conservation of biodiversity through corridors that promote the mobility 

of species in a fragmented landscape, composed of natural areas and areas modified by human 

activities, with a multi objective vision of the landscape, through areas relevant to conservation. 

 INTEGRATED LANDSCAPE MANAGEMENT AND CONNECTIVITY  

In Mexico, land use changes had dramatically reduced the forest vegetation cover in the last 60 

years, interrupting the continuity of the habitat and increasing the biodiversity loss (Castillo, 2017) 

There is an urgency to act, and to responds to international commitments particularly to the 

Strategic Plan for Biological Diversity 2011-2020 and to the Aichi targets (CDB, 2018): 

“By 2020, at least 17 per cent of terrestrial and inland water areas and 10 per cent of coastal and 

marine areas, especially areas of particular importance for biodiversity and ecosystem services, 
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are conserved through effectively and equitably managed, ecologically representative and well-

connected systems of protected areas and other effective area-based conservation measures, and 

integrated into the wider landscape and seascape “ (CDB, 2018). 

For this purpose, Mexico presented at the 13th Conference of the Parties in 2016(COP 13) a 

document called National Vision of Integrated Landscape Management (ILM) connectivity (Vision 

Nacional del Manejo Integrado Del Paisaje y Conectividad). With this approach, Mexico seeks to 

integrate ILM and Connectivity into conservation policies (SEMARNAT et al., 2017). 

ILM is one approach to address interconnected social, environmental, economic and political 

challenges focusing on integrated solutions at landscape scales (Reed et al, 2016). Although there 

are many approaches on landscape territorial planning, the international community since 2012 

recognize the ILM as a main strategy to reach sustainability at a landscape scales (FAO, 2017; 

Scherr, Shames, & Friedman, 2013)that can be defined as: 

“Integrated landscape management refers to long-term collaboration among different groups of 

land managers and stakeholders to achieve the multiple objectives required from the landscape. 

These typically include agricultural production, provision of ecosystem services; protection of 

biodiversity, landscape beauty, identity and recreation value; and local livelihoods, human health 

and well-being. Stakeholders seek to solve shared problems or capitalize on new opportunities 

that reduce trade-offs and strengthen synergies among different landscape objectives (…)” 

(Scherr et al., 2013) 

Therefore, ILM depends on the connectivity between different conservation schemes, managed 

by different stakeholders, such as Protected Areas, biological corridors and sites under sustainable 

forest management, fishing shelters, water reserves, among others, achieving three main aspects 

(SEMARNAT et al., 2017): 

 

• The effective and equitable administration of protected areas 

• The connection of protected areas 

• The integration of protected areas into wider land and marine landscapes. 

 

In conclusion, ILM proposes an approach of environmental management, based on the landscape 

perspective that combines the protection of biodiversity in a context of anthropic complexity. In 

this approach, PA represent nodes of connectivity in diverse landscapes, where zones of 

ecosystem relevance and high biodiversity are also integrated,  not necessarily under a status of 

protection.  
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1.3 BIODIVERSITY CONSERVATION IN MEXICO 

Mexico, has the fourth largest mega biodiversity after Brazil, Colombia and Indonesia (Espinosa-

Organista, D.& Ocegueda-Cruz, 2008; Jiménez Sierra et al., 2014)This natural capital has suffered 

an alarming anthropogenic impact for centuries, which has intensified in the last 50 years 

(CONABIO, 2008; Espinosa-Organista & Ocegueda-Cruz, 2008; López-Barrera et al., 2017; 

Sarukhán et al., 2017). 

Deforestation has severely affected tropical ecosystems. Land use changes, mainly due to 

agricultural and urban expansion, have resulted in the loss of forest areas important for 

biodiversity conservation (Schelhas, 2007). The Global Forest Resources Assessment conducted 

by FAO indicates that Mexico's deforestation rate for 2015 was −0.1% per year, compared to the 

1990-2000 period that was -0.3% per year (FAO, 2015a, 2015b; López-Barrera et al., 2017)). 

Although the number of hectares deforested has decreased, the primary forest area still loses up 

to −0.7percentage each year FAO, 2015a. In addition primary forest degradation and 

fragmentation has been increasing during the las 50 year, which is critical (Sarukhán et al., 2017) 

The biological costs of deforestation in Mexico are reflected in the 49 taxa extinct and the 

numerous threatened species (Sarukhán et al., 2017(¡Error! No se encuentra el origen de la 

referencia.). 

 

Table 1. Threatened species in NOM-059-SEMARNAT. Own elaboration. Source: (Sarukhán et al., 2017) 

Category Plants Fungi invertebrates Fish Amphibian Reptiles Birds Mammals Total 

Extint 6 0 0 13 0 0 19 11 49 
Critically  183 10 20 81 7 27 95 52 475 

Endangered 340 28 12 80 44 142 126 124 896 
Vulnerable 458 8 17 30 143 274 152 104 1186 

Total 987 46 49 204 194 443 392 291 2606 

 

This high rate on biodiversity loss has created in the Mexican environmental agencies the urgency 

to to protect biodiversity and the ecosystem services it provides. PAs are the key element for the 

conservation of biodiversity, but it should be mentioned. 

 PROTECTED AREAS 

At a global level PA are the main instruments for biodiversity conservation (Saura et al., 

2018).Since the mid-twentieth century, protected areas have been a cornerstone strategy to 
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prevent deforestation, reduce habitat loss, maintain ecosystem services and preserve biodiversity 

(Alvarez et al., 2013; Andam et al., 2008; SEMARNAT et al., 2017). In addition, PA  provide benefits 

to human communities through access to natural resources, raw materials, medicines, they are a 

mitigation tool for climate change and in many cases they are important for their cultural and 

educational value (UICN, 2018). 

According to the World Commission on Protected Areas (WCPA), 12% of earth surface is under 

some category of protection (IUCN & WCPA, 2010). Although is recognized does not guarantee 

that they are optimally conserved areas. Biodiversity and habitats rates continue to rise (Butchart 

et al., 2010; Geldmann et al., 2015). 

The International Union for the Conservation of Nature (IUCN) defines in (Dudley, 2008) protected 

areas as, “A clearly defined, recognized, dedicated and managed geographical space, through 

legal means or other types of effective means to achieve conservation in the long term of nature 

and its ecosystem services and their associated cultural values. ”At the international level, the 

objectives of creation of the Natural Areas are very diverse and are managed by a large number 

of very diverse actors (Dudley, 2008; Geldmann et al., 2015) 

Therefore, there are different organizations that recognize the importance of the Protection of 

Natural Areas and have granted different categories based mainly on the reasons for their 

establishment. The IUCN categories are recognized by international initiatives such as the United 

Nation Convention on Biological Diversity (CBD), by governments and national laws as the 

standard and reference of the diversity of forms of protected area management and their 

categorization (Dudley, 2008), to create a common understanding and international framework 

of reference for protected areas both between and within countries 

In Mexico, the definition of Protected Areas is in the General Law of Ecological Balance and 

Environmental Protection (LGEEPA) in the third article section II: “Areas of the national territory 

(…)where the natural environments have not been significantly altered by human activity or that 

require preservation and restoration”(LGEEPA, 2012) 

There are different categories of Protection according to their relevance and motive of creation. 

According to IUCN is show in Table 2 

 

Table 2.Classification of federal protected natural areas in Mexico according to the IUCN classification. 

Source: (Gutiérrez-Carbonell & Bezaury-Creel, 2009) 

Category Code Terrestial PA Marine PA 

Strict Nature Reserve UICN Ia 
ZN-RB, Sant. (APFF Islas del Golfo de 
California excepto Isla Tiburón) 

ZN-RB, Sant. 

Wilderness Area UICN Ib 
In project through voluntary certification 
VDAC 

- 

National Park UICN II PN  
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Natural Monument or 
Feature 

UICN III MN, PN Arqueological  

Habitat/Species 
Management Area 

UICN IV -  

 Protected Landscape/ 
Seascape 

UICN V -  

Protected area with 
sustainable use of 
natural resources 

UICN VI ZA-RB, APFF, APRN (APFF Tiburon Island) ZA-RB-APFF 

No IUCN category  PN Degradated y APRN Las Huertas  

 

ZN: core zone of BR; RB: biosphere reserve; Sant. sanctuary; RN: nature reserve; VDAC: Voluntarily destined Area for 

Conservation; PN: national park; MN: national monument; ZA: buffer zone of BR; APFF: area of protection of flora and 

fauna, APRN: area of protection of natural resources. *Biosphere reserves core zone are category Ia and the buffer zone 

is IB.  

Convention on Biological Diversity (CBD), through an analysis of gaps and omissions of terrestrial 

and marine biodiversity in Mexico, determined that at least 43% of the country's surface area 

should be protected. Although this action would be unfeasible (Gutiérrez-Carbonell & Bezaury-

Creel, 2009).PAs occupies 90 839 521 ha of the National territory which 23.6 percent corresponds 

to continental, freshwater and island terrestrial (SEMARNAT & CONANP, 2018).  

Despite the current diversification in the PA categories and surface, it is recognized by CONANP 

this are by “islands of conservation” because of the lack of connectivity (SEMARNAT et al., 2017). 

The concept of PAs is evolving towards integrating different spaces of the countryside, with 

distinct characteristics, and tenure of the land where proprietors obtain benefits in conservation. 

Therefore, in the National Program of Protected Areas (PNNP 2014-2018) the specific objective: 

“Achieve an Integrated Landscape Management of the PA, its buffer zones, through mechanisms 

that ensure the conservation of ecosystems, biodiversity, and ecosystem services, and the 

sustainable use of their natural resources through criteria of inclusion and equity. This will be 

evaluated by the increase in the number of Voluntary Destined Conservation Areas” (VDAC) 

(SEMARNAT, 2018). 

 VOLUNTARILY DESTINED AREAS FOR CONSERVATION (VDAC) 

In Mexico, Protected Areas, mainly, have been promoted and established by government 

institutions (Semarnat, 2006). Historically, before the arrival of the Spaniards, indigenous 

communities have protected their natural heritage. Indigenous communities such as Milpa Alta in 

Mexico City, the Zapotec and Chinantec communities of the Sierra Juárez in Oaxaca; the 

Chimalapas zoques; the huichol communities of Jalisco or the Tepehuana communities of the 

South of Durango, among many others, have defended the possession of their lands and have 
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protected their ecosystems land tenure scheme in Mexico is also a key factor in voluntary 

conservation. 

 Currently, communities and Ejidos own most of the forest areas. This is a system of communal 

land tenure and individual use. After the Mexican Revolution of 1910 the Mexican federal 

government created the Ejido, to redress long-standing land-tenure inequality(Perramond, 2008). 

This permanence in land use is mainly due to the following reasons: the restrictions presented by 

these areas for the development of conventional agriculture and livestock; the interest of 

communities in protecting their forests or simply because they are lands that have not yet been 

given use (Anta, 2007). 

In 1996, a reform of the General Law of Ecological Balance and Environmental Protection (LGEEPA, 

2012) mentions the scheme of VDCA, “Indigenous peoples, social organizations, public or private 

persons may voluntarily allocate the properties that belong to them to actions to preserve 

ecosystems and their biodiversity. For this purpose, they may request the respective recognition 

from the Secretariat by issuing the certificate.” 

DEFINITION 

The VDAC have a very high protection status (equivalent to Ib IUNC classification), Main criterion 

is that the land has to be owned which can be protected, and it is only possible in a legal process:  

This is also done in other countries, e.g. Brazil(Guzmán Wolfhard & Raedig, 2019) and United 

States(Dayer et al., 2016) 

Privately protected areas are an integral and complementary approach to biodiversity 

conservation onto privately owned land increasingly recognized as a viable alternative of public 

stewardship (Dayer et al., 2016; Selinske et al., 2019)  

The VDCA, are a voluntary biodiversity conservation scheme in Mexico. Those interested certify 

before the Ministry of Environment and Natural Resources (SEMARNAT) and CONANP properties 

that have characteristics of PA. Their owners, in accordance with their own management strategy 

(LGEEPA, 2012), will manage these areas.  

The general assumption is that unprotected areas tend to have less diversity and more invasion, 

possibly because of more intensive management or more frequent human disturbance. On the 

other hand, many non-protected areas may be managed in ways that maintain plant and animal 

populations. In some cases, private lands have been found to support higher levels of biodiversity 

than PA(McCune, Van Natto, & MacDougall, 2017)  

They are opposable to third parties once registered in the Public Registry of Property and 

Commerce, or in the National Agrarian Registry (GIZ & CONANP, 2016) 
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REGULATORY FRAMEWORK 

The establishment, Administration and Management of Areas Destined Voluntarily to 

Conservation is dictated in the LGEEPA, Article 77 BIS and chapter 5 of title VII of the Regulations 

of the General Law of Ecological Balance and Protection of the Environment in Protected Areas 

(LGEEPA, 2012) 

 

For the certification of the property, the main requirements are: 

• Application format to devote Voluntary Areas to Conservation established by 

certificate Modality: Without identification and inclusion of features to highlight the 

property. 

• Description of the general physical and biological characteristics of the area, 

specifying the present ecosystems, relevant flora and fauna species to be protected. 

• Valid official identification, for individuals and legal representatives. Constitutive act 

in the case of a legal entity. 

• Document proving the legal representation of the promoter 

• Legal documents that prove ownership of the property 

• Georeferenced map 

• Photographs that identify the characteristics of the property to be certified 

• Management strategy for the conservation of the property: a) Zoning of the area, 

specifying the surface of each zone, b) Actions for the protection, conservation and 

restoration of natural resources, c) Guidelines for the use and use of natural resources 

of the area property. 

 

Properties can be certified on three distinct levels; priority areas, intermediate areas, and basic 

areas. This hierarchy is granted by the general physical and biological characteristics of the 

property: The size of the surface, the state of conservation of the ecosystems, the management 

strategies presented, biodiversity, presence of endemism’s, development of research activities 

and or environmental education, among others (CONANP, 2014). 

By 2019, there are 348 certified areas distributed in 24 states, with a total surface of 549,078 ha. 

Oaxaca has 124,098 ha certified surface, Campeche and Guerrero with 104,314 and 57,918 ha, 

respectively (CONANP, 2014). In San Luis Potosi, there is no certified area under this modality yet.  

 

BENEFITS OF CERTIFYING A VDAC  

At 19 years of the certification of the first VDAC, CONANP has verified benefits of the conservation 

scheme as mention in the Table 1  
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Table 3.Benefits of VDAC. Source: Own elaboration. Source: (CONANP, 2014 

Benefits of certifying a property as an VDAC 

 

Economic 

 Sustainable use of natural 

resources. 

 Shielding against land use 

changes. 

 Added value to products or 

services. 

 

 

Social 

 Sustainable development 

model 

 Contribution to food security 

 Territory cultural identity 

planning 

 Strengthening the local and 

regional governance 

Environmental 

 Mitigation and adaptation to 

climate change effects 

 Improvement of infiltration, 

quality and quantity of water 

 Contributes to the fulfillment 

international commitments 

 

Therefore, the possibility that communities and ejidos, and private owners may have the 

opportunity to establish their own conservation areas voluntarily and that this scheme be 

recognized and stimulated by government institutions and society, is of particular importance. 

The potential for its establishment new conservation areas should be analyzed  

 BIOLOGICAL CORRIDORS IN MÉXICO AS PROTECTED AREAS 

Although Biological Corridors in Mexico are promoted by federal institutions such as CONABIO 

and CONANP, have not a protection category status itself. Although they can be protected, if they 

link areas with a protected status. This is the case of Biological corridor of Chichinautzin in Puebla. 

It is categorized according to Mexican status as an  “Area of Protection of Flora and Fauna” 

(SEMARNAT, 2018). Since many years different proposals to recognize diverse corridors have been 

proposed, e.g, in the south of Mexico 9  biological corridor were recognized for its relevance to 

biodiversity conservation(CONABIO, 2015) 

In addition, international initiatives have been made for the establishment of corridors. 

Mesoamerican Biological Corridor (MBC) has the goal of connect PAs in a multinational scale, to 

maintain biodiversity thus biological connectivity and conservation measures. Albeit the 

relevance of MBC is high (CONABIO, 2012). Work at this scale requires considerable efforts of 

institutional coordination, territorial management and high budgets; which difficult achieving the 

objectives of its creation, as is the case of the Sierra Madre Oriental Ecological Corridor (CESMO 

by its acronym in Spanish).   

 ECOLOGICAL CORRIDOR IN THE SIERRA MADRE ORIENTAL 

Created with the support of the Deutsche Agency for International Cooperation (GIZ), The German 

Federal Ministry for Economic Cooperation and Development (BMZ) and CONANP. The CESMOs 

objectives were the creation of an ecological corridor to improve connectivity between the area’s 
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ecosystems and strengthen management both in the conservation areas themselves and in the 

buffer zones in the Sierra Madre Oriental (SMO). 

In 2012, an area of over 4 million hectares, 5 states and over 250 municipalities align to shared 

vision and began a project to develop strategies  for sustainable regional management through 

the approach of integrated landscape management and connectivity(GIZ, 2012).  

Although the CESMO´s objectives was not completely fulfilled, it left important precedents  for 

achieving connectivity in the area, through relevant sites for conservation, protected areas, and 

including different stakeholders and landowners needs, in order to minimize fragmentation and 

its effects on biodiversity. According to Reyes-Hernandez (2009), a severe case of habitat 

fragmentation could be observed in this SMO region. 

SMO is an area of great biological, cultural and socio-economic importance for achieving 

connectivity in the area. Particulary, the Biosphere Reserve Sierra del Abra Tanchipa is located in 

the SMO region in the State of San Luis Potosí. This is recognized internationally ((GWS, 2018) for 

being an important area, not only by the extension of deciduous and sub-deciduous tropical 

forests in a great state of conservation, but also in by the numerous animal and plants species, 

wide valuable in biological diversity(SEMARNAT, 2014).  BRSAT and surroundings had been 

studied before as a relevant site for conservation (CONABIO, CONANP, & TNC, 2008; GIZ, 2012; 

Terán-Valdez, 2013). 

Through diverse methodologies has been proven high fragmentation in the surrounding of RBSAT 

and need to connect the fragmented landscape has been reported in different region’s studies 

(Castro-Navarro et al., 2017; GIZ, 2012; Reyes et al., 2016; Terán-Valdez, 2013)(Errejón et al., 

2018). 

The problems mentioned in this introductory chapter on fragmentation and lack of connectivity 

and its consequences for biodiversity, the isolation of natural protected areas and the fragility of 

the remaining habitats, evidences the urgency to counteract this effects and to connect the 

relevant areas for biodiversity conservation  

 PAYMENT OF ECOSISTEM SERVICES IN MEXICO 

Payments for environmental services (PES) are policy instruments for forest conservation. PES 

programs are recognized internationally as an efficient strategy for the conservation of the 

services provided by ecosystems (Bommarco, Vico, & Hallin, 2018; Wood et al., 2017). In Mexico, 

PES, grants a payment per hectare to forest owners, with the purpose that they preserve their 

lands in order to obtain the benefits from the forest like,  the recharge of the aquifers, forest 

conservation, climate regulation among others(Bezaury-Creel, 2009; SEMARNAT & CONANP, 

2018). The payment for environmental services is promoted by CONAFOR 
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The areas eligible for PES are based on the degree of conservation of forest ecosystems, and this 

subsidy is frequently used by CONANP to focus resources to PAs. It is a recognized subsidy at the 

rural level, although some authors mentions that payment made by CONAFOR does not guarantee 

the conservation of forests or the provision of ecosistem services in the long term. However, exist 

great demand to obtain it. PSA usually lasts for 5 years, and it can be renewed a limited number 

of times, so CONAFOR promotes the VDCA scheme at the end of the period of access to the 

subsidy, and vice versa, CONAFOR and CONANP promote the establishment of VDCA to access 

PSA subsidies. 
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1.4 JUSTIFICATION  

Despite the existence of Protected Areas, biodiversity continues to decline (Butchart et al., 

2010)(Butchart et al., 2010). Given this, the different land uses of the national territory and the 

abundance of fragmented landscapes make it difficult to conserve large areas or land, caused by 

an abundant array of human activities, different land tenures’ interests among others. Connecting 

fragments of relevance to landscape conservation is a quite viable option(García Quiroga & Abad 

Soria, 2014). 

In Mexico, derived from anthropogenic pressures. In the portion of the Sierra Madre Oriental 

belonging to San Luis Potosí, which BRSAT belongs? 13% of the area with natural cover is 

susceptible to Land Use Changes; is estimated that in 6 years this values could be triplicate 

(Sahagún-Sánchez, Reyes-Hernández, Flores Flores, & Vargas, 2011).This area constitutes a 

natural biological corridor of high biological and cultural diversity and importance(Luna, Morrone, 

& Espinosa, 2004)  

The methodologies used for the creation of corridors in many cases do not incorporate the 

heterogeneity of social and economic factors or the interests of landowners(Terán-Valdez, 2013).  

In addition, there is no category of protection for biological corridors in Mexico. New ways to 

connect the sites relevant to the conservation in the landscape where matrix has become 

incompatible with the wildlife movement(Beier et al., 2008) should be  and explore new sites with 

conservation possibilities that had not previously been considered for being in fragmented 

matrices 

There is a national mandate to create VDCA; it should be used to seek connectivity. To this end, 

this study will work to smaller scale, to provide a systematic approach to link BRSAT through 

relevant areas for conservation with other PA of the region, considering physical biological social 

and economic elements of the fragmented landscape and explore the incorporation of relevant 

sites for conservation to VDCA scheme. 
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2 OBJECTIVES  

 

2.1 GENERAL OBJECTIVE 

 

• To analyze landscape connectivity in the BRSAT and the incorporation of new 

conservation areas for connectivity corresponding to a Private Conservation Area 

scheme in Mexico (Voluntarily Destined Areas for Conservation). 

2.2  SPECIFIC OBJECTIVES 

 

• To determine the study area based on its structural connectivity with two adjacent 

biosphere reserves.   

 

• To identify connectivity paths to link BRSAT with other protected areas through areas 

relevant areas for conservation.  

 

• To obtain suitability maps for connectivity conservation incorporating physical, 

ecological, anthropogenic pressure and socio-economic criteria. 

 

• To explore the incorporation of VDACs as a possible connectivity conservation 

strategy in the study area. 
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3 STUDY AREA  

3.1 GENERAL CHARACTERISTICS 

Several studies recognize BRSAT importance for biodiversity conservation(Castro-Navarro et al., 

2017; GIZ, 2012; López Báez & Santos Reynoso, 2016; Luna et al., 2004; Suárez-Mota et al., 2017).  

To find connectivity paths with other PA of San Luis Potosi, first the connectivity at a larger scale 

was assessed. BRSAT is located between two other important biosphere reserves, El Cielo in the 

north (State of Tamaulipas) and Sierra Gorda in the south (State of Queretaro). Ecological 

importance, and need of creating a “corridor” among this areas has been reported before (Errejón 

Gómez et al., 2018) This process is explained in methodology chapter in                             

Map 21. 

The study area was limited to the area lined in orange in ( 

Map 1). 
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Map 1. Study Area Localization. Own Elaboration. Source: (INEGI, 2018) 

 

LOCATION 

The study area is located in the Sierra Madre Oriental (SMO) (Map 1).This is vast mountain system 

located at the northeast-southeast from the south of the Rio Grande and the Gulf of Mexico to 

the Eje Neovolcánico Mexicano (22°40´N y 99 40' W hasta 21° 08' N y 98 50’).   



30 

 

Map 2. Climates in in the study area. Own elaboration. Source: (CONABIO, 2019a) 

Being approximately 800km long and 100km wide, it comprises an area of around 70,000 km2 with 

heights ranging from 150 to more than 3000m (Castro-Navarro et al., 2017; Ortíz-Rodríguez, 

Muñoz-Robles, & Borselli, 2019)  
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Map 3. Municipalities in the study area. Own elaboration. Source: (CONABIO, 2019a) 

 

The predominant climates (Map 2). According to Köppen modified by Garcia, are mostly 

temperate, semi-arid, humid and sub-humid (A) C, warm humid and sub humid (Am, Af and Aw) 

(Hernández-Cerda & Carrasco-Anaya, 2004). The temperature ranges in 2 main groups: warm (22 

° and 26 ° C), semi warm (18 ° and 22 ° C) (CONABIO, 2019a; Hernández-Cerda & Carrasco-Anaya, 

2004). 
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Map 4. Soil types in the Study area. Own elaboration. Source: (CONABIO & INIFAP, 1995) 

The climatic and orographic diversity in the SMO combined with the interaction of the Tropical 

and Neotropical biogeographic provinces favors the presence of different biomes, and high 

biological diversity (Luna et al., 2004; Suárez-Mota e al., 2017) The heterogeneity of ecosystems 

is also high: coniferous and oak forests, cloud forests, and evergreen tropical forest can be found. 

This abundance of diversity of habitats leads to the presence of a large number of species from 

all taxonomic groups (Luna et al., 2004). The vegetation in the study area is heterogeneous (Table 

4). The land uses (Map 5), shows a fragmented landscape by agricultural areas 
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The study area has a surface 75, 9732 km2 distributed in 6 municipalities of the state of San Luis 

Potosí: Aquismón, Ciudad Valles, El Naranjo, Tamasopo, Tamuín and Xilita (Map 5).  

According to CONABIO and INIFAP(1995), the soil types in the area are predominantly Leptosols 

(FAO, 2008). In the area also were classified Rendzina, Vertisol, regosoles, luvisoles, feozem, 

cambisoles, (Map 4). 

 

Table 4.Land Use in the Study Area. Own elaboration. Source: (CONAFOR 2012) 

Vegetation Hectares 

Agriculture 333743.62 

Oak forest 4243.46 

Oak-pine forest 3005.17 

Pine forest 2741.78 

Pine Oak forest 2583.86 

Cloud forest 4114.43 

Water bodies 1426.73 

Palm association 815.01 

Cultivated grassland 35065.81 

Evergreen tropical forest 88192.52 

Deciduos tropical forest 8908.78 

No vegetation 26157.03 

Urbanization 333743.62 

 

Nevertheless, the diversity of ecosystems highlights its importance and the urgency for its 

conservation. In particular, the deciduous forest is considered the most diverse among the dry 

tropical forests of the world (Rzedowsky, 2006; SEMARNAT & CONANP, 2014). 
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Map 5. Land use cover in the study area. Own elaboration. Source: (CONAFOR, 2012) 

3.2 REGIONAL PROTECTED AREAS 

There are five PA in the study area. BRSAT has a federal status protection, and the other four have 

state protection status. In addition, the limits of the Biosphere Reserve Sierra Gorda was 

considerate as a destination for connectivity paths. This limit is located in the border between San 

Luis Potosi and Queretaro (Map 6).  
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Map 6.Protected Areas in the Study Area. Own Elaboration. Source:(CONANP, 2018a; RANP, 2018) 

Sierra de Emedio and Sierra del Este state reserves have a high biological diversity and for being 

a wildlife refuge in the region.  Studies reported 127 of vertebrate species and more than 200 

vascular plants (SEGAM, 2018b) El Sótano de las Golondrinas is a habitat for numerous species 

from the high jungle, and species of secondary vegetation (SEGAM, 2016a). La Hoya de las 

Huahuas is an important area of nesting and refuge sites for wild fauna, particularly for birds and 

bats that play important roles in the regional ecology (SEGAM, 2018a).  
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Las Cuevas Del Viento y La Fertilidad in addition to being a site of cultural and ethnobotanical 

importance in the region is a relic of deciduous forest important for the conservation of the 

fragmented landscape (SEGAM, 2016b) 

The program Man and the Biosphere (MAB) (UNESCO, 2018) also recognize the BRSAT. In its 

extension of 21,464.44 hectares, in BRSAT have been registered near 269 plants and animals 

species of 69 families and 196 genera (Rzedowsky, 2006; SEMARNAT, 2014). 

More than 2,500 vascular plants, 532 birds species, 207 amphibians and reptiles species, and more 

than 200 mammals species have been recorded in the SMO, including (Panthera onca) (Sahagún-

Sánchez et al., 2011).  Regarding wildlife, particularly for the BRSAT about 19 publications 

consulted for the elaboration of the Reserve Management Program summarize a total of 728 

vertebrate species (723 terrestrial), of which 142 are mammals, 458 birds, 80 reptiles, 25 

amphibians and four aquatic species  (SEMARNAT, 2014). Some species of fauna and flora are 

threatened, some of them endemic (Table 5) 

 

Table 5. BRSAT Threatened Species. Own Elaboration. Source: SEMARNAT 2014. 

Common name Scientific name Category 

Fa
u

n
a 

Musaraña orejillas mexicana Cryptotis nelsoni EN 

Ardilla de Peter  Sciurus oculatus EN 

Meteoro de Jalapa Microtus quasiater SP 

Murciélago hocicudo de Curazao  Leptonycteris curasoae T 

Murciélago trompudo Choeronycteris mexicana T 

Jaguar, tigre Panthera onca EN 

Tigrillo Leopardus wiedii EN 

Ocelote Leopardus pardalis EN 

Leoncillo Herpailurus yagouaroundi T 

Guacamaya verde Ara militaris EN 

Loro Tamaulipeco Amazona viridigenalis EN 

Víbora de Cascabel, Chilladora Crotalus molossus SP 

Fl
o

ra
 

Colorín Erythrina coralloides T 

Cedro Rojo  Cedrela odorata SP 

Soyate Beaucarnea inermis T (e) 

Santorum, Flor de Muerto Laelia gouldiana Ex (e)  

Laelia de mayo, flor de Lirio Laelia speciosa SP (e) 

Torito Morado Stanhopea tigrina T (e) 

Tempequiste Sideroxylon capiri T 

Tejo Mexicano, romerillo Taxus globosa SP 

Palma de dolores Dioon edule EN (e) 

Chamalillo Zamia fischeri EN(e) 

- Diospyros riojae EN 

- Ceratozamia kuesteriana EN(e) 
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Ex = probably extinct in the wild; EN = In danger of extinction; T = threatened, SP = subject to special 

protection, (e) = endemic, according to the Official Mexican Norm Nom-059-Semarnat-2010, Environmental 

protection-Wild species of flora and fauna native to Mexico-Risk categories and specifications for their 

inclusion, exclusion or change-List of species in risk(SEMARNAT & CONANP, 2014)  

The high levels biological diversity and the low values of fragmentation make the site highly 

relevant for conservation and an important area to connect (Ortega Huerta, 2007). The vegetation 

reported in the Sierra del Abra Tanchipa represent an ecological corridor between the states of 

San Luis Potosí and Tamaulipas (SEMARNAT & CONANP, 2014). 

3.3 SOCIOECONOMIC CHARACTERISTICS OF THE STUDY AREA 

Except for Ciudad Valles, the 5 out of 6 municipalities in the study area are considered rural areas. 

(INEGI, 2010).The 76 municipalities share various characteristics on their socioeconomic profiles. 

The primary productive sector, in almost all cases surpassed 50% of the activities of the 

economically active population.  

 

Table 6.Socioeconomic characteristics. Own elaboration. Source: INEGI (2010) Censo Nacional de Población 

y vivienda and CONAPO (2011). Marginalization Index by federative entity and municipality 2010 

Municipalities Population 
% 

Indigenous 
Population 

Degree of 
Marginalization 

% 
Access to 

health 
insurances 

Economic activities 

Ciudad Valles 167,713 * * 72.02 
1. Retail trade 

2.Manufacturing 
3.Agricultural activities 

Aquismón 47,423 72.39 Very High 81.93 
1. Agricultural activities 

2. Retail trade 
3.Construccion 

El Naranjo 20,495 * High 76.50 
1. Agricultural activities 

2. Retail trade 
3 Manufacturing 

Tamasopo, 28,848 12.91 High 69.64 
1. Agricultural activities 

2. Retail trade 
3.Construction 

Tamuín 37,956 * * 77.85 
1. Agricultural activities 

2. Retail trade 
3. Manufacturing 

Xilitla 51,498 51,498 High 51,498 
1. Agricultural activities 

2. Retail trade 
3.Construction 

*There is no information 

 



38 

The high and very high grade of marginalization describe the social condition in which these 

people live. As for the grade of marginalization and lack of access to health services, indigenous 

groups were predominant (CEP, 2018) 

The indigenous language speaking population is diverse, in Aquismón the predominant languages 

are Pame and Huasteco, In Huehuetlán, Tamuín, and in Ciudad Valles, Huastecos and Nahual, in 

Tamasopo, Pame and Nahual, and in Naranjo and Xilitla, Nahual and Huasteco (CONAPO, 2002)as 

shown in Table 6. 

3.4 MANAGEMENT OF THE PROTECTED AREA 

Twenty-four years after its creation, the biosphere reserve faces new challenges, such as fortifying 

its legal framework, increasing the connectivity of its ecosystems and between populations of its 

wild species, fostering the creation of new VDAC towards the approach of ILM among many 

others. 

  

Figure 1. Structure of the Advisory Council. Own Elaboration. Adapted from: (CONANP, 2018b) 

 

The Abra Tanchipa is managed by CONANP. For the completion of the conservation goals, an 

advisory council was formed. This is an organ of citizen participation with representation of 

diverse sectors of society with the function of advising and supporting the direction of the BRSAT 

in the actions of conservation and sustainable development (Figure 1).  

Advisory 
Council

NGOs

Private 
Sector

Environmental 
government 

agencies 
(without vote)

Academic& 
Scientific 

sector

Municipal 
authorities

Land-
owners 
(Social 
sector) 
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The composition of the advisory council reveals the stakeholders that have an influence over the 

operative actions for the biosphere reserve. These members can be affected or affect the actions 

related to conservation that would be implemented in the BRSAT. - 

This structure is relevant in order to identify the stakeholders involved in BRSAT decision-making 

process.  
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4 METHODOLOGY 

Methods used to address the specifi with the specific objectives are shown in the  Figure 2 

 

 

 

Figure 2. Overview of the methodology followed in the study. Own elaboration 
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4.1 DELIMITANTION OF THE STUDY AREA 

The study area was delimitated from four Landsat vr.8 images (february-april 2018). A polygon 

was created to adjoining BRSAT with biosphere reserve of el Cielo y Sierra Gorda. through a the 

surface that was structurally connected (vegetation and/or morphology). This was made by 

calculating the Topographic Position Index (TPI), and the Normalized Difference Vegetation Index 

(NDVI) with an ArcGIS 10.5 extension tool and tool respectively. TPI measures topographic slope 

positions and  automate landform classifications and NDVI helps to improve discrimination 

between the vegetation and other surfaces(Aguayo, 2013; De Reu et al., 2013) 

In addition, the polygon was manually adjusted to include PAs of the region, eliminating isolated 

small polygons in the limits and agricultural areas that disrupt connectivity. Finally, the polygon 

was adjusted to the state limits of San Luis Potosí due to the operational limitations of the BRSAT 

administration (See results Map 21). 

4.2 CONNECTIVITY PATHS TO LINK BRSAT AND OTHER PROTECTED AREAS  

Structural connectivity between the BRSAT and other PNs was determined in 2 phases:  

identification of appropriate conservation sites for the preparation of a suitability map, and a 

least-cost path analysis. 

 PHASE 1:  RELEVANT AREAS FOR CONSERVATION (Resistance/Cost Layer) 

DATA GATHERING  

A map was drawn to identify sites that would be relevant for conservation, to serve as a suitability 

map for selecting connectivity paths. Cartographical information was summarized in a single final 

layer that shows the relevant areas for conservation. The process will be detailed below. They 

were identified on the map in ArcGIS version 10.5: 

 

• Forest land use – woody vegetation 

• Fauna records  

• Terrestrial priority sites for biodiversity conservation 

• Distance to protected areas 

 

For the analysis, the data in all layers were standardized to the same scale with comparable units. 

A scale of 0–255 was employed, where zero represents the minimum value (least relevant for 
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conservation) and 255 the most relevant for conservation. For this first phase, these values were 

assigned weights determined according to information from the bibliography.   

 

Map 7. Classified forest cover. Own elaboration. Source (CONAFOR, 2015) Values: 0 minimum-255 

maximum relevance for conservation 
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All geographic data layers were standardized in raster format, with the following attributes: 30 m 

spatial resolution, and UTM projection, zone 14N using the WGS84 datum. The process of data 

reclassification and standardization and the source for each criterion is described in the following. 

Forest land use (woody vegetation) 

The geographical distribution of forest resources and land use in the state of San Luis Potosí was 

obtained from 1:50,000 scale vector maps from the National Inventory of Land Use and 

Vegetation (CONAFOR, 2015). The information was reclassified into two broad groups: Forest 

areas (with woody vegetation) and Non-forest (bodies of water, agricultural land, natural and 

induced pasture, palm groves and areas without evident vegetation) (Map 7).  

Terrestrial priority sites for biodiversity conservation (TPSBC) 

The data were prepared by the National Commission for Biodiversity Knowledge and Use 

(CONABIO), the National Commission of Protected Natural Areas (CONANP), The Nature 

Conservancy – Mexico Program (TNC) and Pronatura (CONABIO, CONANP, & TNC, 2008).  

TPSCB are spatial units determined by an analysis of information on threatened animal and plant 

communities due to deforestation and forest degradation. These areas are urgent priorities for 

conservation, so they are assigned the highest value (255) while the remaining area is assigned a 

value of zero. (Map 8) 

Distance to protected areas 

The map of protected areas in San Luis Potosí is made up of federal (CONANP, 2018a), state, and 

municipal protected areas (CONANP, 2018a; RANP, 2018). The Euclidean distance was calculated 

for each PA polygon using the ArcGIS 10.5 Euclidean Distance tool. This tool generates a raster 

that estimates the linear distances between a polygon and the rest of the field (Garrido-Garduño 

& Vázquez-Dominguez, 2013) (Map 9). 

For the standardization, a linear formula was used, which incorporates interactions between the 

characteristics of the variables by assigning a high value of suitability to the favorable or 

unfavorable qualities for the present study (255) (Eastman, 2012). This operation was carried out 

with the help of the ArcGIS 10.5 Map Algebra tool and the Euclidean distance layer: 

Standardization = 255 × ((Data layer − (minimum distance)) / (maximum distance − (minimum 

distance))) 

In this case, the closest areas of the PA were considered the most suitable (255) because the areas 

located outside the protected polygons and those surrounding them (zones of influence) include 

ecological and biological characteristics similar to those that protect the PA, but with some degree 

of anthropogenic pressure, which was the reason they were excluded from the areas (Dominguez, 

2009). It has been proposed that deterioration and loss of biodiversity could be avoided, 
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diminishing the edge effect by creating connectivity in buffer zones (Dominguez, 2009) (Schelhas, 

2007)(Martínez Alandi, Múgica de la Guerra, Castell Puig, & de Lucio Fernández, 2009).  

 

Map 8. Classified Terrestrial priority sites for biodiversity conservation. Own elaboration. Source: 

(CONABIO et al., 2008) Values: 0 minimum-255 maximum relevance for conservation. 
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Map 9. Classified Distance to PA. Own elaboration. Source: (CONANP, 2018a; RANP, 2018) Values: zero 

minimum-255 maximum relevance for conservation. 

Fauna records 

Structural and functional connectivity is based on creating paths that enable the mobility of 

species and processes (Ersoy et al., 2019). All sighting records of four taxonomic groups contained 

in the databases of the National Biodiversity Information System (SNIB) of the National 

Commission for Biodiversity Use and Knowledge (CONABIO) were included. Table 7 
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Table 7.Fauna Registries by Taxonomic groups. Own elaboration. Source :( CONABIO, 2019a) 

Taxonomic groups Registries Number of Species 

Mamals 479 84 

Reptiles 270 80 

Birds 3130 309 

Amphibians 396 32 

 

The Map 10 shows records of individuals obtained from databases developed, validated or 

financed by CONABIO; this makes this data layer robust and reliable. (CONABIO, 2019c, 2019b, 

2019e, 2019d). 

The data obtained was contained in CSV (comma-separated values) files for UTM Region 14. 

Subsequently, vector data was added in ArcGIS 10.5, a cut was applied to the study area and the 

data for each taxonomic group and for each species was reclassified according to its category of 

protection in the IUCN Red List as described in the following Figure 3. 

 

Figure 3. Reclassification of threatened species. Own elaboration adapted from (UICN, 2008). 
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The kernel density estimator was used to analyze the vector data. Essentially, intervals of fixed 

amplitude are constructed around each observation according to the attributes of each data 

vector using the function to fit a smooth conical surface at each point (Salgado Ugarte, 

2002).Using the Kernel Density tool, the kernel density was calculated for each taxonomic group, 

which indicated the density of observation records (observations/km2). 

The highest density is therefore observed where the concentration of records was highest and in 

turn, where the threat category for each species was highest, which was thus assigned the highest 

suitability value of 255. Subsequently, the Raster Calculator tool was used to add and superimpose 

the information of each taxonomic group. (Map 10) 

 

RESISTANCE/COST LAYER ELABORATION (RELEVANT AREAS FOR CONSERVATION)  

The Weighted Sum tool was used, enabling interaction between the characteristics of the 

different variables to be expressed by means of a unit sum that overlays the information from 

each layer with a weight. The weight used for the criteria was .25 because the expected result 

incorporates all criteria with equal importance. Map 24 

 PHASE 2:  CONNECTIVITY PATH  

LEAST COST PATH 

Connectivity paths were drawn connecting the BRSAT to other PA. The paths were obtained using 

the ArcGIS 10.5 LCP tool frequently used in structural connectivity studies. LCP  has been 

recognized as one of the best for finding paths that connect elements within a landscape structure 

(Adriaensen et al., 2003; Beier et al., 2008; Lee et al., 2014). 

To obtain the LCP from the BRSAT (origin) to the six different destinations PAs (destinations), can 

be obtained through four steps (Figure 4.). Once the source and destinations are elected, the Cost 

Distance tools and the Backlink Cost tools helps to obtain the shortest weighted distance from 

each cell to the nearest source and the least costly path from the source point over the cost 

distance surface respect respectively (ESRI).”From this process, two raster layers are obtained 

(Cost Distance and Back link rasters). The LCP tool used these layers, the resistance layer, and the 

destinations to connect them through the cheapest cost.  
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Map 10. Classified density of fauna records. Own elaboration: (CONABIO, 2019b, 2019c, 2019d, and 

2019a).  Values: zero minimum-255 maximum relevance for conservation. 

 

LCP Algorithm operates as follows:  “given a source and a cost surface, named resistance layer, 

finds an LCP from the source to each cell that does not exceeds any path from any source cell to 

that cell. The result is a raster surface of accumulated least cost” (Shirabe, 2018). 
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To stablish the LCP, in the resistance layer, the values (0-255) were reclassified with this Arcgis 

10.5 tool, in order to guarantee that zero means the major resistant, the less optimal for the path 

and 255 the cheapest and optimal values for the path  

 

 

Figure 4. Least Cost Path Process. Own Elaboration. 

 

4.3 SUITABILITY MAPS FOR CONNECTIVITY CONSERVATION  

The suitability for conservation was identified through a multicriteria analysis using a weighted 

linear combination(Chávez et al., 2015; Terán-Valdez, 2013). With this method, the interaction 

between different criteria can be included by multiplying each value on a common scale and a 

range of weights (Malczewski, 1999) 

 PHASE 1: CHOICE OF COMPONENTS AND CRITERIA 

it is recognized in studies on conservation the influence of environmental, biophysical and socio-

economic factors at the landscape level is recognized (Beier et al., 2008; Chávez González et al., 

2015; Torres Acosta,et al., 2019) 

Given this, the specific criteria for each component were chosen following two basic principles; 

their influence for conservation and for the establishment of connectivity paths, and that the data 

could be spatially represented (Figure 5).  
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Figure 5. Components and criteria. Own elaboration. 

 

Each criterion was represented in a layer of raster map data, 11 layers; with a cell, size of 30 

meters, with WGS84 UTM 14N coordinates, was standardized on a scale of values from zero to 

255 according to their suitability for conservation. 

 PHASE 2: DATA GATHERING: CRITERIA RECLASIFICATION AND STANDARIZATION 

PHYSICAL-ECOLOGICAL COMPONENT 

Degree of Forest degradation 

Vegetation structure is one of the most important aspects of a forest system, since it is related to 

the stability of the forest stand, productivity, soil conservation, and morphology of the landscape, 

and determines the microclimatic conditions and the presence of habitat for many species of 

animals, plants and fungi 

 

Table 8. Forest Cover Classification. Own elaboration. Source: (CONAFOR, 2015) 

Sucesional state Suitability Values 

Non-forestry areas 0 
Secondary Herbaceous Vegetation 160 

Secondary Vegetation Shrubby 190 
Secondary Tree Vegetation 200 

Primary forests 255 
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The dynamics of change of the forest cover not only indicate the loss of forest area when it is 

converted to other uses, but also reflect changes in the structure and composition of forest 

stands(CONAFOR, 2012)(Map 11)  

Data from the National Forest and Soil Inventory (CONAFOR, 2012) was used. The data was 

reclassified according to the level of degradation of forest vegetation, which was inferred from 

the observed successional state. The values assigned to each category are listed below Table 9 

Soil according to agricultural suitability 

Soil data was obtained from a map of Mexico on a 1:1,000,000 scale (CONABIO & INIFAP, 

1995).Soils in the state of San Luis Potosí were reclassified according to their physical 

characteristics. The soils agricultural potential was assigned according to the soil physical 

characteristics that favor agricultural activities; this was made by an expert (Muñoz, 2019). 

 

Table 9. Soil according to agricultural suitability classification. Own elaboration. Source: (CONABIO AND 

INIFAP, 1995) 

Soil Type Suitability Values 

Leptosols 80 
Feozem 100 
Regosol 130 

Rendzina 180 
Luvisol 200 

Cambisol 230 
Vertisol 255 

 

The value associated with the highest suitability was assigned to soils with the best agricultural 

potential (Map 12). This is because it is recognized that soils with agricultural potential are more 

prone to changes in land use.  Fertile soils for agriculture have caused high rates of deforestation 

in the area (Sahagún-sánchez & Reyes-hernández, 2018).  

Priority Sites for Restoration (PSR) 

PSRs were designed to identify areas of high biological value that require restoration to ensure 

long-term persistence of their biodiversity, ecological functions and the ecosystem services they 

provide, as well as to increase ecosystem connectivity and habitat recovery of the most vulnerable 

species (CONABIO, 2019f) 
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Map 11. Classified degree of degradation. Own elaboration. Source: (CONAFOR, 2015) 

Values = 0 minimum-255 maximum suitability for conservation 

Since many priority areas for biodiversity conservation are affected by human activities, it is 

essential to have an accurate map indicating these areas to guide and focus restoration activity 

(CONABIO, 2019e). This information is classified according its priority for restoration, very high, 

high, medium and not considered the areas highlighted as PSRs were standardized giving the 

maximum value (255) to the highest relevance, 230 to the high relevance and 200 to the medium 

values. The rest of the study polygon was assigned the minimum value (0). (Map 13)  
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Map 12.Classified Soil according to suitability for agriculture. Own elaboration. Source: (CONABIO & 
INIFAP, 1995).Values = 0 minimum-255 maximum suitability for conservation 

Hydrography 

The hydrography layer displays bodies of water, springs, and streams and rivers. Data on bodies 

of water and springs was obtained from the series III vector data set of topographic data at a 

1:50,000 scale (INEGI, 2018)contained in maps F14A69, F14A79, F14A89, F14B71, F14B81, 

F14C19, F14C29, F14C39, F14D11 and F14D31. 
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Map 13. Classified priority Sites for Restoration. Own elaboration. Source: (CONABIO, 2019e). 
Values = 0 minimum-255 maximum suitability for conservation 

Euclidean distance was used for standardization of the bodies of water, streams and rivers layer, 

and kernel density was used for the vector data on springs and the weighted linear combination 

formula as described above.  Areas closest to bodies of water were considered to be the most 

optimal for conservation with 255 value assigned and for the contrary zero to those areas with no 

water bodies. 
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Slope  

Slopes were calculated from the MDE of the state of San Luis Potosí(INEGI, 2017), using the Slope 

tool in ArcGIS 10.5. It was considered that the steeper the slope, the greater the potential for 

conservation (Map 14). 

 

Map 14. Classified Slope. Own elaboration. Source:(INEGI, 2017) 

Values = 0 minimum-255 maximum suitability for conservation 
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The physical and biotic conditions of the montane environment induce a high degree of diversity, 

speciation, and endemism, important elements for the conservation of biodiversity (Chaverri-

Polini, 1998). Nevertheless, the isolation of these populations due to fragmentation, and the 

potential for erosion on slopes, in addition to high vulnerability due to human-generated changes, 

makes montane conservation a priority (Chaverri-Polini, 1998) 

ANTHROPOGENIC PRESSURE COMPONENT 

The criteria that make up this component are anthropogenic actions that have fragmented the 

landscape and have been mapped.   

Distance to roads, distance to highways and distance to localities. 

The data were obtained from the same set of vector data as the topographic information used for 

construction of the hydrography layer(INEGI, 2010). To calculate the distance to roads, highways 

and localities, the Euclidean Distance tool described above was used.  

A potential area for conservation was considered more optimal if it was located at a greater 

distance from anthropogenic pressures with the value of 255(Torres Acosta et al., 2019). This 

standardization was done using an inverse linear formula in ArcGIS 10.5. The results are in the 

Map 15, Map 16 and Map 17. 

Inverse standardization=−255 ((Data layer − (minimum distance)) / (maximum distance − 

(minimum distance))) × 255 

 

SUBSIDIES AND MARGINALIZATION COMPONENT 

Data from two federal government subsidy programs were used to configure this component. 

These programs encourage the conservation of ecosystem services and agricultural activities (Map 

18). 

Payment for environmental services (PES) subsidy 

The PES is a system in which external beneficiaries of environmental services pay local 

communities or landowners to manage their properties with the goal of conserving them, either 

by restoring or protecting them (Wood et al., 2017). In Mexico, the National Forestry Commission 

selects the areas for conservation based on their importance for the conservation of 

environmental services (CONAFOR, 2019). 
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Map 15. Classified distances to Roads. Own elaboration. Source: (INEGI, 2018) Values = 0 minimum-255 

maximum suitability for conservation 
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Map 16. Classified distances to Highways. Own elaboration. Source: (INEGI, 2018) Values = 0 minimum-

255 maximum suitability for conservation 
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Map 17. Classified distances to localities. Own elaboration. Source: (INEGI, 2018 
Values = 0 minimum-255 maximum suitability for conservation) 
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Map 18. Classified elective areas for Payment for Ecosystems Services. Own elaboration. Source 

(CONAFOR, 2019) Values = 0 minimum-255 maximum suitability for conservation 

 

The study region includes polygons classified as “electives” for 2019. They were taken into account 

since in addition to being important ecosystems for biodiversity; the subsidy is a financing 

mechanism for conservation projects such as the VDCA. The maximum value of suitability was 

given to the elective areas and the zero value to the rest of the areas (Map 18) 
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PROCAMPO and PROGAN subsidies 

These financial support mechanisms, which promote crop and livestock farming (PROCAMPO, 

PROGAN; respectively) were used as spatial restrictions to determine conservation sites, because 

they tend to promote deforestation and the creation of pastures (Turner et al., 2001) 

 

Table 10. PROCAMPO-PROGAN surfaces subsidized 

PROCAMPO-PROGAN surfaces subsidized 

Hectares Suitability Values 

0-15 10 

16-50 30 

51-100 50 

101-150 100 

151-300 150 

300-450 200 

+450 255 

 

The vector data was reclassified according to the number of hectares that received support (Table 

10). The greater the subsidized area, the lower the suitability for conservation (Map 19) 

Marginalization index 

The marginalization index is a robust set of indicators based on education, housing and the 

availability of goods that summarizes the wellbeing of the inhabitants of the area(CONAPO, 2011) 

.The data was reclassified into 4 categories according to the degree of marginalization (1 low, 2 

medium, 3 high, 4 very high) and sites with high marginalization were considered not the most 

optimal for conservation, with a value of 0 (Map 20). 
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Map 19. Classified hectares subsidied by PROCAMPO AND PROGAN. Own elaboration. Source: Data bases 

from SAGARPA Values = 0 minimum-255 maximum suitability for conservation 

 

The vector data on population centers was analyzed using the Create Thiessen Polygons tool. This 

tool is used to divide an area covered by point features into zones of proximity. The zones are 

areas where any location within the zone is closer to its associated point than to any other point 

(ESRI).  
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Map 20. Classified Marginalization Index. Own elaboration. Source: (CONAPO, 2011) 

Values = 0 minimum-255 maximum suitability for conservation 
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For each of the three components (physical/ecological, anthropogenic pressure, and supports and 

subsidies), a suitability map was drawn using the Weighted Sum tool, as described for the first 

phase above. For this stage, experts determined the importance of each criterion to conservation 

 PHASE 3: ASSIGMENT OF WEIGHTS 

Experts in the area determined the importance value of each criterion for the choice of potential 

conservation sites. This expert were chosen according to the stakeholders members of the 

Advisory Council (Figure 1) Fifteen consultations were held, with five governmental 

environmental agencies five representatives from academia, and 5 landowners from social sector, 

and private sector and NGOs. 

The results were analyzed according to the analytical hierarchy process (AHP) method. Through a 

paired comparison, each actor uses his or her expertise to assign each component an importance 

value on a scale of 1 to 9 and Inconsistency in the pairwise comparisons is tolerable only if the 

inconsistency is less than 0:1 (Saaty, 2008). Subsequently, a geometric average of all criteria and 

all components is calculated. 

A questionnaire for obtaining the data (AHP method) was adapted for the fieldwork, in order to 

obtain low values of inconsistencies, to minimize the subjectivity and to make it more 

understandable for the fifteen experts interviewed. The questionnaire was divided in three 

sections according to each selected criterion. 

Forest degradation, Soils according to agricultural suitability, priority sites of conservation, water 

bodies, and slope layers shown in this chapter were combined according to the weight assigned 

to create the Physical and ecological map through a Weighted Sum in Arcgis 10.5. 

The same was done for Anthropogenic Pressures Component (Distance to roads, highways and 

localities) and for the Subsidies and marginalization component (PES elective areas, PROCAMPO-

PROGAN Subsidies and Marginalization index). The resulting maps will be shown in the results 

chapter 

 PHASE 4: SUITABILITY MAPS ELABORATION  

Once the suitability maps of each component (physical and ecological, anthropogenic pressure 

and subsidize and marginalization component) were obtained, they were combined into a single 

map using a weighted sum, again according to the weighted given by the experts. These maps 

show the suitability for connectivity conservation for the study area. The maps will be shown in 

the results section 
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4.4 INCORPORATION OF THE VDAC SCHEME  

 PHASE 1: INTERVIEWS ABOUT THE VDAC CONSERVATION SCHEME 

 The interviews are used to know the perspective of social actors to understand through the words 

of the interviewees and appropriate the meaning they give them in the natural environment 

where they carry out their activities (Bernard & Ryan, 2010; Sautu et al., 2006). Being a voluntary 

scheme, it is necessary to know the perspective and interest of people about adopting voluntary 

conservation schemes for their own properties. In San Luis Potosí, there is not yet a certified ADVC 

property. 

Semi-structured interviews were conducted. A questionnaire with 17 questions was elaborated 

(ANNEX) according to the presented in other studies on private conservation areas that included 

the perception of the landowners (Guzmán Wolfhard, 2015; Peña Azcona, 2015). 

30 interviewees were conducted. The interviewed were selected representing the same groups 

previously identified in the Advisory council; 8 from the government sector, 7 from the academy 

and 15 landowners (ejidatarios and private owners). The questions were categorized into four 

groups: 

 

• Knowledge 

Procedures and responsibilities in the certification of properties as VDAC 

• Potential 

For the VDAC conservation schema for connectivity 

To generate economic income to the proprietors of the land 

For the sustainable conservation and management of forest resources 

To solve socio-environmental problems  

• Motivation 

Motivations to certify their property 

Incentives for certification 

Interest of the proprietors of the land over the certification of their property 

• Constraints 

Main limitations, advantages and disadvantages in the process of VDAC certification 

 

The collected information, for its analysis was ordered according to the following steps, adapted 

from. (Guzmán Wolfhard, 2015)(Bernard & Ryan, 2010) 

 Identification of the most relevant answers (themes) 

 Categorization of answers 
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 Reduction of data to numeric answers 

 Tabulation of information 

 Quantification of numeric codes, generation of frequencies through transformation to 

percentage (30 interviewed = 100%) 

 Creation of tables and/or figures 

 

The analisys will be presented in the results chapter 

 PHASE 2. INCORPORATION OF POTENTIAL VDAC TO THE CONNECTIVITY PATH 

Georeferenced information over the location of two properties whose proprietors displayed an 

interest in certifying them as VDAC was obtained. They were incorporated as destination points 

to the main path obtained from the Cost Path and traced again to incorporate them. 
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5  RESULTS 

DELIMITATION OF THE STUDY AREA 

                            

Map 21. Delimitation of the study area. Own elaboration: Source (CONANP 2019,INEGI 2018) 

*SMORegion Sierra Madre Oriental Region 

 

 



68 

The                             

Map 21 shows the Biosphere reserve el Cielo and the biosphere reserve Sierra Gorda despite 

fragmentation still linked by vegetation or morphology.  This is relevant for the study area because 

the connectivity paths obtained could be linked to a major area.  The delimitation of the study, 

area was verified through the NDVI and topographic position index. The study area is connected 

to a larger area. 

CONNECTIVITY PATHS TO LINK BRSAT AND OTHER PROTECTED AREAS 

PHASE 1: RELEVANT AREAS FOR CONSERVATION (Resistance/Cost Layer) 

DATA GATHERING  

According to the criteria established, the relevant areas for conservation are located in the south 

of the study area, close to the Protected Areas, Sótano de las Golondrinas, Hoya de las Huahuas 

and Cuevas de la Fertilidad. With the lowest values corresponds to agricultural areas, the presence 

of an extensive agricultural matrix is evident. The Abra Tanchipa it is isolated from other areas of 

relevance for conservation. Sierra de Enmedio y Sierra del Este, are in the same situation (Map 

22). 

Nevertheless, this area is also close to the BRSAT. The relevance for conservation in the study area 

is mostly conformed of medium values. A high influence of the values from TPSBC and Fauna 

record is evident. The Abra Tanchipa it is isolated from other areas of relevance for conservation 

High suitability for conservation was observed mainly in the south of the area. Particulary near 

the Pas. Closest to the BRSAT, is evident the presence of an extensive agricultural matrix.  

PHASE 2: CONNECTIVITY PATH LEAST COST PATH 

The LCP tool used the map obtained in the phase one as a Resistance layer to find the LCPs from 

a point of origin (external point of the Abra Tanchipa perimeter to five different destinations (PA)  

The “cheapest” path was obtained, oriented according to the resistance layer obtained with 

values of relevance for conservation; the path goes through the most conserved areas that are in 

the LCP from the BRSAT to the PA. (Map 23).The addition of the buffer allows visualizing the path.  

The LCP pass through the remaining forest fragments and connect, in the first place Sierra de 

Enmedio y del Este, although is surrounded by medium suitability values is isolated by the 

morphology and the lack of vegetation to connect this PA. The detailed analysis of optimal sites 
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for conservation was presented by the end of this section, with the incorporation of 

anthropogenic influences.  

 

 

Map 22.Relevant areas for conservation. Own elaboration. 
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SUITABILITY MAPS FOR CONNECTIVITY CONSERVATION 

PHASE 2: ASSIGMENT OF WEIGHTS 

The obtained result of the experts consultancy was the weights assigned for each component 

according to the importance the criteria has for connectivity conservation (Table 11). 

 

Map 23. Least Cost Path. Own elaboration 
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Table 11. Components Weighted assignment. Own elaboration. 

 

Phisycal- ecological 

Forest degradation 19.8% 

Soils suitability for agricultural production 16.3% 

Priority sites for restoration 16.3% 

Water bodies 37.3% 

Slope 10.3% 

 

Anthropogenic pressure 

Roads 25.4% 

Highways 44.8% 

Localities 29.8% 

 

Subsidies and marginalization 

PES 44.43% 

PROCAMPO - PROGAN 30.93% 

Marginalization 24.64% 

 

For the physical and ecological component, the expert determined the water bodies as the most 

important criterion, the highways of the anthropogenic pressures and the PES in the subsidies and 

marginalization component.  

PHASE 3: SUITABILITY MAPS ELABORATION 

PHYSICAL AND ECOLOGICAL CRITERIA SUITABILITY MAP  

An unexpected result was the high weighted given to water bodies. The majority of experts 

mentioned have faced consequences of water scarcity,-in a region where bodies of water are 

naturally abundant-. The second highest weight was assigned to forest degradation.  

Experts consider conservation of degradations areas is a priority in the area. (Map 24). This layer 

shows a majority of high and medium values of suitability for conservation due to the exclusion 

of anthropogenic factors. Equal important the PSR, and Soil aptitude for agriculture, the less 

important attribute for conservation is the slope.  
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ANTHROPOGENIC PRESSURES CRITERIA SUITABILITY MAP 

The layer of anthropogenic pressures shows an area with numerous restrictions for connectivity. 

According to experts, the presence of roads, highways and localities near areas for conservation 

has a different degree of pressure.  

 

Map 24.Physical and ecological component. Own elaboration.  Values = 0 minimum-255 maximum 

suitability for conservation 
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In the anthropogenic pressures component the opinions of the interviewed were diverse. Roads 

can facilitate the entry of firefighters (in case of a fire) to isolated places but it can also facilitate 

access for wildlife illegal traders. Similarly, highways are considered switches of biological 

connectivity, since they limit the movement of wildlife; but they also inhibit interaction with 

wildlife dealers.  

The proximity to the human settlements (localities) represent a threat for conservation because 

it facilitates the access to natural resources (illegally in some cases).  By the other hand in Ejidos 

Los Sabinos,  communitarian brigades have promoted activities for conservation, like a 

communitarian forest fighters and a bird watchers (Map 25).Nevertheless, the main 

anthropogenic pressure mentioned by the experts is the highways, this element disrupt the 

connectivity, they explain that increases the access to protected lands, and isolate the fauna. In 

the area there are no wildlife crossing structures.   

Under these criteria, it is observed that the area is mostly categorized as not suitable. Although, 

selected range of suitability (0 to 255) still permits to identify areas with lesser anthropogenic 

pressure (Map 25). 

 

SUBSIDIES AND MARGINALIZATION (SOCIO ECONOMIC) COMPONENT 

Economic support, experts acknowledged, is a key factor for conservation. The lack of alignment 

of public policies around territorial planning on the one hand favors livestock and agriculture, on 

the other, conservation. The subsidies analyzed are the most important of each institution. The 

National Forestry Commission (CONANP) and the Ministry of Agriculture in Mexico (SAGARPA) 

have worked uncoordinated for many years.  

The experts recognized PES as the most important economic incentive for the conservation of this 

area. Practically the entire perimeter of “elective” areas for PES has the highest suitability valued. 

PROCAMPO-PROGAN subsidies denote areas with medium, low and unfit values. Even the above, 

the experts gave an important weight to this criteria.  Experts considered having subsidies for 

agricultural activities in large areas is a restriction for conservation objectives. Therefore, there is 

a lower suitability on the map (Map 26) for greater surface area subsidized by PROCAMPO-

PROGAN. 

The marginalization is high and very high in the area. The southern part of the study area has a 

critical degree of marginalization (very high). The final layer shows the importance of the areas 

considered for payments of ecosystem services, which coincide with areas of high marginalization, 

therefore, the subsidy could represent an important element to encourage the interest of 

landowners in conservation, since which in turn are areas with few hectares dedicated to 

agricultural activities with PROCAMPO-PROGAN subsidies. 
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Map 25. Anthropogenic pressure component. Own elaboration.Values = 0 minimum-255 maximum 

suitability for conservation 
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Map 26. Subsidies and marginalization () Socio-economic component Own elaboration 

Values = 0 minimum-255 maximum suitability for conservation 

 

COMPONENT SUM SUITABILITY MAP 

The result was obtained by combining the three components according to the weights assigned 

to each (Map 27). The following map highlights the most optimal areas for conservation 
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considering the environmental, economic and social component of the landscape, although the 

area is dominated by anthropic factors, this result highlight there still areas of high value of 

suitability that worth preserve them and can be used to connect BRSAT. 

 

 

Map 27. Component Sum (Physical-ecological, Anthropogenic pressure, and Socioeconomic components) 

Own elaboration Values = 0 minimum-255 maximum suitability for conservation 



77 

The highest weight was assigned to the environmental component, with almost 50% consensus. 

The importance of natural ecosystems in the area is recognized, mainly for the strong presence of 

the BRSAT experts. Secondly, subsidies and the degree of marginalization are key elements to 

consider when choosing an area and allocate it for conservation. Finally, anthropogenic pressures 

are less important in the choice of areas for conservation, due to experts consider “we can do 

anything about infrastructure” referring to the area has been disturbed since many years ago.  

Nevertheless, the relevant areas for conservation in which LCP goes through, now area areas with 

various restrictions for conservation. The landscape is shaped by anthropogenic influences that 

must be taken into account to establish areas for conservation. In addition to the suitability values, 

the landscape is also a mixture of land tenures.  

To identify clearly, the above mentioned, information of land tenure was incorporated. The Ejidos 

that are located in the LCP was added to the map (Map 28). The majority of the path is in Ejidal 

properties. 

LCP obtained goes through 27 different Ejidos. In the north (from east to west), most of the 

properties are Ejidos. In the east and in the south, fragments of high suitability for conservation 

are identified, and some of them correspond to another type of property. 

Near the BRSAT there are fragments whose conservation is critical to establish connectivity in the 

through the agricultural matrix; This Ejidos are Laguna del Mante, Las Pitas, Colonia Ignacio 

Zaragoza, Cerro Alto, Las Huertas, Charcos de Oriente, Estación Micos, La Loma, San Mateo, 

Zocohuite.  

There are other Ejidos, mainly in the west and in the south of the study área,  that has high values 

of suitability for conservation,  desirable sites for conservation;  Las flores y anexos, la Loma, La 

Cañada, Chalahuite, San Pedro Huitzquilico, Tlamaya. Somo others presents fragmented areas and 

highly conserved areas too. This is the case of Ejidos; Ojo de Agua, Tanquizul Y Anexos, Tansosob, 

Tampaxal, San José El Viejo, La Morena y el Naranjito, La Lima, La Subida, La Pitahaya, San Antonio 

Huichimal. 
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Map 28. Ejidos and Least Cost Path. Own elaboration.*the name ofthe Ejidos are shown in the map 
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INCORPORATION OF THE VDAC SCHEME 

PHASE 1: INTERVIEWS ABOUT THE VDAC CONSERVATION SCHEME 

Establishing the path, as a strategy to connect the BRSAT will be impossible if relevant areas for 

conservation are not protected. Results of the interviews are described, focusing on the opinion 

of the as the interview as group (Institutional, Landowners, and Academia). 

KNOWLEDGE 

Seventy six percent of interviewed of the three groups knew the VDAC conservation scheme; 

however, 23% who did not know it, were only landowners group (Figure 6). 

 

Figure 6.Knowledge about VDAC. Own elaboration 

 

In this case, the stakeholders were briefly informed about VDAC definition, benefits, and 

procedures on how to register a property, all according to the official information of the National 

Commission of Natural Protected Areas web page, consulted on May 2019(CONANP, 2019). 

POTENTIAL FOR CREATION OF VDCA  

According to obtained data, 70% of the stakeholders recognize a VDCA registration could allow 

activities that generates economic incomes. When the interviewees, answer that they do not 

consider VDCA will bring economic benefits, in this context, was also positive.  From the 30 % 

remaining, landowners (10%) and one expert from CONANP mention the importance of the 

77% 23%23%

Yes No

Lan
d

o
w

n
e

rs



80 

authentic willingness of voluntary conservation with no economic incentives. Sixteen percent 

consider VDAC will not allow activities that generates economic income.  

The main activities mentioned are listed above (Figure 7). Landowners mentioned tourism as main 

economic benefit of a certification while institutional experts concur in the access to subsidies, 

and academic group presume the major benefit could be the added value to products or services.  

 

  

Figure 7. Potential for economic benefits with a VDAC Own elaboration. 

 

Data shown the interviewed consider there is potential for the creation of the VDAC in the region. 

Most stakeholders believe VDAC could lead to the increase of surfaces with sustainable forest 

management and may help to develop connectivity strategies for the Sierra del Abra Tanchipa 

reserve.  

It should be noted that the VDAC as a voluntary conservation scheme, seeks people find in 

conservation an opportunity to benefit from their natural resources., 93% of respondents agree 

that this model can help to solve socio-environmental problems. The remaining almost 7% 

mention that they would not make any difference; these people are from the group of producers, 

particularly ejidatarios who live on what their land produces. Three answers were grouped in the 

next Figure 8). 

 96% of the all the stakeholders groups, agree that with the certification of a property could 

promote the development of sustainable management strategies in forest areas, help to solve 
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socio-environmental problems of the BRSAT region and that could be as a strategy to create 

structural connectivity of the BRSAT with other NPs 

 

 

Figure 8. Potential for the creation of VDACs Own elaboration. 

 

MOTIVATIONS FOR THE CREATION OF VDCAS 

Main motivation to create a VDAC is the possibility to have an economic incentive. Nevertheless, 

in landowners group (6 out of 15 interviewees) mentioned environmental conservation is their 

main motivation, comparing to those (7 out of 15) who consider economic incentives the major 

motivation. Although institutional and academic groups affirmed that landowners had no interest 

in conservation, just in economic benefits and consider this, is the owners motivation.  

The third motivation for the three groups is the “Shielding”. With a VDAC certificate, owners can 

“shield” their lands from land use changes (Figure 9). 
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Figure 9.Motivations for the certification of VDAC. Own elaboration. 

 

LIMITATIONS FOR THE CREATION OF VDCA 

The answers were grouped in six categories. As can be seen, there was no majority preference. 

The answers are distributed in the categories uniformly. Each stakeholder group presented the 

challenges from their perspective. For the institutional group, the main challenge is to comply 

with the responsibilities acquired after certification. Landowners mentioned the main obstacle is 

the lack of information about VDAC, the same for the academy group (Figure 10) 

 

Figure 10. Main constraints for the certification of VDAC. Own elaboration. 

30%

50%

20%

ENVIRONMENTAL CONSERVATION

ECONOMIC INCENTIVE

"SHIELDING"

30%

20%20%

13%

17% DISINFORMATION

BUROCRACY

 LACK OF ECONOMIC INCENTIVE

 FOLLOW-UP FOR VERIFICATIONS

 PRESSURE ON NATURAL
RESOURCES



83 

According to the information obtained, there are advantages in the VDAC certification.  Half of 

the stakeholders consider certify lands will help to increase PA regional surface, access to federal 

subsidies (20%) and in less proportion (10%)  willingness of conservation (without any mandate 

or incentive), shielding and sustainable use of natural resources. For all the groups, the main 

advantage is in the environmental aspect. 

In contrast, disadvantages lack of economic compensation for the maintenance of the land, more 

than half of the landowners confirm it, followed by the anthropogenic pressures that are exerted 

on natural resources. For the government sector, the main disadvantage is that the VDACs do not 

have direct supervision by CONANP, and for the academy sector, in addition to the lack of financial 

compensation, the aforementioned disadvantage is the non-fulfillment of the responsibilities 

entailed by the certification. Both are enlisted in Figure 11 

  

Figure 11. Advantages and disadvantages in the VDAC certification. Own elaboration. 

 

PHASE 2. INCORPORATION OF POTENTIAL VDAC TO THE CONNECTIVITY PATH. 

The voluntarily destined conservation areas, according to the interviewees, would be a useful tool 

to create connectivity. Once VDAC could be established. 

Therefore, the identified areas whose owners showed interest to certify them as VDAC were 

incorporated to the path Map 29. Five landowners (3 private owners and 2 Ejidatarios) show 
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interest, although only two could specify the areas they would like to incorporate to VDAC 

scheme. The properties Selva Teenek and Ejido Las Pitas were added as destinations.  

The path was modified to include these two VDAC proposals and to alter the connectivity path 

with the incorporation of this areas. Both areas are found in critical areas for connectivity 

conservation.  

The suitability values in these areas are medium and low, and are part of the fragmented matrix 

between Abra Tanchipa and Sierra del Este and Sierra de Enmedio. The path shows that Ejido las 

Pitas is a key area for connectivity. This Ejido has one of the highest values in the suitability map 

(in this fragmented critical area), and a high relevance for conservation. Particulary, Ejido las Pitas 

has similar vegetation to Abra Tanchipa, increasing the potential to act as an optimal ecological 

corridor.  

The property known as Selva Teenek is a small property located 28 km in a straight line to Las 

Pitas. Both areas are located in agricultural matrix but also near to forest remnants (IMAGEN). 

Their locations, relevance for conservation and the willingness of the landowners to establish 

VDAC  

Therefore, connectivity is not limited to the main path, or to the suitable sites founded.  VDAC can  

be used to create ecological corridors mainly if; The areas presents the same ecosystems that 

BRSAT, exist willingness of the owners in conservation, helps to prevent the growth of the 

agricultural matrix, or bring some economic benefit for the landowners and the population itself.  

This is what ILM approach suggests, to conciliate the needs of the economic and social sector in 

the natural landscape in order to achieve biodiversity  
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Map 29.Potential VDAC. Own elaboration 
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6 DISSCUSION 

The UNDP) in its sustainable development goals (SDG), goal 15, mentions that must be achieved  

“Sustainably manage forests, combat desertification, halt and reverse land degradation, halt 

biodiversity loss” and that urgent actions must be taken to reduce the loss of natural habitats and 

biodiversity which are part of our common heritage and support global food and water security, 

climate change mitigation and adaptation, and peace and security.” (UNDP, 2015) 

Since 1993, has been proven the importance of biodiversity and the requirement to establish an 

ecological corridor between Del Cielo Biosphere Reserve (Tamaulipas) and Sierra de Abra 

Tanchipa This would protect the habitat of resident species, migratory species, and ecosystem 

transition. 

The RBSAT Management Program mentions the creation of an ecological corridor with Sierra 

Madre Oriental should be supported to ensure connectivity between Reserves (SEMARNAT, 2014; 

SEMARNAT & CONANP, 2014) 

This study found through the incorporation of 11 criterion and multicriteria analysis the suitability 

for conservation that BRSAT surroundings has. LCP and can be proposed as ecological corridor to 

connect it with other PA through heterogeneous matrix of suitability values; which could be 

established by promoting the VDCA scheme and by motivation of landowners to obtain benefits 

with the certification of their lands. On the findings and contrasts of this study with others, the 

following was found: Identification of relevant areas for conservation 

 

DELIMITATION OF THE STUDY AREA 

 

The delimitation of the study area, was the result of a preliminary analysis of connectivity through 

the vegetation index NDVI, used commonly to establish corridors(Muratet et al., 2013), and with 

the TPI to obtain landforms classification to identify manually topographic “linking” of the area 

(De Reu et al., 2013). Once the layers were combined, the delimitation of the polygon should be 

made manually. This process is complex and could lead to errors and subjectivity establishing the 

limits of the area. 

This delimitation was realized for two main reason: to verify the structural connectivity of the area 

outside the limits of SLP (to ensure that the Paths founded for this study could be part of a larger 

corridor in the future); and to delimit the polygon to the administrative limits of SLP. This, to 

respond the need of BRSAT management program of creating connectivity for the RBSAT in an 

operative area. There had been previous failures working with connectivity projects that exceeds 

BRSAT management jurisdiction (CESMO).  
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Despite of that, connectivity studies in the future must be carried out considering a larger area to 

enhance connectivity through the biosphere reserves in Tamaulipas and Queretaro, with a 

systematic approach of linking first surroundings of BRSAT, and then expand those connectivity 

Paths.  

 

RELEVANT AREAS FOR CONSERVATION 

 

DATA GATHERING RESISTANCE/COST LAYER ELABORATION  

For this first step, the aim was to found relevant areas for conservation based in four ecological 

criteria (Forest, fauna, PA, PTSBC). For this phase, human pressure criteria was not included, in 

order find in the fragmented matrix the relevant areas for conservation even though, they were 

exposed to anthropogenic pressures. The anthropogenic pressures were added in the suitability 

map.  

To achieve this, only ecological criteria that gives information relevant for conservation were used 

and a suitability values assigned were ranging from zero to 255. Thus, less optimal sites are not 

excluded but added to a low category of relevance to conservation. This in order to have the 

largest area available for the Least Cost Path tool can create a path, despite the fragmentation of 

the area. In contrast other studies where suitability is limited to narrow ranges (e.g zero-3)and 

potential areas are disqualified by operate in limited option range (Guzmán Wolfhard & Raedig, 

2019). 

To determine relevant sites for conservation it is essential to verify through fieldwork the accuracy 

of geospatial analysis. Although this was not done in this study, field work is required at the 

beginning and end of the study to reduce errors and uncertainties of the geospatial analysis ( 

Bennett, 2003; Garcia-Alaniz et al., 2017). 

ArcGIS 10.5 was used to reclassify and standardize the four layers of information mainly from a 

vectorial format to a raster that could be compared and summed with others. This was done using, 

Euclidean Distance, and Kernel Density tools. The use of two different tools is relevant to analysis 

data more precisely. For e.g, density of fauna records is not would not present the distances to 

PA.  

This was used also in multicriteria analysis and suitability maps that incorporates information in 

different formats. With the same purpose, adding a buffer is a very common tool (Delattre, 

Baudry, & Burel, 2018; Guzmán Wolfhard & Raedig, 2019; Shirabe, 2018) , although this could 

limit the potential spatial information that could be obtained from the original format 

The geospatial information of the four used criteria was limited by some factor; Recent 

information about land use and vegetation on the most precise scale (1:50,000) was published in 

2015, but contain information since 2009, under these circumstances is difficult ensure the 
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ecosystems permanence. Although there are supervised classifications images with higher 

resolutions, there is not one that covers the entire study area,  

For the fauna records, worth mention that taxonomic information for each group was reclassified 

according the IUCN red list categories, including the category “data deficient”. This is relevant 

information about species occurrences, only that a direct or indirect assessment of risk of 

extinction is not possible because data on abundance or distribution are lacking. 

Even though the fauna occurrences records used in this study are numerous and comprises four 

different taxa, it cannot be assured that the species are currently in those areas. Data bases used 

has record from at least 30 years to nowadays. Other method should be incorporate to precise 

fauna distribution.  

For many years potential distribution models has been used, like the cases for mammals 

(Botello,et al., 2015), birds (Jacinto-Flores, et al., 2017) and plants (Torres Acosta et al., 2019). For 

further approaches to connectivity and fauna distribution, is recommended the use of this tool 

should be when information about populations and habitat requirements of relevant species is 

available. A species distribution modeling was not possible due to the different focus frame of this 

research. 

Notwithstanding, the use of fauna records for this study, it is a proposal to work with sighting 

densities as space distribution and thus considerate four different taxonomic groups, adding them 

different suitability values whether species are in some risk category..  

The information from CONABIO (2007) of Terrestrial Priority Sites for Biodiversity Conservation  

was included for being a robust source of information that identifies areas that are biological 

relevant for biodiversity conservation and that are threaten(Ernesto Suárez-Mota & Luis 

Villaseñor, 2018; Terán-Valdez, 2013). However, the layer is not updated, the land use changes in 

the area has rapidly increased since its elaboration (2007). It would be more accurately use more 

recent data of biodiversity loss, although this information has not being updated.  

For further studies, more variables should be consider, that include detailed scales and recent 

information to obtain a more accurately outlook of the relevance for conservation. 

Finally, to obtain the resistance layer, all the standardized layers of the criteria were summed. The 

weighted given in this case was not given for experts; this factor should be considerate if more 

criteria will be included. In this case, each criteria had the same weight for each layer considering 

the main objective was to create a resistance layer to find maximum available surface no with 

specific characteristics for a particular specie, so there was no discriminatory attribute to weight 

the layers differently.  

The results shows relevant areas for conservation without any restriction on their size, although 

previous studies that used this method, usually link major protected areas (Beier et al, 2008) 
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Linking small patches has been used in the recent years to link of vegetation to create a paths 

through the fragmented matrix (Fahrig et al., 2019; Guzmán Wolfhard & Raedig, 2019)  

In contrast to reported by (Salazar et al., 2017) that corridors must not take into consideration 

minimum surfaces to promote connectivity, in where the plants and mainly animals populations 

can remain viable. Although, the most recent studies of international fragmentation experts 

highlight  there is no empirical evidence supporting the widespread assumption that a group of 

small habitat patches generally has lower ecological value than large patches of the same total 

area (Fahrig et al., 2019) Successful connections between various small fragments should be 

analyzed.  

 

 

Image 1. Biosphere Reserve Sierra del Abra Tanchioa (BRSAT) 

 

In the same way, relevant areas to conservation of this study contrast with the vision that 

protected areas should preserve places with habitat attributes of umbrella species and then 

connect them. As in Mexico, where the Jaguar (Panthera onca) habitat requirement has been used 
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to establish places to ecological corridors (Errejón Gómez et al., 2018; Rodríguez-Soto, Monroy-

Vilchis, & Zarco-González, 2013)(Errejón Gómez et al., 2018; Rodríguez-Soto et al., 2013)  

In this case, a wide variety of species occurrences from different groups was used for two main 

reasons, there area has high levels of biodiversity that is in some category of threats (SEMARNAT, 

2014); and species need linkages to maintain their populations processes . Umbrella species, like 

large carnivores have generalists habitats and they can marginal move through degraded habitats, 

and a corridor designed for them does not serve most habitat specialists with limited 

mobility(Beier et al., 2008) . The resistant layer obtained aims to fulfill different habitat 

requirement combining to this target, different land cover.  

Furthermore, this result, the reported by Ersoy (2019), that a “mix of land covers (particularly, 

woodlands, mixed vegetation and unimproved grassland) have a high potential to provide 

corridors for the maximum number of species (Ersoy et al., 2019) So adding this criterion paths 

would be evaluate by requirements of various species to be functional and not only structural. 

This shown in the different values commented in the result section.  

As mentioned before the RBSAT is surrounded by a fragmented agricultural landscape. This 

creates the need to consider as much surface as possible among the surrounding of that can be 

used to be connected. 

However, their connection was considered as crucial since these private areas could be 

strategically used for the connectivity conservation management 

 

LEAST COST PATH 

 

There are other methods to obtain paths for landscape connectivity, such as random walk 

modeling network analysis or gravity models(Lee et al., 2014). Although, least cost path is widely 

recognized for being optimal, efficient , cheap and flexible for structural or functional 

connectivity(Adriaensen et al., 2003; Lee et al., 2014; Raney, 2009; Rodríguez-Soto,et al., 2013).  

A buffer was added to the path. Although it has been debated is whether is necessary add 

protection buffers to the least cost paths(Delattre et al., 2018), for this study it was consider that 

are barriers or filter strip that helps to separate land used mainly for agriculture land as done by 

Gene (2019). In addition, it was added to be more visible on the cartography. 

Finally, the source and destinations for the path were PA. This should be complemented with the 

new relevant sites for conservation founded; even they do not have a category of protection, 

enlarging the study area to different orientation (West East) to obtain more paths to connect 

more relevant areas to increase the opportunities to generate connectivity for BRSAT. On only 

path might not be favorable for species distribution and movement, more than one path 
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should be identified(Guzmán Wolfhard & Raedig, 2019), linking as many fragments of 

relevance of conservation as possible.  

The Path obtained incorporated fauna criteria, so it can be consider that has a mixed approach 

(structural and functional connectivity). This path have being used before to increase the  

Although establish a connectivity paths for functional connectivity will require more accurate 

information of habitat distribution(Pascual-Hortal & Saura, 2008) and needs for specific taxas (A. 

Bennett, 2003; Taylor et al., 2010), and also to validate this information through some potential 

distribution model for e.g., based on mechanisms from dispersal ecology(Delattre et al., 2018).  

We observed that the highest connectivity (% of individuals having moved from A to B) was 

obtained when both the matrix and the corridor 

The obtained path crosses the study area from origin to destination through an area classified 

with high, medium and low relevance for conservation values. Although, the least cost path will 

follow the “cheapest path” this will have the highest values of relevance for conservation in the 

area. The path obtained was created in a heterogeneous matrix. According to recent studies in 

connectivity (Delattre et al., 2018; Ersoy et al., 2019) a path that go across different coverage 

types, consequently with different qualities generates great potential to connectivity. We could 

expect according to recent studies that the path could represent a high connectivity for species 

moving from one point to another, because the corridor area will have slightly better quality 

(relevance for conservation) than the matrix.  

This areas of relevance presented by the path, also can be used to locate optimal surface to other 

conservation schemes, as the Payment for environmental Services(PES), like was propose by 

Zhang et al.,(2019). 

Ramirez-Reyes (2018) analyzed the PES benefices in Mexico during 12 year (2000-2012). He 

reported, “PES program reduced both forest cover loss and forest fragmentation (…) Low‐PES 

areas increased twice as much of the number of forest patches, forest edge, forest islets, and 

largest area of forest lost compared to high‐PES areas”. According to this, PES could help to reduce 

fragmentation in Mexico; under these circumstances, the least cost path would help targeting 

areas with major importance to conservation. 

Through the resistant layer of relevant areas for conservation and the least cost path obtained, 

the isolation of Abra Tanchipa from other Pa is evident, mainly to the east and west. Sierra de 

Enmedio and Sierra del Este are isolated too. Lack of connectivity among these areas is a threat 

to the populations of different taxa that inhabit in these areas and between them. Errejón (2018) 

reported similar result; BRSAT is at risk of becoming a simple forest patch. This and isolation can 

cause severe problems to biodiversity, even generate local extinctions.  
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Is necessary promote connectivity for the BRSAT with other reserves to avoid becoming “islands 

“of biodiversity This also was mentioned by (Errejón Gómez et al., 2018), although in contrast, this 

research created connectivity paths to the south of BRSAT, particularly with the biosphere reserve 

el Cielo, In contrast with previous studies that only have promoted connectivity to the the North 

of BRSAT with the biosphere reserve El Cielo.   

Despite the results, there is still the debate whether biological corridors promote connectivity or 

not. Some authors mention(García Quiroga & Abad Soria, 2014; Geldmann et al., 2015; Wood et 

al., 2017) that it is not proven that these paths will create connectivity and that the species will 

move through the paths, specially the ecological corridors elaborated through GIS tools(Gene et 

al., 2019). 

According to the ONU around 1.6 billion people depend on forests for their livelihoods (UNDP, 

n.d.), An ecological corridor should help to resolver in integral form social, economic and 

environmental problems and to secure the access to natural resources”(Sloan et al., 2019). 

Considering these points, this proposal aims to establish a biological corridor integrating the 

human component was realized. 

It has been proposed that agricultural matrix should be included in connectivity studies, to 

connect fragments(Petracca et al., 2014) or avoid establishing paths near agricultural matrices 

(Wood et al., 2017) 

 

SUITABILITY MAPS FOR CONNECTIVITY CONSERVATION 

 

CHOICE OF COMPONENTS AND CRITERIA 

To find connectivity paths, data compatible with GIS have been used, limiting this information to 

cartographic data, that rarely includes specific information on the requirements of habitat 

species.  

According to Beier ( 2008)“Habitat for any species is defined based on life requirements, such as 

food, cover, nesting sites, safety against hazards and relationships with competing or facilitating 

species”. So this information has to be inferred, for e.g, soil cover is related to food and cover and 

humans and this are a major danger to many species(Beier et al., 2008). Layers of human 

interventions are relevant components to consider in the movement of organisms. Beier (2008) 

suggest that linking studies should include factors related to human disturbances. 

The variables chosen for the analysis were grouped into three components: environmental, 

anthropogenic pressure and socio economic (subsidies and marginalization)  and were based on 

the studies of(Moffett & Sarkar, 2006; Terán-Valdez, 2013; Torres Acosta et al., 2019) 
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More criteria should be incorporated to each component to have a complete overview of the 

socio-environmental and economic situation of the area. As a suggestion, incorporating the 

economic activities of the population and the dynamics of land use change accordingly would be 

an important in the establishment of corridors. In addition, ecological component could be 

strengthened with criteria of habitat requirements of different taxa or even the available paths of 

displacement of birds or jaguars that already exists in the area. 

DATH GATHERING CRITERIA RECLASIFICATION AND STANDARIZATION 

Adriaensen (2003) highlights importance of use of the best quality images, information and layers 

for the elaboration of suitability maps. Frequent errors occurs when different scales, projections, 

sources information, periodicity and sampling methods are combined. For the 11 different layers, 

used to create the suitability maps, the most recent and precise information available was used, 

although in some cases it was desirable to have more accurate data. Mainly with the land use 

cover, and edaphodology layer that for the State of San Luis Potosí are outdated. 

The same that in the first objective, the layers used different process to standardize and reclassify 

the information. Criteria reclassification was done according the information contained in each 

layer (e.g marginalization categories where already establish as high, medium, low).If it did not 

contain information to classified it, was done according to the research needs and field 

observation, although this should be avoided, the mismanagement of the information could 

altered the results of the source layers.  

The above mentioned, occurred for e.g with the PROCAMPO-PROGAN information. Thiessen 

polygons were used to standardize the layer, although there are other methods and tools that 

could help to present the information more accurately, e.g, spatial references of the subsidies, 

the number of beneficiaries or monetary compensation. Another case occurs with the soils and 

the slope that both were reclassified with the highest values of suitability to plane sites and to 

high slope respectively. Even though this seems contradictive, planes surfaces are land use 

changes and high slope mainly in mountains are often important sites for biodiversity 

conservation(Chaverri-Polini, 1998). In further studies, this “pre” assignment could be consulted 

with experts.  

WEIGHTS ASSIGNMENT  

In the region, weighted opinions from experts have been used and granted certainty to find 

conservation areas in the fragmented territory of the Sierra Abra de Tanchipa, although with 

different objectives (Torres Acosta et al., 2019) 

As was presented by Comino (2016) is indispensable key representatives experts are identified 

and consulted face-to-face to obtain objective evaluations of the variables in the AHP 

methodology. This method has been criticized due to interdependence between criteria and 

alternatives that can lead to divergences between judgment and the ranking criteria. By the other 
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hand this method is widely used and recognized because is easy to use and to adapt to different 

needs that allows to reduce subjectivity and inconsistencies in the opinion of the experts(Hester 

& Velasquez, 2013) 

The experts for this case were selected from the stakeholders of the Advisory Council, for being 

entities that have influence in the BRSAT management. Nevertheless, the results of the AHP may 

not be a broad consensus, because in somehow these experts are related and concern to the 

biosphere reserve protection. Further approaches must consider do a stakeholder analysis 

integrating different visions and interest in the uses of the BRSAT area. 

SUITABILITY MAPS ELABORATION 

Suitability maps obtained (physical-ecological component, anthropogenic pressure component, 

socio-economic component and the sum of it) are the result of combining the AHP with the 

Multicriteria analysis. This latter, has been commonly used for connectivity and conservation 

planning (Chávez González et al., 2015; Comino et al., 2016; Malczewski, 1999; Penrod et al., 2006; 

Rega, 2014) Although there still cons on its utilization mainly because, subjective factors in a 

decision making process, could not be completely avoided. In this case, this subjectivity was 

reduced through the AHP method.   

The suitability map shows the physical-biological, socioeconomic, anthropogenic pressure 

combined in the area, and it can be measured in the degree of suitability for connectivity 

conservation purposes.  

There are no similar studies that combines the criteria used in this analysis at the same scale. 

Nevertheless, at a larger scale, this study can be compared with those realized in the SMO region 

by Andrea Terán (2013). The suitability in the ecological map is similar; is evident there exists a 

high suitability for conservation in the study area. Despite this, the economic and social maps (as 

are named in this study) do not correspond with the suitability founded in this study (High-

medium/low respectively).  

This could be caused by many reasons: the layers used were not all the same, experts did not 

make the assignment mong other reason. However, it can be inferred that one of the main 

difference could be in the scale. To enhance connectivity in large areas could be optimal, use the 

most detailed information. Working at larger map scales lead to generalize information by not 

having specific details of the areas, the scale used for e.g,  land use cover layer in Terán (2013) 

studies , was of 1:250 000, in this study was 1: 50 000. When this focus is applied, the suitability 

of the map changes. Although this inference needs to be further studied 

This information in a smaller scale (detailed) could be useful to establish corridors for large species 

with wide ranges of movement, but for establishing corridors in a fragmented matrix , with small 

patches, with different land tenures, and numerous landowners, it will be useful be able to target 

specific areas. More information should be analyze. 
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In addition, from the relevant areas for conservation that were identified in the first objective, ( 

broad areas) through the suitability map and the least cost path, the most optimal areas to 

connectivity conservation can be elected. This could facilitate the decision making process, to 

focus efforts for conservation, instead of protecting large areas without knowing the socio 

economic factors that occur in the area that can lead to the failure of conservation strategies.  

From the resultant analysis of the suitability maps and multi criteria analysis through the experts, 

some information can be discussed. 

For this study the incorporation of subsidies to agricultural activities, allowed to visualize its 

spatial distribution in the study area, but also to identify the number if of hectares subsidized.  

According to experts, the government subsidies “ 

 

 

Image 2. Sugar Cane crops subsidied 

 

PROCAMPO-PROGAM” can favor conservation. Some owners who have large agricultural 

livelihoods can allocate fractions for conservation; also, private owners interested in conservation 
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mention not relying on their lands, and therefore could designate them to conservation and there 

is a third group that believes that small-scale agriculture would be more easily incorporated into 

sustainable techniques and also be used for conservation. 

This is relevant a relevant finding, since the growth of the agricultural matrix is the main cause of 

land use change in the area. As mentioned by owners during the interviews, the willingness to 

incorporate new areas for conservation can come from people who have lots of land and can use 

some for conservation or whose owners have minimal areas that can be used with conservation-

friendly techniques (such as small-scale organic farming or agroforestry).  

These possibilities should be analyzed in subsequent studies since this study yielded results on 

people with agricultural vocation who are interested in designate part of their land, or switching 

to small-scale sowing schemes, which are conservation friendly, both considering certify your 

properties as VDCA 

It worth highlight experts and owners mentioned being worried about water scarcity. For e.g two 

private owner mention during the interview, that the water scarcity is generating conflicts mainly 

between the sugar cane agricultures, that uses a lot of water from the natural sources, like rivers, 

and the tourist sector that is affected by the lack of water in the rivers to navigate through them.  

The experts mention also that the incorporation of surfaces to the PES could be a good incentive 

to establish VDCA that promotes connectivity.  

The PES was accepted in the area, some owners were interested in conserving their land if there 

was a greater possibility of accessing government support. Likewise, experts recognize the 

functionality of this conservation scheme; although they also mention that PES subsides in Mexico 

need to be improved, designating federal budget to this program, so more landowners have the 

opportunity to access to subsidize their lands in favor of conservation. 

According to the experts interviewed from the institutional field, from CONAFOR and CONANP 

mention that VDCAs could lead to access to the PES and vice versa, so both could focus on 

generating strategies to sum surfaces to establish a corridor, this should be considered in future 

research.(PA). 

In the anthropogenic pressures component in this study could helped to show were restrictions 

for the connectivity path. The areas with unfit values in the anthropogenic suitability map, were 

dismiss from the final map 

 

INCORPORATION OF POTENTIAL VDAC TO THE CONNECTIVITY PATH 
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As an additional result of this analysis, it was found that ecological corridors in Mexico do not have 

a protection category itself. Therefore, studies of connectivity in Mexico should propose 

alternatives for their protection. In this case, VDCA scheme is explored.   

Few scientific literatures exists about VDCA. CONANP provides information about how many areas 

are, where are located; number of certified hectares, among others, nevertheless there is a lack 

of information on the knowledge, motivations, advantages and disadvantages of the owners of 

VDCA and a lack of methodologies to analyze this recent scheme of conservation in Mexico. This 

study presents a small glimpse into the opinion of experts and landowners about the VDCA that 

allows identifying the opinion of the experts and landowners. Although to understand the 

willingness or the perception of landowners in this conservation scheme, a larger sample of 

interviewees is needed as well as a broader questioner. Although the above mention, relevant 

information obtained is discussed:  

Peña Azcona (2015) studied the perceptions of VDCA in the Oaxaca Isthmus, where VDCA has 

been stablish, in some cases for than 5 years. Her results founded that the main interested in 

certifying VDCA were government institutions representatives and private initiatives like NGOs. 

This interest of private initiatives has accelerated the process of certifying lands in favor 

biodiversity conservation. In this study, although there is also interest from CONANP, the main 

interested are the landowners as Ejidatarios and private owners.  

The VDCA scheme, allows not only the landowners can certificate their lands, this also can bring 

forward by private initiatives. Although in this study were not identified, the development of 

conservation projects in privates’ conservation areas has been proposed in other areas.  

Development agencies like GIZ have found relevant areas for conservation and designed projects 

for landowners and government agencies, so if the landowners agree they can be intermediaries 

for VDCA certification (GIZ & CONANP, 2016). 
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Image 3. Ejidatario from "Las Pitas" 

 

Related to the motivation, limitations, constraints, advantages and disadvantages of VDCA 

scheme, similar approaches can be compared.  

 

In the Oaxaca Isthmus, the motivations for certification came mostly from external interests that 

propose certification to landowners as a strategy to have benefits. Landowners recognized that 

the certification does not generate any benefit, although they recognize that vegetation cover 

increases in certificated land. There is still confusion from the owners about the mechanisms, 

commitments and implications of certificate a VDCA, and the author highlights that motivation 

for conservation prevails in the area although is independent from the certification process, this 

has to do with guaranteeing the use of resources, with water standing out. 

 

This conclusions are similar to some findings of this study; the prevail of disinformation of the 

landowners about the certificate a VDCA, and in the interest of the landowner of protecting their 

natural resources independently of a certificate. The Peña Alcoza (2015) studies was carried out 

in an area that already has VDCA, this could mean people has identify the benefits for their own 

experiences.  In this study, the motivation for the certification of VDAC was the possibility to 
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obtain some economic benefit, the main advantages the increase of protected areas and the main 

disadvantage the lack of economic resources to help to the management of the land.  

The main motivations coincide both studies, in the interest of taking care of the territories, 

conserving natural resources is not precisely obtained by a certificate; conservation is not 

determined by being certified or not (Peña Azcona, 2015) 

At the same time, in this study private owners showed interest in environmental conservation, 

although their main interest were to be able to obtain some economic benefits with the 

certification; 2 of them said they were interested in PES subsidies (Hoya Verde and Las Pitas), one 

of them (Hoya verde) is also interest in certified sustainable tourism that could be achieved with 

a VDCA registration. The owner of the Selva Teenek said she wanted to certify to protect her land 

from changes in land use.  

Although the Ejidatarios’ livelihoods (from Laguna del Mante and Los Sabinos) depend on 

agriculture, they mention being motivated to conserve because they have recognized the 

importance of caring for the environment, one of them from Ejido Laguna del Mante, was 

interested in certify his land as VDCA, in order to obtain additional economic benefits from his 

product. . 

As mentioned by owners during the interviews, the willingness to incorporate new areas for 

conservation can come from people who have lots of land and can use some for conservation or 

whose owners have minimal areas that can be used with conservation-friendly techniques (such 

as small-scale organic farming or agroforestry). These possibilities should be analyzed in depth in 

subsequent studies since this study yielded results on people with agricultural vocation who are 

interested in allocating part of their land, or switching to small-scale sowing schemes, which are 

conservation friendly, both considering certify your properties as VDCA 

The experts mention also that the incorporation of surfaces to the PES could be a good incentive 

to establish VDCA that promotes connectivity. The PES was accepted in the area, some owners 

were interested in conserving their land if there was a greater possibility of accessing government 

support. Likewise, experts recognize the functionality of this conservation scheme; although they 

also mention that PES subsides in Mexico need to be improved, designating federal budget to this 

program, so more landowners have the opportunity to access to subsidize their lands in favor of 

conservation. According to the experts interviewed from the institutional field, from CONAFOR 

and CONANP mention that VDCAs could lead to access to the PES and vice versa, so both could 

focus on generating strategies to sum surfaces to establish a corridor, this should be considered 

in future research.(PA). 

For the establishment of VDCA as a connectivity conservation strategy, experiences from other 

countries that have manage similar private conservation areas can be used. For e.g, in Brazil, exists 

free data access to information about “Conservation Units” called Natural Heritage Private 

Reserves (RPPNs) that are private domain with the objective to conserve biodiversity voluntarily 
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in private areas; this could lead to have more systematic integration of private protected areas 

into the network of protected areas in Mexico(Guzmán Wolfhard, 2015). 

In addition, the connectivity among this Conservation Units has been studied. Corridors, has no 

governmental category of protection as in Mexico  Therefore, private conservation areas have 

been promoted as a strategy to connect fragmented areas, their results (Guzmán Wolfhard & 

Raedig, 2019)established connections between small fragments in order to connect them and in 

the future achieve connectivity on a larger scale. 

In accordance with this study, the crucial role played by the will of the landowners to preserve 

their properties has been highlighted. Guzmán & Raedig (2019) mention that participatory 

monitoring strategies should be implemented, to motivate landowners on the relevance for 

biodiversity that came up with the conservation of their natural spaces. The authors mention by 

e.g. voluntary wildlife monitoring, where landowners can be involved in conservation by 

registering occurrences of different species of plants and animals. 

Finally, as stated by Dominguez (2009) the will to conserve is linked to respect for natural 

resources, but also, as this studies show a consensus that will is linked to economic incentives. .  

Due to the lack of literature and recent creation of the conservation scheme landowners should 

be better informed, and there is capacity building necessary, to consider this a viable option to 

promote connectivity and other conservation strategies.  

 These study present only two potential areas to be destined for conservation. The question is 

whether the connectivity path should be modified to pass through the protected sites or if the 

sites to be protected should be on the path. Due to the lack of studies in the region for 

management measures, and the null certification of VDCA in the State of San Luis Potosí, both 

options could be useful in the connectivity of the area, and thus subsequently evaluate its 

effectiveness. This is a proposal to have a systematic approach to prioritize efforts in promoting 

the VDCA in specific areas that are critical to connectivity.  

Finally, Dominguez (2009) that environmental problems are severe when poverty levels are high, 

as in the study area marginalization rates are high and very high, this is the importance of 

incorporate robust socio-economic variables (Domínguez, 2009), and requires add criteria’s as 

perceptions of landowners about connectivity, use of resources and voluntary conservation to 

complete cartographic variables 

The effects on biodiversity conservation of VDCA are virtually unknown, although there are 

records of having served as a positive strategy to preserve floristic diversity in Oaxaca (Silva 

Aparicio et al., 2018), Further studies should be carried out to recognize the environmental, social, 

economic and conservation potential for VDCA connectivity. 
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7 CONCLUSIONS  

This suggested connectivity path should be consider to establish measures for conservation and 

connectivity. The suitability map eminently show the isolation of BRSAT in the agricultural matrix. 

Relevant areas for conservation can act as connectivity nodes, especially in the BRSAT surrounding 

(north of the study area) where the human activities still modify the landscape, and forest 

remnants continue to be lost.  

Suitability maps could  facilitate the decision making process, to focus efforts for conservation, 

instead of protecting areas without including the anthropogenic influence that occurs in the 

area.This can lead to the failure of conservation strategies. Large areas can hardly be conserved, 

however, as recently found, small and connected fragments have the power to continue to shelter 

for wildlife and to promote their dispersion. Connectivity studies in the area have been conducted 

previously, and no changes in practice have been made. Therefore, this study proposes to work 

at detailed scales (small scales)  

By not having a category of protection, is recommended to find synergies  for establishing possible 

areas  for conservation and connectivity corridors for biodiversity. The ILM approach, connectivity 

conservation strategies and PA ansd VDCA, are nowadays strategies supported by the Mexican 

environmental agencies, combining strategies and budgets and aligning policies could lead to  the 

creation of synergies between public and private and sectors to achieve solutions for the lack of 

connectivity and its consecuences  

In addition water scarcity factor should be incorporated to the conservations efforts. There is 

notably concern about this phenomenon because is having an evident negative impact in 

economic activities of the region; sugarcane crops, and tourism. The interviewed seemed more 

concern about water scarcity, than biodiversity conservation per se. This concern could be used 

to increases the interest of landowners on conservation approaches for their properties. PES, 

which focus on water protection, could be introduced to promote connectivity between forest 

fragments, and thus in the end, the ecosystem service of water retention Further, protection of 

hydrological resources is the main criteria to access to PES. These subsidies were also mentioned 

as an incentive to establish VDCA. This last, could be further analyzed to create robust strategies 

for the promotion of the creation of VDCAs. 

Connectivity studies should be continued, expanding the origins and destinations and exploring 

new paths. However it is recommended to work at detailed scales in order to find also a way to 

establish the corridor in the practice. 

Although the sample and distribution of the interviews were limited, as a first approach shows 

the relevant role that CONANP has in the promotion and certification of areas, as has happened 

in other parts of the country.  There is a positive perception about VDCA although misinformation 

about the procedures, obligations and benefits prevails.  This is new approach and there are not 
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certified areas yet in state. More research could be done to corroborate if there are benefits 

certifying VDCAs. 

The Ejidos added to the connectivity path, it worth mention that The Ejido Las Pitas is a key area 

for the connectivity of BRSAT. This property combines high suitability values, is an “oasis” in the 

agricultural matrix. This area could serve as a corridor for the fauna of BRSAT, due to both share 

similar ecological characteristics. Even one owner expressed that "there are many animals here; I 

have even seen the jaguar." Therefore, although the owner of this property showed interest in 

the certification to date, the procedure has not been finalized. The results also show that the main 

motivations for certification were the proposal by the CONANP, whose role for the certification 

of the first VDCAs in the region will be crucial. 

Finally, it is recommended to explore the connectivity of the Biosphere Reserve Sierra Gorda with 

the same effort that ecological corridors with the RB el Cielo has been studied. Since structural 

connectivity seeks conserved spaces that can serve as a refuge for various taxas in a fragmented 

matrix and to increase studies on connectivity due to the urgency of prevent that BRSAT becomes 

and isolated forest patch.  
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9 ANNEXES 

 

Annex 1. Questioner applied during the fieldwork 

Cuestionario general 

Fecha 
Nombre del Entrevistado: 
Actor/Profesión: 
Sitio/Predio 
 
Conocimiento  

1 ¿Conoce el esquema de Conservación de la CONANP Áreas Destinadas Voluntariamente a la 
conservación ADVC? SI NO 

2 ¿Conoce los procedimientos y responsabilidades que conlleva la certificación de un predio como 
ADVC? SI NO 

Potencial 
3 ¿Considera que con la certificación de un predio le permitiría realizar alguna actividad que 

genere ingresos económicos? SI NO  
4 ¿Cuáles? 
5 ¿Considera que, con la certificación de un predio, promovería el desarrollo de estrategias de 

manejo sustentables de las áreas forestales? (Zonificación del área-Acciones de protección, 
conservación y restauración de los recursos naturales-Lineamientos para el uso y 
aprovechamiento de los recursos naturales del predio) SI NO  

6 ¿Considera que las ADVC serían benéficas para resolver problemáticas socio-ambientales del 
RBSAT y su Área de influencia? SI NO  

7 ¿En qué medida? Excelente-Bueno-Regular-Perjudicial-Sin diferencia 
8 ¿Considera las ADVC podrían utilizarse para crear conectividad estructural de la RBSAT con otras 

ANP? SI NO 
Motivación 

9 ¿Cuál es considera es la principal motivación de los propietarios para crear un ADVC?  
                 Conservación ambiental-Incentivo económico-Blindaje- Otro 

10 ¿Considera debería promoverse la creación de más ADVC?  SI NO 
11  ¿Cree existe interés de parte de los propietarios de la tierra? SI NO  
12  ¿Considera se debería tener en algún otro criterio/incentivo para la certificación de un predio 

como AVDC? SI NO  
13 ¿Cuál? 

Limitaciones 
14 ¿Cuáles considera son los principales retos en la creación de las ADVC por parte de los 

propietarios de la tierra? 
15 ¿Cuáles serían las ventajas de la creación de ADVC en las cercanías de la RBSAT? 
16 ¿Cuáles serían las desventajas de la creación de ADVC en las cercanías de la RBSAT? 
17 Uno de los objetivos del nuevo programa de manejo para la RBSAT es lograr la integración del 

territorio y fomentar el desarrollo local mediante un esquema de gobernanza ambiental que 
promueva el uso sostenible de los recursos naturales y existe la meta de incorporar nuevas áreas 
de conservación para incrementar la conectividad de la RBSAT bajo la integración de intereses 
distintos de uso del territorio ¿Considera las ADVC podrían contribuir a cumplir este fin? SI NO 
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Annex 2. Experts selected for AHP method  consultancies 

EXPERTS INSTIUTIONS 

 
 
GOVERNMENTAL INSTITUTIONS 

1. CONANP BRSAT 

2. .CONANP BRSAT 

3. CONANP BRSAT 

4. CONAFOR BRSAT 

5. MUNICIPAL SECRETARY OF ECOLOGY 
OF CIUDAD VALLES 

 
 
LANDOWNERS 

6. EJIDATARIO LAGUNA DEL MANTE 
(SMALL FARMER) 

7. EJIDATARIO LOS SABINOS (SMALL 
FARMER) 

8. EJIDATARIO GUSTAVO GARMENDIA 
(CATTLE RANCHER) 

9. PROPIETARIO “HOYA VERDE” 
(PRIVATE SECTOR) 

10. PROPIETARIO “SELVA TEENEK” (ONG) 

 
 
ACADEMIA 

11. UASLP (CD. VALLES) 

12. UASLP 

13. UASLP 

14. UASLP 

15. UASLP 
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Annex 3. interviewees of VDCA scheme 

EXPERTS INSTIUTIONS 

 
 
 
GOVERNMENTAL INSTITUTIONS 

1. CONANP RBSAT 

2. CONANP RBSAT 

3. CONANP RBSAT 

4. CONANP RBSAT 

5. CONANP RBSAT 

6. CONAFOR CD. VALLES 

7. CONAFOR NATIONAL OFFICES 

8. MUNICIPAL SECRETARY OF ECOLOGY 
OF CIUDAD VALLES 

 
LANDOWNERS 

9. COMMISSARIAT EJIDO LOS SABINOS 

10. EJIDATARIO LOS SABINOS(FARMER) 

11. EJIDATARIO LOS SABINOS(FARMER) 

12. EJIDATARIO LOS SABINOS (FARMER) 

13. EJIDATARIO LOS SABINOS (PRIVATE 
SECTOR) 

14. COMMISSARIAT EJIDO LAGUNA DEL 
MANTE 

15. EJDATARIO LAGUNA DEL MANTE 
(FARMER) 

16. EJIDATARIO LAGUNA DEL 
MANTE(FARMER) 

17. EJIDATARIO LAGUNA DEL 
MANTE(FARMER) 

18. COMMISSARIAT (SUBSTITUTE) EJIDO 
GUSTAVO GARMENDIA  

19. EJIDATARIO GUSTAVO GARMENDIA 
(CATTLE RANCHER) 

20. EJIDATARIO GUSTAVO GARMENDIA 
(CATTLE RANCHER) 

21. PRIVATE OWNER “LAS PITAS” 
(PRIVATE SECTOR/FARMER) 

22. PRIVATE OWNER “HOYA VERDE” 
(PRIVATE SECTOR) 

23. ´PRIVATE OWNER “SELVA TEENEK” 
(PRIVATE SECTOR) 

24. ONG “SELVA TEENEK”  

ACADEMIA 25. UASLP CD. VALLES 

26. UASLP 

27. UASLP 

28. UASLP 

29. UASLP 

30. UASLP 
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