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Abstract 

Recently a comprehensive, consistent evaluation of the fragmentation of the 
forests at the national level in Mexico has been carried out. This paper discusses 
the implications of the results of this study for the conservation and sustainable 
management of the forests in the country. It is concluded that the information on 
the level of fragmentation of the remaining forests can assist in: changing the 
way forest conservation and restoration projects are conceived; in deciding how 
areas are prioritized to carry out these projects; and in identifying the forest types 
and locations that due to their level of fragmentation are unable to support 
specific forest ecosystems functions or that could be more sensitive to 
degradation processes. Also, the fragmentation information is an important 
parameter that can be incorporated into forest management plans to develop 
more effective management plans that target the specific ecological conditions 
created by the level of fragmentation in the remaining forest masses.  
Keywords: Mexico, forests, fragmentation, conservation, management. 

1 Introduction  

Anthropogenic and natural processes have significantly changed the extent, 
composition, structure, and spatial pattern of the forests in Mexico [1–3]. These 
changes have affected the capacity of these ecosystems to sustain flora and fauna 
species, and the production of goods and services at different temporal and 
spatial scales (e.g. [3–10]).  
     The commonly reported remaining area and deforestation rates are important 
parameters to estimate the sustainability of forest ecosystems. However, equally 
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important are the conditions of the remaining forests with regard to their 
ownership, composition, structure, and spatial pattern. This last factor is 
estimated through different measures of fragmentation. Forest fragmentation is a 
critical parameter that influences the capacity of the forests to sustain vital 
ecosystem components and functions [11]. 
     In Mexico there have been some studies of the fragmentation of the forests. 
These studies have used different methodologies to evaluate the forest 
fragmentation and have been limited to specific types of forests [3], or to the 
effects of fragmentation on specific flora or fauna species at the local and 
regional levels [4–10]. Recently a nation-wide evaluation of the fragmentation of 
the temperate and tropical forests in Mexico has been carried out [12]. This paper 
builds up on the results of this study and discusses the implications of these 
results for the conservation and sustainable management of the temperate and 
tropical forests in Mexico.  

2 Brief background on forest fragmentation 

The issue of forest fragmentation has been extensively studied. There are 
numerous studies on its effects on the functioning of ecosystems and 
conservation of diverse flora and fauna at different temporal and spatial scales 
(e.g. [3, 13, 14]). Due to the diversity of the findings in these studies there is still 
ambiguity on what “fragmentation” is and what its effects are.   
     Several factors contribute to make the concept of habitat fragmentation 
ambiguous and context depend [15–18]: 1) Habitat fragmentation consist of both 
reduction in the total area of the original habitat and change in the spatial pattern 
of what remains; 2) there is no clear standard for assessing human-caused 
fragmentation; all natural environments are fragmented to some degree, and they 
are subject to continuous change due to natural process; 3) different organisms 
and ecological systems respond to the degree of fragmentation of a particular 
environment in different, even contradictory ways; 4) numerous temporal and 
spatial scales must be considered, the relevant scales for different species, 
geographic regions, and types of environments are likely to be different; and 5) 
there is a lack of consistency in study design and methodologies used to analyze 
habitat fragmentation making comparisons, integration of information and 
results, and replication of studies difficult. 
     Although it is not easy to draw broad general conclusions regarding forest 
fragmentation, there is general agreement among scientists and forest managers 
on the need to quantify the level of fragmentation of the forests and to integrate 
these estimations into conservation and management plans, and simulations that 
will assist us in better understanding the interactions among human activities, 
forest features, and ecological processes [15]. 

3 Estimation of the fragmentation of the forests in Mexico 

Moreno-Sanchez [12] presents an estimation of the fragmentation of the 
temperate and tropical forests in Mexico. This study used the fragmentation 
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model proposed by Riitters et al. [19]. This model belongs to a group of moving-
window fragmentation indices. The moving window defines a neighbourhood 
that is analyzed to estimate the fragmentation value of the centre cell in the 
window. The details of the fragmentation model are presented in [12] and [19]. 
Five fragmentation categories are generated by the model, in increasing level of 
fragmentation they are: interior, perforated, edge, transitional, and patch. 
     This model was applied to The Land Use and Vegetation cover vector dataset 
scale 1:250,000 (known as INEGI Series III) first edition from 2005 produced by 
the National Institute of Statistics, Geography, and Informatics (INEGI), Mexico. 
This data set was created using Landsat ETM satellite images from the years 
2000 and 2002, and ground truthing work during 2002, 2003, and 2004. This 
dataset was converted to a raster of 100x100 meters cell size to apply the 
fragmentation model. 
     The fragmentation model was run at three different analysis window sizes: 
3x3, 5x5 and 9x9 cells. Each of these window sizes was selected to represent 
different degrees of penetration of anthropogenic or natural processes into the 
forest patches. In the 3x3 cells analysis window the centre cell has a 
neighbourhood of 100 meters in radius.  The 5x5 and 9x9 cells window sizes 
have neighbourhoods of 200 and 400 meters in radius respectively. The different 
analysis window sizes classify the areas into the fragmentation categories 
differently. Figure 1 presents an example of the results obtained for a sample 
area. 

 
Figure 1: Example of how the size and distribution of the fragmentation 

categories created by the fragmentation model change when using 
the 3x3, 5x5, and 9x9 cells windows. 
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     The results of the fragmentation model shown in table 1 indicate that the 
Broadleaf forests followed by the Tropical dry deciduous forests have the most 
complex spatial patterns of all the forest types studied. These two forest types 
have the lowest percentages of the total areas classified as “interior”, and the 
highest percentages of their total areas classified in the “patch” and “transitional” 
categories that correspond to highly fragmented areas (see figure 1). In contrast 
the Tropical sub-evergreen rain forests have the largest percent of their total area 
classified as “interior” and the smallest areas classified as “patch” or 
“transitional” of all the forest types studied at every analysis window size. This 
indicates that at the national level, the Tropical sub-evergreen rain forests tend 
to be arranged in more compact with less edge clusters than any other forest 
type.  
     The Tropical evergreen rain forests have the smallest total extent of all the 
forest types studied. These forests also have the largest percent change increases 
in the areas that become classified “patch” or “transitional” as the analysis 
window increases. These results indicate that these forests have the largest 
proportion of their total area arranged in isolated patches with complex edges, 
small patches, or narrow peninsulas of all the forest types studied. 

4 Implications for the conservation and sustainable   
management of the forests in Mexico 

The forests in Mexico have been subjected in recent decades to severe 
deforestation and degradation processes [1–3, 20, 21]. The total remaining area 
and deforestation rates are important parameters to estimate the sustainability of 
these ecosystems. However, equally important for this estimation are the 
conditions of the remaining forests in regard to their ownership, composition, 
structure, and level of fragmentation.  
     The fragmentation analysis results can be used to support different forest 
conservation strategies, for example: Identify regions for protection and 
preservation based on their persistence as “interior” areas as the fragmentation 
analysis window increases; identify areas where restoration efforts could be 
concentrated to expand the extent of “interior” areas by filling the “perforated” 
areas; support a strategy of reducing vulnerability by focusing on places that are 
near critical fragmentation thresholds (“transitional”); or create a strategy of 
restoration that concentrates on areas  that are already fragmented (“patch”). 
     The information on the level of fragmentation of the forests can also help to 
change how conservation and restoration efforts are conceived and approached in 
Mexico. For example, large reforestation efforts have been carried out in Mexico 
with very limited success [22]. These efforts have concentrated in areas where 
current socio-cultural, economic, institutional-legislative, or environmental 
conditions are not likely to allow the long-term support of forests in the near 
future. Instead, or parallel to these reforestation efforts, resources could be 
channelled to areas where investments can potentially return greater benefits in 
terms of conservation and expansion of the forest areas (particularly “interior” 
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areas). This would be the case of the “perforated”, “edge”, and “transitional” 
areas identified in the study by Moreno-Sanchez [12]. In these areas forests still 
remain and investments can help to slow down or reversed degradation processes 
and contribute to protect and expand “interior” forest areas. 
     The information on the spatial pattern of the remaining forests will allow a 
better estimation of the capacity of these ecosystems to maintain critical 
ecosystem functions, support specific flora, fauna, and supply marketable and 
non-marketable goods and services.  This revised capacity will be a better 
foundation to develop more effective management plans that target the specific 
ecological conditions created by the level of fragmentation in the remaining 
forest masses.  
     Future research efforts to complement the fragmentation results here 
presented include: Estimation of the accessibility to forest areas and their 
proximity to anthropogenic land uses and activities; and evaluation of the 
evolution of the fragmentation of the forests by comparing forest cover 
conditions from different dates. We are currently collecting the information 
necessary to carry out these projects.  
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