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ABSTRACT
High mountain forests are habitat for a broad diversity of plant species. In rural households, 
firewood biomass from forests is the main source of fuel, both for cooking and for heating during 
the cold season. The objective of the study was to determine the relationships of rural families 
with plant resources, through the use of firewood in open hearths. The variables studied were 
consumption, extraction, use and management of woody species, and the processes related to 
the impact on the tree structure in a high mountain community in Miquihuana, Tamaulipas, 
Mexico. A survey was applied to the inhabitants to understand the forest species used as biofuel, 
the amount of logs, the distance traveled to obtain them; and, through the use of satellite images, 
the normalized differentiation vegetation index (NDVI) was obtained. A loss of plant coverage 
of 7.7% was found, between 2010 and 2020; the main species used are oak (Quercus mexicana) and 
pine (Pinus pseudostrobus), because of their characteristics of combustion and the flame duration, 
as well as the amount of biomass used by family per year, which is approximately 74.0 m3. The 
density of the species decreases mainly due to the extraction of firewood for domestic use, 
because it is an activity that is conducted day after day. This indicates that there is a negative 
impact in the forests and it is necessary to apply actions that help in their recovery.

Keywords: biomass, rural families, timber-yielding resources, tree vegetation.

INTRODUCTION
High mountain forests are habitat for a broad diversity of plant species, 
which intervene with different functions in favor of the environment, such as 
water accumulation, attenuation of local climate, reduction in the impact of 
contaminant gas emissions, prevention of soil loss from erosion, in addition 
to protecting human communities against avalanches, rock detachment, and 
landslides (Gottle and Sène, 1997). They are also a source of renewable energy 
that is available practically in the entire planet (Arfin et al., 2014), which is 
estimated to represent approximately 10% of the total of types of energy used 
(Food and Agriculture Organization of the United Nations-FAO, 2018).
In rural households, woody biomass from the forests is the main source of 
fuel, both for cooking and for heating during the cold season; in different 
tree species, it has been recognized as an alternative and profitable source 
of energy, because it is a fuel that has environmental advantages over fossil 
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fuels (Komala and Prasad, 2014). However, Sada-Ovalle et al. (2015) mention 
that timber-yielding plant species from forests are used inadequately. In the 
world, 3,000 million people depend on this resource to cook or to protect 
themselves from the cold inside the house, as is the case of the locality of study 
(Marcela, Miquihuana, Tamaulipas, Mexico), due to a rigorous winter since it 
is a high mountain community, which represents a concerning theme for the 
environment because of the daily use of the resource in rural zones (Rosenthal, 
2015).
According to the National Institute of Statistics and Geography (Instituto 
Nacional de Estadística y Geografía, INEGI, 2010), in Mexico there are nearly 142 
million hectares covered by forest (Merino-Pérez, 2013), which are used by 
almost 20% of the rural population as a source of energy for the households. 
This demand has an impact on the regeneration of the ecosystems, causing for 
some timber-yielding species to reduce their natural populations considerably 
(Bello-González et al., 2015).
In Mexico, the use of forest species as wood fuels can supply most of the 
rural population and part of the urban, which, as a whole, is estimated to be 
around 28 million (Masera and Fuentes, 2006); however, their use leads to 
the disturbance of plant communities and has implications in the flora and 
fauna associated with this ecosystem. Likewise, there are adverse effects in the 
health of the human population exposed to burning of those fuels (Quiroz-
Carranza and Orellana, 2010); in face of this, the World Health Organization 
(OMS, 2007) mentions that their effect causes 3% of the total load of morbidity.
In this study, two related themes are addressed with the knowledge and 
practices used to supply firewood by local families. The first illustrates social 
perceptions regarding the relationship between the use of traditional open 
hearths and the use of firewood by families in the community. The second 
refers to the strategies used by the inhabitants of Marcela to guarantee 
the required volumes of firewood, among them the ways to obtain it and 
the functions among family members that depend on the biofuel, and its 
impact on the existing vegetation within the high mountain ecosystem. The 
objective of the study was, on the one hand, to contribute empirical data to 
the knowledge of the relationships of rural families with natural resources, 
in particular firewood, through analysis of the consumption, extraction, use 
and management of biofuels and, on the other hand, to analyze the processes 
related to the impact in the ecosystem as a result of the extraction of woody 
biofuels, in a high mountain community in Miquihuana, Tamaulipas, Mexico.

THEORETICAL FRAMEWORK
It is widely recognized that the impact of human activities happens in every site 
and at every level; this impact can be recognized in urban zones, agricultural 
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fields, and in some sensitive ecosystems such as forest and rainforest. The 
degradation from firewood consumption is frequently discontinuous and 
non-linear; as long as it is kept under the load capacity of the ecosystem, the 
effect of the harvest is nearly imperceptible, but when firewood consumption 
by inhabitants is persistent, it does not allow the natural recovery, causing 
deforestation (Sánchez et al., 2003). This use presents both socioeconomic 
and environmental consequences, emphasizing the disturbance of plant 
communities, with repercussions in associated flora and fauna, when the 
capacity of recovery or resilience of the ecosystem is surpassed (Quiroz-
Carranza and Orellana, 2010).
Forests are complex plant formations due to their floristic wealth, structure 
and the coexistence of different life forms, including epiphyte plants (Smith-
Ramírez et al., 2005). The high mountain forests are habitat for a broad 
diversity of plant species that intervene in various environmental functions, 
such as water accumulation; they influence local climate, reduce levels of 
CO2 in the environment, and prevent soil erosion, in addition to avoiding 
rock detachment and landslides. Although the use of the forest is an activity 
that has been conducted for thousands of years, the demographic growth has 
meant a continuous threat to the permanence of the forest (Fernández-Pérez 
et al., 2013).
Wood extraction is the main cause for degradation of the forest, and it can 
also lead to deforestation; however, selective felling operations, such as those 
for firewood consumption, do not cause degradation or deforestation, as 
long as they are conducted adequately (Kannien et al., 2008). Although the 
domestic wood and biomass resources are presently abundant, the challenge 
is to improve the availability of the raw material, the cost-efficiency of the 
wood, and the supply of biomass, to increase the value of use of national raw 
materials (Hynynen et al., 2015).
The biomass resource refers to plant or animal materials, wood, charcoal, 
residues of manure and crops (Gavrilescu and Chisti, 2005). It is used as a 
source of fuel to cook and for heating in rural households; its various forms 
have been recognized as useful and a profitable alternative source of thermal 
energy (Komala and Prasad, 2014). However, a high dependency on this 
resource is a threat for forest ecosystems and a recipe for the accelerated 
degradation of land resources, due to the growing scarcity of wood resources 
(Hakeem et al., 2014).
Burning biomass contributes to a third of black carbon global emissions, in 
addition to being an important source of organic aerosols (Saleh et al., 2014). 
Black carbon is formed from the incomplete combustion of fossil fuels, biofuels 
and biomass, and emitted directly to the atmosphere (Agencia de Protección 
Ambiental-EPA, 2012). Its particles represent a good indicator of particulated 
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substances that are harmful to health, emitted by sources of combustion 
(Pañella et al., 2017). An atmospheric contaminant is defined as any chemical-
biological substance or energy that can modify its natural characteristics when 
added to the air (Vallejo et al., 2003). Atmospheric contamination is defined as 
the presence of materials or forms of energy in the air that imply risk, damage 
or serious trouble for people and goods of any nature (Martínez y Díaz de 
Mera, 2004).
Most people spend long periods of time in closed spaces and contamination 
inside homes and buildings can have higher concentration of contaminants 
than the air outside, and therefore, health risks increase (Delgado-Saborit 
2011; Macías-Hernández, 2015). The main sources of contamination inside are 
those that liberate gases and particles in the air (Özçimen, 2012; Heinsohn and 
Cimbala, 2003). Air contamination inside, caused by solid fuels to cook or for 
heating, is one of the most important risk factors to contract acute respiratory 
infections (Bhargava et al., 2004; Billionnet et al., 2011; Zhao et al., 2011; Huboyo 
et al., 2014; Upadhyay et al., 2015).
Air contamination inside is associated to a higher risk of adverse effects to 
health, which can be acute and chronic, including acute respiratory infections, 
pneumonia, chronic tuberculosis, pulmonary disease, cardiovascular disease, 
cataracts and cancer (Chakraborty et al., 2014; Bekö et al., 2015). There is 
increasing evidence that exposure to bad air quality inside is also responsible 
for the increase in mortality and morbidity (Ohura et al., 2009, Anderson et al., 
2011; Rivas et al., 2014). The greatest impact happens in the least developed 
countries, with a vulnerable population mainly in women and children who 
are the ones that spend long periods inside (Fullerton et al., 2008).

METHODOLOGY
Description of the study area

The study was carried out in a high mountain zone, in the community of 
Marcela, Miquihuana, in Tamaulipas, Mexico, located within the coordinates 
latitude: 23.751389 and longitude: -99.818333, at approximately 2,500 masl, 
with an extension of 13,200 hectares (INEGI, 2010). It is enclosed in the Sierra 
Madre Oriental and presents varied ecological conditions, which have led 
to the establishment of high mountain forests (Figure 1); the predominant 
vegetation is the pine-oak forest with rosetophylous scrub of Agave gentryi 
(Castillo-Hernández and Treviño-Carreón, 2009).
High mountain forests such as the ones in Marcela are classified as part of the 
vegetation of Nearctic origin, where the climate has a very marked seasonality 
with a prolonged winter. Although the dominating forests in this site present 
floristic differences, their physiognomy and structure is similar and the climatic 
and edaphological conditions are typical of temperate climates (Challenger, 
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1998; Treviño-Carreón and Valiente-Banuet, 2005), where the oak-pine forest 
predominates, in addition to the presence of the rosetophylous scrub of Agave 
gentryi, with a transition zone between both plant communities (Castillo-
Hernández and Treviño-Carreón, 2009).
The sierra commonly known as “El Borrado” is located to the west, at 3,400 
masl, and the Peña Nevada Mountain to the northwest, highest point in 
Tamaulipas, at 3,662 masl. The soils that predominate are clay-loam with 
sediment of organic matter; it is supplied by the natural springs “Rincón de 
San Francisco” and “Rincón del Pinal”; it stands out for its timber-yielding 
forest resources, which cover 10,000 hectares approximately of pine forests, 
shared with the ejidos Valle Hermoso and Colonia La Peña. The community 
of Marcela is located at a distance of approximately 65 kilometers from the 
municipal township (Periódico Oficial, 2008). It is part of the 20 localities that 
make up the municipality of Miquihuana, which is the third with greatest social 
backwardness (Consejo Nacional de Evaluación de la Política de Desarrollo 
Social-CONEVAL, 2015).

Source: prepared by the authors based on INEGI (2020).
Figure 1. Location and vegetation in Marcela, Miquihuana, Tamaulipas.
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In Miquihuana there are 3,704 inhabitants, mostly men (51.6%), 29 years of age 
on average; meanwhile, in Marcela there are a total of 70 inhabitants, among 
them 40 men, made up by 18 families originally from Tamaulipas and San Luis 
Potosí. This number has decreased as a result of the migration of young people 
to other neighboring communities or the state capital, with a percentage of 
municipal migration of 39%, the main cause being family (76%), followed by 
work (7.8%), insecurity (6.2%), another cause (5.4%), and to continue studying 
(4.7%). The economically active population in the municipality is 40.4%, with 
men of 12 years and more being those of highest activity with 82.2% (INEGI, 
2020; INEGI, 2021).

Rural participatory diagnosis
This diagnosis allows approaching communities and thus being able to start 
approaching the perception of inhabitants of the community about the use, 
management and customs around firewood. Therefore, to be able to recognize 
the importance of every detail captured both with observation and with 
surveys (Blanco et al., 2017).
A survey about knowledge and perception was designed, which was applied 
to women, because they are the ones that make direct use of this wood 
resource; the questions were focused on the amount of logs used in the open 
hearth during the day, daily hours that women spend in front of it, and aspects 
that refer to the use of firewood in the households, problems to gain access 
to the resource, sexual division of labor to collect firewood, time devoted to 
obtaining firewood, and the work implicated in obtaining it. The surveys were 
applied to 11 women of local families, out of a total of 18 families that live in 
the locality of Marcela. In addition, participatory observation was used, which 
involves social interaction between the researcher and the informant (Taylor 
and Bogdan, 1984), to establish the conditions on the use of the hearth and 
biofuels, both in cooking and to protect themselves from low temperatures 
inside the rural households, as well as cultural aspects in terms of availability 
and access to obtain firewood.
With the purpose of recording details not included in the survey or outstanding 
comments during informal talks, an observation guide was developed. It was 
used to classify cultural data based on Murdock’s classification (1989). This 
document allowed to channel the observation of variables of interest and the 
information was retained through mental photographs, to later be transcribed 
in a field work diary.

Evaluation and analysis of the impact on the vegetation
Images were used for this purpose, to implement a geographic information 
system through ArcView 3.2 and the superposition of images on digital files, 
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according to the digital cartography of INEGI’s vegetation series IV (2020) and 
through the use of Lansat 5 and Lansat 8 images, with less than 10% cloudiness. 
The Normalized Differentiation Vegetation Index (NDVI) was calculated, 
which allowed to separate zones covered with vegetation and uncovered 
zones (Chuvieco, 1998), where the plant coverage of the community between 
the years 2010 and 2020 was analyzed. In the images from 2010, the bands 3 
and 4 were analyzed, where it was found that the near-infrared, belonging 
to band 3, and the red represent the measurements of spectral reflection of 
band 4; in contrast, for 2020, the bands 4 and 5 were analyzed for near-infrared 
and the spectral red region, respectively; with the images of both years, the 
following formula was applied:

Rojo
Rojo

IRCDVI
IRC

−
=

+

The analysis used to calculate the NDVI was done through the Arcmap 10.3 
tool in the geographic information systems, with the aim of establishing and 
defining the rate of vegetation loss during the decade analyzed.
The sampling units were located in the zones selected, where there is use of 
firewood by the community’s inhabitants; vegetation sampling was conducted 
in eight sites selected randomly, with similar characteristics, four in the zone 
with pine forest and four in the zone with oak forest, gradually distancing each 
sampling site from the community, by one to two km between sites (Figure 2). 
The species per vegetation stratum were measured and counted; in each site, 
three quadrants were established with three repetitions of 10 x 10 m. These 
quadrants were divided into sampling subunits to analyze the scrub and tree 
vegetation strata, as presented in Figure 2. For the tree stratum, individuals 
with height over 1.3 m were considered and with diameter at breast height 
(DBH) of more than two cm; in the scrub stratum, plants with an average 
height of 0.5 to 1.3 m were considered, and with ramifications from the base 
of the plant.
For each of the species of the vegetation strata, the Importance Value Index 
(IVI) developed by Curtis and McIntosh (1951) was obtained, where the relative 
cover (Cr), relative density (Dr), and relative frequency (Fr) were calculated.

IVI Fr Dr Cr= + +

RESULTS 
According to the information obtained from the rural diagnosis, the farmable 
surface is approximately 1,000 hectares, on which seeds are sown of barley 
in 90%, corn in 8%, fava bean, pea and potato in 2%. The annual rainfall is 
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more than 600 millimeters. As an alternative of production, there is small-scale 
livestock breeding of cattle, sheep, pig, in addition to the poultry industry.
The main economic activity of men is farming and extensive livestock 
production. When it comes to agricultural activities, they plant oats, wheat, 
corn, bean, potato, fava beans, and squash, in addition to devoting themselves 
to breeding sheep, goats and registered cattle. Backyard agriculture and 
livestock production are complemented with the production of oats, barley 
and wheat, as well as the breeding of chickens, pigs and turkeys (Meleagris 
gallopavo). Practically the entire production, both plants and animals, is destined 
to subsistence, except the cereal crops and the standing calves; however, 
occasionally, this generates the entry of income to the family from the sale of 
production surplus in the other crops, and the sale of dairy products. Another 
source of income for the local families is remittances sent by migrants from 
the United States or the main cities in the states of San Luis Potosí, Tamaulipas 
and Nuevo León, where they work as bricklayers, painters, or selling food or 
snacks, among other commercial activities, which depend on the season and 
are of variable duration, from some months to years.

2.5m

5m

10m

2.5m

5m

10m

2.5m

5m

10m

Source: prepared by the authors.
Figure 2. Quadrants and subunits of sampling in the tree and scrub vegetation 
structure.
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In the community of Marcela in Miquihuana, Tamaulipas (Mexico), the use of 
firewood as a source of energy to cook food is a daily practice, since the families 
only have firewood stoves in the traditional hearth. Therefore, its collection is 
an activity of extreme relevance, given the importance of the resource as the 
basic fuel in domestic use. Firewood extraction evidences the close relationship 
of the families with natural resources, since they must stock up on the resource 
and manage it inside the domestic unit, to prepare meals, activity related with 
the sexual division of labor. In fact, rural women are the ones in charge of work 
inside the peasant domestic units, which includes responsibilities associated 
with the household, among them food preparation, domestic tasks, caring and 
feeding the children, purchasing supplies, and hauling water and firewood. In 
addition, they participate in productive and community work.

Analysis of the consumption, extraction, use 
and management of firewood

According to the surveys, it was determined that most families in Marcela self-
supply with the biofuel, following the typical pattern of rural communities in 
the country (Del Amo, 2002). Of the families surveyed, 60% collect firewood 
in the forest; only around 10% purchase it, and 30% uses the two strategies. 
This is because many families do not have a sufficient amount of firewood to 
allow them to cover the total demand per week, although it is enough to cover 
part of the daily needs. It was found that most of the families use firewood as 
the primary fuel, while 18% combine the use of firewood with LP gas, since in 
the community there is differentiated access to the resource, in function of the 
possibilities of obtaining fuels by families.
Regarding the supply of the biofuel, the decision about whom is responsible 
for it is determined mainly by the following factors: a) power relationships 
within the domestic nucleus, b) productive activities performed by each of 
the family members, c) number of family members, d) proportion of men and 
women in the household, and e) physical capability of the family members, 
many times related to age or disease. Because men are responsible for the 
domestic tasks that require greater strength, women are in charge of supplying 
and managing the resources to fulfill their role within the domestic scope, and 
this determines that in many places it is the women who are responsible for 
supplying firewood in their households (Calderón et al., 2018; Soares, 2006).
These results show that there is a complementarity of functions and solidarity 
between members of the families, with the aim of ensuring the greatest 
volume possible of the biofuel. Thus, and although the men are the ones 
mainly responsible for firewood supply to the household in the community 
of Marcela, this task is also the responsibility of every member of the family 
domestic unit, insofar as they are fit enough to do it.
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In the family, 74.5% of the husbands, sons and daughters perform the tasks 
of cutting and hauling firewood, 20% pointed out that the wives help in this 
activity, and when all the members of the family are busy, it is only the women 
whom are in charge of supplying the firewood (5.5%). Although a relatively high 
percentage of women heads of household surveyed (73%) answered that the 
whole family participates in firewood collection, the contribution of husbands 
in firewood collection always takes place, even if they have agricultural or 
livestock production activities within the production unit. However, even when 
all the family members participate, their participation is differentiated, since 
it is the adult men whom are in charge of felling the trees, while women and 
children are in charge of arranging the logs into loads for hauling.
The main firewood species used to cook and for heating (Figure 3) are pine 
(Pinus pseudostrobus), oak (Quercus mexicana), and arbutus (Arbutus xalapensis); 
they are the preferred forest species, because they are hard and long-lasting 
woods, among which oak is the species used by 100% of the inhabitants.
From these species, the amount of firewood used per family on average 
during a week is 50 logs, equivalent to 1.41 m3 of wood, which represents 
approximately 74 m3 per family per year. The families use the traditional hearth 
at least five times per week in the community of Marcela, and therefore, the 
amount of firewood used per year in the community is approximately 686.4 
m3, considering the warm and cold seasons, with an average temperature of 

Source: prepared by the authors with field information (2019).
Figure 3. Main species used for cooking and heating.
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16.5 °C. This wood is obtained from zones neighboring the community, within 
an approximate radius of two km (Table 1) and it takes them between one and 
three hours per week to obtain it.
Regarding the strategies used by inhabitants in Marcela to guarantee the 
volume of firewood required for the family use, they organize themselves 
in different ways to obtain the resources, which will depend on the age, sex 
and functions among family members to supply the biofuel, as well as on 
their access to finding it, that is, the impact on the tree structure in the high 
mountain ecosystem, information that is presented according to the results 
obtained from the data analysis. 
In the community, the use of firewood as a source of energy to cook foods or 
to make tortillas is a daily practice, since the families only have wood stoves, 
so the hearth remains lit between eight and ten hours per day. Therefore, 
firewood collection is a relevant activity, since this resource is used as 
basic fuel for domestic tasks. Firewood is also used to heat the households, 
primarily during the strong winters that strike the community or to dry meat 
for its preservation; this is a cultural tradition in the region, related to the 
consumption of dry meat.

Impact on the ecosystem 
Based in the analysis to obtain the NDVI, the impact in the zones where woody 
fuels are obtained could be determined, not only on the timber-yielding species, 
but also on associated species. For the year 2010, a percentage of vegetation of 
56.9% was identified regarding the total area of the community, and in the year 
2020, a percentage of 49.2% was obtained (Figure 4), which represents a loss of 
7.1% of plant coverage in a period of ten years in the study zone; this corroborates 
the information provided by inhabitants and the recollection sites of the woody 
material.
The dominant vegetation of these sites constitutes a pure mass, composed 
by species of the genus Pinus, which is called pine forest according to the 

Table 1. Distance traveled to harvest forest species, leaving from the community center in Marcela, 
Tamaulipas, Mexico.

Species 1 km 1.5 km 2 km

Pinus pseudostrobus 100 150 325
Quercus mexicana 75 125 375
Quercus miquihunense 0 100 80
Arbustus xalapensis 0 0 25
Abies sp 0 0 25
Agave gentry 850 700 775

Source: prepared by the authors with field information (2019).
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classification system by Miranda and Hernández (1963). These forests develop 
at altitudes between 2,700 and 3,100 masl. The low stratum is composed in 
the form of individual pine growths from regeneration, with a height of five 
meters, as well as an oak scrub with height below three meters, associated with 
rosetophylous scrubs such as maguey chino (Agave montana), maguey verde 
(Agave gentryi), and lechuguilla (Agave lechuguilla). In some ravines, there are 
species of oak (Quercus spp.) and cottonwood (Populus sp.) in small areas, while 
the low stratum of these forests is made up by rosetophylous vegetation.
The results obtained, based on the sampling quadrants analyzed in the 
field, establish that the highest IVI for each site was for pine and oak. These 
indicate that there is an increase in the population density of the species of 
pine and oak, compared to the distance from the community. The species 
used as biofuel and with highest value in the IVI are: 56.3% for oak and 
54.9% for pine.
When it comes to the diversity of species, the data analysis establishes that 
the distance of the forest from the community is determinant, as is the case of 
species like madrone (Arbutus xalapensis) and fir (Abies sp.), whose individuals 
began to be found two kilometers away from the community center (Table 1).
Because of the geographic location of Marcela, the inhabitants have easy access 
to forest areas, and therefore, they can easily obtain the biofuel; however, with 
the passage of time, the collection of firewood implies greater effort, since they 
increasingly have to travel further to be able to get it, which involves more 
time investment in this activity by the men in the community.

Source: prepared by the authors based on images in digital files (INEGI, 2020).
Figure 4. NDVI 2010 in Marcela, Miquihuana, Tamaulipas, Mexico.
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No vegetation
Vegetation
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DISCUSSION
In a study conducted by Gil-Mora et al. (2020), in forests above 3,500 masl, 
the scarcity of firewood and the work it takes to obtain it encourages the 
communities not to waste it. The women and young people are the ones 
in charge of collecting the firewood that they find on their path next to the 
livestock, which constitutes their daily supply. However, there is a division of 
labor to obtain it, where the man can obtain a greater load of firewood, while 
women and children haul a smaller load of firewood. Bello-Román et al. (2023) 
reported that the most distant sites for collection of dendroenergetic species 
are forests, so the availability of these resources increases during the journey. 
This means that the management of the species used as firewood implies the 
knowledge of their availability in time and space. 
Firewood collection contributes to generate an impact on the plant cover. 
Santos et al. (2012) mention that it depends on the intensity of the harvest 
and the abundance of the timber-yielding resource. In addition, the negative 
environmental effects derived from the anthropogenic pressure on the 
populations of plant species used as biofuels are linked. This corroborates 
that, in addition to the altitudinal pattern of forest diversity, the anthropogenic 
actions explain part of the variation in height of woody species, located in the 
surrounding areas of the community of Marcela.
Marcela has endemic plants and animals, whose populations have been 
reduced by fragmentation and reduction of the ecosystem, because of the 
selective extraction of trees to be used as wood for facilities, such as tutors, 
fuel or posts for fences, which will later be transformed into conventional 
agricultural and livestock production systems. This is in addition to the high 
dispersion of the populations in zones far from the population centers, the high 
costs of electric energy use, the lack of alternative sources of energy different 
from biomass combustion, which forces communities to use firewood as the 
main fuel to prepare their foods (Ramírez and Taborda, 2014; Rosenthal, 2015; 
Hernández-Garduño et al., 2017).
The consumption of firewood for domestic use, under a scheme of use of fallen 
and dry tree branches, does not alter the structure and essential function of 
the forest, where the plant communities are benefitted, since extracting 
dead wood decreases the danger of fire and the presence of forest pests, and 
clearing favors natural renovation, as stated by Masera and Fuentes (2006) in a 
study about the processes of disturbance in the plant communities in Yucatán, 
generated by other human activities. On the other hand, in a study conducted 
by Cortés-Blobaum et al. (2019) in Hidalgo, Mexico, the authors report that 
the perception of the inhabitants in the study area is that firewood extraction 
impacts positively the forest, which agrees with what is reported by other 
authors.
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The impact of the unsustainable extraction of native firewood from forests 
with fragile soils and low productivity, is mostly critical, as well as from the 
absence of environmental policies and programs that allow addressing this 
situation. Therefore, a system that allows monitoring firewood consumption 
and regulating the demand of native species is necessary (Reyes et al., 2022).

CONCLUSIONS
In the community, the use of firewood as a source of energy to cook is a daily 
practice, since the families only have firewood stoves and cook with traditional 
open hearths. Therefore, its harvest is a daily and important activity, given 
that this resource is used as basic fuel in domestic consumption.
The extraction and supply of firewood evidences the close relationship of 
families with natural resources, because they must obtain the resource and 
manage it inside the domestic unit. This activity, even when it is performed 
according to the traditional division of labor between men and women, is 
exclusive of the masculine sex; however, when the firewood decreases in the 
household, the women intervene, when the men are occupied with farming 
tasks.
The density of individuals of timber-yielding species in the zone decreases 
because of firewood extraction for domestic use. On the contrary, the diversity 
of species (in the pine forest), is directly proportional to the distance from 
the community of Marcela, mainly in timber-yielding species. Therefore, it is 
recommended to allow taking advantage of the energy, as well as promoting 
the conservation of its habitat, since the inhabitants depend on these resources 
for their basic needs such as food and heat.
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