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Article 

Estructura y composición de la vegetación en cuatro 
sitios de la Sierra Madre Occidental 

Structure and composition of the vegetation in four sites 
of the Sierra Madre Occidental 

Tilo Gustavo Domínguez Gómez1, Blanca Nallely Hernández González2, Humberto González 
Rodríguez2*, Israel Cantú Silva2, Eduardo Alanís Rodríguez2 y María del Socorro Alvarado3 

Resumen: 
Con el objetivo de evaluar la estructura y composición de especies en bosques de El Salto, Pueblo Nuevo, 
Durango, se establecieron cuatro sitios de estudio (2 500 m2), donde se ubicaron aleatoriamente 10 parcelas 
de 100 m2. Las variables registradas fueron altura (m), diámetro a la altura de pecho (cm) y área de copa 
(m2); la dominancia se calculó a partir del área basal y la densidad, de acuerdo con el número de árboles; se 
determinó el índice de valor de importancia (IVI). La diversidad y la riqueza de especies se estimaron utilizando 
los índices de Shannon-Wiener (H´) y Margalef (DMg). La similitud se obtuvo con el modelo de Bray-Curtis. Se 
identificaron 18 especies distribuidas en nueve géneros. El sitio 2 presentó la mayor diversidad (9 especies), y 
el de menor correspondió al S1 (6 taxones). En este y en el S3, Quercus sideroxyla registró el valor más alto 
de importancia ecológica; en S2, le correspondió a Quercus durifolia y en S2 a Pinus cooperi. El índice de 
Shannon-Wiener (1.51) y el de Margalef (1.79) más grandes se obtuvieron en este último sitio y el menor 
(0.93) en el ejido Banderas; mientras que el más bajo (0.97) para el de Margalef en el ejido El Brillante. El 
modelo de Bray-Curtis evidenció semejanza entre S1 y S3, con un valor de 25.59 %. Valores que indican 
tendencia a la heterogeneidad de los sitios. 

Palabras clave: Heterogeneidad, índice de Margalef, índice de Shannon-Wiener, índice de valor de 
importancia, modelo de ordenación Bray-Curtis, riqueza de especies. 

Abstract 
The structure and composition of tree species were evaluated in the Sierra Madre Occidental, in the area of El Salto, 
Pueblo Nuevo, state of Durango, Mexico. Four study sites (2 500 m2) were established, where 10 plots of 100 m2 
were randomly located. The registered variables were individual height (m), diameter at breast height (cm), and 
projected crown area (m2). The dominance of each species was quantitated according to its basal area, and its 
density, according to the number of individuals. The importance value index (IVI) was then calculated. The diversity 
and species richness were estimated using the Shannon-Wiener diversity index (H') and the Margalef index (DMg), 
respectively, and Bray-Curtis ordination was utilized to obtain the similarity between sites. The results show that 
there were 18 tree species belonging to 9 genera. The Santa Bárbara site exhibited the largest number of species 
(9), while ejido Adolfo Ruíz Cortines had the smallest (6 species). Quercus sideroxyla is the most ecologically 
important species in ejido Adolfo Ruíz Cortines and ejido El Brillante, followed by Quercus durifolia in S2, and Pinus 
cooperi was the most important species in the Santa Bárbara reserve site. Santa Bárbara had the highest Shannon 
diversity index (1.51), and ejido Banderas had the lowest (0.93). The highest values for the Margalef index (1.79) 
corresponded to the Santa Bárbara reserve site (S4), and the lowest (0.97), to ejido El Brillante (S2). The Bray–
Curtis ordination revealed similarity (25.59 %) between ejido Adolfo Ruíz Cortines and ejido El Brillante, indicating 
a tendency to heterogeneity. 

Key words: Heterogeneity, Margalef index, Shannon-Wiener index, importance value index, Bray-
Curtis ordination, species richness. 
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Introduction 

Mexico is one of the 10 countries with the greatest biodiversity and the largest surface 

area of primary forests in the world. It occupies the fourth place in species richness 

(Semarnat, 2011). It has a tree-covered surface area of over 64.8 million hectares of 

which 52 % correspond to temperate forests (Challenger, 1998; Conafor, 2012), 

distributed in the Sierra Madre Oriental (Eastern Mountain chain), the Sierra Madre 

Occidental (Western Mountain chain) and the Sierra Madre del Sur (Southern 

Mountain Chain) (FAO, 2005; Granados et al., 2007). 

The Sierra Madre Occidental (WSM) is the largest mountain complex in Mexico; it 

stretches along almost 1 200 km from northeastern Sonora (30°35' N) to northern 

Jalisco (21°00' N). Despite its great environmental and economic importance, its 

composition and structure are still not well-known (González-Elizondo et al., 2012; 

Graciano-Ávila et al., 2017a). 

The classification of vegetation units and types is an important tool for improving the management, 

exploitation and conservation of the ecosystems (González-Elizondo et al., 2012). 

Durango is one of the most prominent Mexican states, due to its timber production 

and to the conservation of its resources; among the regions of this state, El Salto 

stands out for its forests with sparsely distributed conifers, including the Picea, Abies, 

and Pseudotsuga genera (Aguirre et al., 2003). 

The vegetation structure refers to the distribution of the tree component, in both the 

vertical and horizontal planes. Basically, the horizontal structure is given by the 

mensuration distribution (basal area and volume per diametric category), as well as 

by the abundance, frequency and dominance. The basal area is a useful indicator of 

the productive potential of a forest (Finegan, 1992). The composition describes the 

number of families, genera and species within the forest at the time of the inventory. 

The components considered to best complement the information regarding the 

composition are diversity, species richness, and similarity between the species, 

among others (Louman et al., 2001). 
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Although the conservation of diversity is a part of forest management, there is 

evidence that this and the dimensional structure of the taxa have changed 

dramatically due to the dynamics of the ecosystem, as a result of the effects of both 

natural events and anthropic activities, such as cyclones, hurricanes, tornadoes, 

pests, diseases, forest exploitation, changes in soil use, and forest fires (Vetaas and 

Chaudhary, 1998; Hernández et al., 2013; Medrano et al., 2017). 

The studies carried out by García-Arévalo (2008), Valenzuela and Granados (2009), 

De León et al. (2013), Delgado et al. (2016) and Medrano et al. (2017) stand out 

among the quantitative studies describing the composition and structure of the 

vegetation in the WSM. Although the El Salto region of Durango includes various 

topographic conditions that are characteristic of mountainous areas, there is little 

information about the composition and structure of its species; such information 

would be a significant contribution to our knowledge for the aim of incorporating them 

to conservation or forest exploitation programs. Therefore, according to the 

theoretical assumptions that frame the present research, there are no differences in 

the composition or structure of the vegetation in the study sites. 

For this reason, several recorded measures, including the mensuration parameters 

total height (m) and crown diameter (m2) were quantified; crown diameter was 

estimated based on the length (north-south) multiplied by the width (east-west) of 

the crown of each individual tree, in order to calculate the partial and total cover of 

the species existing in each site. 

The ecological indicators of abundance (A), dominance (D), frequency (F) and 

importance value (IV) were determined, and the results were compared among sites. 

Thus, the objective of the present research was to describe the structure and 

composition of the vegetation in four sites of the WSM, Mexico, in order to contribute 

to the biological knowledge of this area as a helpful instrument for the conservation 

and sustainable management of forest ecosystems. 
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Materials and Methods 

The study was carried out in the summer of the year 2016, at four sites located in 

the state of Durango, Mexico (Figure 1). Site 1 (S1) was Adolfo Ruíz Cortines, in the 

municipality of Pueblo Nuevo, Durango; it is located at the geographical coordinates 

23°44’39.82’’ N and 105°18’23.99’’ W, and at an altitude between 2 450 and 2 650 m, 

on a surface area of 4 223.83 ha. Its climate is temperate subhumid with summer 

rains, and it has a winter precipitation of 5 to 10.2 mm; its mean annual temperature 

is 18 °C, and its mean annual precipitation, 800 mm (García, 1981). 

The soil types in this site are Lithosol and Regosol. The main plant communities consist of mixed 

forests including species of the genera Pinus and Quercus, plus a few shrubs; the most 

representative vegetation types are pine, pine-oak and oak-pine forests (INEGI, 2010). 

Site 2 was Banderas del Águila (S2), in the municipality of Durango, located at the 

coordinates 23°58´33.01’’ N and 105°22´54.99” W, at an altitude of 2 400 m, on a 

surface of 2 100 ha. The climate is semicold-temperate subhumid, with an annual 

temperature ranging between 0 and 22 °C, and an annual precipitation of 400 to  

1 200 mm (García, 1981). The soil types are Lithosol, Regosol and Cambisol, with a 

mean depth of 10 cm, a medium texture, and 18 % rockiness (INEGI, 2010). The 

predominant vegetation types are Pinus ayacahuite Ehrenb. ex Schltdl., Pinus cooperi 

C.E. Blanco, Pinus durangensis Martínez, Pinus leiophylla Schiede ex Schltdl. & Cham., 

Pinus teocote Schiede ex Schltdl. & Cham., Quercus durifolia Seemen ex Loes, 

Quercus rugosa Née, and Quercus sideroxyla Bonpl. forests (INEGI, 2010). 

Site 3, El Brillante (S3), belongs to the municipality of Pueblo Nuevo, Durango; it is 

located at 23°40’30” N and 105°30’30” W, at an altitude ranging between 2 670 and 

2 750 m. According to García (1981), its predominant climates are semicold subhumid 

with summer rains and temperate subhumid with summer rains. Its mean annual 

precipitation is 1 200 mm, and it covers a surface area of 9 516 ha. According to 

INEGI (2010), the prevailing soil types are Cambisol, Regosol and Lithosol. The 

vegetation corresponds to Pinus and Quercus forests, with shrubs like Arctosta phylos 

pungens Kunth and Quercus microphylla Née (INEGI, 2010). 
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Site 4, Santa Bárbara (S4), is located at the coordinates 23°39’39.12’’ N and 105°26’7.03’’ W, 

almost 24 km north of the Tropic of Cancer, and approximately 23 km south of El Salto, at an 

altitude of 2 721 m, and on a surface area of 65 ha; its mean annual precipitation is 800 mm 

(García, 1981); its predominant soil types are Lithosol and Regosol. The valley of Santa Bárbara 

has a permanent current and is protected against dry winds. Three conifer species grow in this 

particular site —Picea chihuahuana Martínez, Abies durangensis Martínez, and Pseudotsuga 

menziesii Mirb. (Franco)—, on a limited area of nearly 20 ha. These taxa are rare in Mexico, and 

in Durango they are protected remnants with a high degree of conservation. The presence of 

Picea chihuahuana is particularly significant. The proximity of this stand to the Tropic of Cancer 

provides a rarely occurring climate for the development of the genus Picea; only another one of 

its species can be found in Asia, at a locality with a similar altitude (Gordon, 1968). The area 

corresponding to the Santa Bárbara plot is not under management because it was declared a 

Protected Natural Area at state level in the year 2018. 

 

Figure 1. Study area. 
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The plots established in Adolfo Ruíz Cortines, Banderas del Águila and El Brillante have a forest 

management program consisting in selective felling (SF) silvicultural treatments, characterized 

by two conditions: the stands are not even-aged, and regeneration never loses the protection 

(or the competition) of the older age classes around it. The method involves extracting from 

individual trees (or small groups of trees), and the regeneration that grows in their place 

requires tolerant species capable of establishing and surviving under the conditions of these 

small openings in the stand canopy.  

In the management units intervened with selective felling (SF), the felling targets 

mainly those categories with larger diameters, and is a priority in those individuals 

that are infested by pests, ill or physically damaged, suppressed or standing dead. 

However, under high density conditions, removal of trees of all diameter categories 

becomes necessary (UMAFOR, 2010). 

 

Vegetation composition and structure 

Ten 10 m × 10 m random sampling plots were selected in each study site, within a previously 

established plot (2 500 m2) representative of the site in question. The geographical location 

was registered using a Garmin Rino 650 GPS navigator. García et al. (2010) and Alanís-

Rodríguez et al. (2011) used similar sampling dimensions to characterize the tree vegetations 

in temperate forests of Colombia and in northern Mexico, respectively. 

During the summer of 2016, the density was quantified by plant species in each unit 

(only when at least half of an individual was located within the boundaries of the 

sampling unit); the following mensuration parameters were measured: normal 

diameter (d, cm, HaglöfTM Mantax Blue 950 Mm forest caliper), total height (h, m, 

Vertex IV Laser HaglöfTM HS102 hypsometer), and crown canopy (m2 ha-1, CM112 50 

m TruperTM measuring tape). The crown canopy was estimated based on the length 

(north-south) and the width (east-west) of each crown, in order to calculate the 

partial and total cover of all the species present at each site. 

The ecological indicators of abundance (A), dominance (D), frequency (F), and 

importance value (IV) were determined (Brower et al., 1997; Magurran, 2004). The 
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Shannon-Wiener Diversity Index was utilized to determine the diversity of species 

(Matteucci et al., 1999). The application of the index requires that the sampling be 

random, and that all the species of a plant community be present in the sample 

(Mostacedo and Fredericksen, 2000). 

The beta diversity was estimated based on a Bray-Curtis ordination model, which is a graphic 

representation of the variation in the plant composition. The analysis is based on an algorithm 

that allows analyzing the similarity between samples through the estimation of the similarity 

percentage (0-100 %) within a distance measure (Beals, 1984). This is one of the most 

appropriate methods for the phytosociological, multivariate analysis; it was developed using 

BioDiversity Pro 2.0 software (McAleece et al., 1997). 

The dominance of the species was estimated based on the coverage data (Matteucci 

and Colma, 1982; Heiseke and Foroughbakhch, 1985). 

 

Statistical analysis 

One way analysis of variance was applied to the Shannon-Wiener diversity index and 

to the Margalef species richness index (Steel and Torrie, 1980). According to the 

Kolmogorov-Smirnov and Shapiro-Wilk statistical tests (with the correction by 

Lilliefors) and Levene statistical tests (Brown and Forsythe, 1974), the data exhibited 

homogeneity of variances and a normal distribution. They were statistically analyzed 

using the Tukey mean comparison test with a significance level of p=0.05 (Steel and 

Torrie, 1980), in order to detect differences between the means of the Shannon-

Wiener diversity index and the Margalef species richness index of the sites (Steel and 

Torrie, 1980; Ott, 1993). All the statistical procedures were carried out using the 

Statistical Package for the Social Sciences, standard version 13.0 for Windows, SPSS 

Inc., Chicago, IL USA) (SPSS, 2004).  
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Results and Discussion 

Floristic composition 

A total of 1 020 individual trees and shrubs were registered, with an average height of 6.2 m for 

the four sites, and 18 species belonging to six families were identified. Of these, the richest ones 

were Pinaceae (10), Fagaceae (3), Cupressaceae (2), and Ericaceae (2), which group 94 % of 

the registered taxa. The Betulaceae family had only one taxon. The families with the largest 

number of genera were Pinaceae, with 4, and Cupressaceae, with 2, which together account 66 

% of the total genera registered at the four study sites. The remaining families included only one 

genus each. Outstanding species were Pinus (7), Quercus (3), and Arbutus (2); Abies, Alnus, 

Picea, and Pseudotsuga had one taxon each. 

The families Pinaceae, Fagaceae and Ericaceae stood out at the four sites for their number of 

individuals—393, 486 and 76, respectively—, while Cupressaceae had 47, and Betulaceae, only 

18. S1 and S3 had the largest number of families (5), followed by S2 (4) and S4 (3). The sites 

most abundant in genera (5) were S1 and S3, followed by S2 (4) and S4, where three genera 

were identified. Nine species were identified at S4, eight at S1 and at S2, and six at S3. Quercus 

sideroxyla was the best represented species at S3 (323) and S1 (81). Q. durifolia (69) was best 

represented at S2, and Pinus cooperi (58), at S4. Only one individual was registered for each of 

the species Alnus acuminate Kunth, Pinus cooperi and Quercus rugosa at S1 and S2; Quercus 

sideroxyla registered 4 at S4, and Alnus acuminata, nineteen at S3. Of the 1 020 quantified 

individuals, the site with the highest number of specimens was S3 (512), followed by S1 (206), 

S4 (168), and S2 (134). 

Prominent floristic studies carried out in the WSM are those by De León et al. (2003), García-

Arévalo (2008), Valenzuela and Granados (2009), Aragón-Piña et al. (2010), Delgado et 

al.(2016), and Graciano-Ávila et al. (2017b), according to whom Pinaceae and Fagaceae are the 

most abundant families; Sánchez-González (2008) and González-Elizondo et al. (2012) point 

out that the high abundance of these families is due to the fact that they include 46 % of the 

pine species and 34 % of the oak species of Mexico. Likewise, they have been confirmed to be 

the dominant species in the forests of Durango (Graciano-Ávila et al., 2017a), and Zúñiga et al. 

(2018) have recently documented higher importance values for Pinus and Quercus. 
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Both families are of enormous economic interest in the forest ecosystems of the 

country, from which, respectively, 129 (80.1 %) and 141 (8.8 %) million m3 of 

roundwood were extracted in the years 1900-2012, adding up to 94.8 % of the 

national timber production (Semarnat, 2014). Other studies (Mendoza, 1993; Gavilán 

and Rubio, 2005) point out that this dominance may be due to silvicultural treatments 

geared at creating the adequate conditions —particularly of radiation— for the 

establishment of the commercially desirable species, whereby the number of species in 

the ecosystem is minimized. 

Under traditional forest management conditions, there is insufficient control over the 

process or the functioning of the system to maintain the diversity of species —an essential 

requirement for sustainable forest management (Kazana et al., 2005). For this reason, an 

adequate silvicultural treatment has an effect over the composition and structure of the 

forests and produces wood and other environmental services (Promis et al., 2010). 

 

Diversity of species in the study sites 

The analysis of variance test detected significant differences in the diversity of species 

between sites and for the combination of sites (Table 1), due to the absence of 

similarity, at least in one site, in the species richness and the number of individuals. 

 

Table 1. Results of the analysis of variance for the Shannon-Wiener diversity index 

and the Margalef species richness index. 

Index 
Variation 

source 

Sum of 

squares 

Degrees of 

freedom 

Mean 

square 
F value P value 

Shannon-Wiener 

Between sites 2.004 3 0.668 12.265 <0.001 

Within sites 1.960 36 0.054   

Total 3.964 39    

Margalef 
Between sites 4.663 3 1.554 19.114 <0.001 

Within sites 2.928 36 0.081   
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Total 7.591 39    

 

Therefore, S3 (512) stands out for the number of individuals contained in it, and is 

followed by S1 (206), S4 (168) and S2 (134). This tendency coincides with the interval 

registered by Aragón-Piña et al. (2010), Delgado et al. (2016) and Graciano-Ávila et al. 

(2017b); on the other hand, Návar-Cháidez and González-Elizondo (2009), Ramírez et 

al. (2003), and López-Hernández et al. (2017) estimated a lower average. 

Table 2 illustrates the mean comparison test for the Shannon-Wiener diversity index and 

the Margalef species richness index. 

 

Table 2. Shannon-Wiener diversity index and Margalef species richness index for 

the four study sites. 

Study site 
Index 

Shannon-Wiener Margalef 

Adolfo Ruíz Cortines 1.357±0.067ab 1.426±0.075b 

Banderas del Águila 1.102±0.063bc 0.986±0.109c 

El Brillante 0.934±0.079c 9.970±0.109c 

Santa Bárbara 1.512±0.083a 1.793±0.053a 

The values represent the mean ± standard error (n=10). Values with different 

letters in the same column differ statistically, with a significance level of 

p=0.05, according to Tukey’s mean comparison or DHS test. 

 

The Shannon-Wiener species diversity index was 0.93 (S2), 1.10 (S3), 1.35 (S1), and 

1.51 (S4). The Margalef species richness index was 0.97 (S3), 0.98 (S2), 1.42 (S1), 

and 1.79 (S4). The average for the four study sites was 1.29 and 1.22, respectively. 

The main taxa were Pinus leiophylla and Pinus durangensis, which means that they 

have a greater structural dominance and a higher level of competitiveness. 
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According to Margalef (1972), Magurran (2004) and Ramírez (2006), the diversity is 

considered to be low when the values are below 2, medium when they are 3 to 5, and 

high when they are above 5. Consequently, the diversity at the study sites is low, like 

in the El Salto region of Durango (Návar-Cháidez and González-Elizondo, 2009; 

Delgado et al., 2016; Graciano-Ávila et al., 2017a; Medrano et al., 2017), with 

diversity values of 1.33, 1.19, 1.81, and 1.94, respectively. 

The variation in the diversity of species is determined by the edaphoclimatic and 

ecological conditions and by the conversion of the land to extensive agriculture and 

livestock breeding, as well as to various anthropic activities, all of which lead to the 

presence of a variety of plant communities (Aragón-Piña et al., 2010; Alanís-

Rodríguez et al., 2011; Ramírez et al., 2013; López-Hernández et al., 2017). 

Site 4 had the greatest diversity; according to Gordon (1968) this may be due to its 

location within a valley that has a permanent current, is protected against dry winds, 

and is surrounded to the south and the east by a plateau of pine forests, and to the 

west, by a steep slope, a depression known as Quebrada del Infierno. Picea 

chihuahuana, Abies durangensis, and Pseudotsuga menziesii, three conifer species 

occurring at this site, are rare in Mexico in general, and in Durango particularly, 

where they are distributed as protected remnants with a high conservation status. 

The presence of Picea chihuahuana is particularly significant. 

The proximity of this stand to the Tropic of Cancer provides an infrequent climate 

for Picea; only another species of this genus grows in Asia, at a locality with similar 

latitude. Furthermore, Site 4 lacks forest management, as it is located within an 

ecological reserve. Site 2 was the least diverse, due to the change in soil use from 

a forest to an extensive livestock breeding area. 

Likewise, the variation in the diversity of species is greatly due to the historical 

precipitation registered at each site. 

According to Návar-Cháidez and González-Elizondo (2009), the diversity diminishes 

with the increase in the removed basal area. Habitats with low fertility reduce 

diversity, through stress caused by nutrients, and the high fertility overcomes the 
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limitations imposed by stress, leading to simplified communities (Rosenzweig and 

Abramsky, 1993; Tilman and Pacala, 1993). 

 

Floristic similarity 

The floristic composition at all four sites is represented by 18 species, of which they 

share only one (Juniperus deppeana Steud.), while Arbutus xalapensis Kunth is 

shared by sites S1, S2 and S3; Pinus cooperi is shared by sites S2, S3 and S4, 

and Quercus sideroxyla, by sites S1, S3 and S4; the last two stand out for their 

importance value. 

According to the Bray-Curtis ordination dendrogram (Figure 2), the assessed sites 

have a low similarity. The sites with the highest similarity were between S1 and S3, 

with 29.81 %, followed by a similarity of 25.59 % in regard to S4; finally, S2 had a 

similarity of 12.94 % in relation to the next group (Table 3). 

 

 

 

 

 

 

 

 

 

 

Figure 2. Bray-Curtis ordination dendrogram of the study sites. 
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Table 3. Bray-Curtis cluster analysis similarity matrix between the study sites.  

 Banderas del Águila El Brillante Santa Bárbara 

Adolfo Ruíz Cortines 12.94 29.81 9.09 

Banderas del Águila * 4.33 1.99 

El Brillante * * 25.59 

 

García et al. (2010) cite similar results for two natural forests in Colombia, which have 

a similarity of 37 % as they share 21 out of 57 identified species, and conclude that the 

low similarity is due to differences in altitude and to certain characteristics that are 

specific to the area. In relation to four study sites of northeastern Nuevo León, Ramírez 

et al. (2013) register that those located within the same altitude gradient were similar 

in species composition. The authors contend that the dissimilarity between sites is due 

to the historical precipitation registered in them and to the characteristics of each 

ecosystem, as well as to differences in the altitudinal gradient. 

In their assessment of the effect of silvicultural practices on the composition and 

diversity of species of a forest, Luna et al. (2015) registered that the similarity of 

species between the evaluated treatments increases with the time of application and 

is influenced by the biotic and abiotic conditions of the ecosystem resulting from the 

silvicultural treatment utilized. 

Although the study sites were located within much the same altitude intervals and 

had similar mean temperatures in general, they exhibited a low similarity that ranged 

from 0.13 to 0.40 —an instance of the ecological complexity of the WSM (Delgado et 

al., 2016). However, the greatest inequality between sites (S2 and S4) = 1.99) may 

have been caused by the distance between them and by the differences in the 

characteristics of each site; site (S2) exhibits soil use change from forests to 

grasslands for extensive livestock breeding, as well as a low precipitation; while at 

S4 there are steep slopes with a variety of moderate gullies and canyons with water 
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sources, a high humidity, and a higher precipitation than that of the other sites; 

furthermore, it is located within a protected natural area (PNA) with ecotouristic, 

scientific, and educational activities. 

 

Ecological indicators at the study sites 

Tables 4, 5, 6 and 7 summarize the results corresponding to the ecological variables 

for each of the four assessed sites. 

 

Table 4. Ecological variables for the species identified at the Adolfo Ruíz 

Cortines site. 

Plant species 
Density 

(N·ha-1) 

Rd 

(%) 
Frequency 

Rf 

(%) 

Crown Area 

(m2·ha-1) 

RCA 

(%) 

Basal area 

(m2·ha-1) 

RBA 

(%) 

IVI 

(%) 

Alnus acuminata 10 0.49 1 1.89 64 0.31 0.05 0.13 0.83 

Arbutus xalapensis 190 9.22 8 15.09 2 194 10.68 3.78 8.16 10.82 

Juniperus deppeana 60 2.91 4 7.55 494 2.41 0.58 1.26 3.91 

Pinus durangensis 630 30.58 10 18.87 5 828 28.38 14.49 31.24 26.9 

Pinus leiophylla 80 3.88 4 7.55 432 2.11 0.79 1.72 4.38 

Pinus teocote 190 9.22 8 15.09 1 898 9.24 3.84 8.3 10.87 

Quercus rugosa 90 4.37 8 15.09 1 039 5.06 2.7 5.83 8.43 

Quercus sideroxyla 810 39.32 10 18.87 8 585 41.80 20.11 43.37 33.85 

Total 2 060 100 53 100 20 537 100 46.38 100 100 

Rd = Relative density; Rf = Relative frequency; RCA = Relative crown area; 

RBA = Relative basal area; IVI = Importance Value Index (Rd+Rf+RBA) /3. 
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Table 5. Ecological variables for the species identified at the Banderas del Águila site. 

Plant species 
Density 

(N·ha-1) 

Rd 

(%) 
Frequency 

Rf 

(%) 

Crown Area 

(m2·ha-1) 

RCA 

(%) 

Basal area 

(m2·ha-1) 

RBA 

(%) 

IVI 

(%) 

Arbutus chiapensis 70 5.22 3 8.57 444 2.80 0.56 2.27 5.36 

Arbutus xalapensis 110 8.21 3 8.57 365 2.30 0.45 1.80 6.19 

Juniperus deppeana 20 1.49 2 5.71 120 0.76 0.21 0.86 2.69 

Pinus cooperi 10 0.75 1 2.86 75 0.48 0.07 0.29 1.30 

Pinus engelmanii 80 5.97 6 17.14 1 641 10.34 3.73 15.08 12.73 

Pinus leiophylla 350 26.12 9 25.71 6 834 43.08 12.96 52.36 34.73 

Quercus durifolia 690 51.49 10 28.57 6 247 39.38 6.59 26.63 35.57 

Quercus rugosa 10 0.75 1 2.86 139 0.87 0.18 0.72 1.44 

Total 1 340 100 35 100 15 864 100 24.75 100 100 

Rd= Relative density; Rf= Relative frequency; RCA= Relative crown area; 

RBA= Relative basal area; IVI = Importance Value Index (Dr+Fr+ABr) /3. 

 

 

Table 6. Ecological variables for the species identified at the El Brillante site. 

Pant species 
Density 

(N·ha-1) 

Rd 

(%) 
Frequency 

Rf 

(%) 

Crown Area 

(m2·ha-1) 

RCA 

(%) 

Basal area 

(m2·ha-1) 

RBA 

(%) 

IVI 

(%) 

Alnus acuminata 170 3.32 3 6.38 592 2.15 0.88 1.96 3.89 

Arbutus xalapensis 390 7.62 10 21.28 1 200 4.37 1.09 2.43 10.44 

Juniperus deppeana 190 3.71 5 10.64 808 2.94 0.71 1.59 5.31 

Pinus cooperi 680 13.28 10 21.28 9 998 36.36 26.8 59.33 31.30 

Pinus strobiformis 460 8.98 9 19.15 6 507 23.66 6.52 14.43 14.19 

Quercus sideroxyla 3 230 63.09 10 21.28 8 391 30.52 9.15 20.26 34.87 

Total 5 120 100 47 100 27 498 100 45.17 100 100 

Rd = Relative density; Fr = Relative frequency; RCA = Relative crown area; 

RBA = Relative basal area; IVI = Importance Value Index (Rd+Rf+RBA) /3. 
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Table 7. Ecological variables for the species identified at the Santa Bárbara site. 

Plant species 
Density 

(n·ha-1) 

Rd 

(%) 
Frequency 

Rf 

(%) 

Crown Area 

(m2·ha-1) 

RCA 

(%) 

Basal area 

(m2·ha-1) 

RBA 

(%) 

IVI 

(%) 

Abies durangensis 60 3.57 5 8.47 1 693 4.82 4.27 5.04 5.7 

Cupressus lusitanica 200 11.9 7 11.86 1 620 4.61 2.03 2.4 8.72 

Juniperus deppeana 350 20.83 10 16.95 2 910 8.28 10.64 12.56 16.78 

Picea chihuahuana 100 5.95 5 8.47 3 267 9.30 9.68 11.42 8.62 

Pinus cooperi 580 34.52 9 15.25 13 506 38.44 31.07 36.67 28.82 

Pinus durangensis 80 4.76 6 10.17 3 356 9.55 9.57 11.29 8.74 

Pinus strobiformis 70 4.17 4 6.78 1 713 4.88 1.41 1.67 4.21 

Pseudotsuga menziesii 210 12.5 10 16.95 4 116 11.72 6.84 8.07 12.51 

Quercus sideroxyla 30 1.79 3 5.08 2 949 8.39 9.21 10.88 5.92 

Total 1 680 100 59 100 35 134 100 84.73 100 100 

Rd = Relative density; Fr = Relative frequency; RCA = Relative crown area; 

RBA = Relative basal area; IVI = Importance Value Index (Rd+Rf+RBA) /3. 

 

The four study sites exhibited a coverage of 9 063.5 m2 ha-1. López-Hernández et al. 

(2017) observed a similar coverage (8 462.76 m2 ha-1) when assessing a temperate 

forest in the east of the state of Puebla. Graciano et al. (2009) point out a coverage 

of 8 838.35 m2 ha-1 in ejido La Campana in the WSM at sites with a similar vegetation 

to that studied by the present research. The variations in the cover may be greatly due to 

the historical precipitation received by each site. According to Valenzuela and Granados 

(2009), mountainous areas like those of the WSM remain temperate, with a high 

precipitation, favoring changes in the structure and the composition of the vegetation. 

According to Piedra (2016), the changes are due not only to environmental issues but 

also to management activities such as the distribution of woody material or soil 

conservation related construction and actions, e.g. cordoning off, which stimulate the 

accumulation of dead leaves, and consequently hinder seed germination. 

Challenger et al. (2009) document that the vegetation cover is affected by various 

activities, notably: destruction of the habitat, overexploitation, invasive species, 

pollutants, and climate change. 



Revista Mexicana de Ciencias Forestales  Vol. 9 (50)   

 

	

The estimated IVI indicates that in all four sites, dominance corresponds to Pinus spp., followed 

by Quercus spp. because their species have economic importance in the WSM. Thus, 

application of the silvicultural methods favors a higher density and frequency, and a larger 

coverage and basal area. Nevertheless, generic dominances make it possible to observe pine-

oak or oak-pine forests in the same site , as documented in the Environmental Statutes of the 

state of Durango for the temperate forests of the area (Semarnat, 2007). 

The comparative study between adjoining sites made it possible to detect structural and 

composition variations occurring within a particular ecosystem. Although in general one conifer 

or broadleaf species may grow at different degrees of slope, other taxa have preferences for 

particular topoforms (Martínez et al., 2013). 

The association of Pinus cooperi var. ornelasi Martínez (Blanco) and Pinus durangensis with other 

Pinus and Quercus taxa is one of the most representative in the WSM of Durango; they are similar 

to those registered by Márquez and González (1998), Márquez et al. (1999), and González et al. 

(2007) and González-Elizondo (2012). 

According to Guzmán (2009), when a species reaches the highest importance value, there is a clear 

ecological dominance, and usually a few species with the highest importance values are 

representative of the main population. Conversely, when several species compete at the site, none 

of them has an importance value above 50 %. 

 

Conclusions 

The Sierra Madre Occidental plays a major economic and ecological role in Mexico, as 

one of the main suppliers not only of wood but also of important environmental 

services in the country. The results suggest that, although Pinus cooperi ornelasi, P. 

durangensis, P. leiophylla, Quercus durifolia, and Q. sideroxyla are heterogeneous 

plant communities with a low similarity, they have high ecological importance values 

due to their frequency, density, dominance, and coverage. However, based on the 

Shannon and Margalef indices, the region is rated as having a low diversity, which 

shows that the differences between these plant communities are partially determined 
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by the biophysical conditions in which they grow. Furthermore, the site with the 

greatest diversity has a history as a forest reserve. 

This research contributes descriptive elements that must be taken into account in the 

decision making process both by forest managers and by the local population. 
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