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Resumen 

El objetivo del presente estudio fue definir la diversidad, composición, estructura y contenido de 

carbono almacenado en la masa arbórea incoetánea de una parcela de investigación en el noroeste 

de México. Se realizó un censo del componente arbóreo en una superficie de 11.44 ha en el ejido 

Aboreachi, Guachochi, Chihuahua. Cada individuo se etiquetó de forma consecutiva; se registró el 

diámetro normal, altura total y especie. Se calculó el Índice de Diversidad de Shannon-Wiener y el 

Índice de Riqueza de Margalef. La estructura horizontal se caracterizó con el Índice de Valor de 

Importancia. Se determinó el índice de Pretzsch (A) para evaluar la estructura vertical. El volumen 

total árbol de cada individuo y su respectiva biomasa se obtuvo mediante ecuaciones alométricas; el 

contenido de carbono aéreo se determinó al aplicar un factor de conversión a la biomasa de 0.5. La 

masa arbórea está constituida por 16 especies, pertenecientes a seis géneros de cinco familias. Pinus 

durangensis presentó el mayor Índice de Valor de Importancia (55.93 %). Respecto a la estructura 

vertical, P. durangensis fue la única especie registrada en los tres estratos evaluados, con 49.86 % 

de las observaciones realizadas. Los taxones de Pinus y Quercus aportaron las mayores existencias 

de volumen (155.53 m3 ha-1). Se calculó un total de 93.22 Mg ha-1 de biomasa aérea; a P. 

durangensis correspondió 64.46 %, Pinus ayacahuite 14.13 % y Quercus sideroxyla 12.33 % del 

total. El taxón con más acumulación de carbono fue P. durangensis, con un total de 30.04 Mg ha-1. 

Palabras clave: Censo de vegetación arbórea, Chihuahua, estructura, diversidad, carbono 

almacenado, Pinus durangensis Ehren. 
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Abstract 

The objective of the present study was to define the diversity, composition, structure and content of 

carbon stored in the non-coeval tree mass of a research plot in northwestern Mexico. A census of the 

tree component was carried out in an area of 11.44 ha in the Aboreachi Ejido, Guachochi, Chihuahua. 

Each individual was labeled consecutively to record its normal diameter, total height and species. The 

Shannon-Wiener diversity index and Margalef’s richness index were estimated. The horizontal structure 

was characterized according to the importance value index. The Pretzsch index (A) was determined in 

order to evaluate the vertical structure. The total tree volume of each individual and its respective 

biomass were calculated using allometric equations. The aerial carbon content was determined by 

applying a biomass conversion factor of 0.5. The tree mass is made up of 16 species, belonging to six 

genera of five families. The species with the highest importance value index, of 55.93 %, was Pinus 

durangensis. Regarding the vertical structure, P. durangensis was the only species present in the 

three evaluated strata, in 49.86 % of the observations made. The species of the Pinus and Quercus 

genera are the ones that provide the largest volumes (155.53 m3 ha-1). A total of 93.22 Mg ha-1 of 

aerial biomass was calculated, of which P. durangensis represents 64.46 %; Pinus ayacahuite, 14.13 

%, and Quercus sideroxyla, 12.33 %. The species with the highest carbon accumulation turned out 

to be P. durangensis, with a total of 30.04 Mg ha-1. 

Key Words: Census of arboreal vegetation, Chihuahua, structure, diversity, Carbon stored, Pinus 
durangensis Ehren. 
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In principle, forest resources can be assessed using three methodologies: (1) 

temporary sites, (2) permanent sites (Corral-Rivas et al., 2008), and (3) permanent 

monitoring plots (Hernández and Reyna, 2015). It is also possible to use censuses 

(total records) in small stands (Aguirre et al., 1997). However, this methodology 

has the disadvantage of requiring more effort and time in large forest areas and is 

costly (Aguirre et al., 1995); in addition, the set of field activities to be carried out 

for data collection and registration of individuals is complicated, as some individuals 

may be overlooked or counted twice by mistake (Contreras et al., 1999). 

In the state of Chihuahua, scientific monitoring of forests began in 1950 with the 

establishment of the first El Poleo Forestry Experimentation Site in Madera 

municipality (Estrada and Rodríguez, 2021). Individuals were identified and 

measured in 0.1 ha forestry monitoring plots which have been established in the 

same region since 1986 (Hernández-Salas et al., 2013). Permanent plots are 

intended for frequent monitoring of tree structures, with or without forestry 

treatment (Gadow et al., 1999; Martínez et al., 2019), in order to analyze and 

assess tree growth and stand performance (Rodríguez-Ortiz et al., 2011), observe the 

impact on biodiversity caused by climate change (Acosta-Mireles et al., 2014), and 

determine the functioning of the various components of the forest (Gutiérrez et al., 

2015). However, there are no previous records of censuses in stands located in the 

interior of the state of Chihuahua oriented to monitor the dynamics of forest growth, 

structure and composition. 

The characterization of the horizontal and vertical structure and the distribution of 

the different forest species that make up a forest are important to understand its 

functioning as a forest ecosystem, since the results derived from these data serve 

as a basis for making informed decisions for its proper management (Corral et al., 

2005; Gadow et al., 2012; Graciano-Ávila et al., 2017; García et al., 2019). 

The estimation of the stand volume is a basic tool for forest inventories (Corral-

Rivas and Navar-Cháidez, 2009). It is also an indicator of the productive potential of 

a stand for planning, executing and evaluating the activities proposed within forest 

management programs (Magaña et al., 2008). Additionally, with such 
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determinations it is possible to know the ecological potential of forest ecosystems as 

a main source of biomass generation and carbon storage through the accumulation 

of organic matter (Ni et al., 2016). 

The establishment of permanent plots in large forest areas for the purpose of 

carrying out periodic monitoring of the diversity, composition, structure and study 

of the carbon reservoirs serves as a basis for the development of plans for research, 

conservation, management, and sustainable use of timber forest resources. Within 

this context, the objective of the present work was to determine the diversity, 

composition, structure and content of carbon stored in the non-coeval tree mass of 

a permanent research plot, using census information of northwestern Mexico. 

 

 

Materials and Methods 

 

Location of the study area 

 

The study was conducted in the Aboreachi forest ejido, located in the municipality of 

Guachochi, southwest of the state of Chihuahua, Mexico, in the physiographic 

province of the Western Sierra Madre, whose coordinates are 27°11'46"N 

107°23'13"W (Figure 1). The area corresponds to a non-even-aged cold temperate 

forest with diverse forest species; the soil types are Eutric Cambisol, EutricPlanosol 

and Eutric Regosol of medium to fine texture (INEGI, 2014). The climate is 

C(E)(w2)(x'), which corresponds to a semi-cold humid climate, with a mean annual 

temperature of 5 to 12 °C and a mean annual precipitation of 621.3 mm (INEGI, 

2008). 
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Figure 1. Location of the study area in the Aboreachi ejido, municipality of 

Guachochi, Chihuahua. 

 

Sampling method 

 

The study area comprised an area of 11.44 ha, last intervened in 1992; in 2017 it 

was established as a Permanent Forest Research Plot (PFRP). The dasometric 

information was obtained by census or total registration in the summer of 2018. The 

database consisted of 5 092 trees, whose normal diameter (DN) was measured at a 

height of 1.3 m from ground level with a Forestry Suppliers Inc® five-meter 

diameter tape, and the total height (H), with a Suunto® PM5-1520 hypsometer. The 

species to which each individual belonged was also recorded. 

 

 

Data analysis 

 

In order to determine the alpha diversity, the Shannon-Wiener index was calculated 

using the expression described by Shannon (1948) (Equation 1): 
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[1] 

 

Where: 

H’ = Shannon-Wiener Index 

S = Number of species 

pi = Proportion of individuals of species i with respect to the total number of individuals 

N = Total number of individuals 

ni = Number of individuals of species i 

 

Equation 2 was used to measure the species richness with the Margalef index 

(Margalef, 1972): 

 

 
     

     

      
 [2] 

 

Where: 

DMg = Margalef's Index 

S = Number of species 

nl = Natural logarithm 

N = Total number of individuals 
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The horizontal structure of the stand was determined by characterizing the 

distribution of the diameter classes present, and the number of individuals for each 

taxon was quantified. Abundance was calculated based on the number of trees per 

species, and dominance, based on the basal area. Since a census was carried out, it 

was not necessary to evaluate the frequency of the species. The Importance Value 

Index was estimated according to the above indicators (IVI) (Equation 3), with the 

average percentage from 0 to 100 of the previous ecological indicators (Alanís-

Rodríguez et al., 2011): 

 

 
     

            
   
 

 
 [3] 

 

Where: 

IVI = Importance Value Index 

RAi = Relative abundance 

RDi = Relative density 

 

The characterization of the vertical structure of the stand was carried out with the 

Vertical Species Distribution Index (A) (Pretzsch, 2009) by means of equations 4, 5 

and 6. According to Jiménez et al. (2001), this index defines three height zones: 

Zone I covers 80 % to 100 % of the maximum tree height; Zone II, 50 to 80 %, 

and Zone III, 0 to 50 %. This index is used to determine the structural diversity in 

terms of vertical distribution of species (Alanís-Rodríguez et al., 2020); García et al. 

(2020) point out that Amax corresponds to the maximum value for each of the 

species per stratum; finally, Arel is the standardization of A: 
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Where: 

A = Index of vertical distribution of species 

Amax = Maximum value per species in each stratum 

Arel = Standardized value of A 

S= Number of species present 

Z= Number of height strata 

Pij= Percentage of species in each zone 

nl = Natural logarithm 

N = Total number of individuals 

 

Table 1 shows the equations used to estimate the total tree volume (volume of 

stump, trunk and branches) of each individual of the recorded species; the 

expressions are based on the Shumacher-Hall model, collected from the biometric 

study of the Aboreachi ejido and from the study by Graciano-Ávila et al. (2019). 

Subsequently, the results per individual were used to estimate the total tree volume 

per hectare and at the PFRP level. 

 

Table 1. Equations utilized to estimate the total tree volume at individual level for 

the coniferous and broad-leaved species present in the study area. 
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Species Equation  

Pinus durangensis Ehren.                                 

Pinus ayacahuite Ehren.                                 

Pinus chihuahuana Engelm.*                                 

Pinus arizonica Engelm.                                 

Pinus leiophylla Schltdl. & Cham.                                 

Pinus engelmannii Carr.                                 

Pinus lumholtzii B.L. Rob. & Fernald*                                 

Quercus sideroxyla Bonpl.                                 

Quercus rugosa Née                                 

Quercus mcvaughii Bonpl.†                                  

Quercus candicans Née†                                  

Quercus fulva Liebm.†                                  

Arbutus xalapensis Kunth˟                             

Arbutus bicolor González˟                             

Juniperus deppeana Steud.                                 

Alnus spp. Kunth                                 

* Corresponding to the equation for Pinus leiophylla; †the equation for Quercus 

spp.; ˟the equation for Arbustus spp.; V = Volume (m3); ND = Normal diameter 

(cm); H = Total height (m). 

 

According to Aguirre-Calderón and Jiménez-Pérez (2011), the estimation of biomass 

and carbon content can be derived from equations based on the normal diameter at 

the individual tree level. Therefore, the allometric models shown in Table 2 were 

used to estimate the aboveground biomass per individual of the species recorded. 

The biomass of each individual was then scaled to the level of taxon, genus and 

family, which allowed calculations to be made in Megagrams per hectare, and, 

therefore, at the level of the entire PFRP. The carbon content was obtained by 

multiplying the biomass value by the conversion factor 0.50 suggested by the IPCC 

(1996); the unit of measurement utilized to express the results for the biomass and 
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carbon stored in the tree layer per unit area was the Megagram per hectare (Mg ha-

1). 

 

Table 2. Equations for estimating the biomass of coniferous and broad- leaved species. 

Species Allometric equation Source 

Pinus durangensis Ehren.                      Návar-Cháidez (2010) 

Pinus ayacahuite Ehren.                  Rojas-García et al. (2015) 

Pinus chihuahuana Engelm.*                  Návar-Cháidez (2009) 

Pinus arizonica Engelm.                      Návar-Cháidez (2010) 

Pinus leiophylla Schltdl. & Cham.                  Návar-Cháidez (2009) 

Pinus engelmannii Carr.                  Návar-Cháidez (2009) 

Pinus lumholtzii .L. Rob. & Fernald *                  Návar-Cháidez (2009) 

Quercus sideroxyla Bonpl.                  Návar-Cháidez (2009) 

Quercus rugosa Née                  Návar-Cháidez (2009) 

Quercus mcvaughii Bonpl.†                      Návar-Cháidez (2010) 

Quercus candicans Née†                      Návar-Cháidez (2010) 

Quercus fulva Liebm.†                      Návar-Cháidez (2010) 

Arbutus xalapensis Kunth                                 Aguilar-Hernández et al. (2016) 

Arbutus bicolor González•                                 Aguilar-Hernández et al. (2016) 

Juniperus deppeana Steud˟                        Rodríguez-Laguna et al. (2007) 

Alnus spp. Kunth                    Acosta-Mireles et al. (2002) 

*Corresponding to the equation for Pinus leiophylla; †equation for Quercus spp.; 

•equation for Arbutus xalapensis; ˟equation for Juniperus flaccida; B = Biomass 

(kg); ND = Normal diameter (cm); exp = Coefficient e (natural logarithm base). 

 

 

Results and Discussion 

 

Floristic diversity 
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Sixteen tree species belonging to six genera of the families Pinaceae, Fagaceae, 

Cupressaceae, Ericacea, and Betulaceae were registered in the PFRP; this 

composition of families was higher than those cited by García et al. (2020) and 

Hernández-Salas et al. (2013) in coniferous forests of the state of Chihuahua. The 

most representative family was Pinaceae, with seven species; this result is similar 

to the one documented by Márquez et al. (1999), who registered eight Pinaceae of 

the genus Pinus in a forest in Durango, followed by Fagaceae, Cupressaceae, 

Ericacea and Betulaceae, with five taxa, one, two and one, respectively. González-

Elizondo et al. (2012) and Silva-Flores et al. (2014) indicate that these families are 

representative of the temperate forests of the Western Sierra Madre. 

 

Species diversity and richness 

 

The Shannon-Wiener Index (H') normally ranges between 1 and 5. Values above 

3.5 are considered as high diversity; 2 to 3.5, as medium diversity, and less than 2, 

as low diversity (Margalef, 1972). A value of 1.52 was estimated for the PFRP, 

which is higher than the value estimated by Solís et al. (2006), of 1.21. For their 

part, Delgado et al. (2016), reported a maximum value of 1.58; in an analysis of 

altitudinal diversity in pine-oak forests of Durango, Medrano et al. (2017) estimated 

a minimum value of 1.94, which is higher than the value determined in the study 

documented herein. As a consequence of the physiographic and climatic conditions, 

the PFRP has a low species diversity, typical of temperate forest ecosystems that 

have been harvested in the medium term, with typical second-growth or 

regenerating stands. 

Margalef’s richness index (DMg) corresponds to a value of zero when there is only 

one taxon in the stratum, but it can approach 5 if the number of existing species 

increases the complexity of the ecosystem. The study area exhibited a value of 

1.76, which is lower than the value obtained by Domínguez et al. (2018) of 1.79 for 

mixed coniferous forests in the region of Pueblo Nuevo, Durango; for their part, 
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García et al. (2020) estimated a value of 1.52 in mixed forests in the state of 

Chihuahua, lower than that reached in the PFRP; however, the values correspond to 

a wealth of species similar to that described in the present study. This result is 

consistent with what has been cited in other research for temperate ecosystems, as 

the climatic and physiographic conditions of coniferous forests and pine-oak 

associations limit the development of a wide variety of tree taxa; the opposite is the 

case in tropical regions, where it is possible to observe more complex tree 

associations. 

 

Horizontal structure 

 

The horizontal structure of the tree stands in the PFRP showed an irregular 

distribution that is typical of a second-growth forest or stands in the process of 

regeneration, due to previous timber harvests, anthropogenic impacts such as land 

use change, fire, or environmental impact in the form of pests and diseases. The 

highest frequency was registered in trees with a diameter category of 10 cm, 

decreasing in proportion to larger diameters (Figure 2). In the PFRP, an average 

normal diameter of 16.72 cm was obtained for the total number of species 

recorded. The Pinus genus presented an average diameter of 19.21 cm and Quercus 

13.88 cm; values similar to those reported by Návar-Cháidez and González-

Elizondo, (2009), as well as by Delgado et al. (2016), for pine-oak forests in 

Durango, and by García et al. (2019) in pine-oak forests of the southern part of the 

state of Chihuahua. 
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Frecuencia (miles) = Frequency (thousands); Categoría diamétrica = Diameter class. 

Figure 2. Frequency of tree species by diameter class determined in the PFRP. 

 

The commercial tree community that makes up the PFRP consists of 5 092 

registered individuals, equivalent to 445 trees per hectare (trees ha-1) (Table 3). 

Pinus had the highest density, with a total of 3 769 trees (329 trees ha-1) 

representing 74.02 % of the total plot; the second place is occupied by the Quercus 

genus, with 1 062 specimens (93 trees ha-1), amounting to 20.86 % of the stock. 

The Juniperus genus was present with 132 individuals (12 arb ha-1), equivalent to 

2.60 % of the total. Finally, the "other leaves" group accounted for 129 trees (11 

trees ha-1), which represented 2.52 % of the total number of individuals in the area. 

The Pinus and Quercus genera add up to 94.87 % of the tree cover; their values 

coincide with those described by Delgado et al. (2016), Domínguez et al. (2018), 

and García et al. (2019) in forests of the states of Durango and Chihuahua. 
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Table 3. Species and basic statistics of the trees present in the experimental plot. 

Family Species N 
Diameter (cm) Height (m) 

Max Medium Min DS Max Medium Min DS 

Pinacea 

Pinus durangensis Ehren. 2 539 86.20 22.55 5.00 12.90 29.30 10.67 3.00 4.48 

Pinus ayacahuite Ehren. 885 51.80 17.00 4.00 8.33 23.20 8.83 2.80 3.59 

Pinus chihuahuana Engelm 321 49.40 19.81 6.00 9.04 20.10 8.98 3.00 3.44 

Pinus arizonica Engelm 11 44.80 18.85 7.70 12.63 17.80 8.95 4.00 4.56 

Pinus leiophylla Schltdl. & Cham. 6 37.60 19.62 7.90 10.96 13.50 7.77 5.30 3.19 

Pinus engelmannii Carr. 5 36.00 16.26 7.80 11.74 17.00 8.98 6.00 4.77 

Pinus lumholtzii B.L. Rob. & Fernald 2 32.00 20.35 8.70 16.48 16.40 10.70 5.00 8.06 

Fagaceae 

Quercus sideroxyla Bonpl. 845 90.00 17.84 6.30 11.19 19.20 7.57 2.70 3.05 

Quercus rugosa Née  111 53.10 13.27 6.50 6.86 12.60 6.24 2.90 1.77 

Quercus mcvaughii Bonpl. 104 61.90 14.48 7.00 8.16 17.20 6.50 3.00 2.09 

Quercus candicans Née 1 - 7.80 - - - 4.90 - - 

Quercus fulva Liebm. 1 - 16.00 - - - 7.00 - - 

Ericacea 
Arbutus xalapensis Kunth 102 44.10 17.34 5.90 7.71 16.10 6.10 3.00 2.17 

Arbutus bicolor González 22 37.50 18.47 8.20 7.26 13.00 6.20 3.10 2.53 

Cupressaceae Juniperus deppeana Steud. 132 45.00 12.15 6.80 6.60 12.40 4.91 2.60 1.73 

Betulaceae Alnus spp. Kunth 5 26.30 15.70 10.70 6.43 10.00 8.02 5.60 1.94 

Overall average 5 092 49.69 16.72 7.04 11.63 16.99 7.65 3.71 4.19 

N = Number of observations; Max = Maximum; Min = Minimum; SD = Standard deviation. 
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The species with the highest abundance was Pinus durangensis Ehren., with 2 539 

individuals (222 trees ha-1), equivalent to 49.86 % of the total tree cover; P. 

ayacahuite Ehren. registered 885 trees (77 trees ha-1), with 17.38 % of the total, 

and Quercus sideroxyla Bonpl., 845 individuals (74 trees ha-1), which amount to 

16.59 % of the total. These three species together constitute 83.83 % of the 

existing trees within the PFRP (Table 4). Zúñiga et al. (2018) obtained similar 

results in the region of Pueblo Nuevo, Durango; according to these authors, P. 

durangensis tends to be the most representative taxon in pine-oak forests. 

 

Table 4. Estimated structural parameters for the species recorded in the 

experimental plot under analysis. 

Species 

Abundance Dominance 

IVI Absolute 

N 

Relative 

% 

Absolute 

(m²) 

Relative 

% 

Pinus durangensis Ehren. 2 539 49.86 134.62 62.00 55.93 

Pinus ayacahuite Ehren. 885 17.38 24.92 11.48 14.43 

Quercus sideroxyla Bonpl. 845 16.59 29.41 13.54 15.07 

Pinus chihuahuana Engelm. 321 6.30 11.93 5.50 5.90 

Juniperus deppeana Steud. 132 2.59 1.98 0.91 1.75 

Quercus rugosa Née 111 2.18 7.43 3.42 2.80 

Arbutus xalapensis Kunth 102 2.00 2.88 1.33 1.66 

Quercus mcvaughii Bonpl. 104 2.04 2.25 1.04 1.54 

Arbutus bicolor González 22 0.43 0.68 0.31 0.37 

Pinus arizonica Engelm. 11 0.22 0.43 0.20 0.21 

Pinus leiophylla Schltdl. & Cham. 6 0.12 0.23 0.11 0.11 

Pinus engelmannii Carr. 5 0.10 0.15 0.07 0.08 

Alnus spp. Kunth. 5 0.10 0.11 0.05 0.07 

Pinus lumholtzii B.L. Rob. & Fernald  2 0.04 0.09 0.04 0.04 

Quercus candicans Née 1 0.02 0.00 0.00 0.01 

Quercus fulva Liebm. 1 0.02 0.02 0.01 0.01 

Total 5 092 100.00 217.13 100.00 100.00 

N = Number of observations; IVI = Importance value index. 

 

The largest basal area corresponded to P. durangensis, with 134.62 m², equivalent 

to 11.77 m² ha-1; Q. sideroxyla, with 29.41 m² (2.57 m² ha-1); P. ayacahuite, with 

150



Revista Mexicana de Ciencias Forestales Vol. 13 (70) 
Marzo – Abril (2022) 

 
 

 

24.92 m² (2.18 m² ha-1), and P. chihuahuana Engelm., with 11.93 m² (1.04 m² ha-1). 

Together, these three taxa totaled 200.88 m² (17.56 m² ha-1), i.e., 92.52 % of the 

total. Valenzuela and Granados (2009) point out that P. durangensis is found in 

two tree associations in the state of Durango; Graciano-Ávila et al. (2020) report 

that P. durangensis and Q. sideroxyla are the most dominant species in a forest 

of the same state. 

At the PFRP, Pinus exhibited an IVI of 76.70 %, while the genus with the lowest 

value was Alnus, with 0.07 % of total. According to López-Hernández et al. 

(2017), in pine-oak forests of the state of Puebla, Pinus spp. tends to be the 

most representative, with up to 85.20 % of the total. P. durangensis, Q. 

sideroxyla, P. ayacahuite, and P. chihuahuana were the species with the highest 

IVI: 55.93, 15.07, 14.43, and 5.90 %, respectively; these four taxa together 

accounted for 91.33 % of the total. Eight species were registered with values of 

less than one percent; in this regard, Q. candicans Née and Q. fulva Liebm. were 

the least outstanding. According to Graciano-Ávila et al. (2017), in a forest of 

Durango, P. durangensis Q. sideroxyla, and P. teocote Schiede ex Schltdl. were 

the most prevalent species, with 62.43 % of the community's total. 

 

Vertical structure 

 

The PFRP exhibited a value of 1.8916 in the vertical distribution index of species, 

with an Amax of 3.8712 and an Arel of 48.86 %. García et al. (2020) determined an A 

index of 2.58, an Amax of 3.40, and an Arel of 75.56 % in the mature tree stratum of 

a mixed forest in Chihuahua; on their part, Graciano-Ávila et al. (2020) calculated 

a maximum value for A of 2.72, with an Amax of 3.87 and an Arel of 70 % in 

managed forests of Durango. 

The distribution of individuals by stratum obtained from the analysis may be a 

consequence of the effect of the previous application of silvicultural treatments to 
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this irregular stand, where the aim was to take advantage of the over mature 

individuals that were mainly located in the high stratum (I), so that the opening of 

the canopy favored natural regeneration, increasing the number of individuals and 

species in the low stratum (III). In the distribution of strata (Table 5), P. 

durangensis was observed to be the only species present in stratum I, with a 

maximum height of 29.30 m; stratum II was represented by 10 tree species, 

among which, again, P. durangensis registered the highest proportion within the 

stratum, with 80.77 %, followed by P. ayacahuite with 10.06 %. The height range 

for this stratum was 14.70 to 23.43 m. Finally, stratum III presented 100 % of the 

registered taxa, among which P. durangensis was the most abundant, representing 

44.99 % of the total number of individuals in the stratum and 38.92 % of the 

individuals in the entire area, followed by P. ayacahuite and Q. sideroxyla, which 

amount to 16.04 and 15.99 %, respectively, of the total tree inventory of the PFRP. 

 

Table 5. Pretzch’s vertical index values determined for the tree stratum of the 

research plot. 

Stratum Height (m) N 
Proportion (%) 

Of the stratum Of the PFRP 

High (I) (23.44 - 29.30)    

Pinus durangensis Ehren.   11 100.00 0.22 

Subtotal   11 100.00 0.22 

Medium (II) (14.70 - 23.43)    

Pinus durangensis Ehren. 546 80.77 10.72 

Pinus ayacahuite Ehren. 68 10.06 1.34 

Quercus sideroxyla Bonpl. 31 4.59 0.61 

Pinus chihuahuana Egelm. 26 3.85 0.51 

Arbutus xalapensis Kunth 1 0.15 0.02 

Quercus mcvaughii Bonpl. 1 0.15 0.02 

Pinus arizonica Engelm. 1 0.15 0.02 

Pinus engelmannii Carr. 1 0.15 0.02 

Pinus lumholtzii B. L. Rob. & Fernald 1 0.15 0.02 
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Subtotal   676 100.00 13.28 

Low (III) (2.60 - 14.69)    

Pinus durangensis Ehren.   1 982 44.99 38.92 

Pinus ayacahuite Ehren.   817 18.55 16.04 

Quercus sideroxyla Bonpl.   814 18.48 15.99 

Pinus chihuahuana Engelm.   295 6.70 5.79 

Juniperus deppeana Steud.   132 3.00 2.59 

Quercus rugosa Née   111 2.52 2.18 

Arbutus xalapensis Kunth   101 2.29 1.98 

Quercus mcvaughii Bonpl.   103 2.34 2.02 

Arbutus bicolor González   22 0.50 0.43 

Pinus arizonica Engelm.   10 0.23 0.20 

Pinus leiophylla Schltdl. & Cham.   6 0.14 0.12 

Pinus engelmannii Carr.   4 0.09 0.08 

Alnus spp. Kunth.   5 0.11 0.10 

Pinus lumholtzii B.L. Rob. & Fernald   1 0.02 0.02 

Quercus candicans Née   1 0.02 0.02 

Quercus fulva Liebm.   1 0.02 0.02 

Subtotal   4 405 100.00 86.51 

Total  5 092 300.00 100.00 

N = Number of observations. 

 

The vertical distribution analysis showed that species diversity decreases as the tree 

height increases; similar results were described by García et al. in mixed forests in 

2019, and in a forest of Pseudotsuga in 2020, in both cases in the south of the state 

of Chihuahua. 

 

Estimation of total tree volume, aboveground biomass and 

carbon stocks 

A total tree volume of 1 810.38 m3 was quantified in the PFRP (Table 6). The genus 

Pinus contributed the largest volume, with 1 545.69 m3 equivalent to 85.37 % of 
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the total; for the Quercus genus, a volume of 233.63 m3 was estimated, which 

corresponded to 12.90 % of the total. At the species level, a volume of 1 222.62 m3 

(67.53 %) was calculated for P. durangensis, followed by P. ayacahuite, with 216.11 

(11.93 %) and Q. sideroxyla, with 208.44 m3 (11.51 %). In terms of total volume 

at the hectare level, the PFRP exhibited an average volume of 158.25 m3 ha-1, 

which is lower than that obtained by Graciano-Ávila et al. (2019) in temperate 

forests of Durango, of 207.36 m3 ha-1; the volumetric difference is due to the fact 

that the study carried out in the El Salto area shows a greater density with a higher 

average diameter and height than those registered in this study. 

 

Table 6. Volume, biomass and aboveground carbon obtained in the species 

registered in the research plot. 

Species N 
TVT  

(m3) 

B 

(Mg) 

C 

(Mg) 

Pinus durangensis Ehren. 2 539 1 222.62 687.45 343.73 

Pinus ayacahuite Ehren. 885 216.12 150.74 75.37 

Quercus sideroxyla Bonpl. 845 208.44 131.46 65.73 

Pinus chihuahuana Engelm. 321 101.70 63.03 31.51 

Juniperus deppeana Steud. 132 9.34 7.02 2.82 

Quercus rugosa Née 111 12.34 3.64 1.82 

Arbutus xalapensis Kunth 102 14.65 5.33 2.66 

Quercus mcvaughii Bonpl. 104 12.75 12.22 6.11 

Arbutus bicolor González 22 3.36 1.25 0.71 

Pinus arizonica Engelm. 11 4.31 1.95 0.97 

Pinus leiophylla Schltdl. & Cham. 6 1.55 1.22 0.61 

Pinus engelmannii Carr. 5 1.57 0.23 0.11 

Alnus spp. Kunth 5 0.56 0.32 0.16 

Pinus lumholtzii B.L. Rob. & Fernald 2 0.93 0.47 0.23 

Quercus candicans Née 1 0.02 0.02 0.01 

Quercus fulva Liebm. 1 0.10 0.09 0.05 

Total 5 092 1 810.38 1 066.44 532.61 

N = Number of observations; TVT = Total volume of the tree; B = Biomass; C = Carbon. 
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Regarding the aerial tree biomass determined in the PFRP, a total of 1 066.44 Mg 

was calculated, of which P. durangensis registered 687.45 Mg (64.46 %), P. 

ayacahuite 150.74 Mg (14.13 %), and Q. sideroxyla 131.46 Mg (12.33 %) of the 

total; Q. candicans had the lowest biomass value, with 0.01 Mg. The estimated 

biomass at the hectare level was 93.22 Mg, which is within the biomass range of 

75.43 to 176.06 Mg determined by Martínez et al. (2016) ha-1 for pine-oak forests 

in the state of Durango. 

The volume, biomass and above-ground carbon obtained in the species recorded in the 

research plot (30 to 45 cm) exhibited values of 60.62, 67.46, 63.42 and 64.99 Mg, 

respectively; these concentrated 47.99 % of the total carbon in the PFRP (Figure 3). 

The carbon stored by the genus Pinus was the highest (452.55 Mg), amounting to 

84.68 % of the total PFRP; Quercus accumulated 73.71 Mg, which represents 13.79 % 

of the total stored. 

 

 

Frecuencia (miles)= Frequency (thousands); Categoría diamétrica = 

Diameter class; Carbono = Carbon. 

Figure 3. Aerial carbon stored by diameter class in the research plot. 
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Of the existing species in the study plot (11.44 ha), P. durangensis had the highest 

accumulated carbon values (343.72 Mg), followed by P. ayacahuite (75.37 Mg) and 

Q. sideroxyla (65.73 Mg). These three species accounted for 90.72 % of the total 

carbon accumulated in that plot. The mean value of this parameter was 46.71 Mg ha-1; 

the results are in agreement with those reported by Graciano-Ávila et al. (2019) in 

pine-oak forests of the state of Durango (65.14 Mg ha-1), but are lower than those 

published by Buendía-Rodríguez et al. (2019), in the range of 58.36 to 123.49 Mg ha-1, 

for pine-oak associations in southern part of the state of Nuevo León. 

Studies characterizing forest stands in terms of diversity, structure, volume, 

biomass and carbon content of the tree stratum, based on census information 

regarding large areas such as the one documented herein, will help managers to 

plan informed and oriented actions in order to achieve sustainable management of 

timber resources in northwestern Mexico. In addition, periodic monitoring of large 

permanent plots will reveal the dynamics of growth over time and, thus, contribute 

to the development of research programs for the use and conservation of forest 

resources. 

 

Conclusions 

 

The Permanent Forestry Research Plot in the Aboreachi ejido has a richness of tree 

species similar to that observed in other regions of the Western Sierra Madre. The 

Pinaceae family is the most representative, with seven species present, followed by 

the Fagaceae, with five taxa. The species with the highest Importance Value Index 

are P. durangensis, with 55.93 % of the total, and Q. sideroxyla, with 15.07 %. In 

the vertical structure of the stand, P. durangensis is the only species present in the 

three profiles evaluated, occupying 49.86 % of the records, followed by P. 

ayacahuite, with 17.38 % of the total. 

Species of the Pinaceae and Fagaceae families have the largest heights and 

diameters; both contribute the greatest stock of volume, biomass and stored aerial 
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carbon. A total tree volume of 1 810.38 m3 has been estimated; Pinus and Quercus 

contribute 85.37 % and 12.90 %, respectively, of the total. The total aboveground 

biomass is 1 066.44 Mg, of which P. durangensis contributes 64.46 % of the total; 

P. ayacahuite, 14.13 %, and Q. sideroxyla, 12.33 %. The species with the highest 

carbon accumulation is P. durangensis, with a total of 343.72 Mg. 
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