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Article 

Estructura de un ecosistema forestal y su relación con 
el contenido de carbono en el noreste de México 

Structure of a forest ecosystem and its relationship 
with the carbon stock in Northeastern Mexico 

Enrique Buendía-Rodríguez1,2,Eduardo J. Treviño-Garza1*, Eduardo, Alanís-Rodríguez1, 
Oscar A. Aguirre-Calderón1, Marco A. González-Tagle1 y Marín Pompa-García·3 

Resumen 

Existe una relación positiva entre el contenido de carbono (CC) y la diversidad horizontal y vertical de la 
vegetación. El objetivo fue caracterizar un ecosistema forestal y generar un modelo que describa el 
comportamiento del CC con la diversidad de la vegetación, a través de índices de diversidad. Se establecieron 10 
sitios de muestreo de 2 500 m2, y se calculó la altura promedio, diámetro normal promedio (d1.30), área basal 
(G), contenido de carbono (CC) e índices de Shannon-Wiener (H’) y Pretzsch (A). El sitio 3 tuvo mayor G, con 
49.01±7.74 m2 ha-1; y el 8 la menor (22.67 ± 2.5 m2 ha-1), a este último también le correspondió el más bajo 
de CC, con 58.35±5.75 Mg ha-1; mientras que, el 3 tuvo el valor más alto (123.48±17.19 Mg ha-1). En relación 
a los índices, el sitio 2 registró un A=2.53, con un Amax=3.5, y el 6 tuvo valores inferiores (A=1.5 y 
Amax=2.48); para el índice de Shannon-Wiener el mayor valor se presentó en el sitio 2: H’=1.78 y 
H’max=2.40, y el más bajo en el 8 (H’=0.83 y H’max=1.10). El sitio 3 se caracteriza por tener exposición 
noreste y pendiente >100 %, en tanto que en los sitios 6 y 8 es noreste-este y pendientes de 20 a 40 
%. Los mejores modelos de regresión entre CC y H’ y A, fueron de tipo exponencial, con un R2=0.62 y 
R2=0.59, respectivamente. Se concluye que sí existe una relación entre CC y los índices estudiados. 

Palabras clave: Almacenes de carbono, área basal, bosques mixtos, Nuevo León, índice de Pretzsch, índice de 
Shannon-Wiener.  

Abstract 

There is a positive relationship between the horizontal and vertical diversity of vegetation with the carbon stock 
(CS). The objective was to characterize a forest ecosystem and generate a model that describes the behavior of 
the CS in relation to the diversity of vegetation through diversity indexes. 10 sampling sites 2 500 m2 were 
established. Basal area (G), Carbon stock (CS), and Shannon-Wiener (H') and Pretzsch (A) indexes was calculated. 
Site 3 had the highest G with 49.01 ± 7.74 m2 ha-1, and site 8 had a G of (22.67 ± 2.5 m2 ha-1). Site 3 had the 
highest value CS (123.48 ± 17.19 Mg ha-1), site 8 had the lowest CS with 58.35 ± 5.75 Mg ha-1. Site 2 had the 
highest value A = 2.53, with Amax = 3.5, and site 6 had the lowest values (A = 1.5 and Amax = 2.48). Site 2 had 
the highest values H '= 1.78 and H'max = 2.40; site 8 had the lowest (H' = 0.83 and H'max = 1.10). Site 3 is 
characterized by northeast aspect and slope > 100 %, while sites 6 and 8 have northeast-east aspect and slopes 
of 20 to 40 %. The best regression model between the CS and H’, and for A was an exponential one with R2 = 
0.62 and R2 =0.59 (respectively). We conclude that there is a relation between the CS and the studied indexes. 

Key words: Carbon stock, basal area, mixed forest, Nuevo León, Pretzsch index, Shannon-Wiener index. 
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Introduction 

Due to its high fragility, structure is one of the most relevant aspects of forest areas, 

and therefore it is easily modified. Usually, it refers to the form in which the attributes 

of the trees are distributed in the ecosystems (Bettinger et al., 2008; Gadow et al., 

2011). The importance of the biological structure lies in its self-organization, which 

involves the regeneration, growth and mortality of the trees, as well as a variety of 

interactions between individuals, which in turn affects the properties of the ecosystem 

((João and Carvalho, 2011; Gadow et al., 2011). These include biomass production, 

carbon storage, vegetal diversity, and water uptake, among others; and the quality 

of these ecosystem services depends, to a greater extent, on the management for 

attaining a given purpose (Ruiqiang et al., 2014). Therefore, it is necessary to carry 

out a correct characterization of the structure of the ecosystems that serves as a 

basis for appropriate decision-making in the management of forest resources 

(Jiménez et al., 2001; Wehenkel et al., 2011; Bannister and Donoso, 2013), in order 

to increase the carbon stock that can be stored by a forest without deteriorating the 

diversity of vegetation. 

The management of the forest for the timber production does not oppose 

management geared at increasing the carbon stock, and much less, if the increase in 

carbon stock has an impact in terms of loss of diversity of the tree stratum. 

The characterization of these ecosystems can be carried out by using indexes that 

measure elements of their diversity and are indicators of the quality and quantity of 

the ecosystem resources (Magurran, 1988). Furthermore, they make it possible to 

compare natural communities with communities modified through forest management 

(Halffter, 1998), whereby conservation and sustainable management strategies can 

be designed at a local level (Moreno, 2001). In this sense, the proposed hypothesis 

is that there is a relationship between the horizontal and vertical diversity of 

vegetation and the carbon stock, since an increase in the former augments both 

the surface area and the strata present in a forest, which result in efficient carbon 

storage. The objective was, therefore, to assess the structure of a forest ecosystem 
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and generate a model that describes the behavior of the carbon stock in relation 

to the diversity of the vegetation, through diversity indexes, in a forest of 

northeastern Mexico, and which may serve as a new tool for making adequate 

forest management decisions. 

 

Materials and Methods 

The study area is located in the south of the state of Nuevo León, whose geographic 

location is between 23°45’, 25°32’ N and 99°27’, 100°25’ W (Figure 1). The climate 

is semi-cold subhumid with summer rains [C(E)(w)], with a mean annual temperature 

of 16 to 18 °C and a mean annual precipitation of 400 to 1 200 mm (García, 2004). 

The vegetation of the region consists of pine-oak and oak-pine forests, and small areas 

where the genera Abies, Pseudotsuga and Picea occur (Inegi, 2016). 

 

 

Figure 1. Location of the study area. 
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10 sampling sites were established, each with a surface area of 2 500 m2 (50 × 50 m) 

geographycally located with a GarminTM 62 GPS in different physiographic conditions 

(Table 1), according to the parameters utilized at the forest and soil research sites 

(Corral-Rivas et al., 2009). In order to measure the slope of each site, an electronic 

HaglöfTM clinometer was used; a BruntonTM compass to define its orientation was used 

as well. Normal diameter (d1.30) was taken with a Forestry Suppliers IncTM diametric tape 

and total height with a Vertez IIITM hypsometer in every tree having a normal diameter 

> 7.5 cm. The similarity assessment between the sampling sites was performed in terms 

of the physiographic characteristics; for this purpose, a hierarchic cluster analysis was 

carried out using the block-distance measure, and Ward’s clustering method, with its 

respective similarity dendrogram was utilized (IBM Corporation, 2013). 

 

Table 1. Physiographic characteristics of the sampling sites. 

Site TMU-X TMU-Y 
Altitude 

(masl) 
Exposure 

Slope 

(%) 

1 419 365 2 642 230 2 600-2 700 Northeast 0 - 20 

2 421 211 2 642 230 < 2 500 North > 100 

3 418 074 2 642 783 2 500-2 600 North > 100 

4 417 997 2 645 453 2 500-2 600 Northeast 0 - 20 

5 418 729 2 641 853 2 700-2 800 Northwest 0 - 20 

6 418 301 2 642 783 2 700-2 800 Northeast 20 - 40 

7 417 732 2 642 572 > 2 900 East 20 - 40 

8 417 801 2 641 831 > 2 900 East 0 - 20 

9 418 615 2 643 242 2 700-2 800 East 20 - 40 

10 418 540 2 644 924 2 600-2 700 Northeast 40 - 60 

 



Buendía-Rodríguez et al., Structure of a forest ecosystem and its relationship…   

 
The height and average height, the basimetric area (G) and the carbon stock (CS) were 

estimated; the data dispersion was obtained for each, through the standard deviation 

at the sampling site level. The horizontal (Shannon-Wiener) and vertical (Pretzsch) 

species diversity indexes and the importance value index (IVI) were determined.  

The basal area was estimated as the sum per unit of surface area of all the stems, at 

the normal diameter level (Equation 1). 

 

𝐺 = #
$
∗ 𝑑'	

)

*
  (1) 

 

Where:  

G = Basal area 

d = Normal diameter 

π = Constant (3.1416) 

n = Number of trees present within the sampling site 

 

The stored carbon was quantified using the allometric equations of the main species, 

previously generated by various authors; in the case of those for which there were no 

specific expressions in the study region, the expressions developed in other areas of the 

country with a temperate-cold climate were used for the taxon of interest (Table 2). 
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Table 2. Allometric equations by species. 

Species Equation Autor 

Picea martinezii T. F. Patterson 𝑉 = 0.00239 ∗ 	𝐷' ∗ 𝐻	 + 0.06439 Zianis et al. (2005) 

Abies vejarii Martínez 𝐶𝑆 = 0.035 ∗ 𝐷'.9*: Avendaño et al. (2009) 

Pseudotsuga menziesii (Mirb.) Franco  𝐴𝐵 = 0.1354 ∗ 𝐷'.:>:: Návar (2009) 

Cupressus arizonica Greene 𝐶𝑆 = 0.2637 ∗ 𝐷*.@ABC Vigil (2010) 

Pinus ayacahuite Ehrenb. ex Schltdl. 𝐴𝐵 = 0.2893 ∗ 𝐷'.*9AB Návar (2009) 

Pinus teocote Schiede ex Schltdl et Cham. 𝐴𝐵 = 0.40196 ∗ 𝐷' 
Aguirre-Calderón y Jiménez-

Pérez (2011) 

Pinus pseudostrobus Lindl. 𝐴𝐵 = 0.35179 ∗ 𝐷' 
Aguirre-Calderón y Jiménez-

Pérez (2011) 

Taxus globosa Schltdl  𝑉 = (3.1416 ∗ 𝑅' ∗ 𝐻)/3 Volume of a cone 

Quercus spp 𝐶𝑆 = 0.0192 ∗ 𝐷'.@9AB Tomás (2013) 

Otras hojosas 𝑉 = 0.00009001 ∗ 𝐷'.:C$:$ ∗ 𝐻>.*AABB Probosque (1990) 

V = Volume (m3 ha-1); AB = Aerial biomass (Mg ha-1); CS = Carbon stock (Mg ha-1); 

D = Diameter at breast height (m); H = Total height (m); R = Radius (D/2). 

 

Half the tree species had allometric equations for estimating the CS; for the 

remaining species, the equations used for calculating the biomass multiplied by a 

factor (0.50) were utilized (IPCC, 2016). In the case of Picea martinezii T. F. 

Patterson, Taxus globosa Schltdl. and other leafy species, only volume equations 

have been generated; hence the multiplication by the factor 0.50 in order to obtain 

the approximate biomass (Silva-Arredondo and Návar-Cháidez, 2009). Oaks and 

other broadleaves were grouped into a single equation. Both the basal area and 

the carbon stock were calculated for each sampling site, subsequently 

extrapolating these estimates to a hectare in order to make inferences and 

comparisons with similar studies. 
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The importance value index (IVI) is a synthetic structural index developed mainly for 

the purpose of organizing the dominance of each species in mixed stands by 

hierarchies; it was calculated by adding the relative abundance, the relative density, 

and the relative frequency (Curtis and McIntosh, 1951) (Equation 2): 

 

𝐼𝑉𝐼 = JKLMNOKLMNPKLM
:

  (2) 

 

Where: 

Arel = Relative abundance 

Drel = Relative density 

Frel = Relative frequency 

 

For the estimation of relative abundance, the following equations, 3 and 4, were used: 

 

𝐴Q =
RS
T
   (3) 

 

𝐴UVW =
JS

JS
X
SYZ

∗ 100 (4) 

 

Where: 

Ai = Absolute abundance 

Ni = Number of individuals of species i 

S = Sampling surface area (ha) 

Arel = Relative abundance of species i with respect to total abundance 

 

Dominance was assessed with equations 5 and 6: 
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𝐷Q =
J[S
T

   (5) 

 

𝐷UVW =
OS

OS
X
SYZ

∗ 100 (6) 

 

Where: 

Di = Absolute dominance 

Abi = Basimetric area of species i 

S = Sampled surface area (ha). 

Drel = Relative dominance of species i with respect to total dominance 

 

Relative frequency was assessed using equations 7 and 8: 

 

𝐹Q =
]S
R∗T

   (7) 

 

𝐹UVW =
PS

PS
X
SYZ

∗ 100	 (8) 

Where 

Fi = Absolute frequency (percentage of presence at the sampling site) 

fi = Number of sites where species i is present 

S = Sampled surface area (ha) 

N = Number of sampling sites 

Frel = Relative frequency of species i with respect to total frequency 
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The horizontal diversity index of species is defined as the number of taxa in a surface 

area unit; it has two main components: richness (number of species) and equitability 

(number of individuals of a single species). One of the most commonly used is the 

Shannon-Wiener index (H’) (Shannon and Weaver, 1949) (Equation 9): 

 

𝐻^ = − 𝑃Qa
Qb* ∗ 𝐼𝑛 𝑃Q  (9) 

Where: 

S = Number of species present 

Pi = Proportion of the species 

pi= ni/N 

ni= Number of individuals of species i  

N = Total number of individuals 

 

The vertical distribution of the species was estimated using the Pretzsch index (A) 

(Pretzsch, 2009), which uses different heights for detecting changes in diversity in 

the different strata of the forest (Equation 10). 

 

𝐴 = − 𝑝Qe ∗
f

eb*

T

Qb*

𝐼𝑛(𝑝Qe) (10) 

Where: 

S = Number of species present 

Z = Number of height strata 

pij = Percentage of species in each area 

pij = nij/N 

nij = Number of individuals of specie i in stratum j 

N = Total number of individuals 
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Subsequently, a statistical model describing the relationship between them was 

generated. The analyses were carried out using the statistical package SPSS® version 

22.0 (IBM Corporation, 2013). A variance analyses of a factor was applied, and the 

means were compared using Tukey’s test, whereby significant differences were 

obtained (p<0.05) (Zar, 2010). 

 

Results and Discussion 

Based on the similarity dendrogram, five groups were observed (Figure 2); the two 

with the largest difference (> 80 %) were sites 2 and 3, and 1 and 5. The former 

group was characterized by a north exposure, with slopes above 100 % and an 

altitude interval of 2 500 to 2 600 m; the latter group had a northeast exposure and 

slopes of 0 to 20 %, with an altitude interval of 2 600 to 2 800 m. 

 

Figure 2. Similarity dendrogram. 
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A third group was integrated with the sites of greatest similarity (of less than 30 %), 

which had an east exposure, an altitude above 2 900 m, and a slope of 0 to 40 %, 

although sites 7 and 8 were discriminated. 

Sites 6 and 9 constituted the fourth group, located at an altitude gradient of 2 700 

to 2 900 m, with a slope ranging between 20 and 40 %. Lastly, the fifth group 

comprised sites 4 and 10, which had a northeast exposure and an altitude interval 

of 2 500 to 2 700 masl. 

In regard to the Importance Value Index (IVI), the highest specific weight was for the 

Pinus (sites 5, 6, 7, 8, 9), Quercus (sites 4, 10), Picea (site 1), Abies (site 2), and 

Cupressus genera (site 3). The species with the highest importance in most of the 

sampled sites were: Pinus teocote Schiede ex Schldl. et Cham. (sites 6 to 10) and 

Quercus cordifolia Trel. (8, 9 and 10) (Table 3). This behavior of the vegetation is due 

to the fact that these are mixed pine-oak forests. 
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Table 3. Ratio of species by sampling site and their IVI value. 

Species 
Site 

1 2 3 4 5 6 7 8 9 10 

Abies vejarii Martínez 16.81 33.04 32.31 6.24  1.80     

Arbutus xalapensis HBK.  1.06  7.60 4.50 11.14 12.22 6.24 7.53 4.73 

Carpinus caroliana Walter  1.08         

Cupressus arizonica Greene   34.17 0.71       

Picea martinezii T. F. Patterson 29.06 8.53         

Pinus pseudostrobus Lindl.   1.52  14.13    4.12 11.46 

Pinus ayacahuite Ehrenb. ex Schltdl. 12.67 2.15 12.07 1.07 37.60    4.21 12.94 

Pinus teocote Schiede ex Schltdl. et 
Cham.    5.05 2.77 54.01 44.23 50.35 42.30 16.36 

Populus tremuloides Michx.    3.45       

Pseudotsuga menziesii (Mirb.) Franco 9.83 1.61 9.10 1.74      4.14 

Quercus affinis Scheidw. 18.63 19.24 9.32 62.81 10.03      

Quercus cordifolia Trel.        43.41 41.85 50.36 

Quercus germana Schltdl. & Cham.    8.92       

Quercus greggii Trel.     7.08      

Quercus laeta Liebm.    2.42   20.99    

Quercus mexicana Humb. & Bonpl.  15.68         

Quercus polymorpha Cham. & Schltdl.  6.96         

Quercus sideroxyla Humb. & Bonpl.     23.90 33.06 22.55    

Taxus globosa Schltdl 13.01 9.58 1.50        

Ulmus crassifolia Nutt.  1.07         

 

The highest number of species, 11, was registered at site 2, which was followed by 

site 4, with 10 species. Both sites have a north-northeast exposure and an altitude 

interval of 2 500 to 2 700 m. The site with the lowest number of taxa was 8, where 

only three species were identified and which has an east exposure and an altitude 

above 2 900 masl; sites 6 and 7 had four species; at the remaining sites, the number 
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of taxa ranged between five and seven each (Table 3). This behavior shows that the 

higher the altitude, the lower the number of species per site (less diversity). At all 

the sites there was at least one taxon of the genus Pinus and one of the genus 

Quercus. Arbutus xalapensis was observed at eight sites; Pinus teocote (four of these 

with the highest IVI value), and P. ayacahuite at seven sites. The least abundant 

species (one per site) were: Quercus germana, Q. greggii, Q. mexicana, Q. 

polymorpha, Carpinus caroliana and Ulmus sp. 

Most average heights ranged between 11.2 and 14.2 m, except at sites 1 and 3, 

where they were 16.9 to 20.5 m; the latter formed lush stands, dominated by 

Cupressus arizonica and Picea martinezii at locations with a north-northeast 

exposure. The largest average diameters were obtained from sites 3 and 9, where 

Cupressus arizonica and Pinus teocote are dominant (35.9 and 32.4 cm, respectively), 

while site 4 exhibited the smallest average diameter, of 18.1 cm; the dominant 

species at this site was Quercus affinis; the exposure of the site is northeast, and the 

altitude is less than 2 700 m. 

The basimetrc area exhibited significant differences between the 10 sites (p=0.109); 

site 3 attained the highest value, with 49.01±7.74 m2 ha-1, and a greater presence 

of Cupressus arizonica. The lowest basal area was for site 8, with 22.67±2.5 m2 ha-1, 

consisting mainly of Pinus teocote, with an east exposure and an altitude >2 900 m. 

These figures are similar to those cited by Encinas-Domínguez et al. (2008) for a 

sacred fir forest in Coahuila (29.69 m2 ha-1); however, they are lower than those 

documented by Aguirre et al. (2003) for mixed forest in the northeast of the 

country (35.9 a 48.2 m2 ha-1), although these agree with the figures corresponding 

to site 3 (Table 4). 
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Table 4. Structural variables by site. 

Site 
Average height 

(m) 

Average diameter 

(cm) 

G 

(m2 ha-1) 

CS 

(Mg ha-1) 

Pretzsch 

Index 

Shannon’s 

Index 

1 16.96 ± 0.82 a 23.94 ± 0.87 a 23.20 ± 7.28 a 83.90 ± 24.00 a 2.40 1.37 

2 14.21 ± 0.68 a,b 21.29 ± 1.70 a,b 29.94 ± 9.29 a 111.23 ± 37.25 a 2.53 1.78 

3 20.57 ± 0.81 c 35.96 ± 2.00 c 49.01 ± 7.74 a 123.49 ± 17.19 a 2.32 1.48 

4 12.43 ± 0.44 b 18.10 ± 0.47 b 31.89 ± 2.03 a 71.31 ± 5.10 a 2.01 1.23 

5 13.02 ± 0.33 b 24.27 ± 1.22 a,d 33.44 ± 4.49 a 94.70 ± 14.06 a 2.27 1.57 

6 13.92 ± 0.59 a,b 29.53 ± 1.04 d,e 27.01 ± 6.57 a 71.73 ± 18.83 a 1.50 0.95 

7 12.10 ± 0.75 b 24.61 ± 0.70 a,d 33.22 ± 1.55 a 91.81 ± 3.09 a 2.21 1.26 

8 13.00 ± 0.96 b 25.86 ± 1.17 a,d 22.67 ± 2.50 a 58.36 ± 5.75 a 1.61 0.83 

9 13.42 ± 0.57 b 32.45 ± 0.42 c,e 28.68 ± 2.23 a 82.95 ± 10.39 a 1.85 0.91 

10 11.28 ± 0.42 b 21.50 ± 0.89 a,b 28.70 ± 4.85 a 81.46 ± 14.81 a 2.27 1.36 

G = Basimetric area; CS = Carbon stock. Means followed by different letters (a, b, 

c, d, e) indicate different levels of significance for p<0.05. 

 

The average carbon stock in the 10 sites showed differences (p=0.354). The largest 

stock was found at site 3, with 123.48±17.19 Mg ha-1; followed by site 2, with 

111.22±37.26 Mg ha-1; the representative species were Cupressus arizonica and 

Abies vejarii, respectively; these also registered the highest IVI value per site. The 

exposure was north, and the slopes were above 100 %. Certain authors like Razo-

Zárate et al. (2013) cite values of 62.6 Mg ha-1 and 166.6 Mg ha-1 for similarly 

conserved and disturbed forests, respectively. Site 8 had the lowest CS, with 

58.35±5.75 Mg ha-1, with Pinus teocote as it is the dominant species; it also had 

the lowest basimetric area. These sites have an altitude above 2 900 masl, with an 

east exposure, and they consist of stands with medium sized trees, compared to 

sites 3 and 2 (Table 4). 
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The Shannon-Wiener index at site 2 was H’=1.78 and H’max=2.4, which are considered 

to be high, with 11 species –an evidence of a great diversity; it also had the second 

highest value for carbon stock. Whereas the lowest values were for site 8, with 

H’=0.83 and H’max=1.1 (Figure 3a), with only three species; however, the values 

between H’ and H’max are similar, corresponding to a homogeneous distribution. These 

results are higher than those reported by Santibañez-Andrade et al. (2015) for a pine 

forest in the Valley of Mexico (H’=1.02-1.28). While López-Hernández et al. (2017) 

cite values of H’=1.37 in temperate forests under management; these figures are 

similar to the values obtained for sites 1, 3, 4, 7 and 10. 

 

 

Figure 3. Diversity index charts and their maximum value per site; a) horizontal 

index (Shannon-Wiener), and b) vertical index (Pretzsch). 

 

For the vertical structure, the values of the A (Pretzsch) index were calculated, these 

represent the diversity of species by vertical stratum. Site 2 had the highest A value 

(A=2.53 y Amax=3.5); it is therefore not considered to be an even stand in terms of the 

tree heights. It also had the highest registers for horizontal diversity (H index); therefore, 

it is a stand with a broad vertical and horizontal diversity, with high dasometric values 

(average height, average diameter, basal area, and carbon stock), mainly due to its 

physiographic condition, which corresponds to an altitude below 2 500 m, i.e. lower than 

that of the rest of the studied sites. The lowest value (A=1.5 and Amax=2.48) was 
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estimated for site 6 (Figure 3b), although it is very similar to that of site 8 (A=1.61 and 

Amax=2.20); this represented a mean uniformity that corresponds to the poorest 

conditions of the forest as to tree diversity, due mainly to its physiographic conditions (a 

slope of 20 to 40 % and an altitude of 2 700 to 2 900 m). 

The high values for Pretzsch index suggest a larger diversity of species in the vertical 

structure; such was the case of 10 species at site 2 which, however, were not evenly 

distributed in all the strata. The values of site 7, whose A and Amax are very similar, 

reflect a homogeneous distribution of the species in the three strata. These results 

agree with those cited by Rubio et al. (2014), with Amax=3.74 and A=2.01 in mixed 

forests; however, they are high, compared with those of Villavicencio et al. (2006), 

who obtained A=2 y Amax=2.7 for a pine-oak forest, where oak trees were dominant 

in all three strata. 

In order to describe the relationship between the carbon shock and the horizontal and 

vertical diversity, several regression models were generated. In the case of the 

Shannon-Wiener index, the best model was an exponential one (y=41.367e0.5675x), 

with a R2=0.62 (Figure 4a); for the Pretzsch index, it also was an exponential model 

(y=30.286e0.4937x), with a R2=0.59 (Figure 4b). They both had low R2, but a tendency 

was observed to exist between the studied variables (Figure 4) in which the carbon 

stock increases with larger diversity indexes. These positive ratios are due to the fact 

that there is a homogeneous distribution of the tree species within the study sites; 

furthermore, they are distributed through the three assessed vertical strata and they 

cover a larger surface area both vertically and horizontally. 
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a) Horizontal index (Shannon-Wiener) and b) Vertical index (Pretzsch) 

Figure 4. Regression models of the relationship between the carbon stock and the 

diversity indexes. 

 

Conclusions 

It is concluded that there are variations in the composition and structure within the 

studied ecosystems, which consist primarily of pine-oak associations. In general, they 

are made up of medium-sized individuals (11 to 14 high) with 20-30 cm diameters. 

There is a relationship between the carbon stock and the horizontal (Shannon-Wiener, 

H’) and vertical (Pretzsch, A) diversity indexes. Although the generated models have 

a low R2 (0.59 for H’ and 0.62 for A), they do reflect the relationship between the 

carbon stock and the diversity of tree species, both horizontal and vertical, and they 

evidence that the CS increases as the indexes become higher; therefore, one of the 

strategies to follow in the management plans would be to have evenly distributed 

species in the entire area and in the different vertical strata. 
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