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Resumen

El presente trabajo describe y compara la diversidad, estructura y composicién de la vegetacidén en cuatro sitios
de bosques templados del sur del estado de Nuevo Ledn, mediante indicadores ecoldgicos y variables
dasométricas. Se midieron cuatro sitios de 2 500 m?, en los que se registré la altura (h), diametro (di.30 27.5 cm)
y cobertura de copa (dcopa). Se evalud la diversidad beta mediante un modelo de similitud de Bray-Curtis. Se
estimaron los indices de diversidad [Shannon-Weaver (H') y Simpson (D)] y riqueza [Margalef (Dmg) y Menhinick
(Dmn)], asi como la estructura horizontal [Indice de Valor de Importancia (IVI)] y la estructura vertical (indice A
de Pretzsch). Se empleé la funcion Weibull para crear un histograma de distribuciones diamétricas. Se identificaron
10 especies, distribuidas en cuatro familias, de las cuales Fagaceae represento la mayor riqueza. El S4 es el mas
diverso con siete taxones. En el S1 Pinus teocote registré el valor de importancia mas alto, IVI=50.64; seguido
de Quercus mexicana en el S2, IVI=48.61; y S3 IVI=35.78. En relacidon a los indices, el S4 registré valores
superiores en H '=1.686, D=0.796, Dyg=1.207, a diferencia de Dmv,=0.586 en el S3. En S4 se calculé un A=1.69,
con una Amax=3.04. Las relaciones de similitud indicaron que los S2 y S3 revisten la similitud mas alta (48.03 %).
Los resultados obtenidos en este trabajo sirven como una referencia de los cambios que experimentan los bosques
en estas areas de interés, y para a través del tiempo aplicar el manejo forestal mas conveniente.

Palabras clave: Biodiversidad, distribucién diamétrica, estructura floristica, indice A de Pretzsch, riqueza de
especies, sitios permanentes.

Abstract

This paper describes and compares the diversity, structure and composition of the vegetation in four sites of
temperate forests at the south of the state of Nuevo Ledn, by means of ecological indicators and mensuration
variables. Four sites of 2 500 m2 were measured, where height (h), diameter (d1.30 =7.5 cm) and crown cover
(deopa) were recorded. Beta diversity was evaluated by using a Bray-Curtis similarity model. The diversity
(Shannon-Weaver [H'] and Simpson [D]) and richness (Margalef [Dmg] and Menhinick [Dwmn]) indexes were
estimated, as well as the horizontal structure (Importance Value Index [IVI]) and the vertical structure (Pretzsch
Index A). The Weibull function was used to create a histogram of diameter distributions. Ten species, distributed
in four families were identified, from which Fagaceae family had the greatest richness. S4 compiles greater
diversity with seven species. In S1, Pinus teocote recorded the highest value of importance, IVI=50.64; followed
by Quercus mexicana in S2 IVI=48.61 and S3 IVI=35.78. In relation to the indexes, S4 presented the highest
values in H'=1.686, D=0.796, Dng=1.207, unlike Dy,=0.586 which was presented in S3. S4 registered an A=1.69,
with an Amax=3.04. The similarity relations indicated that S2 and S3 presented the highest similarity of 48.03 %.
The results obtained in this work would serve to have a reference of the changes experienced by the forests in
these sampled areas and through time to apply the most convenient forest management.
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Introduction

Mexico has a privileged diversity of natural ecosystems, made up of xerophilous
scrubs (41 %), temperate forests (24 %) and tropical rain forests (23 %) (Conafor,
2009). Temperate zones occupy around 46 million ha, equivalent to 23.4 % of the
national territory. They are mainly distributed in four physiographic regions: Sierra
Madre Occidental, Sierra Volcanica Transversal, Sierra Madre Oriental and Sierra
Madre del Sur (Gonzalez, 2003). These mountain systems are sites with high diversity
of plants distributed among trees and the understory, mainly; in general, temperate
forests gather more than half of the pine and oak species, and 33 % of the world's
oaks (Rzedowski, 2006; Rodriguez and Myers, 2010; Gonzalez-Elizondo et al., 2012).

Determining the floristic structure, vertical and horizontal, as well as the density of
individuals within a wooded area, allows knowing the nature of the mass, based on
its biological diversity, floristic composition, as well as the abundance of spatial
distribution, and in the strata altitudinal of the species that form plant communities
(Aguirre, 2002). Diversity is a synonym for the richness or variety of species that
occur in an ecosystem (Gaines, 1999; Gadow et al., 2007). The tree structure is a
key element to assess the stability of forests, which can be modified by applying
forestry treatments, which change the structure of stands or forest stands and
consequently the forest (Lahde et al., 1999; del Rio et al., 2003, Castellanos-Bolafos
et al., 2010). Therefore, the quantification of the structural variables of the forests is
important to understand the functioning of the ecosystem and thereby contribute to

sustainable forest management (Castellanos-Bolafnos et al., 2010).

Knowing the horizontal and vertical structure is essential for planning actions that favor the
development of forests, which are carried out when selecting the trees that will be used without
affecting the original structure (Aguirre-Calderon, 2015). Primarily, the horizontal structure is
given by the mensuration distribution (basimetric area and volume by diameter category), as
well as abundance, frequency and dominance. The vertical structure uses different height zones
to detect changes in tree diversity in different layers of the forest, with the aim of providing basic

information on stand dynamics (Pretzsch, 2009).
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The floristic composition describes the number of families, genera and species in a
forest at the time of making an inventory. The elements considered to achieve this
focus on diversity, species richness, and similarity among others (Louman et al.,
2001). Vegetation studies are one of the main supports for the planning, management
and conservation of any ecosystem. For this reason, a planned floristic inventory must
provide information on the specific richness (alpha diversity) (Villarreal et al., 2006),

in which only the number of species is considered, not the abundance of each one.

The use of diversity indices that weight species richness and abundance provide
scientific validity to establish conservation criteria, since these are frequently used as
environmental indicators of ecosystem health (Magurran, 1989). These indices have
been applied to guide actions related to the biodiversity of habitats, since they express
in numerical values the information from censuses or samples, which contribute to

inform decision-making in forest management (LUbbers, 1997).

This is why responsible forest management demands sustainability vision, which is
ruled by principles and criteria that assess the preservation of diversity and the
conservation of floristic composition. For all forests that are exploited and essentially
for those that have good management certification, the characteristics and behavior
of the tree layer must be known (Hernandez, 2012). Therefore, the objective of the
present study was to describe and compare the diversity, structure and composition

of the vegetation in temperate forests of the south of the state of Nuevo Ledn, Mexico.

Materials and Methods

Study area and sampling sites

Field work was carried up during the Winter of 2019 in four locations of the mixed
pine-oak forest located in the Sierra Madre Oriental mountain system, with a 5 km
in-between distance; three are found in Galeana municipality and the fourth one in
Aramberri municipality of the state of Nuevo Ledn, between 23°43'51"-25°26'45" N
and 99°28'30''-100°55'48" W (Figure 1).
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Figure 1. Location of the sampling sites in the study area.

The climate in the region is temperate sub-humid with rains in summer; its pluvial
regime oscillates between 600 and 1 200 mm, with annual average temperature
between 14 and 18 °C.

Litosol soil type predominates and the types of vegetation present are coniferous

forests made up of pine-oak and oak-pine associations (Inegi, 2017).

Four sampling plots were established in 2 500 m? (50 x 50 m), in the following spots:
Canoas (S1), Agua Blanca (S2), Canada "“El Llorén” (S3) and “El Alamillal” (S4); in
each of them, the geographical coordinates and their physiographic characteristics
were recorded (Table 1) and all individuals of tree species greater than 7.5 cm in
normal diameter (diameter at a height of 1.3 m above ground level) were censored,
according to the methodology used in the forest and soil research sites developed by

Corral-Rivas et al. (2009). The species and tree number of each individual were
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identified and measurements of total height (h), normal diameter (d:.30) and crown

diameter(dcopa) Were taken.

Table 1. Physiographic description of the sampling sites.

Latitude Longitude Altitude Type of
Sites Spot Hill side
(N) (w) (masl) Vegetation
1 Canoas 24°27'14.62" 99°52'44.,97" 2 665 SwW Pine-oak
2 Agua blanca 24°29'44.81" 99°54'26.17" 2 442 SwW Oak-pine
3 Canada El Llorén 24°35'47.76" 99°57'55.87" 2133 NE Oak-pine
4 El Alamillal 24°31'12.69" 99°57'25.94" 2 806 NE Pine-oak

Data Analysis

Floristic Composition

During the collection of information in the field, botanical material was collected from

all the tree species present at the sampling sites, where a terminal portion of a branch

of each species was taken, made up of leaves and the reproductive structure. For

later taxonomic identification, such specimens were taken to the Graduate School of

Forest Sciences of the Universidad Auténoma de Nuevo Ledn. The validity of the

scientific names for each of the identified species was verified based on the The Plant

List (2013) platform.
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Similitude coefficient

To determine the similarity in the composition of the species between the four
localities, an analysis was applied with the BioDiversity Professional version 2.0
program (McAleece et al., 1997), using an algorithm that allows analyzing the
similarity of the samples, through the Percentage calculation with intervals from 0 to
100 %, the result of which is represented in a Bray-Curtis similarity-dissimilarity

dendrogram (Bray and Curtis, 1957).

Diversity and richness indices

The following diversity and richness indices were estimated:

The Shannon-Weaver diversity index (H'), which expresses the heterogeneity of a
community based on two factors: the number of species present and their relative

abundance (Shannon, 1948; Castellanos-Bolafios et al., 2008).
S
H =-— Pl*ITl(Pl)
2

Where:

S = Number of present species

In = Natural logarithm

P; = Individuals found of the i/ species ratio; it is calculated through the (n/N) ratio
n; = Number of individuals of the i species

N = Total number of individuals
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The Simpson diversity index (D), which estimates whether a given community is made
up of very abundant species, since it adds the abundances of each one to the square

and, thus, gives importance to the species with high value (Lamprecht, 1962).

D =¥P?
Where:
P; = Ratio of the j species in the community (n/N)
n; = Number of individuals of the i/ species

N = Total number of individuals

The Margalef richness index (Dwmg), which determines the biodiversity of a community
based on the numerical distribution of the individuals of the different species, based
on the total number of individuals in the analyzed sample. It combines the number of

species (S) and the number of individuals (N) (Magurran, 2004).

-1
P19 Tn ().

Where:

In = Natural logarithm (e basis)

S = Total number of present species
N = Total number of individuals

The Menhinick wealth index (Dwmn), which is based on the relationship between the
number of species and the total number of individuals observed, which increases with

increasing sample size.
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Where:
S = Number of species

N = Number of present species

Diametric categories

The Weibull function was used to create histograms of diameter distributions, which
were evaluated using an X-square goodness-of-fit test, with the Minitab version 16
software (Minitab, 2014). This function is used in forest science for its ease of application

in similar analyzes of some species of the Pinus genus (Bailey and Dell, 1973).

Horizontal structure

To evaluate the horizontal structure of each species, its abundance was determined,
according to the number of trees, its dominance as a function of the canopy area, and
its frequency based on the presence at the sampling sites. The results were used to
calculate the Importance Value Index (IVI), which acquires percentage values on a
scale of zero to 100 (Mueller-Dombois and Ellenberg, 1974; Mostacedo and
Fredericksen, 2000).

The estimation of relative abundance was obtained with the following equation:

a =N ap ( 4 ) 100
. = —’ . = — x
Y b\ Yicn A

Where:

A; = Absolute abundance of the j species (N hal)

AR; = Relative abundance of the j species with respect to total abundance
N; = Number of individuals of the i species

S = Sampling area (ha)
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Relative dominance was calculated through the following equation:

p = Abi e ( Di ) 100
=, ==X
" S (ha) " \Xiz1aD;

Where:

D;i = Absolute dominance of the i species (N ha?)

DR; = Relative dominance of the j species with respect to total dominance
Ab; = Crown area of the i species

S = Sampling area (ha)

The relative frequency was estimated with the following equation:

Where:

Fi = Absolute frequency (percentage of presence in the sampling sites)

FR; = Relative frequency of the j species with respect to the sum of frequencies
fi = Number of sites in which the j species is present

NS = Total number pf sampling sites
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The Importance Value Index (IVI) is defined through the following equation
(Whittaker, 1972; Moreno, 2001):

=1(AR; + DR; + FR))
3

VI =

Where:
IVI = Importance Value index

AR; = Relative abundance of the j species with respect to total abundance

DR; = Relative dominance of the / species with respect to total dominance

FR; = Relative frequency of the j species with respect to total frequency

Vertical Structure (A of Pretzsch)

The vertical structure of the species was interpreted by using the Pretzsch vertical
distribution index A (Pretzsch, 1996; del Rio et al., 2003), which is a modification of
the Shannon index (Pretzsch, 2009), in which A has values between zero and an Amax
value; when an A = 0 value means that the stand is made up of a single species that
occurs in a single stratum. Amax is reached when all the species are present in the
same proportion, both in the stand and in the different strata (Corral et al., 2005).
Therefore, three strata were defined with intervals of maximum height of the area,
in which the tallest tree represents 100 %, and corresponds to stratum I: 80-100
%, to stratum II: 50-80 % and to stratum III: 0-50 % (Aguirre, 2002; Jiménez et
al., 2008; Pretzsch, 2009). The A index is calculated using the following equation:

S Z

i=1 j=1
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Where:

A = Vertical distribution index

S

Number of present species

Z = Number of strata with respect to height

P;j = Species percentage in each zone, which is estimated by (nj;;/N), n;
j = Number of individuals of the i species in the j stratum

N = Number of individuals

In order to compare the Pretzsch index it was necessary to standardize it and this

was done by means of the Amax value, which is calculated with the following equation:

Amax = In(S * Z)

To standardize the A value, the following model was used:

Aoy = 100

— %
In(S*2)

Results and Discussion

Floristic composition

A total of 10 tree species was identified, which belong to four families and five genera.
Fagaceae gathered the greatest richness with five species, followed by Pinaceae with
three. These families represent 92.32 % of the total registered in the four study sites
(Table 2). The rest were Ericaceae and Cupressaceae with one genus. The species

that stood out were of the Quercus (five), Pinus (two) genera; only one taxon was
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identified of Abies, Arbutus and Juniperus. In relation to the number of individuals for

the four study sites, Fagaceae dominated, with 228 and Pinaceae, with 205; while the

least abundant were Ericaceae, with 32 and Cupressaceae, with 4.

Table 2. Recorded species at the sampling sites, arranged by family.

Family Scientific name Common name
Pinaceae Abies vejarii Martinez Oyamel
Pinaceae Pinus pseudostrobus Lindl. Pino blanco
Pinaceae Pinus teocote Schiede ex Schltdl.et Cham. Ocote

Fagaceae Quercus canbyi Trel. Encino amarillo
Fagaceae Quercus laeta Liebm. Encino colorado
Fagaceae Quercus mexicana Humb. et Bonpl. Encino de México
Fagaceae Quercus polymorpha Schitdl. et Cham. Encino roble
Fagaceae Quercus rugosa Née Encino blanco
Ericaceae Arbutus xalapensis Kunth Madrofo
Cupressaceae Juniperus flaccida Schltdl. Enebro

In the Sierra Madre Oriental, worth mentioning are the floristic studies carried out by
Garcia-Arévalo (2008), Valenzuela and Granados (2009), Aragon-Pifia et al. (2010),
De Ledn et al. (2013), Delgado et al. (2016) and Graciano-Avila et al. (2017), which

agree that Pinaceae and Fagaceae were the most abundant families; Valencia (2004),

Sanchez-Gonzalez (2008), Gonzalez-Elizondo et al. (2012) and Gernandt and Pérez-

de la Rosa (2014) argued that the abundance of these two families is explained by

their wide diversity of species in Mexico, since 49 are recorded for Pinus and 161 for

Quercus. Likewise, Zufiga et al. (2018) documented a high value of importance for

the Pinus and Quercus genera, to which must be added the great economic interest

of both families in the forest ecosystems in a national scope (Semarnat, 2014).
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Similitude coefficient

The dendrogram derived from the Bray-Curtis similarity-dissimilarity matrix (Figure
2), groups the study sites into two well-defined sets. The first is made up of S2 and
S3, which were the most similar in the composition of species, with 48.03 % similarity
and correspond to a mixed oak-pine forest plant community. The second group is
made up of S1 and S4, with 43.72 % similarity, and a pine-oak plant community. The
clusters are influenced by the number of individuals of the taxa with the highest
floristic composition, because their abundance was very similar, despite the fact that

their richness was very different between the sampling sites.

23

82

24

21

0. % Bimdlitud S0 100

Figure 2. Similitude-dissimilitude Bray-Curtis dendrogram of the study sites.

Diversity and richness indexes

The highest values of the of the Shannon-Weaver and Simpson diversity indexes as
well as the Margalef richness index were recorded in S4, because it has the highest
number of species; however, the highest value of the Menhinick richness index was
determined in S3. The lowest diversity values of Shannon-Weaver and Simpson were
recorded in S1, but the richness indices of Margalef and Menhinick in S2, represented

by four species (Figure 3).



Manzanilla et al., Diversity, structure and floristic composition...

Indices
2 Shannon (H") ©
1.8 = Simpson (D) %_
= Margalef (DMg) —
1.6 = Menhinick (DMn) ©
™

S1 s2 S3 sS4
Sitios

Figure 3. Analysis of the diversity and richness indexes of the study sites.

When comparing the results of this study with the values of species diversity and richness
in other regions of the country, it is observed that the value of the Shannon-Weaver index
falls within the ranges recorded by Solis et al. (2006) of H* = 0.72 and 1.21 and Navar-
Chaidez and Gonzalez-Elizondo (2009) of H* = 0.53 to 1.33 in temperate forests of
Durango; by Hernadndez-Salas et al. (2013) of H* = 1.23 in a temperate pine-oak forest
in Chihuahua; by Lépez-Hernandez et al. (2017) of H = 1.37 in temperate forests of
Puebla; by Dominguez et al. (2018) of H* = 0.93 to 1.51 in four sites of the SMO;
and by Buendia-Rodriguez et al. (2019) from H° = 0.83 to 1.78 in 10 sites in

northeastern Mexico.

According to the Margalef index, some authors such as Hernandez-Salas et al. (2013)
refer values of Dmg = 0.90 to 1.04 in temperate forests of northeast Mexico; Lopez-
Hernandez et al. (2017) of Dmg = 1.35 in temperate forests of Puebla. In a similar
way, for the Menhinick index, Navar-Chaidez and Gonzalez-Elizondo (2009) and Rios-
Saucedo et al. (2019) recorded higher values of Dus, = 0.82 and 0.95 in temperate
forests of Durango and Simpson richness index values of D = 0.73. Based on the
results of the diversity and species richness indexes at the study sites, they are

classified as low to medium diversity.
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Diametric categories

Diametric distributions indicate irregular masses, as they reflect both inverted J
trends and normal distribution curves. In this case, forests with dominant young trees
with diameters from 10 to 30 cm, values similar to those reported by Navar-Chaidez
(2010) and Delgado et al. (2016) for temperate forests of Nuevo Leén and Durango.
Individuals with diameters greater than 40 cm were observed, which as the diameter
increases, the structure of the sites decreases in density, reflecting an adequate flow
of regeneration with a reserve of young individuals, which in the future could replace
the larger diameters, so that the survival of the ecosystem is guaranteed. Therefore,

thinning could be carried out, since there are trees that have reached their maximum

development (Figure 4).
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Figure 4. Distribution of trees by diametric categories at the study sites.
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Horizontal structure

A total of 469 trees were recorded. S4 corresponds to the largest number of families
with four, followed by S3 with three, S1 and S2 with two. Six species were identified
in S3 and seven in S4, which are the highest figures, perhaps due to its northeast
exposure, since it favors favorable temperature and humidity conditions, since forests
with this exposure show less water deficit due to the low temperature and
evapotranspiration during the day (Lopez-Gémez et al., 2012). S1 and S2 follow a
lower trend, with four families, with a southwest exposure. At all sites, there was at
least one taxon of the genus Pinus and Quercus. The rarest species, one for each site,
were Abies vejarii Martinez, Juniperus flaccida Schitdl., Quercus canbyi Trel. and

Quercus laeta Liebm.

Q. mexicana Humb. et Bonpl was the best represented in S2 with 89 trees (59.73 %
of the total), followed by S1 with 44 trees of P. teocote Schiede ex Schitdl. et Cham
(61.97 % of the total), P. pseudostrobus Lindl. with 37 trees (35.24 % of the total)
in S3, Q. canbyi with 35 trees (24.3 % of the total) in S4. To a lesser extent, Q.
mexicana and Q. rugosa Née with 3 trees (4.23 and 2.08 % of the total) in S1 and
S4. S2 was the site with the highest number of individuals (149), followed by S4
(144), S3 (105), and S1 (71). The highest coverage corresponded to S2, S4 and S3
with values of 2 853 m? ha'!, 2 806 m? ha! and 2 779.4 m? ha! respectively; while
the site with the least coverage corresponds to S1 with 2 215.02 m? hal. The species
with the highest coverage were Q mexicana, with 3 189.44 m? ha! and P. teocote
with 3 038.56 m? ha'! and with the lowest coverage J. flaccida 77.14 m? ha!.

The most abundant species were Q. mexicana, P. teocote and P. pseudostrobus, and
to a lesser extent J. flaccida. The dominant species were Q. mexicana, P.
pseudostrobus and P. teocote, and with less dominance J. flaccida. The most frequent

species was P. teocote (Table 3).
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Table 3. Structural parameters of the species per sampling site.

No. Density Frequency Crown area Basimetric area IVl

Site Species Ind (N hat) Dr F Fr (m?hat) ACr (m? hat) ABr (%)
(%) (%) (%) (%)

P. pseudostrobus 9 36 12.68 0.8 26.67 369.2 16.67 10.97 20.47 18.67

P. teocote 44 176 61.97 0.8 26.67 1401.56 63.28 37.91 70.75 50.64

1 Q. mexicana 3 12 4.23 0.6 20 82.4 3.72 1.30 2.42 9.32

Q. rugosa 15 60 21.13 0.8 26.67 361.86 16.34 3.41 6.36 21.38

Total 71 284 100 3 100 2 215.02 100 53.59 100 100

A. vejarii 28 112 18.79 0.2 9.09 525.02 18.40 4.43 12.63 15.43

P. teocote 27 108 18.12 0.8 36.36 559.60 19.61 11.38 32.49 24.70

2 Q. mexicana 89 356 59.73 0.6 27.27 1678.62 58.83 18.59 53.05 48.61

Q. polymorpha 5 20 3.36 0.6 27.27 89.96 3.15 0.64 1.83 11.26

Total 149 596 100 2.2 100 2 853 100 35.04 100 100

Q. mexicana 43 172 40.95 0.6 15 1428.42 51.39 21.53 64.74  35.78

Q. polymorpha 2 8 1.90 0.6 15 76.20 2.74 0.66 1.99 6.55

P. pseudostrobus 37 148 35.24 0.8 20 771.60 27.76 6.77 20.34  27.67

3 Q. rugosa 5 20 4.76 0.8 20 166.66 6 1.78 5.36 10.25

P. teocote 16 64 15.24 0.8 20 303.6 10.92 2.48 7.44 15.39

A. xalapensis 2 8 1.90 0.4 10 32.92 1.18 0.04 0.13 4.36

Total 105 420 100 4 100 2779.4 100 33.26 100 100

A. xalapensis 30 120 20.8 0.4 11.76 515.20 18.36 1.81 9.2 16.99

J. flaccida 4 16 2.78 0.2 5.88 77.14 2.75 0.23 1.2 3.80

P. pseudostrobus 9 36 6.25 0.8 23.53 189.66 6.76 1.48 7.6 12.18

4 P. teocote 35 140 24.3 0.8 23.53 773.80 27.58 8.18 42 25.14

Q. canbyi 35 140 24.3 0.2 5.88 590.24 21.03 2.51 13 17.07

Q. laeta 28 112 19.4 0.2 5.88 589 20.99 4.87 25 15.44

Q. rugosa 3 12 2.08 0.8 23.53 71.10 2.53 0.47 2.4 9.38

Total 144 576 100 0.4 100 2 806 100 19.55 100 100

No. Ind = Number of individuals; Dr = Relative densidad; Fr = Relative frecuency;
ACr = Relative crown area; ABr = Basimetric area; IVI = Importance Value Index
(Dr+Fr+ABr) /3.

A higher importance value (IVI) was calculated for Quercus in S2, S3 and S4, and for
Pinus in S1. The most significant taxa of the sampled sites were P. teocote, P.
pseudostrobus, Q. rugosa and Q. mexicana, an expected behavior of the vegetation
because they are mixed forests. Guzman (2009) pointed out that when a species

reaches the value of outstanding importance, it plays a clear ecological dominance,
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and it is common for a few species, with higher values of importance, to represent

the most significant populations of ecosystems.

Conversely, when competition on the site is divided into several species, none of them
exceeds 50 % of the importance value. In general, the sampled sites are located in
areas under forest management, which have not been intervened so far, and which
include species of economic interest, therefore, if the corresponding forestry
treatments are applied, this would favor their density, frequency, coverage and
basimetric area. However, the generic dominance makes it possible to observe pine-
oak or oak-pine forests in a site, which is consistent with what is documented in the
Ecological Ordering of the state of Durango for the temperate forests of the area
(Semarnat, 2007).

The basimetric area reached the highest value in S1 with 53.59 m? ha!, which can
be explained by the higher diameters of P. teocote, and to a lesser extent, in S4 with

19.55 m? ha!, made up of the same way mostly by P. teocote (Table 3).

The comparative study between sites allowed to detect structural and compositional
variations that occur within the same ecosystem. Although in general terms, the same
coniferous or broadleaved species can develop in different degrees of slope or
orientation, others have preferences for particular topoforms (hills, canyon, valley,

slopes, etc.) (Martinez-Antunez et al., 2013).

Vertical structure (A of Pretzsch)

The vertical structure of the sampled sites is distributed in three strata, of which the
upper one (I:> 80 % of the maximum height) was dominated by P. teocote, which is
present in S1, S2 and S4 with the heights The most outstanding were from 26 to 30
m, and for S3 it was P. pseudostrobus with 22.93 m. The lowest heights in S1
correspond to A. vejarii; in S2 and S3, to Q. mexicana and Q. rugosa in S3. Diameters
at this level range from 41.13 to 94.67 m. In the stratum (II:> 50 % - 80 %) P.
teocote dominates in the four sampling sites with heights of 17.90 to 24 m. However,

other species begin to appear as P. pseudostrobus in S1, S3 and S4, A. vejarii in S2
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and some Quercus species: Q. cambyi and Q. laeta in S4, Q. mexicana in S1, S2 and
S3, Q. polymorpha Schitdl. et Cham in S2 and S3, and Q. rugosa in S1 and S3 which

is a shade tolerant genus. Diameters at this level range from 31.07 to 66 m. The

stratum (III: up to 50 %) of S4 showed the greatest diversity of species, with the

most noticing P. teocote height values, but Q. rugosa and Q. mexicana recorded the
largest diameters in S1 and S3 (Table 4).

Table 4. Pretzsch’s index vertical distribution values.

Site  Stratum Species No. Di.30 (cm) H (m) Pretzsch
Ind. Max Min X SD Max Min X SD A Amax Arel%
P. pseudostrobus 7 74.87 55.30 65.37 7.83 29.30 25.91 27.88 1.42
! P. teocote 24 84.60 42.43 57.68 11.43 30.00 24.60 26.74 1.85
P. pseudostrobus 2 55.43 39.53 47.48 11.24 23.60 23.00 23.30 0.42
P. teocote 18 59.47 31.17 44.84 7.74 24.00 16.00 22.07 1.84
. H Q. mexicana 1 45.17 45.17 45.17 - 18.00 18.00 18.00 - 1.02 2.48 41.07
Q. rugosa 2 59.67 32.80 46.23 19.00 19.00 17.80 18.40 0.85
P. teocote 2 18.37 16.03 17.20 1.65 13.80 10.10 11.95 2.62
11 Q. mexicana 2 40.53 21.10 30.82 13.74 11.00 9.00 10.00 1.41
Q. rugosa 13 41.73  7.67 19.41 10.43 15.00 5.00 8.73  3.30
Total 71 84.60 7.67 45.50 18.49 30 5 20.95 7.36
A. vejarii 3 41.13 37.20 38.57 2.22 23,90 22.69 23.11 0.68
I P. teocote 14 56.93 34.23 44.01 597 26.92 21.67 23.83 1.57
Q. mexicana 11 44,57 33.93 38.07 3.42 25.74 21.59 22.78 1.27
A. vejarii 20 31.07 14.00 20.96 4.08 19.91 15.10 17.04 1.37
- P. teocote 13 35.07 17.57 25.29 5.31 21.19 16.10 18.53 1.58 105 248 42.07
2 Q. mexicana 58 42.33 14.00 24.94 578 21.14 13.60 16.74 2.21
Q. polymorpha 2 32.77 17.80 25.28 10.58 17.54 13.92 15.73 2.56
A. vejarii 5 14.70 7.67 9.83 2.79 12.00 6.59 8.84 2.00
III Q. mexicana 20 20.07 11.83 15.81 2.56 13.24 7.16 10.84 1.92
Q. polymorpha 3 17.60 12.10 14.54 2.80 12.10 10.39 10.99 0.96
Total 149 56.93 7.67 25.53 9.85 26.92 6.59 17 4.38
P. pseudostrobus 5 61.27 45.67 53.85 7.43 22.93 21.50 21.99 0.57
I Q. mexicana 2 94.67 76.83 85.75 12.61 21.56 18.64 20.10 2.06
Q. rugosa 1 43.33 43.33 43.33 - 18.80 18.80 18.80 -
P. pseudostrobus 7 33.87 15.70 20.69 6.57 14.60 11.72 13.38 0.95
P. teocote 5 42.43 17.20 32.71 13.19 1790 12.60 15.56 2.44
3 II Q. mexicana 30 66.00 18.73 38.49 13.74 17.82 11.62 14.97 2.05 132 289 4552
Q. polymorpha 2 38.80 24.50 31.65 10.11 15.30 14.43 14.87 0.62
Q. rugosa 4 39.47 17.83 29.25 11.13 15.80 11.50 13.68 1.76
A. xalapensis 8.73 7.93 8.33 0.57 6.69 4.00 5.35 1.90
P. pseudostrobus 25 17.87 9.07 11.75 2.20 10.75 5.63 8.58 1.68
IH P. teocote 11 17.97 7.97 12.66 2.72 10.60 5.00 9.06 1.73
Q. mexicana 11 40.17  7.77 16.50 8.78 10.53 4.47 7.07  2.06
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Total 105 94.67 7.77 26.27 17.92 22.93 4 12.16 4.97
I P. teocote 7  56.10 27.67 38.90 9.22 26.60 21.50 23.57 1.90
P. pseudostrobus 2 44.40 33.07 38.73 8.01 18.73 15.89 17.31 2.01
- P. teocote 22 4233 9.83 24.06 7.59 20.80 14.60 18.04 1.98
Q. cambyi 6 31.30 1533 2296 559 14.80 13.60 14.08 0.40
Q. laeta 9 5580 19.28 33.26 12.15 17.62 14.50 16.45 1.13
A. xalapensis 30 23.33 7.67 13.20 4.28 9.60 3.10 6.59 1.89
4 J. flaccida 4 16.00 10.33 13.43 2.82 11.30 7.60 9.77 1.58 169 304 5539
P. pseudostrobus 7 2333 11.57 14.80 4.21 12.60 10.40 11.61 0.70
111 P. teocote 6 14.83 10.97 12.66 1.69 13.20 11.10 12.08 0.81
Q. cambyi 29 2337 7.73 1223 3.47 12.80 7.00 10.06 1.40
Q. laeta 19 2343 9.03 14.49 4.48 12.00 4.12 8.39 2.25
Q. rugosa 3 30.00 12.53 21.08 8.74 11.60 7.20 9.63 2.24
Total 144 56.10 7.67 18.32 9.84 26.60 3.10 11.80 5.04

Max= Maximum value; Min= Minimum value; Di30 = Normal diameter; H = Height;

x = Mean; SD = Standard deviation

In regard to the values of the vertical index of A = 1.02 to 1.69 and an Amax = 2.48 to 3.04 in
the sampling sites, the highest was located in S4 with an A= = 55.39 %, indicating that the
evaluated site has uniformity mean in height diversity (Table 4). These results are comparable
with the results of Buendia-Rodriguez et al. (2019) from A = 1.5 to 2.53, with Amax = 2.48 to

3.5 at 10 temperate climate sites in northeast Mexico.

Conclusions

The former results reveal that the sites sampled in this study are heterogeneous and
of low similarity. Pinus teocote, P. pseudostrobus and Q. mexicana have the highest
value of ecological importance, the first one of which records the largest basimetric
area in S1, Q. mexicana the highest number of trees in S2 and S3, and the greater
diversity of species in S4. However, the values of the calculated indexes of diversity
(Shannon, Simpson) and richness (Margalef, Menhinick) are relatively low compared
to others determined in temperate forests in Mexico. Based on the diametric
distribution, some of the largest trees within the study areas were identified, which
would be of interest to forest managers to removal those that have reached maturity,

without compromising the stability of the ecosystem. By stratifying the heights using
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the Pretzsch index, a detailed overview of the vertical structure of the species that
make up the sampling sites is provided. The results obtained a well as the descriptive
data in this work could serve as a reference of the changes that forests undergo in

these areas and, over time, apply the corresponding forest management.
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