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Abstract

In 2017, the diversity of woody species in the community of Xaltepuxtla, Puebla was evaluated in
a remnant of altered mountain mesophilic forest, ornamental system and silvopastoral system in
order to know the tree diversity and propose species of high ecological value for their restoration.
Ecological indices and a systematic sampling design were used with predetermined distances in
grid form. 22 sites were sampled using quadrants with central point for tree vegetation with 100
m? sites and embedded boxes for shrub and herbaceous vegetation. Wealth, abundance and
diversity of woody species were obtained with estimators of Jacknife 1, relative abundance index
(IAR) and Shannon-Wiener index. 19 species were registered in 15 families and 18 genera. The
species with the greatest relative abundance per site were: Chamaecyparis lawsoniana (IAR=
0.96), Rhododendron simssi (IAR= 0.46) and Chamaecyparis. thyoides (IAR=0.25). The sites with
the greatest diversity were: 22 with an index of 2.54 and 20 and 21 with indexes of 2.53
respectively. The greatest diversity by condition was in the RBMM with an index of 2.92. With the
Kruskal Wallis test, no significant differences were obtained between the ecological estimators, so
all three conditions are subject to the same level of alteration. It was possible to know the wealth,
abundance and diversity of the woody species in the study area.
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Introduction

In Mexico, the mountain mesophilic forest (BMM) represents a very valuable natural capital for
the provision of multiple environmental services, both for local populations and for the rest of
Mexican society (Gonzalez-Espinosa et al., 2012). This ecosystem harbors an important world
biodiversity, but it is strongly threatened because it exhibits the highest rates of deforestation
among tropical forests (Aldrich et al., 2000).

In the community of Xaltepuxtla, Puebla has been causing very drastic alterations to this type of
forest due to the introduction of production systems of ornamental plants, which has caused an
environmental problem highlighting the decrease in plant species, loss of soil and decrease in
ecosystem services.

Agroforetal systems are an alternative for the provision and conservation of these services, such as
water, carbon sequestration and biodiversity among others (lbrahim et al., 2006). This has
motivated some researchers to carry out work in silvopastoral systems with the inclusion of woody
species of the BMM (Sanchez-Gomez et al., 2017). Although this work exhibits the importance of
silvopastoral systems with characteristic species of the BMM, the contribution to scientific
knowledge is still scarce, in addition, the structure and floristic composition of a plant community
in silvopastoral systems and remnants of mesophilic forest of altered mountain.

That is why the present study aims to evaluate the arborea diversity of woody species, in a
silvopastoral system immersed in mesophilic forest altered through the use of ecological indexes
to propose species of greater cultural value that can be used in restoration programs of the area
helping the conservation of the forest.

Materials and methods
Description of the study area

The research was carried out in the community of Xaltepuxtla, belonging to the municipality of
Tlaola, Puebla. It has an extension of 40 hectares that are part of the River Basin of the Necaxa
River. This zone is located between the extreme coordinates 97° 58 5.303” west longitude and 20°
11° 23.06” north latitude, 97° 57° 30.836” west longitude and 20° 10* 57.124” north latitude, at an
altitude of 1 280 m. The climate is semi-warm, with little annual oscillation of the average monthly
temperatures. The average annual rainfall is 1 992.4 mm and the average annual temperature is
17.5 °C. (SMN, 2016). The predominant soil type is mollic andosol and slight slopes until very
pronounced ranging from 2% to more than 45%. The conditions under study are ornamental system
(SO) with 37.3 ha, silvopastoral system (SS) with 0.43 ha and remnants of mesophilic mountain
forest (RBMM) with 2.27 ha.

Sampling design
The polygonal and surfaces of each condition was delimited by digitizing the study area with the

COGO tool of Arc map 10.1; from azimuth and distance from the boundaries of the property,
rectified in the field with transects with a Garmin global geo-positioner (GPS) (Ruiz, 2016). The
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sampling design used was systematic sampling with predetermined distances and in arrangements
in a manner of grid (Ralph et al., 1996), obtaining 22 units of choice or sites with distances between
them of 141.4 m. Vegetation was sampled using quadrant methods with central point for tree
vegetation (Cottam and Curtis, 1956) and embedded boxes for shrub and herbaceous vegetation
(Oosting, 1956).

Variables evaluated

In each of the sites, cartesian coordinates were recorded with a GPS, as well as habitat variables
such as exposure, slope and thickness of mulch and dasometric variables such as total height (H),
clean shaft height (HFL) and diameter at 1:30 m. of the ground (DN). In the case of shrubs, the
crown diameter (DC), number of branches for those species with foliage use, height (H) and
number of individuals were measured for each individual, for the herbaceous, only the percentage
of land covered was measured by them.

In each site, specimens of the different species found were collected for subsequent identification
in the herbarium of the Division of Forest Sciences of the Autonomous University Chapingo
(UACH).

Analysis of data

Frequency of observation. To know the percentage frequency of species wealth by condition
and by site, the observation frequency index (FO) (Salas and Ordufia, 1993) was used, with the
total number of woody individuals registered per species among the total number of individuals
per 100.

Wealth of species. The first-order non-parametric Jacknife estimator was used, using presence-
absence or abundance data by species (Colwell, 2004), which represents one of the most accurate
and least biased indexes (Palmer, 1990), using the computational program ‘EstimateS 6bla’.

Relative abundance. To estimate the relative abundance of the species, present in the different sites
and conditions, the abundance index defined by Carrillo and Cuardén (2000) was calculated; Aranda
(2000), modified for this study.

. Number of individuals registered per sp/number of total individuals
1:

Sampling point area (0.5 ha)

Diversity of species Based on a review of the characteristics and assumptions of various species
diversity indices (alpha diversity), the non-parametric index known as the Shannon-Wiener
diversity index was chosen, using the ‘EstimateS’ version 6bla (Colwell, 2000). To determine
significant differences in the wealth, relative abundance and diversity of species recorded by
condition and by site, a non-parametric test of Kruskal-Wallis (Zar, 1999) was performed, using
the statistical software JMP IN version 4.
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To determine if all species were considered in wealth, relative abundance and diversity of species
recorded by condition and site, a ‘Chi square of Pearson’ analysis was carried out, (Molinero,
2003b): with a significance of a= 0.05, said analysis was used to assess whether the differences
between the observed and expected frequencies are attributed to chance, under the hypothesis of
independence. This analysis was carried out using JMP IN software version 4.

Poisson regression analysis (ARP)

An analysis was carried out in order to establish possible associations between the dasometric and
habitat variables on the abundance of the woody species with the highest ecological value recorded
in the three conditions evaluated. First, the effect between habitat and dasometric variables and the
abundances of different woody species with greater ecological value was analyzed, using a Poisson
regression model (Gonzélez-Oreja, 2003).

The variables that explain the greater variability to select the model were then determined
(Rotenberry and Wiens, 1980). Thus, the abundance of the woody species (y) was modeled before
the dasometric and habitat variables (x), making an adjustment of the variable ‘y’ to the variables ‘x’,
using a generalized linear model (McCullagh and Nelder, 1989) that will explain the relationship
between a response variable ‘y’ and a set of explanatory variables x’ through a linear relationship.

In this analysis, those in which p< 0.05 (McCullagh and Nelder, 1989; Gonzéalez-Oreja, 2003) were
considered statistically significant coefficients. In this way, woody species were obtained that had
an effect on independent variables (dasometric and habitat). This analysis was performed using the
GLM procedure of the statistical software R-version 2.6.1. (Dalgaard, 2006).

Results

A total of 1050 individuals were registered, the most representative species are Chamaecyparis
lawsoniana with 48.19% (506 individuals), Rhododendron simssi with 23.33% (245) and
Chamaecyparis thyoides with 12.48% (131), some natives are below 3% (Figure 1).
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Figure 1. Frequency of observation of woody species.
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The most representative species by condition was Chamaecyparis lawsoniana; found 45.74%
(938 plants) in the ornamental system, 92.86% (42) for silvopastoral and 54.29% (70) for
RBMM; the percentage value of the rest of the species exhibited a differential trend in each
condition.

Species wealth

19 herbaceous species, 9 shrubs, 9 trees and one tree were recorded; all of them distributed in 15
families and 18 genders (Table 1).

Table 1. List of species registered in ornamental system, sivopastoral system and remnants of
mesophilic mountain forest.

Common name Scientific name Biological form Family
Azalea Rhododendron simssi Shrubs Ericaceae
Camellia Camellia japonica Shrubs Theaceae
Cedrela Chamaecypallgrci)si,nﬂ’]yoides "Top Shrubs Cupressaceae
Chima Chamaecyparis lawsoniana Shrubs Cupressaceae
Ailite Alnus acuminata Tree Betulaceae
Encino Quercus sp. Tree Fagaceae
Pine Pinus patula Tree Pinaceae
Myrtle Buxus sempervirens Shrubs Buxaceae
Ocozote Liquidambar styraciflua Tree Hamamelidaceae
Poplar Platanus mexicana Tree Platanaceae
May flower Bejaria aestuans Shrubs Ericaceae
Jonote Heliocarpus appendiculatus Tree Malvaceae
Cuachalalate Amphipterygium adstringens Shrubs Anacardiaceae
Makiki Cyathea salvinii Arborescent Cyatheaceae
Guava Psidium guajava Tree Myrtaceae
Ash tree Fraxinus uhdei Tree Oleaceae
Oxocopaque Gaultheria erecta Shrubs Ericaceae
Zapote Casimiroa edulis Tree Rutaceae
Planchado Thuja occidentalis Shrubby Cupressaceae
otras Shrubby

20 species were found so that, with the sampling effort carried out, 19% of the species theoretically
present in the sites considered are known (Figure 2).
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Figure 2. Rarefaction of the diversity of woody species in the 22 study sites.

In the wealth of species by condition an estimated 15 species is indicated, so up to now, with the
sampling effort carried out, 100% of the theoretically present species in this condition are known,
for the silvopastoral system 2 species were registered, which It shows a sampling effort of 10%
and for the RBMM, 9 species were observed, indicating a sampling effort of 29% (Figure 3).
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Figure 3. Rarefaction of the diversity of woody species in the three study conditions.

The present work uses rarefaction curves for the first time with the Jackniffe 1 estimator for
silvopastoral systems, so that beta-level registrations are obtained in this type of forest. The trends
in recorded wealth coincide with what was reported by Chiarucci et al. (2003) who point out that
data from large samples analyzed using Jacknife 1 present more precise values of wealth.

Relative abundance index (IAR) by sites

The results of the IAR for the frequency data recorded by species in all sites by condition, suggest
that the species of greater relative abundance were: Chamaecyparis. lawsoniana (IAR= 0.96),
Rhododendron simssi (IAR= 0.46), Chamaecyparis. thyoides (0.25), the values of the rest of the
species show lower values (Figure 4a). By condition Chamaecyparis lawsoniana presented greater
abundance (IAR=0.96) in the ornamental system, (IAR= 1.86) for silvopastoral and (IAR= 1.09)
for RBMM, the value of the rest of the species exhibited a differential trend in each condition
(Figure 4b).
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Figure 4a and b. Relative abundance of the species registered in the study sites and conditions.
Species diversity
The results of Shannon-Wiener for the data of the different conditions under study suggest that the

one with the greatest diversity was: the RBMM (H’= 2.92), followed by the silvopastoral system
(H’=2.61) and finally the ornamental system (H’= 2) (Figure 5).
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Figure 5. Diversity of woody species in one of the conditions.

Statistical analysis

The results of Kruskal Wallis for data on the wealth, abundance and diversity of woody species per
site in the conditions under study suggest that there are no significant differences, therefore, the

wealth, abundance and diversity of species found in the 22 sites are they are subject to the same
levels of disturbance (Table 2).
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Table 2. Kruskal Wallis test for wealth, abundance and diversity of woody species.

Test Degrees of freedom p-value
Wealth 6 0.68
Relative abundance 21 0.46
Diversity 20 0.4

X? square test for sites

The results of X? square for data on the wealth, abundance and diversity of woody species per site,
under the conditions under study, suggest that not all the species that potentially exist in the study
area were recorded (Table 3).

Table 3. X? square test for wealth, abundance and diversity of the 22 sites.

Test R square Pearson
Wealth 0.6 0.34
Abundance 1 0.23
Diversity 0.97 0.24

X2 square for conditions

The results of X2 square for the conditions evaluated suggest that not all species that potentially
exist in the study area with R square of 1 and a Pearson value of 0.19 for each of the conditions
were recorded.

Species of higher ecological value

The selection of the species with the highest ecological value was made with the indices of wealth,
abundance and diversity, through the analysis and interpretation of these indices, the wealth
allowed us to know the species existing in each study condition, the relative abundance the number
of individuals by species and diversity the condition of each plant community (Table 4).

Table 4. List of species with the highest ecological value.

Common name Scientific name Biological form Family
Camellia Camellia japdnica Shrubs Theaceae
Ailite Alnus acuminata Tree Betulaceae
Encino Quercus sp. Tree Fagaceae
Pine tree Pinus patula Tree Pinaceae
Myrtle Buxus sempervirens Shrubs Buxaceae
Ocozote Liquidambar styraciflua Tree Hamamelidaceae
Poplar Platanus mexicana Tree Platanaceae
May Flower Bejaria aestuans Shrubs Ericaceae
Jonote Heliocarpus appendiculatus Tree Malvaceae
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Common name Scientific name Biological form Family
Cuachalalate Amphipterygium adstringens Shrubs Anacardiaceae
Makiki Cyathea salvinii Arborescent Cyatheaceae
Guava Psidium guajava Tree Myrtaceae
Ash tree Fraxinus uhdei Tree Oleaceae
Oxocopaque Gaultheria erecta Shrubs Ericaceae
Zapote Casimiroa edulis Tree Rutaceae
Planchado Thuja occidentalis Shrubby Cupressaceae

Four dasometric and habitat variables presented a degree of association with the abundance of the
registered woody species, with an AIC=174.94 (Table 5).

Table 5. Result of the Poisson regression analysis to explain the effect of the variables on species

abundance.
Coefficients: Estimated Standard error Z value Pr(>|z|) Significance
(Intercept) 0.5741403 0.4189802 1.37 0.170585
DC 0.0245615 0.004494 5.465 4.62e-08 o
DN -0.1221484 0.0416701 -2.931 0.003375 -
H 0.0023911 0.0007982 2.996 0.00274 -
HFL 0.0031595 0.0009217 3.428 0.000609 -

DC= shrub cup diameter, DN= diameter at 1.30 meters from the ground, H= height of trees and shrubs, HFL= clean
shaft height of trees, significance codes: 0.001 “***’_0.01 “***_0.05 ‘**, <. 0.1, ‘-> NS. Note: statistically significant
coefficients (p< 0.001) of the GLM model.

Discussion

The greatest diversity of species was found in the RBMM; however, trends indicate that there
is no significant difference in terms of diversity between sites, these results are consistent with
those presented by Bogino and Bravo (2014) who also found no significant differences in
species diversity between different anthropogenic disorders more widely spread in the arid and
semi-arid regions of Argentina. While Sanchez et al. (2003) recorded a significant difference
in some of their evaluated plots located in a mesophilic mountain forest in the Manantlan
mountain range, Jalisco.

A greater number of induced species with ornamental value is found, the most abundant being
Chamaecyparis lawsoniana, in contrast Mata and Terrazas (2003) in their research indicate that
the highest frequency of species found are characteristic of the mountain mesophilic forest;
however, this tendency is due to the fact that the study of these authors was carried out in one of
the most diverse mountain mesophilic forests of the country, unlike the present one where a
silvopastoral system is considered within the altered mountain mesophilic forest.

The best adjusted model for the abundance of species indicates that the tree stratum has a direct

effect on the abundance of the species, this is because as the trees are higher, the number of
individuals of the species increases, because the space that tree canopies normally occupy does not
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compete for space with shrubs or smaller trees, since these canopies are located in a stratum higher
than those of shrubs, this is consistent with what Saavedra-Romero et al. (2016) said where they
mention that the cups compete for resources, especially with neighboring trees, but perhaps the
competition for growth space and radiation are the most important.

Another factor that has an effect on the abundance of species is the height of the clean shaft that
allows the number of individuals to increase, because the branches of the trees branch off in upper
strata and the branches do not enter into competition for space which agrees with the Corvalan and
Hernandez (2006) say where they mention, which basic components of the occupation of the space
of the tree and the stand are the shaft, cup and its roots. The present study reports a Poisson
distribution for woody species of a mesophilic mountain forest, not reported for a silvopastoral
system, where the dasometric and habitat variables are considered to explain the abundance of the
species in that system.

Conclusions

Results were obtained from the estimators of wealth, abundance and diversity in the remnant of
mesophilic mountain forest, silvopastoral and ornamental systems. Therefore, the diversity in the
different systems evaluated was recorded with stability values at beta level.

The native species of the mountain mesophilic forest are partially known, and the species with the
highest ecological value are also known, so in restoration work it is proposed to use the species
Alnus acuminata, Platanus mexicana, Heliocarpus appendiculatus, Fraxinus uhdei and Casimiroa
edulis, because within all the native species and of greater ecological value, they only presented 1
to 2 individuals per species in the entire studied area.
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