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Abstract

Regeneration cutting methods in forest management generate changes in the vegetation structure. The
objective was to evaluate two forest management methods and analyze the application of three forestry
treatments: group selection, regeneration cutting of parent trees and individual selection (TS) on the structure
of stands in Santa Maria Jaltianguis, Oaxaca state, Mexico. The evaluation was carried out in 2023 in 30 circular
sites of 400 m?2 in which the tree, shrub and herbaceous stratum were measured, all individuals were identified
and the forest inventory variables of greatest interest were considered: diameter at breast height. The TS were
differentiated using a generalized linear model and test of means (Tukey, 0.05). The greatest richness was
recorded in the rainy season with a total of 49 species belonging to the Asteraceae, Pinaceae, Rosaceae and
Fagaceae families; the effect of forestry treatments in the vegetation strata was more evident in herbaceous
plants; in the tree stratum, Pinus patula was the species with the highest frequency and greatest importance
(IvI), the highest diversity was obtained in the tree stratum, regeneration cutting treatment Shannon=2.25,
and the lowest in individual selection cutting in the shrub stratum Shannon=1.27, presenting significant
differences. These results are important to consider in the application of TS for decision making in forest
management and conservation.

Key words: Tree stratum, herbaceous, diversity index, Importance Value Index, species richness, forestry
treatments.
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Resumen

El tratamiento de cortas de regeneracion en el manejo de los bosques genera cambios en la estructura y
diversidad de la vegetacion. El objetivo fue evaluar dos métodos de manejo forestal y analizar la aplicacién de
tres tratamientos silvicolas: corta de regeneracién de seleccién en grupos, corta de regeneracidon de arboles
padres y seleccién individual (TS) sobre la diversidad y estructura de rodales en Santa Maria Jaltianguis,
Oaxaca, México. La evaluacion se realizé en 2023 en 30 sitios circulares de 400 m2, en los cuales se midio el
estrato arbodreo, arbustivo y herbaceo; se identificaron todos los individuos y se considerd al didametro normal
como la variable dasométrica de mayor interés, ademas de conocer la distribucién diamétrica irregular de los
TS, los cuales se diferenciaron mediante un modelo lineal generalizado y la prueba de medias tipo Tukey
(«=0.05). La mayor riqueza se registré en la temporada de lluvias con 49 especies pertenecientes a las familias
Asteraceae, Pinaceae, Rosaceae y Fagaceae. El efecto de los tratamientos silvicolas fue mas evidente en el
estrato herbaceao; en el arbdreo, Pinus patula fue la especie mas frecuente y de mayor importancia (IVI). La
mas alta diversidad de Shannon=2.25 se obtuvo en el estrato arbdreo, tratamiento de corta de regeneracién de
arboles padres; la mas baja en corta de seleccion individual en el estrato arbustivo con Shannon=1.27, con
diferencias significativas. Estos resultados deben considerarse en la aplicacion de los TS para la toma de
decisiones en el manejo y conservacion de los bosques.

Palabras clave: Estrato arbdreo, herbéceas, indice de diversidad, Indice de Valor de Importancia, riqueza de
especies, tratamientos silvicolas.

Introduction

Mexico's and the world's forests in general have experienced considerable deterioration
in recent decades due to inappropriate public policies, the incorrect implementation of
forest management programs, deforestation caused by various activities, natural and
social phenomena (Romo et al., 2016). Research, evaluation and monitoring of forest
management are essential to ensure the sustainability of ecosystems through

management and conservation (Castellanos-Bolafios et al., 2008).

Today, forest ecosystems have gained relevance due to global phenomena such as
climate change and the adoption of nhew perspectives that consider forests as providers
of ecosystem services to society through sustainable forest management (Aguirre-
Calderén, 2015). Forest management is associated with forest structure, timber

production, and the provision of other goods and services (Rendén-Pérez et al., 2021).
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The evaluation of forest structure is always of interest to forest managers, which
serves to make decisions on the activities to be carried out to maintain or improve
them, it is also essential for the development of better management practices and
contributes to the conservation of biodiversity (Aguirre-Calderén, 2015). In the
sustainable management of forest stands, it is essential to conserve biodiversity,
maintain the forest composition, its associated values, and the ecosystem landscape
(Hernandez-Salas et al., 2013).

Changes in forest structure and diversity can be generated by selective harvesting
and silvicultural practices that favor a select and reduced number of species (Corral
et al., 2005). Ramirez et al. (2019) indicate that the implementation of silvicultural
practices in temperate forests reduces the variety of species in the forest.
Knowledge of the composition and variety of tree species in temperate forests is

crucial for their management and conservation (Graciano-Avila et al., 2017).

Assessing the impact of activities on species composition, with forest management it is
much easier to conduct it within the most favorable levels, in terms of species
richness, environmental value, ecosystem stability and economic value. Forest
management is essential to preserve diversity, to adjust the structure at the
population level and to describe the relationship of species through diversity indicators

such as abundance, dominance and frequency (Hernandez-Salas et al., 2013).

Therefore, it is important to consider the application of regeneration treatments,
since they modify the structure of the forests; research on the structure of managed
forests agrees that they are indicators of forest diversity (Corral et al., 2005) and

with silvicultural interventions can be modified.

In the communal forests of the state of Oaxaca, Mexico, there are areas with clear
problems for the establishment of regeneration of the taxa of greatest interest due
to climatic conditions of high humidity, as well as the abundant presence of
herbaceous plants and shrubs with a greater capacity to colonize and occupy

available growth spaces, which causes an important imbalance in the composition of
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the forest; it is therefore important to generate management conditions that are
more conducive to the establishment of natural regeneration of pine species, due to
their intolerant characteristics (Servicios Técnicos Forestales de Santa Maria
Jaltianguis [STF], 2017). The objective of this study was to evaluate two forest
management methods and to analyze the effect of silvicultural treatments on the
diversity and seasonal population structure in managed stands in the forests of
Santa Maria Jaltianguis, Oaxaca state, Mexico. The hypothesis was to determine
whether the application of silvicultural regeneration treatments modifies the

diversity and structure of forests under forest management.

Materials and Methods

Study Area

The study area is located in the municipality of Santa Maria Jaltianguis, a Zapotec
community in the Sierra Juarez of Oaxaca (Southern Mexico). The UTM location
coordinates are 765345.90 m and 755789.00 m E, and 1927446.56 m and
1917737.00 m N, at an average altitude of 2 270 m (Figure 1). The climate is
temperate sub-humid with summer rainfall and semi-warm sub-humid with summer
rainfall; the types of soil present are: Luvisol (78.30 %), Acrisol (20.38 %), Fluvisol
(0.86 %), and Cambisol (0.46 %) (STF, 2017).
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Santa Ana Yareni = Santa Ana Yareni municipality; San Juan Evangelista Analco = San
Juan Evangelista Analco municipality; San Juan Atepec = San Juan Atepec
municipality; Ixtlan de Juarez = Ixtlan de Juarez municipality; Santa Catarina Ixtepeji
= Santa Catarina Ixtepeji municipality; San Miguel del Rio = San Miguel del Rio

municipality; Teococuilco de Marcos Pérez = Teococuilco de Marcos Pérez municipality.

Figure 1. Location of the study area.

Sampling sites

Thirty 400 m? circular sample plots were established and measured, selectively

located in areas under forest management: three plots for each annuality in a total
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of 10 annualities, where regeneration cutting treatments in group selection,
regeneration cutting of parent trees, and individual selection were evaluated. These
are management practices applied in forests in order to take advantage, improve
and regenerate naturally existing species. Data on mensuration variables were
collected in these plots; two forest management methods and their silvicultural
treatments were evaluated. The Silvicultural Development Method (SDM) with the
parent tree treatment and the Mexican Method of Management of Irregular Forests

(MMOBI) with the individual selection and group selection treatments.

On-site evaluation

Four quadrants were delimited in the plots and the plant individuals of the existing
species were identified; the mensuration variable of greatest interest was the
normal diameter =7.5 cm, which was measured in centimeters with a model
800mm Mantax Blue Haglo6f® Sweden’s caliper, with which the basal area was

calculated using the following formula:

T
A=—xd"
4
Where:
A = Surface area (m?)

m = Constant value of 3.1416
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d = Normal diameter converted to m

The number of individuals and species nomenclature was verified using the
Tropicos® platform (Missouri Botanical Garden, 2022). For each site, the geographic
coordinates and altitude (m) were recorded with the support of a model GPSMAP
64SC GARMIN® satellite geopositioner.

Analysis of the population structure of the areas under

management

In each plot of 400 m? a concentric site of 100 m? was installed for the evaluation of
the natural regeneration, the pine seedlings were counted, the diameter at the base
was measured in (mm), this was done for the treatment of selection regeneration
cutting in groups due to the short time of having applied the treatment (1 to 4
years). To evaluate the shrub stratum, which included individuals with heights
greater than 25 cm, two 9 m? sites, the species was recorded, the diameter (cm) at
the base was measured with a model cal-6mp Truper® caliper, and the total height
(m) was measured with a model geosw-5-5m Geo-surv® stadia rod (Rendon-Pérez et
al., 2021). In each quadrant, 1 m? sites were delimited to evaluate the herbaceous
stratum and the existing species were recorded (Figure 2). Measurements were

carried out during the rainy and dry seasons.
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Tree layer:
400 m? circular plot

Shrub layer:
9 m?2 square site

| Natural regeneration:
100 m? circular site

=

Herbaceous layer:
1 m? square site

Figure 2. Design of plots and data collection sites.

The structural diversity, richness and composition of the tree, shrub and
herbaceous stratum in the different treatments applied were evaluated using the
alpha and beta diversity indexes with the Excel® program. The Margalef and
Shannon indexes were used to determine alpha diversity and the Sgrensen
Similarity Index was used to determine beta diversity (Juarez-Agis et al., 2016;
Leyva-Lépez et al., 2010; Moreno, 2001).

Statistical analysis

Normality and homogeneity of variances were tested using the Shapiro-Wilk and
Bartlett's test («=0.05) with the UNIVARIATE procedure (Chavez-Pascual et al.,

o
2017; Garcia-Aguilar et al., 2021). The variables were transformed using w||ﬁ+ 1

(Espinoza-Zufiga et al., 2023); the silvicultural treatments were differentiated using
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the general linear model (PROC GLM) and the means test (Tukey, «=0.05). Analyses

were performed utilizing the SAS 9.0 statistical software (SAS Institute Inc., 2021).

Results and Discussion

Species composition and richness

During the rainy season, a total of 49 plant species belonging to 25 families were

recorded (Table 1). The highest richness was found in the herbaceous stratum with

31 taxa, followed by the arboreal stratum with 11, and the shrub stratum with

seven; the first two strata shared seven species. Luna-Bautista et al. (2015) 41

species were identified in areas under forest management, with a dominance of taxa

belonging to the Asteraceae, Fagacea and Fabaceae families; Vazquez-Cortez et al.

(2018) obtained 12 species in the shrub stratum.

Table 1. Species richness during the rainy season in managed forests (species are

presented in alphabetical order).

Species Common name Family
Stratum: Shrub
Arbutus xalapensis Kunth Texas madrone Ericaceae
Baccharis conferta Kunth Chaparral broom Asteraceae
Cercocarpus macrophyllus C. K. Schneid. Mountain mahogany Rosaceae

Clethra lanata M. Martens & Galeotti Mexican clethra

Litsea glaucescens Kunth Mexican bay leaf
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Prunus serotina Ehrh.

Rumex obtusifolius L.

Black cherry
Bitter dock

Stratum: Tree

Pinus ayacahuite C. Ehrenb. ex Schitdl.
Pinus douglasiana Martinez
Pinus lawsoni Roezl ex Gordon

Pinus leiophylla Schiede ex Schitdl. &
Cham. var. leiophylla

Pinus oaxacana Mirov

Pinus patula Schitdl. & Cham.
Pinus pseudostrobus Lindl.
Quercus corrugata Hook.
Quercus crassifolia Bonpl.
Quercus laurina Bonpl.

Quercus rugosa Neé

Ayacahuite pine
Douglas pine
Lawson’s pine

Smooth-leaf pine

Ocote

Mexican weeping pine

Smooth-bark Mexican pine

White oak
Chilillo oak
Laurel oak

Netleaf oak

Stratum: Herbaceous

Ageratum corymbosum Zuccagni
Alchemilla pectinata Kunth

Arenaria lanuginosa (Michx.) Rohrb.
Arracacia moschata (Kunth) DC.
Calliandra houstoniana (Mill.) Standl.
Ceanothus caeruleus Lag.

Centropogon grandidentatus (Schltdl.)
Zahlbr.

Cologania broussonetii (Balb.) DC.
Commelina tuberosa L.

Crusea coccinea DC.

Dahlia imperialis Roezl ex Ortgies
Elaphoglossum latifolium (Sw.) J. Sm.
Fragaria mexicana Schitdl.

Fuchsia thymifolia Kunth

Gaultheria erecta Vent.

Gnaphalium viscosum Kunth

Iostephane heterophylla Benth.

Maianthemum paniculatum (M. Martens

Flat-top whiteweed
Lady’s mantle
Spreading sandwort
Musk Arracacia
Tree powderpuff
Azure ceanothus

Large-toothed
centropogon

Mexican cologania
Blue spiderwort
Saucer flower

Bell tree dahlia
Broadleaf tonguefern
Wild strawberry
Thyme-leaved fuchsia
Borrachera fruit
Sticky rabbit-tobacco
Camorreal

False Solomon’s seal
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Polygonaceae

Pinaceae
Pinaceae
Pinaceae

Pinaceae

Pinaceae
Pinaceae
Pinaceae
Fagaceae
Fagaceae
Fagaceae

Fagaceae

Asteraceae
Rosaceae
Caryophyllaceae
Apiaceae
Fabaceae
Rhamnaceae

Campanulaceae

Fabaceae
Commelinaceae
Rubiaceae
Asteraceae
Dryopteridaceae
Rosaceae
Onagraceae
Ericaceae
Asteraceae
Asteraceae

Asparagaceae
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& Galeotti) LaFrankie

Matudanthus nanus (M. Martens & Motherwort Commelinaceae
Galeotti) D. R. Hunt

Oxalis latifolia Kunth Broadleaf woodsorrel Oxalidaceae
Phytolacca rugosa A. Braun & C. D. Pokeberry Phytolaccaceae
Bouché

Polypodium californicum Kaulf. California polypody Polypodiaceae
Pteridium arachnoideum (Kaulf.) Maxon Tropical brackenfern Dennstaedtiaceae
Roldana angulifolia (DC.) H. Rob. &  Angled thistle Asteraceae
Brettell

Roldana candicans (Née) Villasefior, S. Groundsel Asteraceae

Valencia & Coombes
Tropical Highland

Rubus adenotrichos Schltdl. blackberry Rosaceae
Rubus glaucus Benth. Andean raspberry Rosaceae
Russelia sarmentosa Jacq. Firecracker plant Plantaginaceae
Salvia patens Cav. Gentian sage Lamiaceae
Sambucus nigra L. Black elder Viburnaceae
Tagetes lucida Cav. Sweet mace Asteraceae

Litsea glaucescens Kunth was the only species registered in the Official Mexican
Standard NOM-059-SEMARNAT-2010 of the Ministry of the Environment and Natural
Resources (NOM-059-SEMARNAT-2010, 2010) as an endangered species;
Matudanthus nanus (M. Martens & Galeotti) D. R. Hunt is a taxa endemic to the

state of Oaxaca (Garcia-Mendoza & Meave, 2011).

Most of the richness corresponded to the Asteraceae family (eight species), in which
herbaceous species dominate; followed by the Pinaceae family (seven species),
Rosaceae (six species), and Fagaceae (four species). Asteraceae is the most diverse
(1 040 species) in the state of Oaxaca (Villasefior, 2018). Renddén-Pérez et al.
(2021) point out that the genera Pinus L. and Quercus L. include a larger number of

species, among which the Pinaceae and Asteraceae families are prevalent.

A lower richness was observed during the dry season, with a total of 41 species,
amounting to a reduction of 16.4 % (Figure 3). It should be noted that during the
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dry season, the establishment of certain herbaceous plants is conditioned (Yan et

al., 2015). These results support the finding that species richness and diversity are

higher during the rainy season.
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Figure 3. Density of individuals in the rainy and dry seasons.

Effect of forest management on diameter structure

The group-selection regeneration cutting treatment in the 2018-2021 annual

periods maintains a structure with an upward distribution as the diameter increases.

The regeneration of trees aged 1, 2, 3, and 4 years increases their density as a

response to the new developing forest (Figure 4A), favoring the renewal of Pinus
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species, as the treatment opens clearings that provide better conditions for the

establishment of pines.
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Figure 4. Diameter structure of the evaluated forestry treatments.

The regeneration cutting treatment applied in the 1993-2003 felling cycle exhibits
an “inverted J” diameter distribution, which shows a high number of individuals at
the initial stages of stand development and gradually decreases in frequency as the
diameter increases. In this treatment, the predominant species were of the Pinus

and Quercus, as well as other leafy species; Pinus still maintains a considerable
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volume due to a higher density of standing trees —trees of considerable
dimensions, with diameters between 60 and 105 cm, and an average total height of
46 m—. The lack of a release cutting has prevented the release of established
regrowth and has limited the ability to generate space for a broader natural
regeneration of the Pinus genus (Figure 4B). Regeneration cutting is the stage at
which most of the tree stratum is removed and the number of tree species is

significantly reduced (Pérez-Lépez et al., 2020).

The individual selection treatment exhibited an irregular diameter distribution
(Figure 4C) due to the presence of different diameter classes resulting from the
implementation of the Mexican Irregular Forest Management Method. This approach
favors the natural regeneration of species with the greatest presence of individuals
in the smallest diameter categories, notably of Quercus sp., Pinus sp., and other
leafy species. It is crucial to consider this aspect in the management of these

species and to promote the growth of those with economic and ecological value.

Leyva-Lopez et al. (2010) consider that silvicultural or forestry treatments are not

always applied with the required intensity, resulting in a different species composition.

It should be noted that, in the application of the group-selection regeneration cutting
forestry treatment, the genus of the tree stratum with the lowest density was Pinus,
with a total of 390 individuals’ ha! (Table 2), because the trees were felled to
promote regeneration conditions during the 2018-2021 annual periods. A density of 3
796 individuals ha! was obtained for the shrub stratum, and of 174 167 individuals
ha! total, for the herbaceous stratum. Rzedowski (2006) points out that the
dominance of herbaceous plants is due to the greater amount of light and space,
whose presence is attributed to their anemochorous seed propagation. In addition,
they move very easily, which allows their annual distribution and is related to the

amount of water available.
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Table 2. Abundance, dominance, frequency, and Importance Value Index (IVI) by

forestry treatments applied in the tree stratum of managed forests.

Abundance Dominance Frequency
Species Absolute Relative Absolute Relative Absolute Relative IVI
(N ha™) (%) (m?2 ha™) (%) (%) (%)
Group-selection regeneration cutting treatment
Pinus ayacahuite C. 38 9.63 0.00 0.27 4 16.67 8.85
Ehrenb. ex Schitdl.
Pinus lawsoni Roezl 6 1.60 0.01 1.20 2 8.33 3.71
ex Gordon
Pinus oaxacana Mirov 133 34.22 0.15 18.32 3 12.50 21.68
Pinus patula Schitdl. 131 33.69 0.28 33.98 8 33.33 33.67
& Cham.
Pinus pseudostrobus 81 20.86 0.38 46.23 7 29.17 32.08
Lindl.
Total 390 100 0.82 100 24 100 100
Parent-tree regeneration cutting treatment

Litsea glaucescens 11 2.22 0.13 0.34 2 5.26 2.61
Kunth
Arbutus xalapensis 11 2.22 1.45 3.91 3 7.89 4.68
Kunth
Cercocarpus 6 1.11 0.14 0.37 1 2.63 1.37
macrophyllus C. K.
Schneid.
Clethra lanata M. 69 13.89 1.22 3.29 4 10.53 9.23
Martens & Galeotti
Pinus douglasiana 8 1.67 1.04 2.81 2 5.26 3.25
Martinez
Pinus lawsoni Roezl 44 8.89 1.64 4.41 1 2.63 5.31
ex Gordon
Pinus oaxacana Mirov 56 11.11 4.77 12.87 4 10.53 11.50
Pinus patula Schitdl. 97 19.44 8.33 22.46 7 18.42 20.11
& Cham.
Pinus pseudostrobus 39 7.78 8.32 22.46 3 7.89 12.71
Lindl.
Quercus crassifolia 42 8.33 3.05 8.23 3 7.89 8.15
Bonpl.
Quercus laurina 56 11.11 5.00 13.49 4 10.53 11.71
Bonpl.
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Quercus rugosa Neé 61 12.22 1.99 5.37 4 10.53 9.37

Total 500 100 37.07 100 38 100 100
Individual-selection regeneration cutting treatment

Arbutus xalapensis 31 5.12 0.30 1.31 5 14.71 7.04

Kunth

Pinus douglasiana 42 6.98 6.67 28.74 5 14.71 16.81

Martinez

Pinus lawsoni Roezl 86 14.42 4.98 21.47 7 20.59 18.83

ex Gordon

Pinus leiophylla 3 0.47 0.38 1.66 1 2.94 1.69

Schiede ex Schitdl. &
Cham. var. leiophylla

Pinus oaxacana Mirov 53 8.84 4.23 18.22 2 5.88 10.98
Quercus corrugata 3 0.47 0.07 0.30 1 2.94 1.24
Mirov

Quercus crassifolia 108 18.14 1.14 4.91 5 14.71 12.58
Bonpl.

Quercus rugosa Neé 272 45.58 5.43 23.39 8 23.53 30.83
Total 597 100 23.20 100 34 100 100

In the arboreal stratum, the parent trees regeneration treatment produced an
abundance of 500 trees ha’l, of which 48.9 % belonged to the genus Pinus and
31.7 % to Quercus and other leafy species (19.4 %) (Table 2). According to
Hernandez-Salas et al. (2013), the implementation of intensive cutting to promote
the regeneration of parent trees does not exclusively ensure the regeneration of
individuals of the genus selected as the parent tree, since in the intervened areas
there are other taxa with different regeneration mechanisms. Likewise, in the shrub
stratum, 4 321 shrubs ha! were recorded, among which oak (51.43 %) and other
shrubs (48.57 %) were the dominant species; while 54 444 individuals ha! were
recorded for the herbaceous stratum (Table 2). Castelan-Lorenzo and Arteaga-
Martinez (2009) documented densities of 4 200 trees hal, resulting from a good
application and monitoring of forestry treatment to ensure forest regeneration. The

parent tree treatment modifies the diversity in the regeneration, while the
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application of forestry treatments maintains the richness of tree species, but tends

to produce a change in the number of individuals (Hernandez-Salas et al., 2013).

In the individual selection areas, the abundance of the tree stratum was 597 trees
ha-1, of which 64.19 % were oaks, 30.70 % Pinus, and 5.11 % other leaves. The
shrub stratum contained 1 605 trees ha! with 53.9 % of oaks and 46.2 % of other
leaves (Table 2). The results obtained by Rios-Altamirano et al. (2016) showed a
higher abundance in the tree stratum dominated by Pinus, which is of commercial
interest. Graciano-Avila et al. (2020) report results of greater abundance of Pinus in
temperate forests of the states of Puebla and Durango. The absolute tree
abundance differed significantly (p=0.02) between the group-selection regeneration
cutting, the parent tree regeneration cutting, and the individual selection
treatments; the dominance was 0.82 m? ha! in those areas where the group-
selection regeneration cutting treatment was applied for the Pinus genus; 37.07 m?2
ha! with the regeneration treatment of parent trees, and 23.20 m? ha! with the
individual selection. The reduction in the dominance of the Pinus genus is due to the
growth of new tree stands due to the application of the group-selection regeneration
cutting treatment; the greatest dominance was obtained in the regeneration
treatment of parent trees due to the concentration of trees with larger diameters.
The species with the highest frequency records in the group-selection regeneration
cutting treatment were Pinus patula Schitdl. & Cham. and Pinus pseudostrobus
Lindl. In those areas where regeneration felling of parent trees was carried out, the
most frequent taxa were Pinus patula, followed by Pinus oaxacana Mirov, Quercus
laurina Bonpl., Q. rugosa Neé, and Clethra lanata M. Martens & Galeotti; while, in
the individual selection areas, they were Q. rugosa and P. lawsoni Roezl ex Gordon.
Pinus patula was the most frequent species in the areas under forest management,
and Pinus leiophylla Schiede ex Schltdl. & Cham. var. leiophylla was the one with
the lowest frequency. Hernandez-Salas et al. (2013) point out absolute frequencies

dominated by the genus Pinus, with 89.1 %, followed by Quercus, with 6.5 %.
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The differences in abundance between treatments were significant, with the
greatest dominance occurring in the parent-tree regeneration cutting treatment.
The species with the highest frequency, among which Pinus patula was
predominant, varied according to the areas of distribution, which is important
because they are genetically differentiated to adapt to changes in climate; examples
of such adaptive traits are the time and rate of growth, and resistance to frost
damage or drought stress (Saenz-Romero et al., 2016). These results are relevant
for the conservation of forest resources, which supports the hypothesis that

regeneration treatments modify the structure of forests under management.

Importance Value Index (IVI)

In the group-selection regeneration cutting treatment, the IVI of the tree stratum
was 100 % for Pinus species, particularly Pinus patula (33.67 %). This is because
these are areas where forestry treatment contributes to the establishment of
natural regeneration and favors pines and, to a lesser extent, associated species
that are not yet prevalent. For the areas with parent-tree regeneration cutting, the
Pinus genus obtained an IVI of 52.88 %; Pinus patula was also the predominant
species (IVI=20.1 %). In the areas with individual selection treatment, the Pinus
genus again stood out with a value of 48.3 %. Hernandez-Salas et al. (2013)
obtained IVI values of 85.1 % for Pinus, while Silva-Gonzéalez et al. (2022) recorded
an IVI of 62.4 % for this same genus. Moreno (2001) points out that the IVI

analysis allows monitoring and tracking of changes in species management.
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Species diversity

The forestry treatments showed significant differences (p=0.05) in the evaluated
diversity indexes. The group-selection regeneration cutting treatment for the tree
stratum had the lowest Shannon-Wiener (H') diversity value, of 1.35. Vasquez-
Cortez et al. (2018) determined an H' value of 1.14 for an area with clear-cutting
because one species is dominant there (Silva-Gonzalez et al., 2021). The H' index of
the herbaceous stratum exhibited a value of 1.96 (Table 3), which represents a low
diversity. In those areas where parent-tree regeneration cutting treatments were
applied, a value of H' of 2.25 was obtained for the tree stratum, while the highest
value was obtained in the herbaceous stratum, with an H' of 2.37, which amounts to
a median diversity. While in those areas where individual selection treatments were
applied, the herbaceous stratum dominated with an H' of 1.89, while the arboreal
stratum exhibited an H' of 1.55, a value slightly higher than that of 1.21 indicated
by Solis et al. (2006) for an area under management with a selection treatment.
Ramirez et al. (2019) estimated a value of H' of 1.25, which indicates a low
diversity. Flores-Morales et al. (2022) estimated a Margalef Index of 1.53 and a
Shannon Index of 1.74, corresponding to a low richness and diversity, respectively.
According to Hernandez-Salas et al. (2013), forestry intervention leads to a
decrease in tree diversity. The results of this study agree with their hypothesis
because the application of regeneration treatments modifies the diversity by

reducing the number of species.

Table 3. Values of the indexes evaluated by stratum with the various forestry

treatments applied in the forest management areas.

Shannon-Weiner Evenness Margalef
GS PT IS GS PT IS GS PT IS
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Tree 1.35 2.25 1.55 0.84 0.90 0.75 0.76 2.12 1.30
Shrub 1.65 1.53 1.27 0.79 0.85 0.91 1.88 1.41 1.17
Herb 1.96 2.37 1.89 0.68 0.88 0.74 3.18 3.60 2.81

GS = Group selection; PT = Parent-tree regeneration cutting; IS = Individual selection.

In those areas where group-selection regeneration cutting was applied, the Margalef
species richness index reached the highest values in the herbaceous stratum (3.18);
in the tree stratum with parent-tree regeneration cutting, the estimate was 2.12,
and in the herbaceous stratum, it was 3.60; in those areas with individual selection,
the herbaceous stratum stood out with 2.81 (Table 3). Silva-Gonzalez et al. (2021)

determined values of 2.14, which showed a greater richness.

Both the group-selection and parent-tree regeneration cutting treatments showed a
qualitative Sgrensen Index of 0.40, as they shared 62 % of the species. The parent-
tree and individual-selection treatments shared an index of 0.39, with a 48 %
similarity. For the group-selection and individual-selection regeneration cutting
treatments, a value of 0.14 with a species similarity of 31 % was estimated. This is
because the selective silvicultural interventions aimed at reducing species of lower

commercial value in favor of the Pinus genus (Solis et al., 2006).

Conclusions

The evaluation of the two management methods applied shows an uneven
distribution of tree diameters. In the regeneration treatment, abundance and

dominance are most notable in the herbaceous stratum, with a diversity index H' of
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2.37, and in the arboreal stratum, with an H’ of 2.25. In the individual selection
treatment, herbaceous plants also have a higher abundance and dominance,
although with a lower diversity (H' of 1.89), in contrast to the tree stratum, with an
H' of 1.55. For the group-selection regeneration cutting treatment, the diversity in
the tree stratum is one of the lowest, with an H' of 1.35, while the shrub stratum
has the highest diversity, with an H' of 1.65, and the herbaceous stratum has an H'
of 1.96 because the larger spaces generated thereby favor diversity. There
represents a greater richness in the herbaceous and shrub stratum, while, in the
tree stratum of the group-selection regeneration cutting treatment, Pinus patula
stands out with an Importance Value Index of 33.67 % and, in the parent-tree
regeneration cutting treatment, with an IVI of 20.11 %, followed by Quercus
laurina, with an IVI of 11.71 %. In the individual selection treatment, Quercus

rugosa excels with an IVI of 30.83 %.

Sgrensen's Index shows a greater similarity between species under the group-
selection and parent-tree regeneration cutting treatments, but there is a species
dissimilarity between the group-selection and the individual-selection regeneration
cutting treatments. The greatest richness is recorded in the rainy season. The
study results indicate that the safe application of any timber forest management
program requires periodic evaluation and monitoring in order to ensure the

persistence of the forest resources.
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