
ffgc-05-828851 May 5, 2022 Time: 14:22 # 1

ORIGINAL RESEARCH
published: 11 May 2022

doi: 10.3389/ffgc.2022.828851

Edited by:
Ángel Benítez,

Universidad Técnica Particular
de Loja, Ecuador

Reviewed by:
Wakana Azuma,

Kobe University, Japan
Sajad Ghanbari,

University of Tabriz, Iran

*Correspondence:
Alejandra Flores-Argüelles

afa2502@gmail.com

†††ORCID:
Thorsten Krömer

orcid.org/0000-0002-1398-8172

Specialty section:
This article was submitted to

Forest Ecophysiology,
a section of the journal

Frontiers in Forests and Global
Change

Received: 04 December 2021
Accepted: 04 April 2022
Published: 11 May 2022

Citation:
Flores-Argüelles A,

Espejo-Serna A, López-Ferrari AR and
Krömer T (2022) Diversity and Vertical
Distribution of Epiphytic Angiosperms,

in Natural and Disturbed Forest on
the Northern Coast of Jalisco,

Mexico.
Front. For. Glob. Change 5:828851.

doi: 10.3389/ffgc.2022.828851

Diversity and Vertical Distribution of
Epiphytic Angiosperms, in Natural
and Disturbed Forest on the
Northern Coast of Jalisco, Mexico
Alejandra Flores-Argüelles1* , Adolfo Espejo-Serna2, Ana Rosa López-Ferrari2 and
Thorsten Krömer3†

1 Departamento de Botánica y Zoología, Centro Universitario de Ciencias Biológicas y Agropecuarias, Universidad
de Guadalajara, Zapopan, Mexico, 2 Herbario Metropolitano, Departamento de Biología, División de Ciencias Biológicas y
de la Salud, Universidad Autónoma Metropolitana, Mexico City, Mexico, 3 Centro de Investigaciones Tropicales, Universidad
Veracruzana, Xalapa, Mexico

Background and Aims: Epiphytes are an important component of tropical forests,
also they are sensitive to disturbance and deforestation caused by humans, since
they depend on their host trees and the micro environmental conditions that these
provide. The aim of this study was to analyze the differences in species richness,
composition, and vertical distribution of epiphytic angiosperms between areas with
natural and disturbed forest at the Northern Coast of Jalisco state, Mexico.

Methods: The presence/absence of epiphytic angiosperms was evaluated in each
vertical zone of a selected tree, as well as those present in the understory, both
in natural and disturbed sites in three types of vegetation (gallery forest, oak forest,
tropical semideciduous forest) with a total of 30 plots of 20 m × 20 m in six sites.
Alpha diversity was calculated for each site, as well as species turnover (beta diversity)
between habitats. An analysis of variance was performed to determine if there was
a significant difference in species richness between sites and, also to compare the
height and diameter at breast height (DBH) of the host trees. Multivariate analyzes were
used to group the sites according to their floristic composition. Furthermore, a linear
regression was performed to detect any relationship between the number of species
and the phorophyte structure.

Results: We recorded 45 species, 29 genera and nine families of epiphytic
angiosperms. The most diverse families were Bromeliaceae and Orchidaceae and
the richest genus was Tillandsia. Although the disturbed sites had more species, a
significant difference in richness was not found, except for the disturbed gallery forest.
Epiphytic angiosperms presented a high beta diversity, since the sites shared only
between 2 and 18% of the recorded species. The inner portion of the canopy (Z3 and Z4)
hosted most of the species in all sites and the understory had a high representation of
epiphytes except for the disturbed oak forest, where these were absent. A relationship
between the DBH and the number of species was found only at the disturbed sites,
however, it was highly influenced by the high number of taxa registered in disturbed
gallery forest. Therefore, the size of the trees could not be considered a factor in
determining the diversity of epiphyte species.
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Conclusion: The diversity of epiphytic angiosperm species from the North Coast of
Jalisco has not been severely affected by the human disturbance. Most of the species
have morphological and physiological adaptations that allow their establishment and
survival in adverse climatic conditions. Our results suggest that epiphytic angiosperms
cannot be considered as a good indicator for natural or disturbed environments in
this region but should be considered in environmental conservation, as they present
a high beta diversity.

Keywords: beta diversity, bromeliads, disturbance, floristic composition, orchids

INTRODUCTION

Currently, there is a great pressure on biodiversity due to
anthropic impact, even though factors such as climate change
and wildlife trafficking have also negative effects on biological
communities, land-use change is considered the principal cause
of biodiversity loss and ecosystem degradation (Sala et al., 2000;
Wilson et al., 2016). Tropical forests are often the hardest
hit, which is particularly serious, because they are containing
more than half of the world’s flora, while covering less than
7% of the Earth’s surface (Sodhi et al., 2008; Newbold et al.,
2015). Some species are sensitive to environmental changes
and can be used as bioindicators, since aspects such as their
distribution, abundance, dispersal or reproductive success might
indicate the environmental conditions of interest (Holt and
Miller, 2011). The level of disturbance and succession in
which the forest habitat is found, will determine the plant
community’s permanence, as well as the composition and
richness (Cuevas-Reyes and Vega-Gutiérrez, 2012).

Epiphytes are principally tropical plants that grow on other
plants without being parasitic. This group includes both non-
vascular (lichens and bryophytes) and vascular plants, the
majority belong to ferns and monocots (e.g., orchids, bromeliads,
and aroids) (Benzing, 1990; Zotz, 2016). There exist around 31
311 vascular epiphyte species in the world (ca. 10% of the global
flora), of which 28 227 are angiosperms (Zotz et al., 2021). Mexico
has a record of 1 813 vascular epiphytes and 84.4% (1 531) are
angiosperms (Espejo-Serna et al., 2021). In Jalisco occur around
301 vascular epiphyte species (273 angiosperms) and the state
is positioned on sixth place after Chiapas, Oaxaca, Veracruz,
Guerrero, and Puebla. These plants are mostly distributed in
humid montane forests, which encompass between 30 and
66.6% of their whole richness (Hietz, 2010; Espejo-Serna, 2014);
however, they are also an important component in other tropical
forests, where they play a crucial role in the community dynamics
and constitute habitat and food for many vertebrates and
invertebrates (Cruz-Angón et al., 2009; Gotsch et al., 2016;
Sabagh et al., 2017). In addition to their floristic and ecological
contribution, many epiphyte groups have economic importance,
since several species are used as ornamental plants, others have
medicinal value and some, especially the bromeliads, are an
important element on religious ceremonies (Beutelspacher and
Farrera, 2007; Flores-Palacios and Valencia-Díaz, 2007; Haeckel,
2008; Mondragón, 2015; Krömer et al., 2018; Jiménez-López
et al., 2019).

Epiphytes are sensible to anthropic disturbance and
deforestation, as they depend on their host trees and
microenvironmental conditions that these provide (Köster
et al., 2009; Larrea and Werner, 2010; Werner et al., 2011;
Krömer et al., 2014). Water availability is the most important
environmental factor, since it can cause local geographical
shifts or species disappearance in certain areas (Benzing,
1998; Zotz and Hietz, 2001), because these plants do not have
direct access to water and nutrients from the ground (Gentry
and Dodson, 1987; Zotz, 2016). This sensibility has caused a
richness decrease in disturbed and secondary forests compared
to natural forests in different regions in Mexico (Wolf, 2005;
Krömer et al., 2014; Pérez-Peña and Krömer, 2017), as well as
in other neotropical countries (Barthlott et al., 2001; Köster
et al., 2009, 2013; Werner and Gradstein, 2009). Another
factor that influences the distribution, richness, and survival
of epiphytes are the characteristics of the phorophytes they
are associated with. Their size, diameter, bark texture, and
chemical characteristics, as well as water and nutrient availability
can positively or negatively affect epiphyte establishment and
growth (Mehltreter et al., 2005; Martínez-Meléndez et al., 2008;
Jiménez-López et al., 2017). Due to the high vulnerability that
epiphytes present to changes in environmental conditions,
these plants have been considered as excellent indicators of
environmental quality (Turner et al., 1994; Krömer et al., 2014).
Epiphytes that depend on mature host trees and have high
humidity requirements, will be the most affected by disturbance
and microclimatic changes, while epiphytes that are tolerant to
high light exposure and drought stress will benefit (e.g., some
xeromorphic species of the genus Tillandsia) (Reyes-García et al.,
2007; Menini-Neto et al., 2009; Ochoa-López, 2009; Krömer
et al., 2021). Therefore, the number of species, the floristic
composition, and/or the abundance of epiphytes, can be good
indicators of the ecosystem condition, succession status or
habitat conservation.

Tropical dry forests can be structurally less complex than
humid tropical forests; however, they have a high species turnover
(beta diversity) between communities, which is expressed in
a high level of endemism (Ceballos et al., 2010). There are
few studies on epiphytes from tropical dry forests in Mexico
(Aguirre et al., 2010; Cuevas-Reyes and Vega-Gutiérrez, 2012;
Trejo-Cruz et al., 2021), which mostly report that disturbance
affects species richness according to different land-use types. In
a dry forest of Ecuador, less richness in disturbed areas has also
been found, but density (number of species per tree) did not

Frontiers in Forests and Global Change | www.frontiersin.org 2 May 2022 | Volume 5 | Article 828851

https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/
https://www.frontiersin.org/journals/forests-and-global-change#articles


ffgc-05-828851 May 5, 2022 Time: 14:22 # 3

Flores-Argüelles et al. Epiphytic Angiosperms, in Natural and Disturbed Forest

vary significantly between the different studied land-use types
(Werner and Gradstein, 2009).

The North Coast region of Jalisco has a great plant species
diversity and a high level of endemism and includes a part
of the most conserved and extensive tropical deciduous and
semideciduous forests of Mexico (Arriaga et al., 2000; Vázquez-
García et al., 2000). However, these are threatened by land-use
changes, like the removal of vegetation for agricultural use, the
heavy grazing or periodic fires that prevent the growth of new
trees or stop the process of succession, as well as the logging of
timber species and the excessive growth of the tourism sector
(Ceballos et al., 2010; Morales-Hernández et al., 2016).

According to the available information about human impact
on epiphyte diversity, our hypothesis states that, if epiphytic
angiosperm richness and its floristic composition are negatively
affected by land-use change, then their diversity will decrease in
disturbed sites, and the composition will be different between
habitats. Therefore, the objective of this study is to observe the
differences of the epiphytic angiosperm richness and its floristic
composition between areas with natural and disturbed forest at
the North Coast of Jalisco state, Mexico.

MATERIALS AND METHODS

Study Area
The study was conducted in the municipality of Cabo Corrientes,
located in the western part of Jalisco state, Mexico, between
20◦ 10′ 55′′ and 20◦ 31′ 00′′ latitude N and 105◦ 10′ 00′′ and
105◦ 41′ 25′′ longitude W (Figure 1). Cabo Corrientes belongs
to the North Coast region together with the municipalities
of Puerto Vallarta and Tomatlán [Comisión Estatal del Agua
Jalisco [CEA], 2021] and forms part of the biogeographic
provinces Pacific Coast and Sierra Madre del Sur (Morrone et al.,
2017). Approximately 53% of the municipality has mountainous
terrain, and its elevation ranges from sea level to 1 920 m
a.s.l. [Instituto de Información Estadística y Geográfica [IIEG],
2018]. The predominant vegetation type is tropical deciduous
forest (TDF), located on the southern coast, followed by tropical
semideciduous forest (TSF), which extends its distribution along
the north coast (Órgano informativo oficial del municipio de
Cabo Corrientes, Jalisco, 2012). On higher elevations there are
oak forest (OF) and pine-oak forest (POF) that can sometimes
also be found at 300 m a.s.l., associated with tropical species.
Besides, there is presence of gallery forest (GF) along rivers,
while cloud forest (CF) is restricted to steep slopes in the areas
with presence of POF (Rzedowski and McVaugh, 1966). The
predominant climate is warm sub-humid with a dry season in
winter and a rainy season in summer, and semi-warm semi-
humid on the East side (higher elevations). The mean annual
temperature is 24.6◦C with a maximum of 36◦C and minimum of
13◦C and the mean annual precipitation is 1 624 mm [Instituto
de Información Estadística y Geográfica [IIEG], 2018].

Sampling Methods
Field work was conducted in three types of forest vegetation (GF,
OF, TSF), according to the classification of Rzedowski (1978),

because the epiphytic angiosperms in this region are better
represented in these communities. For each vegetation type two
kinds of habitat were chosen, following the criteria proposed by
Gómez-Díaz et al. (2017) based on Newbold et al. (2015): (a)
natural forest are dominated by mature trees and show no or little
signs of logging and other human impacts, with little presence
of shrubs and a low canopy opening; and (b) disturbed forest
show an evident degree of alteration (selective logging, grazing), a
lower presence of mature trees, and a higher percentage of shrubs
and grasses. The sampling of epiphytes was based on the method
proposed by Krömer and Gradstein (2016), which consists in
selecting mature trees with a diameter at breast height (DBH)
greater than 10 cm and with a high load of epiphytes. Around the
selected tree, a non-permanent 20 m× 20 m plot was established,
where also the small trees, shrubs and shoots that constitute the
understory were sampled (Figure 2). Five plots were surveyed in
each vegetation type (GF, OF, TSF) and habitat (N: natural and
D: disturbed) with a total of 30 plots in six study sites (Figure 2)
corresponding to an area of 12,000 m2.

We considered true epiphytes or holoepiphytes (that spend
their entire life cycle in the canopy without having contact to
the ground), primary hemiepiphytes (that begin their cycle in
the canopy and then establish root contact with the ground), and
secondary hemiepiphytes (that start their life cycle rooted to the
ground and then may lose contact while climbing a phorophyte)
(Kress, 1986; Benzing, 2012). However, the use of the last term has
been questioned by some authors, since there is no evidence that
these plants really lose their connection to the ground to pass to
an epiphytic state, and thus the use of “nomadic vine” is suggested
for all climbing plants that germinate in the ground (Zotz, 2013;
Bautista-Bello et al., 2021).

For each selected tree, we recorded the presence/absence
of the epiphytic angiosperms located within five vertical zones
(Z1: basal part of trunk, 0–2 m high, Z2: upper part of the
trunk to the first ramification, Z3: basal part of the large
branches, up to the second ramifications, about a third of total
branch length, Z4: second third of branch length, Z5: outer
third of branch length) according to Johansson (1974). We also
noted the presence/absence of all epiphytes in the understory
within each 20 m × 20 m subplot. To document the habitat
of the epiphytes, the following host tree data were recorded:
taxonomic identification (when fertile material was available),
height (estimation by observation), and DBH (Krömer and
Gradstein, 2016). For a more complete sampling of the epiphytes,
the single rope technique was used in several humid montane
forest studies (Flores-Palacios and García-Franco, 2001; Krömer
et al., 2007a). However, it was not necessary to use this method in
our study, due to the simple structure of the phorophyte species
(not very dense canopy with trees over 20 m high or trees of low
height), which allowed an adequate observation from the ground
using binoculars and digital camera.

The species that could not be identified at the sampling
site, were collected and herborized; in some cases when
epiphytes did not present reproductive structures, live plants
were kept in cultivation until flowering, in order to guarantee
its correct identification. The collected samples were prepared
according to Aguirre-León (1986) and deposited in the
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FIGURE 1 | Study area and location of the six sampling sites (NGF = natural gallery forest, DGF = disturbed gallery forest, NOF = natural oak forest, DOF = disturbed
oak forest, NTSF = natural tropical sub-deciduous forest, DTSF = disturbed tropical sub-deciduous forest) in Cabo Corrientes, Jalisco, Mexico. (Google Earth Pro,
2020).

Herbario Metropolitano (UAMIZ) of the Universidad Autónoma
Metropolitana-Iztapalapa in Mexico City, Mexico. For the
circumscription of the epiphyte families, we followed the
classification of APG IV (The Angiosperm Phylogeny Group,
2016) and at the species level that of The Plant List (2013)
and Tropicos (2020). In the case of some families such as
Bromeliaceae, Cactaceae, and Orchidaceae, the studies of some
taxonomic specialists were considered (Schuiteman and Chase,
2015; Cruz et al., 2016; Espejo-Serna and López-Ferrari, 2018).

Data Analysis
To verify the sampling representativeness, species accumulation
curves for the different sampled vegetation types and habitats
were made, applying the estimator of potential species richness

based on Chao2 presence-absence data using the EstimateS
statistical package (Colwell, 2019). Species richness was
determined for each vegetation type, habitat, and plot (alpha
diversity), as well as the species turnover between vegetation
and habitats (beta diversity), using the Sørensen dissimilarity
index (Hao et al., 2019). An analysis of variance (ANOVA) was
performed to determine if there was a significant difference in
species richness between the six sites (NGF, DGF, NOF, DOF,
NTSF, DTSF), and to compare the height and the DBH of
the hosts. The normality was analyzed with the Skewness and
Kurtosis (Omnibus) test and the homogeneity with the F-test. In
case of a significant difference, the Tukey-Kramer test was used to
compare each site. The significance level used is 0.05, therefore,
the null hypothesis (H0) is not rejected if the probability value is
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FIGURE 2 | Diagram of the plot and view of the sampling sites. (A) NGF = natural gallery forest, (B) DGF = disturbed gallery forest, (C) NOF = natural oak forest,
(D) DOF = disturbed oak forest, (E) NTSF = natural tropical sub-deciduous forest, (F) DTSF = disturbed tropical sub-deciduous forest.

equal to or greater than 0.05 (there is no significant difference),
and it is rejected if it is less than 0.05 (at least one is significantly
different). To determine if there was a relationship between the
number of species and the phorophyte structure (height and
DBH) a simple linear regression was performed for both natural
and disturbed sites. A cluster analysis was performed using
the hierarchical, agglomerative method in order to group the
sampled sites based on the floristic composition. Regarding the
vertical distribution and understory structure, the non-metric
multidimensional scaling (NMDS) analysis was applied between
each vertical phorophyte zone (Z1-5), and the understory of
every sampling site based on Sørensen dissimilarity index. All
analyzes were carried out in the statistical program NCSS (2018).

RESULTS

We found 45 species, 29 genera and nine families of epiphytic
angiosperms (Supplementary Appendix 1). The most diverse

families were Bromeliaceae and Orchidaceae with 17 and 15
species, respectively. The richest genus was Tillandsia with
13 species. The recorded species include 37 true epiphytes,
four primary hemiepiphytes, and four secondary hemiepiphytes.
None of the species found are registered in the Official Mexican
Standard (NOM-059-SEMARNAT-2010); however, 15 species
are endemic to Mexico (8 of them exclusive to the Pacific
slope), two endemic to western Mexico and two endemic to
Jalisco (Supplementary Appendix 1). According to the Chao2
estimator, we observed mostly more than 90% of the estimated
species. The lowest numbers of observed species were recorded
in NGF with 15 (83%) and in DTSF with 13 (68%) (Figure 3).

Besides being the most diverse families, Bromeliaceae and
Orchidaceae were represented in all sampling sites. Bromeliaceae
stands out for high species numbers in NOF (7; 64%) and DTSF
(6; 46%), while Orchidaceae dominates in NGF (6; 40%), DGF
(10; 43%), and DOF (7; 58%). Araceae represented the highest
richness in NTSF (4; 44%) (Figure 4). The remaining families
contributed less than 15% in each site. Guarianthe aurantiaca

Frontiers in Forests and Global Change | www.frontiersin.org 5 May 2022 | Volume 5 | Article 828851

https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/
https://www.frontiersin.org/journals/forests-and-global-change#articles


ffgc-05-828851 May 5, 2022 Time: 14:22 # 6

Flores-Argüelles et al. Epiphytic Angiosperms, in Natural and Disturbed Forest

FIGURE 3 | Accumulation curves of epiphytic angiosperm species for the six sampling sites (NGF = natural gallery forest, DGF = disturbed gallery forest,
NOF = natural oak forest, DOF = disturbed oak forest, NTSF = natural tropical sub-deciduous forest, DTSF = disturbed tropical sub-deciduous forest).

FIGURE 4 | Number of species per family in the entire sampled plot (SP), the phorophytes (Ph) and the understory (U) in each sampling site (NGF = natural gallery
forest, DGF = disturbed gallery forest, NOF = natural oak forest, DOF = disturbed oak forest, NTSF = natural tropical sub-deciduous forest, DTSF = disturbed tropical
sub-deciduous forest).

(Bateman) Dressler and W. E. Higgins and Tillandsia schiedeana
Steud. were present in five of the six sampling sites, while 49% of
the epiphyte species were found in only one site, being DGF the
site with the highest number (7) of exclusive species.

Effects of the Sampling Sites and Vertical
Zones on Species Richness
The DGF harbored most species (23) and the NTSF the lowest
number (9) of epiphytes (Figure 5). Although the ANOVA
indicated that the richness was significantly different between the
six sites (F = 24.6683; p < 0.001), the Tukey-Kramer test showed
that the only different site in relation to the number of species was
the DGF (p < 0.001; Figure 6).

The sampled phorophytes were hosting a total of 39 species,
25 genera, and seven families of epiphytic angiosperms (Figure 5
and Supplementary Appendix 2) and showed an average height
of 18 ± 5 m and a DBH of 77.4 ± 41.7 cm. The highest tree
was located in NTSF measuring 32 m and the smallest was in
NOF with 10 m. The widest tree corresponded to the DGF
with a DBH of 181.4 cm and the thinnest belonged to the NOF
with 29.6 cm (Supplementary Appendix 2). According to the
ANOVA, there are significant differences between the height of
the trees from the sampling sites (F = 14.0225; p < 0.001), as well
as in the DBH (F = 8.3824; p < 0.001) (Figure 7). The simple
linear regression model showed that there is no relation between
phorophyte height and epiphytic angiosperm richness for both
natural (a = 4.7011, b = −0.0569, r2 = 0.1332, p > 0.05) and
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FIGURE 5 | Families, genera and species in the entire sampled plot (SP), phorophytes (Ph) and understory (U) per sampling site (NGF = natural gallery forest,
DGF = disturbed gallery forest, NOF = natural oak forest, DOF = disturbed oak forest, NTSF = natural tropical sub-deciduous forest, DTSF = disturbed tropical
sub-deciduous forest).

disturbed sites (a = 12.7123, b = −0.3677, r2 = 0.2095, p > 0.05)
(Figure 8). As for DBH, no correlation was found with the
number of species in the natural sites (a = 4.1123, b = −0.0079,
r2 = 0.0263, p > 0.05), but it was found in the disturbed sites
(a = 1.6553, b = 0.0657, r2 = 0.4426, p < 0.05) (Figure 8).

The vertical distribution of epiphytes was principally
concentrated in the zone Z4 with 28 species, while Z1 had
the lowest richness with 12. The zones Z3 and Z4 hosted the
greatest richness in almost all sampled sites, while Z1 and
Z2 had the lowest (Figure 9). Aechmea bracteata, Hylocereus
purpusii (Weing.) Britton and Rose, Philodendron scandens
Kunth, and Tillandsia jaliscomonticola Matuda were present
in all five zones and 26% of the species were exclusive to one
zone (Supplementary Appendix 1). On the other hand, the
understory had 32 species, 19 genera, and eight families of
epiphytic angiosperms. There was a higher richness in the
understory than in the phorophytes in the NOF and in the
DTSF, but we did not observe any epiphyte species in the
DOF understory (Figure 5 and Supplementary Appendix 2).
Bromeliads were present in the understory at all sites, except for
NTSF where only species of Araceae were found (Figure 4).

Effects of the Sampling Sites and Vertical
Zones on Species Composition
The sampling sites shared between 2 and 18% of the recorded
species in which the DGF and the NOF were least different with
a dissimilarity coefficient of 0.68, while the sites with greatest
dissimilarity were NTSF with both NOF and DGF, with values
of 0.91 and 0.89, respectively (Supplementary Appendix 3). On
the other hand, the cluster analysis divided the sites into two
main groups: (1) NOF, DOF, and DGF; (2) NTSF, DTSF, and
NGF (Figure 10). According to the NMDS analysis, there is a

clear difference in the epiphytic species represented in the zones
and in the understory in almost all sites (Figure 11). The highest
dissimilarity index was between the zones Z3 and Z4 in NOF, as
they share 86% of the species, and the zone Z2 in DOF was the

FIGURE 6 | Variation in number of epiphytic angiosperm species per sampling
site (NGF = natural gallery forest, DGF = disturbed gallery forest,
NOF = natural oak forest, DOF = disturbed oak forest, NTSF = natural tropical
sub-deciduous forest, DTSF = disturbed tropical sub-deciduous forest).
Green: no significant difference; Orange: with a significant difference.
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FIGURE 7 | Variation in the height (A) and diameter breast height (DBH) (B) of
the phorophytes in each sampling site (NGF = natural gallery forest,
DGF = disturbed gallery forest, NOF = natural oak forest, DOF = disturbed oak
forest, NTSF = natural tropical sub-deciduous forest, DTSF = disturbed
tropical sub-deciduous forest). Sampling sites that do not have the same letter
are significantly different.

most different from all, as it presented only one species, that was
also found in zone Z2 in NTSF. The understory from all sites were
more similar to the canopy zones than to the trunk area.

DISCUSSION

When comparing the number of species obtained in the present
study, with the total of angiosperm epiphytes registered for
Jalisco (Espejo-Serna et al., 2021), we recorded 16.5% of these
in less than one km2 (12,000 m2). There is also a considerable

richness compared to that reported in two previous floristic
inventories made for the region: Ramírez-Delgadillo and Cupul-
Magaña (1999) recorded 29 taxa of epiphytic angiosperms for
the municipalities of Bahía de Banderas, Cabo Corrientes, and
Puerto Vallarta. On the other hand, Vázquez-García et al. (2000)
registered 28 species for the municipality of Cabo Corrientes in
their contribution for the North Coast of Jalisco. We obtained
more than 80% of the estimated epiphyte species richness for the
study area, which indicates that the sampling effort was sufficient.

The high richness of Bromeliaceae and Orchidaceae registered
in the area, was an expected result, since both are the richest
families among the angiosperm epiphytes at the national and
state level in Mexico (Ceja-Romero et al., 2010; Krömer et al.,
2020; Miguel-Vázquez et al., 2020; Espejo-Serna et al., 2021). In
some local or regional studies carried out in Mexico this pattern
has also been found, both in the case of humid forests (Flores-
Palacios and García-Franco, 2008; Martínez-Meléndez et al.,
2008; Krömer et al., 2013) and dry forests (Wolf, 2005; Trejo-
Cruz et al., 2021), with the Orchidaceae family predominating.
Other studies have registered a greater number of Bromeliaceae
species, as in the case of a dry forest in Chamela, Jalisco
(Cuevas-Reyes and Vega-Gutiérrez, 2012), or that of El Cielo
Biosphere Reserve, in Tamaulipas (de la Rosa-Manzano et al.,
2017). However, in many studies carried out in other Neotropical
countries, it has been found that Araceae, including the nomadic
vines, occupies the second place especially in lowland rainforests,
while in humid montane forests the ferns have a similar richness
to that of orchids (Kreft et al., 2004). The dominance of the
Araceae in tropical semideciduous forest and its absence in oak
forest, is due to the fact that the representatives of this family
generally do not inhabit dry and/or temperate forests (Wolf,
2005; Cuevas-Reyes and Vega-Gutiérrez, 2012), and also because
their species number tends to decrease with increasing elevations,
since the plants are not well adapted, both structurally and
physiologically, to arid or cold conditions (Krömer et al., 2005;
Acebey and Krömer, 2008).

The Piperaceae family is generally diverse in humid montane
forest and tropical evergreen forest (Barthlott et al., 2001; Krömer
et al., 2005, 2007b), because the species of the genus Peperomia
have a marked preference for warm or temperate areas, but with
high humidity conditions (Vergara-Rodríguez et al., 2017), which
may also explain the presence of one of its species in the disturbed
gallery forest of the study area. The other registered families
(Araliaceae, Asteraceae, Cactaceae, Clusiaceae, and Moraceae),
most of them present with only one species, had a low diversity,
situation that has been reported in other studies (Olmsted
and Gómez-Juárez, 1996; Gomez-Escamilla et al., 2019; Krömer
et al., 2020; Miguel-Vázquez et al., 2020). It is also important
to consider that the presence of the epiphytic habit among
its representatives, is lower than in the case of the four main
families mentioned above (Araceae, Bromeliaceae, Orchidaceae,
Piperaceae), which concentrate 87% of the epiphytic angiosperms
in the world (Zotz et al., 2021).

Tillandsia was the richest genus; many of its species present
special adaptations (e.g., atmospheric forms, absorbent foliar
trichomes, CAM photosynthesis), which allows them to resist
and survive in conditions of dry air and high temperatures
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FIGURE 8 | Simple linear regression between phorophyte height and species richness of epiphytic angiosperms in natural sites (A) and disturbed sites (B). Simple
linear regression between phorophyte DBH and species richness of epiphytic angiosperms in natural sites (C) and disturbed sites (D). NGF = natural gallery forest,
DGF = disturbed gallery forest, NOF = natural oak forest, DOF = disturbed oak forest, NTSF = natural tropical sub-deciduous forest, DTSF = disturbed tropical
sub-deciduous forest.

FIGURE 9 | Number of species per family in the vertical zones (ZI, Z2, Z3, Z4, Z5) in each sampling site (NGF = natural gallery forest, DGF = disturbed gallery forest,
NOF = natural oak forest, DOF = disturbed oak forest, NTSF = natural tropical sub-deciduous forest, DTSF = disturbed tropical sub-deciduous forest).
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(Zotz and Andrade, 2002; Benzing, 2012; Krömer et al., 2014), as
well as surpassing other species, both in richness and abundance
(Wolf, 2005; Cascante-Marín et al., 2006; Hietz et al., 2006;
Cuevas-Reyes and Vega-Gutiérrez, 2012). In addition, faster
growth rates have been found in seedlings of some Tillandsia
species that grow in more exposed sites than those in shady places
(Winkler et al., 2005; Flores-Palacios and García-Franco, 2006;
Einzmann and Zotz, 2017). This may explain the low presence of
species and individuals of the genus in the tropical semideciduous
forest, which is the site with the most closed canopy.

Effects of the Sampling Sites and Vertical
Zones on Species Richness
In the three types of forest vegetation sampled in the study area,
surprisingly the disturbed sites presented a greater number of
epiphyte species. This is in contrast to published data (Barthlott
et al., 2001; Wolf, 2005; Krömer et al., 2007b, 2014; Köster et al.,
2009, 2013; Pérez-Peña and Krömer, 2017), where generally the
highest specific richness of epiphytes, both in Mexico and in
the Neotropics, has been found in natural forests, while few
authors found no differences (Hietz-Seifert et al., 1996; Larrea
and Werner, 2010), or even reported the opposite situation.
Aguirre et al. (2010) recorded a greater richness of epiphytes in
disturbed sites in a forest dominated by the palm Sabal mexicana,
on the Gulf coast in Veracruz, mainly due to the accumulation of
hemiepiphytic species of low abundance (e.g., Ficus spp.) and the
presence of accidental epiphytes, although these are not normally
considered in studies of this type. Furthermore, Guzmán-Jacob
et al. (2020) observed that, along the altitudinal gradient of the
Cofre de Perote in Veracruz, richness of epiphytes in a degraded
tropical semideciduous forest at the 500 m elevation, was higher
than in adjacent old-growth forest.

It should be noted that, in general terms, there was no
significant variation among the six sampling sites, except for
the DGF. This could indicate that epiphyte richness did not
respond significantly to disturbance in dry forests, due to the
physiological and morphological pre-adaptations of the mostly
drought tolerant species (Werner et al., 2011; Guzmán-Jacob
et al., 2020). Some species such as Philodendron warszewiczii
Koch and C. D. Bouché, Aechmea bracteata, and Tillandsia
jaliscomonticola, had preference for phorophytes from disturbed
and open areas, however, they were not exclusive to disturbed
sites. Therefore, the changes of dominance in these species,
could be used as indicators to determine the effects of anthropic
disturbance (Krömer et al., 2014).

Although all the sampling sites presented exclusive species,
only nine taxa were restricted to the natural ones; however,
most are common and wide-ranging species such as Tillandsia
ionantha and Syngonium neglectum. Therefore, the species that
can be considered as indicators of environmental quality in
this part of the country could not necessarily be used in other
regions. The preference for certain type of microenvironments,
regardless of whether the site was natural or disturbed, was more
notable in the case of some species: for example, Trichocentrum
oestlundianum (L. O. Williams) M. W. Chase and N. H. Williams
was collected at both habitats in the gallery forest but showed a

FIGURE 10 | Cluster analysis of epiphytic angiosperms floristic composition
between the six sampling sites (NGF = natural gallery forest, DGF = disturbed
gallery forest, NOF = natural oak forest, DOF = disturbed oak forest,
NTSF = natural tropical sub-deciduous forest, DTSF = disturbed tropical
sub-deciduous forest).

FIGURE 11 | Ordination site scores in two dimensions generated by
non-metric multidimensional scaling (NMDS) using the Sørensen dissimilarity
index of epiphytic angiosperms floristic composition per vertical zone (Z1, Z2,
Z3, Z4, Z5) and understory (U) in each sampling site (NGF = natural gallery
forest, DGF = disturbed gallery forest, NOF = natural oak forest,
DOF = disturbed oak forest, NTSF = natural tropical sub-deciduous forest,
DTSF = disturbed tropical sub-deciduous forest).

preference for more closed and humid sites. Some species were
also observed to benefit from disturbance, such as several of the
genus Tillandsia, which were more abundant in open spaces, or
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the hemiepiphyte Philodendron warscewiczii that had a wider
vertical distribution and also a much higher frequency in the
disturbed site (DTSF) (see Supplementary Appendix 1). The
changes in dominance of these species could be used to determine
effects of anthropic disturbance (Krömer et al., 2014). The greater
richness and frequency of the species recorded in the disturbed
sites in the study area, could be explained with the hypothesis of
intermediate disturbance (Connell, 1978; Kun et al., 2009), which
suggests that the presence of intermediate disturbance levels
allow the coexistence of many species, more than would exist in
the absence of these alterations or in the case of more drastic
environmental changes. If the habitat is not highly fragmented,
populations can filter through clusters of habitable sites, favoring
the spread of a population.

The size (height and DBH) of the phorophytes was highly
variable in the six sampling sites, even among the same forest
types. The structure of trees in NGF was very similar to those of
DTSF, however, the greater richness recorded in the former, may
be mainly due to its proximity to a stream. The phorophytes of
the disturbed gallery forest were structurally more complex than
those of the other sites, offering a greater diversity of ecological
niches due to the variety of sizes and positions of their branches,
thus presenting pitchforks and nodes, that facilitate colonization
by epiphytes (Arévalo and Betancur, 2006), as well as variable
spaces, from shady and humid places near the trunk base to
lighted and dry areas on the outer part of the crown (Böhnert
et al., 2016), which caused the greatest richness of this site. In
the case of the oak forest of the study area, all the host trees
were of the genus Quercus. The rough bark of their trunks and
branches offers a porous substrate with higher humidity due to
its high-water retention capacity; this facilitates the anchoring
of seeds (Callaway et al., 2002; Malizia, 2003) and makes them
ideal phorophytes for the epiphytes in the dry environments of
this type of vegetation. The phorophytes of NTSF had the same
number of species as those of DTSF (Figure 5), although the
average of all trees per site was lower (2.8) compared to the
site with disturbed vegetation (3.2), which is probably explained
by the presence in this last site of a single phorophyte with
many epiphytes, probably due to its proximity to a stream of
water (see Supplementary Appendix 2). The scarce presence of
epiphytes in the phorophytes of tropical semideciduous forest is a
consequence of their structure, since they have long and straight
trunks and their branches in the canopy have little surface area
for the establishment of epiphytic plants. In addition, the closed
canopy of these plant communities, especially in the natural
sampling site, did not allow the passage of sunlight, affecting the
development of heliophilous species.

There is evidence of a positive relationship between the
richness and/or abundance of epiphytic species and the DBH
or height of the phorophytes (Hietz and Hietz-Seifert, 1995;
Burns and Dawson, 2005; Flores-Palacios and García-Franco,
2006; Ochoa-López, 2009; Gómez-Díaz, 2010; Cuevas-Reyes and
Vega-Gutiérrez, 2012; Dislich and Mantovani, 2016; Jiménez-
López et al., 2017). However, in the study area, the disturbed
sites were the only ones in which this positive relationship was
observed, although probably the high number of taxa registered
in DGF influenced this result, since both in DOF and DTSF,

few species were recorded on trees with greater DBH. In other
documented cases, such as that of a temperate forest in the Sierra
Norte de Oaxaca (Bautista et al., 2014), and that of a tropical
dry forest in the state of Morelos (Vergara-Torres et al., 2010),
this relationship between the DHB of the phorophytes and the
richness of epiphytes, was also not found. Additionally, it is
important to consider that a mature tree does not necessarily
have to be large, but rather its age, that is, the time it has been
available for the colonization of epiphytes, could be the factor that
most influences the species richness. Köster et al. (2011) observed
that relatively small, but mature trees, in secondary vegetation
derived from a cloud forest, harbored a high number of epiphytic
species. Therefore, the structure and the specific identity of the
phorophyte, as well as the type of vegetation in which it is found,
are the determining factors, rather than the size of the trees.

The greatest epiphyte richness was found inside the canopy
(Z4 y Z3), while the lowest was on the trunk (Z1 y Z2) of the trees.
The inner part of the canopy has a suitable microenvironment for
a successful establishment of many epiphytes, there is abundant
organic matter on thick, vertical branches (ter Steege and
Cornelissen, 1989; Freiberg, 1996), as well as favorable climatic
conditions, such as lower solar incidence and higher humidity,
which favors the survival of epiphytes in tropical dry forests.
The zone Z5 of the phorophytes in humid montane forest is
considered as harsh environment, because it is more exposed to
strong insolation, high temperatures, and the action of winds as
well as a low air humidity (Krömer et al., 2007a). However, the
observed abundance of bromeliads, most of them xeromorphic
or atmospheric Tillandsias in the outer part (Z5) of the canopy
may be related to the availability of rainwater and fog and the
accumulation of dew, conditions that prevail in this zone of the
phorophytes in dry environments (Graham and Andrade, 2004;
Reyes-García et al., 2007).

The restriction of orchids to the inner zone of the canopy may
be due to the conditions required for their seed’s germination
and anchorage, since they lack endosperm and need an adequate
mycorrhizal association (Mondragón et al., 2007). Even so, some
species of this family, such as Prosthechea chacaoensis, presented
a wide vertical distribution, due to adaptations to tolerate water
stress, such as the presence of pseudobulbs and succulent leaves,
which generally store water, as well as CAM metabolism (Zotz,
2004; Krömer et al., 2007b, 2014; Kerbauy et al., 2012).

According to Jácome et al. (2004), the members of the
Araceae family in the rainforests of the Pacific coast of Colombia,
grow preferentially in the first 10 m from the base of the
phorophytes, due to the presence of leaves with a thin cuticle
and a broader foliar area, which represents a disadvantage
compared to the xeric adaptations present in other epiphytes
(Benzing, 1990; Mayo et al., 1997). In the study area, the Araceae
showed this same pattern, since the hemiepiphytic species of
the genera Philodendron and Syngonium were observed mainly
in the zones Z1 and Z2 of the phorophytes, while the vertical
distribution of the holoepiphyte Anthurium halmoorei extended
to higher levels (Z3 and Z4), which is mainly due to the
rosette arrangement of its leaves that favors the accumulation
of organic matter and rainwater, similar to tank-bromeliads.
Probably the most important biotic factors for the establishment
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of epiphytes in the different zones of the phorophytes, were the
microenvironmental characteristics (branch position and surface
area, bark type, canopy shape, etc.) that each of them offered and
the type of vegetation in which it grew. For example, Tillandsia
jaliscomonticola was present in all five zones in the disturbed
gallery forest, while in the disturbed oak forest it was found
only in zones Z4 and Z5. It has been observed that denser
crowns (with more branches) reduce the wind speed and limit the
dispersal of anemochore seeds (Victoriano-Romero et al., 2017);
this could explain the different vertical distribution of this species
in the two sites.

The epiphyte richness of the understory in all sampling sites
represented 71% of the total, and six species grew only in this
stratum. The environmental conditions of the understory are, in
many cases, conducive to the successful establishment of many
epiphytes, since there is less solar incidence, grater humidity, and
less influence of the wind (Krömer et al., 2007a). The absence of
epiphytes in the disturbed oak forest understory, could be due
to the alteration of this site by grazing, which has prevented the
development of small trees that function as hosts for the epiphytes
in this stratum.

Effects of the Sampling Sites and Vertical
Zones on Species Composition
The two groups obtained in the cluster analysis represent, in
the case of the first one, the sites with species related to the
oak forest, and in the second, those that are mainly made up to
tropical semideciduous forest species. The taxa that define the
first group belong mostly to the Bromeliaceae and Orchidaceae,
while the second includes Araceae and other hemiepiphytes
such as Araliaceae, Asteraceae, and Moraceae, these four families
being exclusive of this second group. This can explain the
high beta diversity in the study area. In addition, dry forests
can have a higher beta diversity than humid forests (Ceballos
et al., 2010); the topographic and climatic conditions present
on the Pacific slope create barriers that confine species in a
restricted distribution and, therefore, the species composition
will change more rapidly from one locality to another (Espinosa
and Ocegueda, 2008); Cuevas-Reyes and Vega-Gutiérrez (2012)
also report a high dissimilarity in a dry tropical forest with
different degrees of disturbance, sharing between 37 and 42.8%
of their species. On the other hand, Flores-Palacios and García-
Franco (2008) found a high turnover of species among different
habitats of a humid montane forest, due to their isolation and the
distance at which they were from a permanent source of water.
In another study carried out in a montane forest in the Andes of
Venezuela, it was also found that the composition of epiphytes
was differing more and more with the degree of disturbance,
which causes the plants to be exposed to increased insolation
(Barthlott et al., 2001).

As in the cluster analysis, a difference can also be observed
between each site in the NMDS analysis; however, some zones
were very different compared with the ones from the same site,
probably due to the presence of species with low abundance like
Billbergia pallidiflora Liebm. or because they share few to no
species with the other zones. The high similarity between the

understory and the inner canopy zones can be explained because
the understory also presents environmental conditions similar to
those of the inner canopy (Krömer et al., 2007a).

Threats and Conservation
Despite the great capacity that epiphytes present to resist
environmental alterations caused by humans in the dry forests
of the study area, threats of land use change due to agriculture
or tourism, could generate a long-term negative effect. The
introduction of cattle or goats implies the simplification of
the vegetation structure and provokes the replacement of
native species by introduced ones. On the other hand, the
removal of vegetation cover for the development of large
tourist complexes could generate greater habitat fragmentation,
impeding connectivity between epiphyte populations (Fischer
and Lindenmayer, 2007). An alternative that has been proposed
and carried out for the conservation of epiphytes in other parts
of Mexico is the establishment of Environmental Management
Units (UMAs), in order to reproduce and propagate some rare
or endemic species, either through in vitro laboratories or in a
more rustic way (Damon et al., 2005). However, the sustainable
use of populations must be based on a management plan for the
maintenance of their diversity (Mondragón and Ticktin, 2011;
Toledo-Aceves et al., 2014; Francisco-Ventura et al., 2018). In
the case of this region, population studies specially of the species
with restricted distribution (see Supplementary Appendix 1)
would be required before presenting concrete proposals on
their management.
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