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Abstract

This study aimed to characterize the floristic composition and community structure of vascular epiphytes in 13 green areas

of Juiz de Fora, in the State of Minas Gerais, Brazil. The calculated parameters were relative and absolute frequencies,
Shannon diversity (/) and Pielou evenness (/) indices. 56 species belonging to 22 families were recorded, with the
richest species being Bromeliaceae (eight spp.). Tillandsia tricholepis, T. recurvara, Microgramma squamulosa, and
Rhipsalis lindbergiana were dominant (comprising 79.5% of relative frequency). Most species were accidental epiphytes
(26 spp.), probably due to an effect of the disturbed environment. The richest and most diverse area was the Parque
Halfeld (26 species and H’=2.2), which is also the oldest sampled area. There was a higher concentration of epiphytes

in the tree crowns, possibly representing a response to anthropic actions. The results highlighted the importance of

thorough studies to achieve a better understanding of this ecologically relevant synusia in such disturbed environments.

Keywords: Atlantic forest, Serra da Mantiqueira, urban vegetation, Zona da Mata.

1. Introduction

Currently, the urban environment is highly modified by
anthropic actions, however, it has been previously composed
of natural vegetation and may represent vegetation refuges
(green areas) in most cities (Silva et al., 2013). Thus, these
green areas can contribute to biodiversity conservation, even
acting as small ecological corridors (Gomes & Soares, 2003).
In some cases, these green areas are composed by remnants of
the original vegetation (Freitas et al., 2015); on the other hand,
these areas have been frequently reduced their soil extension
with the plants being confined inside small pots and surrounded
by an impermeable area which does not allow their expansions
and consequent growth of such environments.

The use of afforested areas is an expressive feature of
contemporary life, offering several opportunities for recreation,
and allowing human beings to come into contact with the
natural environment (Biondi, 2015). Thus, according to
Gomes & Soares (2003), an effectuation of these areas by the
public power is necessary through afforestation and g pieces
of equipment for children, and then contributing to enhance
the environmental quality of the cities as well as the Quality

of Life (QoL) of the inhabitants.

Organisms living in tree crowns reveal distinct dynamics
from those which are cultivated in the pots (or beds), thereby
in some way, establishing complex communities (Elias et al.,
2006). Although the canopy represents a complex structure of
the forest (Lowman & Rinker, 2004), it is often not frequent
in urban green areas (parks, squares, etc.), since the trees have
grown in isolation (in beds) and have possibly presented distinct
dynamics in comparison with the forest.

Epiphytes often occur in the canopy and do not establish
contact with the soil (except for hemiepiphytes) (Benzing,
1990; Zotz, 2016). They are plants that grow upon other
plants (phorophytes) but are not parasitic, meaning they do not
nutritionally depend on the phorophyte (Gentry & Dodson,
1987). The urban environment is relatively poor in epiphyrtes,
but several species are highly abundant and play some ecological
role (Lapo & Magenta, 2014), although sometimes unknown.
Several studies demonstrated the importance of epiphytes
to evaluate the environmental quality of the cities and their
surroundings (e.g., Graciano et al., 2003; Alves et al., 2008;
Bermudez et al., 2009), nevertheless, not much is known about
this group of plants when compared with its wide range, and even
less, when related to the urban environment (Fabricante et al.,
2006; Kromer et al., 2014; Furtado & Menini, 2015).
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According to Gomes & Soares (2003), the literature often
highlights the neglect and lack of interest of public organs and
even of the population to know the importance of the vegetation
in the urban environment, however, it is very important to
know and value its ecological services, and not only seen as a
decorative element of the cities. Epiphytes are known by their
important ecological functions (Benzing, 1990; Gotsch et al.,
2016; Zotz, 2016), which are probably not different in the
urban environment, where they certainly represent a relevant
part of the vegetation, and which is still lacking in studies.

Thus, this study is seeking to contribute to the knowledge of
the little-studied epiphytic synusia in the urban environment.
The present study aimed to characterize the floristic composition
and structure of vascular epiphytes in green areas of the
municipality of Juiz de Fora, Zona da Mata of the State of
Minas Gerais, Brazil.

2. Material and methods

2.1. Study area

This study was performed between 2014 and 2017 in
13 urban green areas (squares) located in the central region of
the municipality of Juiz de Fora, Zona da Mata of the State of
Minas Gerais, Northern Mantiqueira (Rocha et al., 2003), in
the Southeastern Region of Brazil. The extension of the sample
areas comprised approximately eight ha (Table 1, Figure 1).

The vegetation of the region is mainly composed of a montane
seasonal semi-deciduous forest IBGE, 2012). The climate is
subtropical ocean highland climate (Cwb) (according to the
Képpen classification), mesothermal, characterized by rainy
and warm summers and cold and dry winters; mean annual
precipitation of 1536mm and mean temperature of 18.9 °C;

and an altitude of from 700 to 900m (CESAMA, 2010).

2.2. Sampling

The epiphytes were sampled in trees and/or arborescent plants
(e.g., Araceae, Asparagaceae, Pandanaceae, Strelitziaceae, etc.) in
the 13 studied squares. The presence and identification of the
epiphytes were observed through binoculars and/or photographs.
The plants (epiphytes and phorophytes) were identified in the
field when possible and by an analysis of photographs and
comparison with specimens deposited in herbaria available in
the site of the Virtual Herbarium REFLORA (JBR]J, 2019).
The species of vascular epiphytes were classified in the ecological
categories of Hemiepiphyte (HEM); Accidental Epiphyte
(AE) and Characteristic Holoepiphyte (CHL), according to
Benzing (1990).

Phorophytes were divided into three strata: A) basal
half of the trunk; B) upper half of the trunk; C) tree crown.
'The division into strata aimed to evaluate the distribution of
the epiphytes along the phorophytes and eventual correlation

with the maintenance of the trees and/or collection made

Table 1. Studied green areas in the municipality of Juiz de Fora, Minas Gerais, Brazil.

Extension

Green areas (squares)

Coordinates

Armando Toschi Ministrinho (ATM) 0.38 ha

62 43

21°45’117S, 43°21’30"W
21°45’117S

Pedro Marques (PM) 0.32 ha

21°45’307S, 43°2121"W
21°45’30”S

Pres. Antonio Carlos (PAC) 0.74 ha

21°45’42”S, 43°20°37”W
21°45'42”S

Pres. Garrastazu Médici (PGM) 1.23 ha

21°46’37”S, 43°20°36"W
21°46’37”S

158 140

Largo do Riachuelo (LR) 0.65 ha

55 29

21°45'23”S, 43°21°02"W
21°4523”S

Prefeito Olavo Costa (OC) 0.7 ha

109 101

21°44'257S, 43°21’04”W

Igreja Catedral (Cat) 1 ha

83 58

21°45’50”S, 43°20°59”W

TNT = Total number of trees/arborescent plants sampled in the green areas; NF = Number of sampled phorophytes in the green areas.

(8]
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Figure 1. Location of the studied green areas. OC = Prefeito Olavo Costa; MP = Mariano Procépio; MG = Mahatma Gandhi;
ATM = Armando Toschi Ministrinho; LR = Largo do Riachuelo; MC = Menelick de Carvalho; PM = Pedro Marques; PH = Parque
Halfeld; PAC = Presidente Antdnio Carlos; Cat = Catedral; PR = Republica; JL = Jarbas de Lery; PGM = Presidente Garrastazu Médici.

by the inhabitants. Phorophytes which did not present stem
ramification (such as the aforementioned arborescent plants) were
identified and recorded, but a stratification was not evaluated.

2.3. Statistical analyses

A linear regression was performed to evaluate the correlation
between the total number of trees and extension with the richness
of epiphytes found in the green areas. The phytosociological
parameters calculated were relative and absolute frequencies,
the Shannon diversity index (H) and the Pielou evenness
index (/). The H’values were compared using the Hutcheson
t-test. The richness of vascular epiphytes on exotic and native
phorophytes was compared by the #test. The analyses were
performed in Microsoft Office Excel 2019 and Past v. 3 software
programs.

3. Results and discussion

Thus, 1129 trees/arborescent plants were analyzed, of
which 827 were phorophytes, with the presence of at least one
vascular epiphyte, representing approximately 73% of the total
sample. 56 species of vascular epiphytes could be found and
were distributed across 22 families (Table 2).

Bromeliaceae was the richest family (presenting eight
species), followed by Araceae, Orchidaceae, and Polypodiaceae

Floresta e Ambiente 2020; 27(2): 20190116

(six spp. each) and Cactaceae (three), comprising 29 species
or approximately 52% of the total recorded richness. These
families are among the richest one regarding vascular epiphyte
species (Benzing, 1990; Zotz, 2016), which also constitutes a
pattern found in the Neotropical Region (Gentry & Dodson,
1987) and the Atlantic Forest (Kersten, 2010; Freitas et al.,
2016), in which the studied area is inserted, however, it could
be noted that the rank may be different depending on the
evaluated vegetation physiognomy. It is worth mentioning that
this is a common pattern which is also found in other urban
areas, and it was possible to notice that the representativity of
the tree families could be twice represented even in disturbed
urban environments (Dislich & Mantovani, 1998; Hefler &
Faustioni, 2004; Fabricante et al., 2006; Alves et al., 2014; Lapo
& Magenta, 2014). Commelinaceae, Moraceae, Poaceae, and
Solanaceae presented two species each, while the remaining
families only presented one species each (totaling 19 species).

This result showed that the green areas of the city of Juiz
de Fora presented a relevant epiphyte flora when compared
with similar studies performed in other urban areas (Hefler
& Faustioni, 2004; Fabricante et al., 2006; Alves et al., 2014;
Lapo & Magenta, 2014; Becker et al., 2015), and also similar
to the results of Furtado & Menini (2015) regarding cultivated
trees and remnants of semi-deciduous seasonal forest in the
campus of the Universidade Federal de Juiz de Fora (UFJF).
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Fabricante et al. (2006) stated that the reduced number of
species found in urban areas could be due to the disturbed
environment, and this characteristic was quite different from
the original habitat of these species.

Remarkably, both Araceae and Orchidaceae (two of the
richest families found in Atlantic Forest (Kersten, 2010;
Freitas etal., 2016)) were not represented by widely distributed
species among the five richest families, while both Moraceae
species could be found in several places in the studied area,
in this case highlighting Ficus microcarpa L., an exotic species
found in seven of 13 sampled squares (Table 2). This species
is a hemiepiphyte originated from Asia and Oceania (Siqueira,
2000), and subsequently introduced as ornamental and is now
considered as an invasive species in several areas of the Americas
(Instituto Hérus de Desenvolvimento e Conservacao Ambiental,
2016). This species has become more common in Brazil since
the introduction of pollinating insects has also been detected
(Farache et al., 2009), and thus has facilitated its dispersal due
to the fleshy syconium and drupe-like fruits with fleshy and
nutritive exocarp which are dispersed by mammals and ants
(Kaufmann et al., 1991).

The richest green area was the Parque Halfeld, with 26 species
(Table 3). The linear regression showed that both extension of
the squares (7=0.74, p=0.003) and the total number of trees
(7=0.89, p<0.001) had a positive correlation with the richness
of vascular epiphytes occurring in the surveyed squares.

Only two species were shared by all 13 areas (7. recurvata
and M. squamulosa), respectively, in other words, the second
and third species in the frequency ranking. Billbergia horrida
was a species that stands out for its high occurrence in one of
the green areas studied (Parque Halfeld) and was also recorded
within tens of meters away in the Catedral area (Figure 1),
however, this species was not found in other areas. Even though

it was noted that this species occurs frequently in cultivated trees
and fragments of semideciduous secondary forest associated
with the Botanical Garden of the UFFJ, near the central region
of this municipality (Marques, 2016; Santana et al., 2017).

Most species (46.4%) are accidental species (26 spp.), followed
by characteristic holoepiphytes (35.7%, 20 spp.) and 10 species
of hemiepiphytes (17.9%) (Table 2). The accidental epiphytes
do not have morphophysiological adaptions for the epiphytic
lifeform, although they occasionally attain maturity without
rooting in the soil (Benzing, 1990). According to the studies
performed by Furtado & Menini (2015) and Santana et al.
(2017) also in urban areas of Juiz de Fora, accidental epiphytes
also presented high richness and the authors pointed out
that a disturbed environment would be responsible for this
result (a possibility also suggested by Barthlott et al. (2001),
Bataghin et al. (2008) and Dettke et al. (2008)), so it could
be noted that the present study corroborated these data.
Additionally, palm leaf sheath provides a moist environment
which accumulates organic matter (Benzing, 1990; Santos &
Jardim, 2017) and represents a site for the establishment of
several species of ferns, true epiphytic or not (Benzing, 1990).
Similarly, we could associate the high occurrence of palm
trees found in the squares studied in Juiz de Fora with the
number of AE species being higher than CHL, since several
AE (although not necessarily ferns) were observed in the same
condition highlighted by Benzing (1990). However, further
discussion is not possible due to the scarcity of systematic data
on accidental epiphytes (Hoeber et al., 2019).

The most common epiphytic species (totaling 79.5% of the
relative frequency) were: T. tricholepis (Absolute Frequency (AF)
of 77.87%, in 644 phorophytes), 7. recurvata, (AF of 62.52%
in 517 phorophytes), M. squamulosa, (AF of 42.32% in
350 phorophytes) and R. /indbergiana (AF of 18.5% in

Table 3. Values of Shannon (H’) diversity and Pielou (J) evenness calculated for the studied squares.

Squares S H
ATM 10 (2) 1.63
MC 8(2) 1.18
PM 6(1) 1.36
JL 14 (2) 1.6
PAC 12 (1) 1.68
MP 12 (2) 1.7
PGM 19 (5) 1.5
PH 24 (1) 22
LR 10 (1) 1.61
MG 11 (4) 1.2
oC 16 (7) 1.5
PR 15 (4) 1.4
Cat 11 (1) 1.5

J Hutcheson ¢-test
0.78 MC, PM, PH
0.66 JL, PAC, MP, PGM, PH, LR, Cat
0.84 PAC, MP, PH, OC, Cat
0.67 PH, OC
0.73 PH, MG
0.74 PH, OC
0.68 PH
0.7 All squares
0.77 MC, PH
0.74 PAC, PH
0.68 PM, PH, JL, MP
0.74 PH
0.65 MC, PM, PH

S = richness of vascular epiphytes found in the square; H’ = diversity index of Shannon; ] = evenness index of Pielou; Hutcheson ¢-test = present the results of
comparison between pairs of squares and those with significant difference; ATM = Armando Toschi Ministrinho; MC = Menelick de Carvalho; PM = Pedro
Marques; JL = Jarbas de Lery; PAC = Presidente Antonio Carlos; MP = Mariano Procépio; PGM = Presidente Garrastazu Médici; PH = Parque Halfeld;
LR = Largo do Riachuelo; MG = Mahatma Gandhi; OC = Prefeito Olavo Costa; PR = Republica; Cat = Igreja Catedral.
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153 phorophytes) (Table 2). These species were also prominent
in other studies performed in urban areas (Hefler & Faustioni,
2004; Fabricante et al., 2006; Alves et al., 2014; Lapo & Magenta,
2014; Becker etal., 2015), and suggested high resistance to the
disturbed environment, by presenting important adaptations
to cope with the hydric stress (Fahn & Cutler, 1992), for
example, dense coverage of scales adapted to water absorption
(Tillandsia species), leaf hypodermis (Microgramma species)
and crassulacean acid metabolism (CAM) (Rhipsalis species)
(Benzing, 1976, 1990; Calvente et al., 2008; Rocha etal., 2013).

The two Tillandsia (T. recurvata and T tricholepis) species are
remarkable, as they are often dominant in urban environments
(Fabricante et al., 2006; Becker et al., 2015). Both species are
related to studies about air pollution because they are resistant
to heavy metals launched in the atmosphere (Costa et al.,
2019), which is possibly the reason for such dominance in this
environment. According to Dislich & Mantovani (1998), the
rarity of Orchidaceae, the richest family among the vascular
epiphytes (Benzing, 1990; Zotz, 2016), must be related to
direct human interference by clearing forest and collecting
plants (thus reducing the source of propagules for colonizing
the trees), or even indirect by air pollution, resulting in the
uncommon floristic composition found, as orchids often are
very sensitive to environmental disturbance.

The presence and high frequency of these species in the
studied environment showed that they are very tolerant to
the impact of anthropization on biodiversity (for example,
the hydric stress due to paving the soil and inexistence of a
continuous canopy), also presenting wide geographic distribution
and ecological spectrum (Fabricante et al., 2006). Vascular
epiphytes also demonstrate an extraordinary adaptive variety
whose evolutionary response is related to more or less unique
restrictions and opportunities for treetop habitat, besides, to
highlight how these plants influence the ecosystems that host
them (Benzing, 2004). According to Benzing (1990), the
occurrence of epiphytes in drier sites is less common and is
often represented by few taxa, but does not necessarily present
low abundance and/or frequency, as found for 7illandsia,
which is also highlighted by Furtado & Menini (2015), when
they support the explanation for the significant occurrence of
Bromeliaceae in comparison with Orchidaceae in urban areas.

The A’and /values for the 13 studied squares were 2.02 and 0.59,
respectively (Table 3). Both indices were lower than others
found in the urban environment (Fabricante et al., 2006), and
the last value showed the strong dominance of four species
(T zricholepis, T. recurvara, M. squamulosa, and R. lindbergiana),
which were responsible for the low diversity of the community.
Such dominance is probably related to the distinct conditions
of those typical for the occurrence of epiphytic species so that
some species can dominate new habitats over less capable species
to “cope” with disturbed environments (for example, as seen

Floresta e Ambiente 2020; 27(2): 20190116
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in the prevalence of accidental epiphytes). This dominance is
also found in studies about the urban flora evaluating other
lifeforms (Kramer & Krupek, 2012; Santos et al., 2012;
Freitas et al., 2015; Monalisa-Francisco & Ramos, 2019). This
reflects the fact that the presence of plants in the cities is usually
composed of one or a few dominant species (Pauleit et al.,
2002), probably related to the availability of tree and shrub
seedlings for planting, which must be tolerant to the stressing
environment, as which probably occurs with epiphytes. Besides
that, once the richness and composition of epiphytes are also
influenced by phorophytes (Burns & Zotz, 2010), the low
richness of trees must influence the occurrence of epiphytes.

By the same reasoning, it must apply to the diversity and
evenness values for each square, which are presented in Table 3,
also including the results of the Hutcheson #test used to compare
the Shannon diversity indices. The diversity of the Parque
Halfeld (H’=2.2) was the highest and most different than other
areas. Parque Halfeld presents taller trees, an almost continuous
canopy and is the oldest square in the municipality of Juiz de
Fora, dating from the mid-nineteenth century. It is also the only
area presenting watercourses, thus creating a microclimate for
the epiphytes. Due to the establishment period of the plants
and the presence of moisture, both characteristics could be
related to the composition and structure of the communities
of vascular epiphytes (Benzing, 1990; Zotz, 2016), and such
observed features probably justify this diversity.

Table 4 presents the phorophyte species which have more
than 10 individuals (520 or 62.9% of the total sampled
phorophytes). Among the 22 species, 14 were exotic and
only eight were identified as native Brazilian flora (although
not necessarily from the Atlantic domain) (BFG, 2018). This
proportion of exotic species is greater if taking into account the
number of specimens, with 361 individuals of exotic species and
159 individuals of native species. The exotic phorophytes also
presented greater richness of vascular epiphytes (43, of which
15 are accidental epiphytes), while the native phorophytes
presented a richness of 35 epiphytes (of which 14 are accidental
epiphytes). However, there was no significant difference
between these values according to #test (#=1.14, p=0.26).
The high occurrence of exotic phorophytes is apparently not
detrimental to the establishment of vascular epiphytes in an
urban environment, highlighting the possibility of using such
species as substrate by the epiphytic community in the green
areas. On the other hand, the use of exotic plants can be very
harmful in a broad context, as some species like Ligustrum
lucidum, Spathodea campanulata, and Terminalia catappa are
among the invasive species of Brazilian flora (Instituto Hérus de
Desenvolvimento e Conservagio Ambiental, 2016), although
they are commonly used in urban aforestation and often found
in nurseries of the municipality (Oliveira et al., 2014).
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Table 4. Main species of phorophytes recorded in the green areas studied in the municipality of Juiz de Fora, in the State of Minas Gerais,
Brazil.

Species Families N Green areas

Origin

Tipuana tipu (Benth.) Kuntze Fabaceae 84 9 exotic

Caesalpinia peltophoroides Benth. Fabaceae 51 8 native

Ligustrum lucidum W.T.Aiton Oleaceae 28 5 exotic

Delonix regia (Bojer ex Hook.) Raf. Fabaceae 24 6 exotic

Dracaena fragrans (L.) Ker Gawl. Asparagaceae 19 3 exotic

Cupressus lusitanica Mill. Cupressaceae 16 2 exotic

Ravenala madagascariensis Sonn. Strelitziaceae 16 1 exotic

Ficus benjamina L. Moraceae 15 1 exotic

Cedprella fissilis Vell. Meliaceae 14 3 native

Sapindus saponaria L. Sapindaceae 12 6 exotic

Licania tomentosa (Benth.) Fritsch Chrysobalanaceae 10 1 native

Other species - 307 - -

N Ind. = number of individuals found in each phorophyte species; N Green areas = number of total green areas where the phorophytes were found.

There is significant richness and diversity of vascular
epiphytes in the stratum C (the crown), which presented
55 species (H’=2.00), followed by stratum B (upper half of the
trunk) where 20 species were recorded (H’=1.65), and stracum
A (lower half of the trunk) with only 16 species (H'=1.52).
The Hutcheson #test showed the difference between the values
of C and the other two strata (A and C, p<0.001; B and C,
<0.001), but not between A and B (p=0.12). Although the
center of the tree crown is commonly the richest region in
phorophytes (Benzing, 1990), in this study the greater richness
and diversity of epiphytes in the tree crown must be exacerbated
by anthropogenic influence (once C was almost three times and
more than three times richer than B and A, respectively). Some
common actions are often observed and must be responsible
for this result such as ornamentation in holidays (for example,
Christmas) and maintenance performed by the municipality’s
employees, in addition to the collection of some specimens,

(e ]

which not reach the tree crown (personal observation).
According to Dislich & Mantovani (1998), several epiphytes,
such as Bromeliaceae and Orchidaceae, are highly ornamental
and easily removed from the trees, resulting in interference in
the composition and structure of the community of vascular
epiphytes in the urban environment.

4. Conclusions

In general, the vascular epiphyte species found in the urban
environment (mainly the dominant species) present a wide
ecological spectrum, so they can even establish in strongly
disturbed environments. It is interesting to notice that even
introduced trees species can sustain an epiphytic community
and potentially enhance the ecological functions of a green
area, providing shelter, water and food to the fauna, besides, to

help to control the environmental temperature and moisture,
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the same way when they are found in the forests. On the other
hand, the reduced offer of different substrata (since there is
also dominance between the cultivated trees) can negatively
influence the richness and/or diversity of epiphytes in the
urban environment, although further studies are necessary to
delve into this issue.

The present study also highlighted the importance of surveying
the flora of the cities, expanding the knowledge of urban flora
in a time when anthropogenic changes are accentuated in global
cities. In this sense, a better understanding of the urban vegetation
from the academic and government to population standpoints
is imperious, as they ultimately enjoy the benefits of the urban
areas; however, without understanding that these species are
also responsible for maintenance and even the establishment

of these important areas for the environment of the cities.
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