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ABSTRACT — The edge effect was evaluated in a semi-deciduous seasonal forest fragment
of Araras, state of Sdo Paulo, Brazil. The sampling took place in 20 parcels at 30 m from
the edge and another 20 parcels at 100 m from the edge. The general shape of the forest
fragment was evaluated by the calculation of the Circularity Index, and correlations were
determined between biotic and abiotic factors to test for possible relationships. A total of
346 individuals, composing of nine species and nine genera, were identified. The diversity
of orchids in the studied area is low, and the abundance of species in the fragment is not
distributed evenly. The edge has more species and individuals, showing it to be more
beneficial for the survival of orchids, especially when associated to the watercourse. This
increase in the orchid population in the edge can be related to luminosity. However, the
studied forest fragment has fewer orchid species than other, better conserved fragments of
Semi-Deciduous Seasonal Forest.
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RESUMO - Efeito de borda em orquideas de um fragmento florestal estacional
semidecidual do sudeste do Brasil. O efeito de borda foi avaliado em fragmento de
Floresta Estacional Semidecidual em Araras, Sdo Paulo, Brasil. A amostragem foi
realizada em 20 parcelas a 30 m da borda e outras 20 a 100 m da borda. O formato geral
do fragmento florestal foi avaliado pelo calculo do indice de Circularidade, e correlagdes
foram determinadas entre fatores bidticos e abioticos para teste de possiveis relagdes. Como
resultado da amostragem, 346 individuos, pertencentes a nove espécies e nove géneros foram
identificados. A diversidade de orquideas na area estudada ¢ baixa e a abundancia de espécies
no fragmento ndo ocorre de forma equitativa. A borda apresentou mais espécie e individuos,
se mostrando mais benéfica a sobrevivéncia de orquideas, especialmente quando associadas
ao curso d’agua. Este aumento na populagdo de orquideas na borda pode ser relacionado
com a luminosidade. Entretanto, o fragmento florestal estudado apresenta menos espécies de
orquideas do que outras areas melhor conservadas com Floresta Estacional Semi-Decidual.

Palavras-chave: diversidade, epifitos, fragmentacao florestal, orquideas terrestres
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INTRODUCTION

The Brazilian Atlantic Rainforest is reduced
to 7.5% of its original coverage (Scarano 2002)
and, although it is known that this biome contains
a high diversity of species and is characterized for
high levels of endemism, it is highly fragmented
(Morellato & Haddad 2000).

The key factors that affect the dynamics of
forest fragments are: shape, isolation degree, type
of neighborhood, and disturbance history (Viana
et al. 1992). These factors are related to biological
phenomena which affect the birthrate and mortality
of plants; for example, the edge effect, genetic drift,
and plant/animal interactions (Viana & Pinheiro
1998). Forest fragmentation alters the structure of
the fragment and the interaction of the fragment with
other landscape elements (Lord & Norton 1990, Putz
2001), and it is mainly due to anthropic interaction.
The edge effect, therefore, is one of its consequences
(Ranta et al. 1998).

Edge effect can be defined as an alteration in
the composition and/or in the relative abundance
of species at the marginal part of a forest fragment
(Forman & Gordon 1986), or as the influence that
the environment exerts over the forest area on
its marginal part, causing physical and structural
alterations (Tabanez et al. 1997). It can also be
defined as the outcome of the interaction between
two adjacent ecosystems, when they are kept apart
by an abrupt transition, i.e. the edge (Murcia 1995).

For fragmented habitats, the edge effect can be
considered as one of the key factors that affect vegetal
and animal populations (Laurance & Bierregaard
1997). In the forest community, the ligneous and
herbaceous plants suffer qualitative and quantitative
alterations, depending on the type and aspect of the
edge (Marchand & Houle 2005).

According to Newman et al. (2007), orchids are
an excellent biomonitor due to their sensitivity to
anthropic interference in primary forests owing to the
occupation of specialized niches. Such a suggestion
is corroborated by the difficulty that innumerous
species of orchids have been reproduce in secondary
woods, which demonstrates the importance of studies
involving these plants for the better comprehension
of biodiversity mechanisms found in nature (Bawa
1992).

The family Orchidaceae is the most abundant
family among the vascular epiphytes typical of
tropical and humid subtropical forests, averaging
70% of the total number of plants within the group
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(Gentry & Dodson 1987). Furthermore, a great
deal of the floristic diversity of humid tropical
forests comes from the epiphytic species, given
these represent approximately 10% of all vascular
plants (Kress 1986). These species play a role in the
mechanisms of nutrient recycling (Nadkarni 1984),
as well as making water, shelter, nourishment, and
reproduction sites available to other organisms,
and may be characterized as magnifiers of local
biodiversity (Rocha et al. 2004). Furthermore, data
on interactions of terrestrial orchids in tropical forests
is scarce, insufficient, and dispersed in floristic and
phytosociological research of herbaceous strata
(Rocha & Waechter 2006), and not because these
were not the subject of detailed study.

Therefore, the study of Orchidaceae in areas
of fragmented forest in Araras can reveal the
conservation state of the extant natural area in the
region. And, since the edge effect is one of the most
important consequences of forest fragmentation,
it is important to study the responses of orchids to
those effects since the analysis of those factors is
fundamental to identify conservation strategies and
priorities for research (Viana & Pinheiro 1998).
Hence, the present work had as an objective the
evaluation of the influence of the edge effect over the
flora of Orchidaceae in a fragment of Semi-deciduous
Seasonal Forest from Nova Santa Cruz farm, Araras,
SP, Brazil, in order to understand if the edge alters
the diversity and ecological structure of the family.

MATERIAL AND METHODS

The work was carried out from March 2009 to
April 2010 in the largest municipal forest fragment
belonging to Nova Santa Cruz farm, Araras, SP,
located at 22°16°3.68 S, 47°19°22.29” W (Fig. 1).

The area has 388 ha, with 97 of these related
to remnants of Semi-deciduous Seasonal Forest.
The remaining area is occupied by pastures and
crops of Citrus and sugar cane. The climate of the
area corresponds, according to the classification of
Koeppen, to Cwa; that is, mesothermal with a dry
winter in which the average temperature of the
coldest month is 18°C. The total rainfall in the driest
month does not exceed 30 mm. The temperature of
the warmest month varies between 14°C and 22°C,
with the annual average temperature around 21°C
(Magini & Chagas 2003).

The fragment was classified according to the
Circularity Index (CI) or Edge Index (EI) (Martins
et al. 2002), calculated using the following formula:
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Fig. 1. Thematic map of the forest fragment belonging to Nova Santa Cruz tarm, Araras, Sao Paulo

State, Brazil.

CI or EI = K(A/P2) where K = 12.57 (constant); A =
the fragment area (m?); P = perimeter (m). Fragments
whose indices are closer to 1 are more rounded and
have a lower ratio between edge and interior, being
subject to a lesser edge effect (Martins et al. 2002,
Nascimento et al. 2006).

To study the diversity of orchids, the methodology
described by Clements (1929) and adapted by
Dislich & Mantovani (1998) was employed. For
that, 40 parcels of 20 X 10 m in length were used,
making up a total of 8,000 m?. Among these, 20 were
established to a distance of 30 meters from the edge
of the fragment, as these effects are frequently more
noticeable at this distance (Williams-Linera 1990).

The other 20 parcels were established within the
fragment at a distance of at least 100 meters from the
edge (Fig. 1).

The orchids found were recorded and the material
collected was herborized according to the usual
procedures (Mori et al. 1989). Orchids occurring as
a single individual had their back pseudobulbs and
their inflorescences removed for herborization. The
identification of the orchids occurred by consulting the
works of Barbosa Rodrigues (1877, 1882), Cogniaux
(1893-1896, 1898-1902, 1904-1906), Hoehne (1940,
1942, 1945, 1949, 1953), Pabst & Dungs (1975,
1977), and Sprunger et al. (1996). The scientific
names were verified on Lista das Espécies da Flora
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do Brasil (Barros et al. 2015) by studying the original
descriptions of the taxa and by comparing them with
the collection of Herbario Rioclarense (HRCB), from
the Bioscience Institute from Rio Claro, Universidade
Estadual Paulista — UNESP, where the voucher
specimens were deposited. When necessary, the
identification was obtained with the assistance of
specialists. The species were classified into ecological
categories, according to their relation to the substratum
and the phorophyte, as follows: terrestrial (TER),
holoepiphytes (HOL) and hemiepiphytes (HEM).
Furthermore, the position of each epiphytic species on
their phorophyte was also recorded.

The parameters of absolute (AD) and relative
density (RD), and absolute (AF), and relative
frequency (RF) were calculated for terrestrial species
(Matteucci & Colma 1982) and the importance
value index (IVI) was measured (adapted Mueller-
Dombois & Ellenberg 1974). For the epiphytic
species the absolute frequency (AFe) and relative
frequency (RFe) were calculated in intervals of
sampled height, using the formulas: AFe = (sn . ns™)
and RFe = (sn . (Zsn) !). 100 where sn = stratum
number with occurrences of epiphytic species and
ns = total number of sampled stratum. The formula
employed to estimate the absolute and relative
frequencies over the phorophytes (NAi and NRi)
were: NAi = 100 (Nfi / Nsf) and NRi = 100 (Nfi /
Y Nfi) where Nfi = total number of phorophyte
individuals with the species i of orchid and Nsf =
total number of sampled phorophyte individuals. To
calculate the absolute frequency (SAi) and relative
frequency (Sri) of the orchid i over the phorophyte
species, the formulas: SAi = 100 (Sfi / Sfs) and Sri =
100 (Sfi / X Sfi) were used, where Sfi = total number
of phorophyte species with the species i of orchid and
Sfs = total number of sampled phorophyte species
(Waechter 1998). Besides these analyses, the EIV
(epiphytic importance value) was calculated using
the formula: EIV = (NRi + Sri) / 2. The similarity
analyses were performed using the StatistiXL 1.8
software (Roberts & Withers 2009).

The temperature, relative air humidity (Termo-
higrometer Instrutemp, model: ITHT-2200) and
light intensities (Luximeter Instrutherm, model: LD-
300) were measured at five different points in each
established parcel and their averages calculated.
Measurements were obtained at approximately
1.5 meters above the ground. During dry days of
February 2010, data were collected quickly, to avoid
changes arising from the time of collection, starting
from the parcels of the edge and going to the interior,
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(Bernardi & Budke 2010). To analyze relationships
between biotic data and the abiotic variables an
analysis of Pearson linear correlation (r) was carried
out. As a reference of the intensity, the correlation
coefficients were considered of low intensity when
r values varied between 0.30 and 0.40 (both positive
and negative) and of high intensity when r values
were greater than 0.40 (both positive and negative)
(adapted from Brun et al. 2007).

RESULTS

The Circularity Index obtained of the fragment
was 0.28, indicating that it has an elongated shape.

The average light intensity, relative air humidity,
and temperature obtained on the edge parcels of
the fragment were 282.5 pmol m? s, 54.14%, and
29.4 °C, respectively. In that area, the abundance
of orchids showed high intensity correlations with
the abiotic factors, these being positive relative to
temperature (r=0.9380/p <0.01) and light intensity
(r=0.7608 / p < 0.01), and negative torelative to air
humidity (r =-0.5118 / p < 0.05). Among the abiotic
factors, the light intensity was positively correlated
with the temperature (r = 0.6875 / p < 0.01) and
negatively with the humidity (r =-0.5014 / p <0.05),
this last one presenting a negative correlation with
the temperature as well (r = -0.7690 / p < 0.01). All
abiotic factors had high-intensity correlations.

The average light intensity, relative air humidity,
and temperature measured in the parcels situated
within the forest were 181.9 pmol m? s, 62.22%,
and 26.3 °C, respectively. The analyses of correlation
of these abiotic factors with the abundance of orchids
were not significant (p > 0.05). However, significant
high-intensity correlations were obtained when
the factors were analyzed between themselves.
The light intensity correlated negatively with the
humidity (r =-0.5535 / p < 0.05) and positively with
the temperature (r = 0.6439 / p < 0.05), with the
correlation temperature/ humidity being negative (r
=-0.6876/p <0.01).

For the whole area, 346 individuals, distributed
between nine genera and nine species, were
recorded. The epiphytic species found were
Acianthera pubescens (Lindl.) Pridgeon and M.W.
Chase, Baptistonia cornigera (Lindl.) Chiron and
V.P. Castro, Campylocentrum robustum Cogn.,
Catasetum fimbriatum (Morren.) Lindl., Lophiaris
pumila (Lindl.) Braem, Polystachya estrellensis
Rchb.f. and Rodriguezia decora (Lem.) Rchb.f. The
terrestrial species were Oeceoclades maculata Lindl.
and Sacoila lanceolata (Aubl.) Garay (Tab. 1-2).
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Table 1. Epiphytic species recorded in the quantitative survey in a fragment of remnant Semi-deciduous Seasonal Forest
from Nova Santa Cruz farm, Araras, Sao Paulo State, Brazil. NS (number of strata with epiphytic species), AFs (absolute
frequency on strata) and RFe (relative frequency on strata), NAi (absolute frequency over phorophytic individuals) and
NRi (Relative frequency over phorophytic individuals), SAi (absolute frequency over phorophytic species), and SRi
(relative frequency over phorophytic species), and EIV (epiphytic importance value).

Species NS  AFe RFe NAi NRi Sai Sri EIV N
HRBC
Fragment edge
Baptistonia cornigera 41 52.56  37.27  36.68 36.68 72.73 40.00 38.34 45350
Campylocentrum robustum 35  44.87  31.82  33.34 33.34 45.45 25.00 29.17 45348
Lophiaris pumila 31 39.75 2818  25.00 25.00 36.36 20.00 22.50 45354
Catasetum fimbriatum 1 1.28 0.91 1.66 1.66 9.09 5.00 333 45344
Polystachya estrellensis 1 1.28 0.91 1.66 1.66 9.09 5.00 3.33 45346
Rodriguezia decora 1 1.28 0.91 1.66 1.66 9.09 5.00 3.33 45345
Total 110 - 100.00 - 100.00 - 100.00  100.00
Within the fragment
Baptistonia cornigerum 16  29.09 3556  28.12 28.12 54.55 37.50 32.81
Lophiaris pumila 14 2545 31.11 34.38 34.38 36.36 25.00 29.69
Campylocentrum robustum 12 21.82 26.67 28.12 28.12 36.36 25.00 26.56
Polystachya estrellensis 2 3.63 4.44 6.25 6.25 9.09 6.25 6.25
Acianthera pubescens 1 1.82 2.22 3.13 3.13 9.09 6.25 4.69 45341
Total 45 - 100.00 - 100.00 - 100.00  100.00

Table 2. Terrestrial species recorded in the quantitative survey in a fragment of remnant Semi-deciduous Seasonal Forest
from Nova Santa Cruz farm, Araras, Sdo Paulo State, Brazil. AD (absolute density), RD (Relative density), AF (absolute
frequency), RF (relative frequency) and IVI (importance value index).

Species AD RD (%) AF RF (%) IVI (%) N°. HRBC
Fragment edge
Oeceoclades maculata 109 99.10 80 94.12 96.61 45347
Sacoila lanceolata 01 0.90 5 5.88 3.39 45342
Total 110 100 85 100 100

Within the fragment

Oeceoclades maculata 81 100 80 100 100
Total 81 100 80 100 100

The Jaccard similarity coefficient was calculated ~ deciduous seasonal forests from the south and
using data from the present study, along with data  southeast of Brazil. Although low, it is valid for the
from other published studies carried out in semi- comparison among this and other studies (Tab. 3).
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Table 3. Comparison between the work involving the Orchidaceae family in areas of Semi-deciduous Seasonal Forest in
south and southeast regions of Brazil organized in the north-south orientation. Place = city or region where the work has
been done; FU = state acronym to which belongs the place; Area = approximate area of the studied place; Met = applied
methodology (1 = slightly qualitative; 2 = quali-quantitative study); Gen = number of genera found; Spe = number of

species found; JSI = Jaccard’s Similarity Index (n/i= no information).

Place (References) FU Area (ha) Met Gen Spp JSI(%)
Barroso (Menini Neto ef al. 2004) MG n/i 1 25 44 10.81
Central Region (Ferreira et al. 2010) SP 450,000 1 46 73 8.00
Araras (present study) SP 97 2 9 -
Sao Paulo (Dislich & Mantovani 1998) SP 10 1 6 16.67
Iper6 (Bataghin et al. 2010) SP 5,179.9 2 2 11.11
Maringa (Dettke et al. 2008) PR 473 2 10.00
West Region (Cervi & Borgo 2007) PR 170,000 1 19 21 11.11
Novo Hamburgo (Brustulin & Schmitt 2008) RS 513 1 7 7.14
Guaiba (Buzatto et al. 2007) RS 40 1 35 50 5.45

Among these areas, the one studied by Dislich
& Mantovani (1998) in the city of Sao Paulo, Sao
Paulo State, has shown the greater similarity with
our site. The resulting dendrogram formed two
main clades; one including the four larger and more
pristine areas; the other including the four smaller
and more impacted ones. The first group splits into
two smaller clades formed by the two areas from the

south of Brazil (Guaiba/RS and West PR) versus the
two southeast ones (Central SP and Barroso/MG).
The second group is formed by two smaller clades
grouping the two southern areas (N. Hamb./RS
and Maringa/PR) versus the two southeast ones (S.
Paulo/SP and Araras/SP). The Iper6/SP area stands
apart from all other forest patches (Fig. 2).

Guaiba/RS

West PR

Central SP

Barroso/MG

N.Hamb./RS

Maringa/PR

S. Paulo/SP

Araras/SP

Ipero/SP

1 0.8

ol.s 0.4 0.2 0
Similarity (S))

T T T T T

Fig. 2. Dendrogram showing the results of the cluster analysis based on coefficients obtained
using the Jaccard index of similarity between the diversity of orchids of Semi-deciduous Seasonal
Forest remnants from the south and southeast of Brazil. Guaiba/RS (Buzatto et al., 2007), West PR
(Cervi; Borgo, 2007), Central SP (Ferreira et al., 2010), Barroso (Menini-Neto et al., 2004a), N.
Hamb./RS (Brustulin and Schmitt, 2008), Maringa/PR (Dettke et al., 2008), S. Paulo/SP (Dislich;
Mantovani, 1998), Araras/SP (present study), Ipero/SP (Bataghin et al., 2010).
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In the 20 parcels of the edge, 110 epiphytic
individuals were observed, distributed into six
species, in which two species are exclusive. Just one
epiphytic orchid, of a total of five epiphytic species
recorded within the 20 fragment parcels, is exclusive,
for a total of 45 individuals. The number of terrestrial
individuals on the edge was 110, represented by the
species O. maculata and S. lanceolata. Within the
fragment, 81 individuals were recorded, represented
only by O. maculata, the most abundant of the
study. The epiphytes B. cornigera, L. pumila, and C.
robustum had the highest EIV, both on the edge as
well as within the forest. The terrestrial O. maculata
presented the highest IVI, both on the edge as well as
within the forest (Tab. 1-2).

The quantitative study referring to the relative
frequency of epiphytic species within the intervals
of sampled heights showed that the species B.
cornigera, C. robustum, and L. pumila had the highest
frequencies. Among all other epiphyte species
recorded, the frequencies summed up to a value lower

60 -

than 4% (Tab. 1). The analysis of the specificity by
phorophyte showed that the species B. cornigera
presented absolute and relative frequencies higher on
the edge of the fragment than when compared to the
interior of the fragment. The frequencies recorded
for C. robustum were higher for the parcels of the
edge than for parcels of the interior of the fragment,
except for SRi, which was similar for both areas.
L. pumila was observed at the lowest strata on the
natural substrates, as revealed by the values of NAi,
NRi, SAi and Sri, with the higher value of AFe found
on the edge of the fragment (Tab. 1).

For both the edge and the interior, the stratum
preferentially occupied by epiphytes was 2-4 meters.
However, while for the edge the stratum of 4-6 meters
was densely occupied, the occupation of this stratum
was sparse for the parcels of the interior, with these
epiphytic orchids secondarily preferring 0-2 meters.
Also, while the stratum of 6-8 meters was occupied
in the edge, no individual was observed occupying
this stratum in the interior of the fragment (Fig. 3).

M Individuals on the edge

30 (] Individuals within the fragment
404 40

30 -

204

10

3 4
0 : 0 i
0-2 2-4 4-6 6-8

Fixing height on the phorophyte (m)

Fig. 3. Number of sampled epiphytic individuals by height interval on the strata in a fragment
of remnant Semi-deciduous Seasonal Forest from Nova Santa Cruz farm, Araras, Sao Paulo

State, Brazil.

DISCUSSION

The elongated shape of the fragment studied
presents a longer perimeter due to the presence of
irregularities in its outline (Fig. 1). Smaller forest
fragments have higher edge/area ratios and thus
are more prone to edge effects, once the area and

the perimeter of the fragment determine the degree
of the edge effect over the forest formation and the
influence of the external factors over its biodiversity
(Zuidema et al. 1996). The ecological processes
are influenced by the size of the forest remnant and
induced by the formation of the edge (Collinge 1996),
and such shifts can compromise the restructuration
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and sustainability of those forests (Kapos 1989,
Bierregaard et al. 1992).

The edge effect causes alterations in abiotic
factors and leads to microclimatic shifts, such
as: increase of winds, humidity and temperature
variation, and increases in the vertical penetration of
light, i.e. more solar radiation (Davies-Colley et al.
2000, Redding et al. 2003). Parker (1995) suggests
that, among the microclimatic factors, an increase in
light intensity implies higher temperatures and lower
humidity, which corroborates well with the averages
and correlations obtained. In fact, light intensity and
temperature correlated negatively with the humidity,
since when we proceeded to the internal areas of
the fragment, the former two decreased, and the
humidity, on the other hand, increased.

Consequently, the edge effect changes the
direct biological factors too, leading to shifts in the
distribution and abundance of species, for example
the increase in density of individuals due to greater
primary productivity caused by higher levels of solar
radiation (MacDougall & Kellman 1992, Didhan
& Lawton 1999). In the present study, such facts
could be observed by the correlation found between
the abiotic factors and the abundance of orchids,
which differed between the areas of the fragment.
On the edge, the abiotic factors directly influence the
distribution of orchids and, among these factors, light
is the most influent (Bataghin ez al. 2008), affecting
other abiotic factors directly (Parker 1995). In the
interior of the forest fragment such influences were
not observed, showing that the edge effect affects the
distribution of these plants (Bataghin ef al. 2012).

The evolution of land occupation in tropical
regions hasled toa fragmented forestlandscape (Viana
et al. 1997). In the south and southeast of Brazil, this
picture is even more worrying, considering that the
edaphic conditions favor mechanized agriculture,
which appears as one of the main factors that
contribute to the accentuation of this fragmentation
(Viana et al. 1992). The populations of arboreous
species are affected by the process of fragmentation
and its consequent changes toward the structure
of vegetation of forest remnants (Nascimento &
Viana 1999). This directly influences the diversity
of epiphytes, which, according to Kersten & Silva
(2001), depend on the availability of substrata and on
the microclimatic conditions present in the habitat.

The process of forest fragmentation, besides
generating considerable microclimatic differences
between forest patches isolates, restricts the distribution
of species once it begins to reduce processes like seed
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dispersal and colonization of new areas. Furthermore,
characteristics of orchids, like restricted geographical
distribution (Pridgeon et al. 2009), aggregated spatial
distribution (Rasmussen 2002), and high sensitivity
to microclimatic factors (Benzing 1990), causes only
those most abundant and/or most tolerant to survive,
increasing the differences between distant forest
patches, as well as differences in conservation status.
Conversely, this increases the similarity between the
near forest patches and among those with similar
conservation statuses. However, even those have
many exclusive species, which causes what similarity
between them to be relatively low (Fig. 2). The
diversity of orchids of the Atlantic Forest is globally
high, though with most of the species occurring in one
or few areas (Barros 1990, Dressler 2005, Souza &
Lorenzi 2005, Campos 2008).

The diversity of Orchidaceae recorded in the
studied area is, more or less, intermediate when
compared to other surveys in fragments of similar
vegetation (Tab. 3). The works of Novo Hamburgo/
SP (Brustulin & Schimitt 2008), Maringa/PR (Dettke
et al. 2008), S. Paulo/SP (Dislich & Mantovani
1998) and Iperd/SP (Bataghin er al. 2010), all in
areas characterized as impacted by their authors,
showed less diversity than what was observed in
this study, having also suffered from anthropization.
This observation shows that the edge also positively
influences the flora of Orchidaceae, since that the area
here studied had its orchid population increased on
the edge, such an increase being correlated to abiotic
alterations, especially the increase of luminosity
(Bataghin ef al. 2008). However, when considering
the interior and the fragment as a whole, the diversity
seems to be lower than what was observed in other,
better conserved areas.

The larger and best conserved areas (Menini Neto
et al. 2004, Buzatto et al. 2007, Cervi & Borgo 2007,
Ferreira et al. 2010) have higher orchid diversity
due to greater equilibrium in their conditions, which
led the similarity among them (Fig. 2). According
to Rogalsky & Zanin (2003), the microclimatic
differences formed within the forest and among
the phorophytes benefit the wealth of epiphytes.
However, such differences are minimized when the
environments are altered.

The terrestrial species, on the other hand, were
influenced by the alteration in the availability of light
caused by the edge formation, which contributed to
the increase of their abundance in this area (Didhan
& Lawton 1999). Within the forest, the alteration of
nutrient cycling which, according to D’Antonio &
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Vitousek (1992), is caused by the proliferation of
invasive species like bamboos and lianas associated
to microclimatic shifts—seems to have promoted the
reduction in the abundance of these plants.

Oeceoclades maculata stood out as the most
abundant species in the area, certainly resulting
from its highly developed mechanism of selfing,
and from its fruits with anemochoric seeds which
are easily dispersed (Gonzalez-Diaz & Ackerman
1988, Pedroso-de-Moraes et al. 2010). Such species
possesses an enormous capacity for colonization
of habitats, especially anthropized ones (Cohen &
Ackerman 2009, Dubbern et al. 2013, Quenzer &
Pedroso-de-Moraes 2014, Souza-Leal & Pedroso-
de-Moraes 2014).

Sacoila lanceolata is frequently found as a
ruderal species, especially in ecotones of Cerrado
and Campos, as a colonizer of anthropogenically
disturbed environments, serving as biomonitor of
natural conditions (Menini Neto et al. 2004, Orzell
& Bridges 2006, Rocha & Waechter 2006). It is
not found in glades with great edaphic variations,
especially when regarding humidity, being restricted
to the track edges and patches of forest with low intra
and interspecific competition and high availability
of light (Brown 2008). Furthermore, the fact that
S. lanceolata is a deciduous species, devoid of
pseudobulbs, and highly demanding in terms of soil
moisture (Garay 1980) corroborates with the location
of the species in the present study due to it appearing
only on the edge of the fragment (Tab. 2), in a region
characterized by greater availability of light and
great humidity due to the presence of an watercourse
parallel to the parcel where the species was found.

According to Lovejoy et al. (1986) and Murcia
(1995), the increase of incident light on the edge area
increments the biodiversity, providing, in this study,
a greater number of orchids. In fluvial forests, the
constant humidity allows species that usually inhabit
shadowed environments to cope with greater light
intensity (Fischer & Aratjo 1995). Likewise in the
present study, the increase in light intensity on the
edge, although reducing the humidity, enabled the
epiphytes to colonize and be abundant, once the
humidity was maintained in bearable rates due to
the presence of the watercourse (Fig. 1). This abiotic
configuration allied to specific characteristics led the
species B. cornigera, C. robustum, and L. pumila to
stand out amongst the epiphytes found.

Campylocentrum robustum is the largest species
within the genus (Pabst & Dungs 1977, Menini Neto
et al. 2004) and B. cornigera presents pseudobulbs

that allow it to store water (Braga 1987). These
characteristics, according to Pabst & Dungs (1977)
and Braga (1987), facilitates survival in environments
characterized by intense solar radiation, high
temperatures, and reduced humidity, like the edge of
the studied area.

Lophiaris pumila, on the other hand, has
high adaptability to different phorophytes and
environmental conditions. It can be found vegetating
from branches at the top of trees, being directly
exposed to solar rays, to the base of the trunk where
the humidity is higher and the light more diffuse
(Schuster et al. 2010). Thereby, when under direct
incidence of solar radiation, its length is reduced
and the leaves are vinously pigmented and become
more fleshy, whereas under low-light intensity
conditions it presents longer and thinner leaves and
of greenish coloration (Perleberg ef al. 2008). In the
present study, longer and greenish leaves occurred
in the lowest strata of the phorophytes, which was
less occupied by the two other outstanding species,
and proved to be adequate for the development of L.
pumila due to its lack of pseudobulbs.

Factors like light intensity, humidity, availability,
and conditions of substrate, influence the abundance
and the diversity of epiphytes throughout the different
height strata of phorophytes (Benzing 1990). The
strata of 2-4 m and 4-6 m presented intermediate
conditions of light intensity and humidity, and are
characterized by a higher availability and quality
of substrate (bifurcations, horizontal branches and
accumulation of organic matter) for the fixation
of epiphytes (ter Steege & Cornelissen 1989).
Rogalsky & Zanin (2003), suggesting that species
classified as holoepiphytes, as in the present study,
show preference to the intermediate branches, once,
according to Benzing (1990), these species present
a greater variety of adaptations to the epiphytic
habit, like the form of growth, support capacity,
and ways of obtaining water, light and nutrients.
Succulent vegetative organs (pseudobulbs, leaves,
and roots) and presence of velamen are examples of
morphoanatomic structures developed by these plants
to provide better adaptability to life on phorophytes.

The most frequent species in the stratum of 0-2.0
m was L. pumila, one of the most abundant of the
study. Because it does not possess a pseudobulb for
the storage of water, it prefers such strata, since it
presents reduced light intensity, temperature, and
higher humidity (Parker, 1995), whereas the highest
stratum (6.0-8.0 m), in spite of the considerable
number of twigs for fixation according to Kersten
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& Silva (2001), does not provide optimal fixation
conditions for various epiphytic orchids species,
whether for mechanical, spatial, or temporal reasons,
due to those branches being thinner and younger.
Environmental factors, such as high Iuminosity,
high temperature, and intense winds, negatively
influence the presence of epiphytes in the higher
strata (Rogalsky & Zanin 2003).

The diversity of orchids in the studied area is
low, and the abundance of species in the fragment
is not spread in an equitable way. The edge has
more species and individuals, showing it to be more
beneficial for the survival of orchids, especially
when associated to the watercourse. This increase
in the orchid population in the edge can be related
to luminosity. However, the forest fragment studied
has fewer orchid species than other, better conserved
fragments of Semi-Deciduous Seasonal Forest.
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