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ABSTRACT

The Brazilian Atlantic Forest is considered a global hotspot for biodiversity although it is currently threatened and
highly fragmented. Orchidaceae in this phytogeographical domain is represented by 148 genera, of which 142 are
endemic; Rio de Janeiro State contains approximately one third of all Brazilian orchid species. The Wildlife Protection
Zone of the Palmares Environmental Protection Area (ZVS da APA Palmares) is located in the municipality of Paty
do Alferes in Rio de Janeiro State and forms a mosaic of Dense Ombrophilous Forest fragments together with other
conservation areas in the state. We surveyed Orchidaceae at 12 collection sites between July 2010 and February 2012
and analyzed floristic similarities between the collection sites and between 12 fragments of dense ombrophilous forest
in Brazil utilizing PAST software and the Serensen coefficient. The survey identified 27 genera and 43 species. Low
indices of similarity among the areas were observed as well as weak support for grouping the ZVS da APA Palmares
with the Serra da Tiririca Mountains. Greater conservation efforts are reccommended for remnant fragments of Dense
Ombrophilous Forest.
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Introduction

Orchidaceae is one of the largest botanical families and
comprises approximately 25,000 species, corresponding to
6%—11% of all angiosperms (Ackerman 1998). This family
has a cosmopolitan distribution, although most species oc-
cur in neotropical regions in humid forests and at medium
altitudes (F Pinheiro et al. 2004). According to Barros et al.
(2014), 2455 orchid species occur in Brazil, with 796 species
distributed among 149 genera in the Atlantic Forest in Rio
de Janeiro State.

The Atlantic Forest is perhaps the most threatened Bra-
zilian biome and a global biodiversity hotspot. This once
expansive forest is presently composed of small and mostly
isolated remnant fragments (<100 ha) in a secondary stage
of growth (Metzger 2000; Metzger et al. 2009). Ribeiro et
al. (2009) mapped 245,143 fragments of Atlantic Forest in
Brazil, with the largest remnants being found in the Serra
do Mar Range in the states of Sdo Paulo, Rio de Janeiro,
Parand, and Santa Catarina.

Studies of the flora of Rio de Janeiro State contemplating
the family Orchidaceae have largely been restricted to the fol-
lowing regions (CEPER] 2013): the metropolitan region (in-
cluding the municipalities of Rio de Janeiro, Duque de Caxias,

Itaborai, Niteroi, and Sdo Gongalo), Baixadas Litoraneas
(Massambaba and Arraial do Cabo), Serrana (Cachoeira
de Macacu, Guapimirim, Nova Friburgo, Teresépolis and
Petrépolis), Costa Verde (Angra dos Reis and Mangaratiba),
and Médio Paraiba (Itatiaia). The studies covered both inland
and island areas, restinga (sandy, near-shore vegetation), rock
outcrops, and fragments of Dense Ombrophilous Forest
(Fagnani & Siqueira 1992; Miller & Warren 1996; Pinheiro
1999; Santana 2000; Mello 2003; Fraga et al. 2005; Saddi et al.
2005; Miller et al. 2006; Cunha & Forzza 2007; Saddi 2008;
Braga 2008; 2011; Barberena 2010; Faria 2010; Moreira 2010).

Other specific analyses of Orchidaceae richness and
endemism have been presented by Chiron (2009) and Royer
(2013). Regarding the spatial distribution of epiphytes to
Orchidaceae, until now there have only been studies by
Medeiros & Jardim (2011).

Most studies have focused on the floristic composition
and/or structure of epiphytes, and they have presented
results that attribute great family representation and spe-
cific richness (Aguiar et al. 1981; Waechter 1986; Cervi et
al. 1988; Dittrich et al. 1999; Kersten & Silva 2001; 2002;
Gongalves & Waechter 2002; Borgo & Silva 2003; Giongo &
Waechter 2004; Cervi & Borgo 2007; Kersten & Kuniyoshi
2009; Geraldino et al. 2010; Bataghin et al. 2012).
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The Wildlife Protection Zone of the Palmares Environ-
mental Protection Area (ZVS da APA Palmares) is located
in the central southern region of Rio de Janeiro State, at the
edge of the Serra do Mar Range. The Serra do Mar Range
represents one of the largest continuous areas of Dense
Ombrophilous Forest within the state and within the phy-
togeographical domain of the Atlantic Forest.

Due to the many gaps in our knowledge of Orchidaceae in
Rio de Janeiro, the goal of this paper was to aid conservation
efforts in remnant Atlantic Forest sites through a survey of
the orchids in the ZVS da APA Palmares. We considered the
associations between the state of regeneration of the areas and
their species richness, endemism, spatial distributions of the
epiphytes on the phorophytes, diversity analyses, and calcula-
tions of equitability, dominance, and similarity between the
collection sites. In addition, we examined floristic similari-
ties between 12 Dense Ombrophilous Forest areas in Brazil.

Materials and methods

Study area

The APA Palmares is located in Rio de Janeiro State
in Southeast Brazil, in the municipality of Paty do Alferes
(22°15°-22°28’S and 43°12’-43°30’"W), which borders the
municipalities of Petrépolis, Miguel Pereira, Vassouras, and
Paraiba do Sul. Only 13.8% of the municipality of Paty do
Alferes is forested, and these areas are largely forest fragments
in secondary or tertiary stages of growth and are commonly
located in areas with steep topographies and scarps. The region
has been used for agricultural purposes for more than 300 years
and has participated in the economic cycles in Brazil, such as
the production of sugarcane and coffee, the main activities re-
sponsible for regional deforestation (Dean 1996; Deister 2003).

The study area comprises approximately 178 ha and is
largely situated at altitudes between 860 and 1177 m. This
areas is continuous with other conservation areas, includ-
ing the Serra dos Orgdos National Park (PARNA Serra dos
Orgdos) in Guapimirim, Magé, Petrépolis, Teresopolis,
and the Petrépolis Environmental Protection Area and the
Araras Biological Reserve in Petrépolis, the Santana Envi-
ronmental Protection Area in Miguel Pereira, the Guandu
Environmental Protection Area in Miguel Pereira, Paracam-
bi, Pirai, Engenheiro Paulo de Frontin, Itaguai, Seropédica,
Nova Iguagu, Japeri, Queimados, Vassouras, Rio Claro,
and the Tingua Biological Reserve (REBIO Tingua) within
the municipalities of Miguel Pereira and Petrépolis. All of
these Units of Conservation constitute a mosaic of Dense
Ombrophilous Forests (Fig. 1). The regional vegetation can
be characterized as Dense Ombrophilous Montane Forest in
secondary stages of regeneration (Veloso et al. 2012). The
regional climate is temperate with a mean annual rainfall
of 1200 mm, and the rainiest trimester occurs between
November and January (corresponding to approximately
50% of the total annual precipitation). The mean annual
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temperature is 20°C, with June and July being the coldest
months, and January and February the warmest (Cwa,
according to the classification system of Koppen-Geiger).
The abiotic data was provided by PESAGRO-RIO Estagiao
Avelar, Paty do Alferes, located approximately 10 km from
the APA Palmares.

Systemization of the collections

The ZVS da APA Palmares was divided into 12 subareas;

hereafter referred to as A-L (Fig. 2). Each subarea was divided
into 900 m? sampling areas that were regrouped into 4500
m?’ collection sites. Two collection sites in each subarea were
subsequently chosen using the restricted randomization meth-
odology (Greig-Smith 1983). The collection sites were laid out
in the field using a GPS and tape measure and delimited using
plastic tape. The collection sites were denominated A1-L1 for
the first year, and A2-L2 for the second year, corresponding
to a total of 24 sites. The collection sites were systematically
covered to maximize the quantifications and observations of
the target plants. Collections were made every two weeks for 19
months (July 2010 to February 2012), and 6% of the total area
of ZVS da APA Palmares was covered during 83 expeditions
to the area. The orchids were located by visual searching with
the aid of Nikula 20x50 binoculars, photodocumented using
a Sony DSC H-50 digital camera, and georeferenced using a
Garmin Map 76 CSX handheld GPS.
Species identifications - The specimens collected were
prepared according to the usual botanical techniques (Fi-
dalgo & Bononi 1989) and subsequently deposited in the
herbarium at the Federal University of Rio de Janeiro (RFA).
The specimens were identified based on the specialized
literature and comparisons with herbarium material. Sterile
plants were collected and cultivated, and received identical
preservation treatments after flowering.

Information was collected principally through field
observations, although additional data was obtained from
specimen labels in the GUA, HB, R, RB, RBR, RFA herbaria
(Thiers 2014). The epiphytic species were classified accord-
ing to Benzing (1990) as either true epiphytes, accidental
epiphytes, facultative epiphytes, or hemiepiphytes (primary
or secondary). The classifications of the other species were
based on Pabst & Dungs (1975).

The vegetation in the subareas was observed during field
excursions, including the time spent defining the collection
sites and during collections. The phorophytes were measured
with a tape measure (whenever possible) in the regions where
the epiphytes were encountered (circumference and distance
above ground level), and their total heights were estimated.

Spatial distributions of the epiphytes on the phorophytes

These analyses were adapted from Kersten et al. (2009):
lower trunk (up to 1.3 m above the ground), middle trunk,
upper trunk (the upper 1.3 m), internal canopy (above the
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Figure 1. Localization of the Palmares Environmental Protection Area (APA Palmares) in the municipality of Paty do Alferes, as well as other Conservation Are-
as in Rio de Janeiro State, Brazil. APA Petropolis=Petrépolis Environmental Protection Area; APA Rio Guandi=Guandu Environmental Protection Area; APA
Santana=Santana Environmental Protection Area; Araras Biological Reserve=REBIO Araras; PARNA Serra dos Orgdos=Serra dos Orgéos National Park; REBIO
Tingua=Tingua Biological Reserve.
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Figure 2. Localization of the APA Palmares in the municipality of Paty do Alferes, indicating the Wildlife Protection Zone (ZVS da APA Palmares) and the
collection sites.
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first bifurcation, including the principal branches), and
external canopy (terminal branches). In terms of the Cy-
atheaceae, the caudex was considered to represent the lower
or middle trunk, and the insertion point of the fronds at the
crown was considered the upper trunk.

Richness analyses

All of the individuals encountered were considered in

these analyses. For Zygopetalum maculatum, we measured
the numbers of individuals in 3 m? and that value was ex-
trapolated to the entire area occupied by the species. The
quantifications of Zygopetalum maxillare considered the
number of Cyatheaceae individuals colonized.
Floristic similarity and other statistical analyses - Based
on the Shannon & Weaver index (Pielou 1974), we also
analyzed the diversity (H’), equitability (E), and dominance
(¢) in each subarea.

Analyses of floristic similarity between the collection
sites in the ZVS da APA Palmares were performed with
PAST (Paleontological Statistics) software using Serensen’s
similarity coefficient (Ss). This index was chosen as it lends
greater weight to common species. A total of 5000 bootstrap
replications were used to calculate internal support for the
groupings. The areas were grouped using the UPGMA algo-
rithm. We used the following bootstrap support categories
according to Whitten et al. (2005): weak (50%-74%), moder-
ate (75%-84%), and strong (85%-100%). Percentages below
50% were considered to reflect a lack of support. A presence
(1) or absence (0) matrix of the species, including information
from all of the collection sites, was constructed to analyze

and interpret the data. Barros et al. (2014) was employed to
verify synonyms. Taxa without a precise identification to the
species level were excluded from the analyses.

Identical statistical treatments were applied to 12 areas
of Dense Ombrophilous Forests located in Southeast Brazil
(Ilha Grande State Park - PEIG; REBIO Tingua; Guapiagu
Ecological Reserve - REGUA; Rio das Pedras Private Natural
Reserve - RPPN Rio das Pedras; PARNA Serra dos Orgaos
(FFVA Barberena pers. com.); Itatiaia National Park- PAR-
NA Itatiaia; Serra da Tiririca State Park - PESET; Intervales
State Park - PE Intervales; Santa Teresa; Serra Negra and
Serra do Funil, and ZVS da APA Palmares) and southern
regions of Brazil (Serra da Prata) in continental areas or
on islands (JBRJ 2002; Pereira & Ribeiro 2004; Saddi et al.
2005; Zipparro et al. 2005; Braga 2008; 2011; Barros 2008;
Barberena 2010; Blum 2010; Abreu et al. 2011). The areas
were considered to be largely covered by Dense Ombrophil-
ous Forest based on the vegetation classifications presented
by the authors of each publication in which species lists and
vouchers were available.

Results

A total of 2478 individuals belonging to 27 genera and
43 species were encountered in the established collection
sites. Of these, 22 species were exclusively terrestrial, 17
were true epiphytes, Catasetum cernuum was a facultative
epiphyte, Vanilla organensis was a secondary hemiepiphyte,
Cyclopogon iguapensis was rupiculous, and Zygopetalum
maculatum was both terrestrial and rupiculous (Tab. 1).

Table 1. Subfamilies, tribes, subtribes, and species recorded in the Wildlife Protection Zone of the Palmares Environmental Protection Area, in Paty do Alferes, Rio
de Janeiro State, Brazil, emphasizing the substrate (s), numbers of individuals recorded per species (i), numbers of collection sites in which they were encountered (p),
species endemic to Brazil (e) are marked with an x, their distribution by phytogeographical domains (pd), and the states in which they occur. (Substrate: e=epiphyte,
fe=facultative epiphyte, sh=secondary hemiepiphyte, r=rupiculous and t=terrestrial; phytogeographical domains: Am=Amazonian; Ca=Caatinga; Ce=Cerrado and
AF=Atlantic Forest; abbreviations of the states: Alagoas (AL), Amazonas (AM), Amap4 (AP), Bahia (BA), Ceara (CE), Distrito Federal (DF), Espirito Santo (ES),
Goias (GO), Maranhao (MA), Mato Grosso (MT), Mato Grosso do Sul (MS), Minas Gerais (MG), Para (PA), Paraiba (PB), Parana (PR), Pernambuco (PE), Rio de
Janeiro (R]), Rio Grande do Sul (RS), Roraima (RR), Santa Catarina (SC), Sdo Paulo (SP), Sergipe (SE), Tocantins (TO).

Subfamily Tribe Subtribe Species s i p e pd Distribution in Brazil
Vanilloideae Pogoniieae Cleistes libonii (Rchb.f.) Schltr. t 6 3 x AF BA MG RJ SP PR SC
Pogoniopsis schenckii Cogn. t 62 1 AF Ce PE MG RJ SP PR
Vanillineae Vanilla organensis Rolfe sh 1 1 AF MT RJ SP
Orchidoideae Cranichideae ~ Goodyerinae  Aspidogyne argentea (Vell.) Garay t 3 1 AF Ce BA ESRJ SP PR SCRS
Aspidogyne hylibates (Rchb.f.) Garay t 112 4 AF R] MG SP
Spiranthinae  Cyclopogon congestus (Vell.) Hoehne t 28 7 AF RJ SP PR SCRS
Cyclopogon graciliscapus Schltr. tr 5 3 AF Ce DF MG R] SP PR
Cyclopogon iguapensis Schltr. r 1 1 AF RJ SP PR SC
Cyclopogon variegatus Barb.Rodr. t 6 AF RJ SP PR SC
Eltroplectris triloba (Lindl.) Pabst t 5 3 AF Ca BA ES RJ SP
}Sigﬁﬁsrzfyles actinosophila (Barb.Rodr.) e 461 14 AF Ce MG RJ SP PR
Pteroglossa glazioviana (Cogn.) Garay t 141 7 AF PA MG ES RJ SP PR
Continues.
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Table 1. Continuation.

Subfamily Tribe Subtribe Species s i p pd Distribution in Brazil
AM AP PA AL BA PB PE SE
Sacoila lanceolata (Aubl.) Garay t 42 7 AFCaCe DFGO MT MG ESRJ SP PR
SCRS
Sauroglossum nitidum (Vell.) Schltr. t 301 20 AFCaCe BADFRJSPPRRS
C Prescottia plantaginifolia Lindl. ex AL PB PE SE BA GO MG ES
Cranichidinae Hook. t 1 1 AF Ce RJ SP PR SC
. . AM PA AL BA CE PB PE DF
Prescottia stachyodes (Sw.) Lindl. t 7 4 AF Ca Ce MG ES R] SP PR SC RS
Orchideae Orchidinae Habenaria josephensis Barb.Rodr. t 46 8 AF AL PA PESE BA MG ES RJ SP
PRSCRS
. . . RR BA SE DF GO MG ES R]
Habenaria parviflora Lindl. t 40 1 AF Ca Ce SP PRSC RS
. . AF Am Ca PA AL BA PE PA SE DF MS
Habenaria petalodes Lindl. t 3 2 Ce GO MG ES R} SP
Habenaria rodeiensis Barb.Rodr. t 1 1 AF Ce BA DF GO MG ES Rj SP
PR SC
Habenaria aff. rupicola Barb.Rodr. t 1 1 AF Ce AP DF GO MT MG SP SCRS
Epidendroideae  Cymbidieae Catasetinae Catasetum cernuum (Lindl.) Rchb.f. fe 53 11 AF Ce MG ES RJ SP SC RS
Grobya amherstiae Lindl. e 58 14 AF Ce BA MG ESR]J SP PR SC
Eulophiinae Oeceoclades maculata (Lindl.) Lindl t 158 10 AF 12:1;1 Ca All states less AP
e Baptistonia cruciata (Rchb.f.)
Oncidiinae V.P.Castro & Chiron e 35 5 AF RJ ES SP
Baptistonia truncata (Rchb.f.) Chiron
& V.PCastro e 2 2 AF RJ ES SP MG
Bmszlzdlu.m praetextum (Rchb.f.) e 58 13 AF BA ES RJ SP PR
Campacci
Gomesa laxiflora (Lindl.) Rchb.f. e 30 3 AF ESRJ SP PR SC
Gomesa recurva R.Br. e 188 10 AF Ce MG ES RJ SP PR SC
Maxillariinae  Bifrenaria tetragona (Lindl.) Schltr. e 1 1 AF RJ SP PR SC RS
Zygopetalinae  Dichaea cogniauxiana Schltr. e 3 1 AF Ce BA MT MG ES RJ SP PR SCRS
Dichaea pendula (Aubl.) Cogn. e 3 1 AFAm  AMRRESR]JSPPRSCRS
é)ﬁff; etalum maculatum (Kunth) = - 4oy 5 AFCaCe BAMGESR] SPPRSCRS
Zygopetalum maxillare Lodd. e 56 4 AF Ce BA MT MG ES Rj SP PR
SCRS
Tropidieae Corymborkis flava (Sw.) Kuntze t 1 1 AF RJ SP PR SCRS
Epidendreae  Laeliinae Epidendrum ecostatum Pabst e 3 2 AF RJ SP PR SC
Epidendrum filicaule Lindl. e 12 2 AF BA MG ES RJ SP
Epidendrum pseudodifforme Hoehne e 6 3 AF MG RJ SP SC RS
& Schltr.
AM AP PARRTO AL BA CE
) AF Am Ca
Epidendrum secundum Jacq. t 10 1 Ce PA PE SE DF GO MT MG RJ
SP PRSCRS
Calypsoeae Govenia utriculata (Sw.) Lindl. t 91 5 AF Ce DF MG RJ SP PR SC RS
AF Am Ca AM AP PA RR AL BA PB
Vandeae Polystachyinae Polystachya estrellensis Rchb.f. e 13 2 Ce PE SE DF GO MG RJ SP PR
SCRS
Angraecinae  Campylocentrum spannagelii Hoehne e 2 1 AF RJ
Triphoreae Psilochilus modestus Barb.Rodr. t 18 2 AF Am AM MG ES RJ SP PR SC RS
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Of the four subfamilies found in Brazil, we encountered
representatives of Vanilloideae (3 spp.) and Orchidoideae
(18 spp.), both with species essentially terrestrial or hemie-
piphytic, and Epidendroideae (22 spp.) comprised species
that were predominantly epiphytic (Tab. 1).

Among the species recorded, Aspidogyne hylibates,
Baptistonia cruciata, and Baptistonia truncata are endemic
to the Atlantic Forest and only occur in Southeast Brazil;
Campylocentrum spannagelii was the only species that
occurred only in Rio de Janeiro State. Most of the species
(93%) are known to be widely distributed and occur in other
geographical regions of Brazil, sometimes with neotropical
or even transcontinental distributions, such as Polystachya
estrellensis and Oeceoclades maculata that occur in the
Americas, Asia, and Africa.

The collection sites included an enormous heterogeneity
of habitats, predominantly due to agricultural activities un-
derway in the ZVS da APA Palmares. All of the established
collection sites contained invasive species and/or were in
agricultural areas, thus forming vegetation mosaics (Fig. 3)
that included monocultures of Araucaria angustifolia (Ber-
tol.) Kuntze (“araucaria” trees), Eucalyptus sp. (eucalyptus),
Croton sp. (“capinxigui”), and Prunus persica (L.) Batsch
(peaches). The study area also contained abandoned proper-
ties, with the presence of Pteridium arachnoideum (Kaulf.)
Maxon. (“samambaido”), Imperata brasiliensis Trin. (“sap€”),
Bambusa spp. (bamboo), Guadua sp. (“bambuzinho”), and
Scleria pterota Presl. (cut-grass), as well as pastures planted
with Brachiaria sp. (“capim-braquidria”). The crest line that
limits the ZVS da APA Palmares to the north stretches for
approximately 3 km, although only 120 m of that extension
holds forest vegetation.

Analysis of the distributions of the epiphytes on the
phorophytes demonstrated that Baptistonia truncata,
Dichaea cogniauxiana, D. pendula, Epidendrum ecostatum,
E. pseudodifforme, and Polystachya estrellensis were ex-
clusively found in the internal canopy; Campylocentrum
spannagelii was found growing only in the middle trunk,
and B. tetragona only on the lower trunk; while Brasilidium
praetextum, Catasetum cernuum, and Gomesa recurva were
encountered in all of the phorophyte zones (although with
greater frequency in the internal canopy for the first two
species and at middle trunk level for the latter) (Fig. 4). The
species Brasilidium praetextum (5.7%), Catasetum cernuum
(14.8%), Epidendrum filicaule (12.5%), and Gomesa recurva
(14.4%) were also observed growing in soil.

Floristic richness varied from five species in subarea K
to 17 species in subareas J and L (Fig. 5). The mean richness
value was approximately 12 species per subarea. Fourteen
species occurred in only a single collection site. Collection
site B1 had the largest number of species (14). Subarea B had
the greatest diversity index (H’=0.883082), reflecting its high
equitability and richness values (16 spp.); subareas J and L
demonstrated the greatest species richness. Approximately
95% of the vegetation in subarea B was native, with trees
up to 20 m tall and high levels of humidity. Subarea K had
the highest equitability value (e=0.901779), although the
lowest species richness (5 spp.).

The low spatial heterogeneity of subarea K was related
to its small number of available niches. The greatest domi-
nance index was seen in subarea E (c=2.889803) due to a
dense population of Zygopetalum maculatum that occupied
approximately 200 m? and contained an estimated 400
individuals.

Imperata brasiliensis / Brachiaria sp.

Pteridium arachnoideum
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Native vegetation / monoculture

Panicum maximum | Scleria pterota

Quota 860m / Alamedas

Figure 3. Schematic profile of the vegetation encountered in the Wildlife Protection Zone of the Palmares Environmental Protection Area between the lowest
elevation (860 m or Alameda) and the mountain peaks, in Paty do Alferes, Rio de Janeiro State, Brazil.

Acta bot. bras. 29(1): 82-93. 2015.



88

Marilia Suzy Wingler, Felipe Fajardo Villela Antolin Barberena and Rosana Conrado Lopes

e

Brasilidium praetextum 23.9%
Catasetum cernuum 1.8%
Gomesa recurva 6.1%
Baptistonia cruciata 58.4% Epidendrum filicaule 81.5%
Baptistonia truncata 100% Epidendrum pseudodifforme 100%
Brasilidium praetextum 59.1% Gomesa laxiflora 143%
Catasetum cernuum 31.5% Gomesa recurva . \
- v
Dichaea cogniauxiana 100% Grobya amherstiae 674% \
Dichaea pendula 100% Polystachya estrellensis 100% l\‘
. ]
Epidendrum ecostatum 100% Zygopetalum maxillare 68.2% Internal " External }
g g g g -~ canopy canopy
Baptistonia cruciata 31.5% Gomesa laxiflora 28.6% i &
Brasilidium praetextum 5.7% Gomesa recurva 9.7% : § Upper
Catasetum cernuum 22% Grobya amherstiae 22% i trunk
T R i mim T B
2 .
gap tt..;"t;).nza Rrdeiote A :y" Gomesa laxiflora 51.1% )
Crasz 11 ium {)raetextum - 2.3f Goniesa recurva 4% Mzddkle
CZ:Z? «z IZ;eZe’:l’:lmsrz anugp e ;204; Grobya amherstiae 30.4% frun
470 -
Eurystyles actinosophila 85.9% Zygopetalum maxillare 3180
cTToemTmm o mmmmmEEEEEEmE A m e I T
Bifrenaria tetragona 100% Eurystyles actinosophila 141% | & Lower
Brasilidium praetextum 3.5% Gomesa recurva 28.7% (2 trunk
[
Catasetum cernuum 9.3% Vanilla organensis 100% !

Figure 4. Spatial disposition of the epiphytes in phorophytes in the Wildlife Protection Zone of the Palmares Environmental Protection Area, in Paty do Alferes,

Rio de Janeiro State, Brazil. Adapted from Kersten & Waechter (2011).
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Figure 5. Species richness encountered in the areas (A-L) and collection sites (A1-L2) in the Wildlife Protection Zone of the Palmares Environmental Protection

Area, in Paty do Alferes, Rio de Janeiro State, Brazil.

The dendrogram generated from the similarity analyses
of the collection sites (Fig. 6) indicated three groupings
with weak bootstrap support between B1-G1 (65%), B2—
H2 (54%), and J2-L2 (66%). All of the other groupings
demonstrated values below 50%, indicating the absence
of support as groupings did not occur in most of the trees
that were generated. Therefore, the greatest similarity index
was Ss=0.8 between collection sites B2 and H2 that had
six species in common: Brasilidium praetextum, Eurystyles
actinosophila, Gomesa recurva, Govenia utriculata, Grobya

ambherstiae, and Sauroglossum nitidum. Due to the small
numbers of species at some collection sites, the similari-
ties between many collection sites was quite low, including
values of zero, thus generating groupings with weak or no
internal support.

In relation to the areas of Dense Ombrophilous Forest
investigated here, low floristic similarities (below 50%)
were found between all of them (Fig. 7). However, two
large groups were formed (86% of the resampling): the first
group included PEIG, REBIO Tingud, REGUA, RPPN Rio
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Similarity

Figure 6. Dendrogram demonstrating the floristic similarities of the 24 collec-
tion sites in the Wildlife Protection Zone of the Palmares Environmental Pro-
tection Area, in Paty do Alferes, Rio de Janeiro State, Brazil, based on Serensen’s
index and the UPGMA algorithm, with 5000 bootstrap replications. Cophenetic
Correlation Coefficient=0.7768. A1-L1 correspond to collection sites surveyed
in the first study year, and A2-L2 to collection sites surveyed in the second year.
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Figure 7. Dendrogram demonstrating the floristic similarities of the Orchidace-
ae in 12 areas of Dense Ombrophilous Forest, based on Serensen’s index and the
UPGMA algorithm, with 5000 bootstrap replications. Cophenetic Correlation
Coefficient=0.9046. Guapiagi=Guapiagu Ecological Reserve; Ilha Grande=Ilha
Grande State Park; Intervales = Intervales State Park; Itatiaia=Itatiaia Na-
tional Park; Palmares=Wildlife Preservation Zone at Palmares; Rio das
Pedras=Rio das Pedras Private Natural Reserve; S. Negra=Serra Negra and
Serra do Funil; S. Orgaos=Serra dos Orgdos National Park; S. Prata=Serra da
Prata; S. Tiririca=Serra da Tiririca State Park; Sta Teresa=Santa Teresa; and
Tingua=Tingua Biological Reserve.
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das Pedras, and Serra da Prata; the second group included
PARNA Itatiaia, PARNA Serra dos Orgaos, Serra Negra and
Serra do Funil. The greatest floristic similarity was observed
between PARNA Itatiaia and PARNA Serra dos Orgios
(~49%), with strong bootstrap support (99%). The ZVS da
APA Palmares demonstrated very low similarity with any
of the other areas (less than 20%) and grouped with only
weak support (59%) with PESET. PE Intervales and Santa
Teresa did not group with any other areas.

Discussion

Orchidaceae and Bromeliaceae are the most abundant
epiphytes in the Atlantic Forest biome, and colonize ap-
proximately 80% of the trees, with high humidity and low
light levels being the primary factors determining their
establishment and development (Benzing 1990). Although
an epiphytic lifestyle restricts vegetative development, it
does favor seed dispersal and exposure to pollinator vectors
(Tonhasca Jr. 2005). According to Budowski (1965), coloni-
zation by grasses, shrubs, vines, and some trees is favored
in degraded environments and/or during the initial succes-
sional stages of regeneration as generalist pollinators are bet-
ter represented than specialists. The portions between these
two pollinator classes will change as regeneration proceeds,
and guilds will be reestablished as floristic composition
progresses (Pereira & Ribeiro 2004). Epiphytes are usually
encountered in large numbers in secondary recovery stages
due to secondary tree growth, although with low richness
(Kersten et al. 2009). The numbers of species in the ZVS
da APA Palmares varied in relation to the arboreal-shrub
structure, which was greater in collection sites with larger
phorophytes and/or lower light levels and in the presence
of water resources and steep topographies, indicating that
these factors facilitate the establishment of species more
susceptible to adverse abiotic regimes.

Orchidaceae consistently stand out in epiphyte surveys,
and often represent more than 30% of the species encountered
(Kersten et al. 2009). Their percentages in the ZVS da APA
Palmares varied in terms of the regeneration states of the
various collection sites and as a function of intense harvest-
ing of orchid species by amateur and professional collectors
(which could be verified by visiting local residences and illegal
markets). Dead individuals of the subtribe Pleurothallidinae,
which comprises more than 3000 species and is consistently
well-represented in epiphyte surveys (Pridgeon 1982), were
only found in one of the collection sites. This is probably
due to the intensive extraction occurring in the locality. In
many localities of the municipality, we observed trunks for
sale containing many specimens belonging to the subtribe
Pleurothallidinae. Gomesa recurva was encountered in both
well-preserved and open areas in the ZVS da APA Palmares,
indicating its wide amplitude of ecological tolerance. Not-
withstanding this trait, the species is known to be present
at sites at an advanced stage of regeneration (or on remnant
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old-growth trees) due to its late colonization of potential
epiphytic environments, and is observed only at sites with
closed and stratified canopies (Kersten et al. 2009).

The vertical dispositions of the epiphytes on phoro-
phytes varied in accordance with the abiotic necessities of
each species (Fig. 4). The canopy offers greater luminosity,
and the branches are horizontal and more amenable to
humus accumulation. The apex of the trunk, at the first
bifurcation receives protection from the canopy in terms of
amenable luminosity and humidity levels, and it can hold
propagules originating from the canopy above it. The verti-
cal position of the median portion of the trunk facilitates
water and nutrient runoff, making propagule establishment
and growth more difficult by diminishing local humidity.
The lower portion of the trunk, near the soil, is a more
humid and favorable microhabitat that often harbors ac-
cidental epiphytes (Nieder et al. 2001; Kersten & Waechter
2011). Most of the epiphytes in the ZVS da APA Palmares
colonized the internal canopy, with its greater availability of
humidity and nutrients. Because water availability is one of
the most relevant limiting factors to the growth of epiphytic
floras (Zotz & Hietz 2001), the thickest and oldest horizontal
branches that are protected from the direct effects of wind
and strong illumination are the most propitious to their
growth. The second most populous grouping of epiphytic
species was concentrated in the median portions of trunks,
suggesting that these species are less dependent on water
but require greater luminosity (Fig. 4).

The numbers of terrestrial orchid species in the ZVS da
APA Palmares are higher compared to epiphytes, although
their quantification may have been underestimated due
to the difficulty of observing individuals because of their
small size and/or isolated placement and, because they
are leafless during anthesis (Rocha & Waechter 2006). Ac-
cording to Menini Neto et al. (2007), Pogoniopsis schenkii
is considered rare or threatened due to habitat destruction,
although insufficient collection efforts may also influence
its apparent low frequency. According to Rocha & Waechter
(2006), Sacoila lanceolata can be found in anthropogenically
altered environments due to its robust nature, and it will
germinate in pastures very quickly after burning. Habenaria
is the largest genus of terrestrial orchids in Brazil, with
approximately 170 species, and is generally encountered
on poor soils (Batista et al. 2004; Rocha & Waechter 2006;
Abreu & Menini Neto 2010). The results of the present study
corroborated these earlier results. Forest fragmentation af-
fects populations and communities, altering the dynamics of
their dependent floras and faunas. The surrounding altered
matrices and historical disturbances may interfere with
the dissemination of seeds and propagules and alter their
relationships with critical biological phenomena (Viana &
Pinheiro 1998). Edge effects, in the specific case of the ZVS
da APA Palmares, are apparent at mountaintops, along road-
ways, near residences, and at contacts with monocultures.
Mountaintops are often characterized by an abundance of P.

arachnoideum (Fig. 3), which can tolerate highly weathered
soils containing high levels of toxic metals such as aluminum
(EFM Pinheiro et al. 2004).

After burning, the first invasive species encountered
is Panicum maximum Jacq., followed by P. arachnoideum.
The former tolerates burning very well due to stocks of
carbohydrates in their long subterranean rhizomes and the
production of large numbers of buds that allow rapid oc-
cupation of degraded areas (Silva Matos & Belinato 2010).
The dense layers of biomass derived from their dry leaves
inhibit the germination and/or establishment of the seeds
of other pioneer species through allelopathic interactions,
shading, and/or by acting as a barrier to reaching the soil
surface (Silva Matos & Belinato 2010). In the collection sites
where Pteridium sp. occupied a large percentage of the sur-
face area (K1 and F2), the orchid species encountered were
terrestrial and resistant to burning, such as S. lanceolata, H.
rupicola, and H. rodeiensis, which were observed sprouting
in recently burned soils.

The high numbers of epiphytic species encountered
on the ground while still attached to fallen branches may
be related to the successional stage of the vegetation, and
we observed many individuals of Piptadenia gonoacantha
(Mart.) J.EMacbr. This species is classified as a pioneer or
secondary initial that shows rapid development and a rela-
tively short life cycle (Budowski 1965; Ferreira et al. 2001).
Successional processes are initiated after deforestation
occurs and, if the disturbances cease, the area can return
to a near-original mature forest state (Gomes et al. 2004).
As part of this process, the seedlings of P. gonoacantha, for
example, remain quiescent in shaded environments until
(natural or anthropogenic) openings occur, when they
initiate full development.

Infestation by native bamboo species generally occur in
the ZVS da APA Palmares where there has been commercial
tree harvesting, and openings formed by this cutting favor
their development and occupation. This observation corrobo-
rates data presented by Gomes et al. (2004), who compared
two distinct areas: one that had experienced commercial tree
harvesting and one that remained intact; the latter was found
to have no significant bamboo infestation. The best preserved
collection sites in the ZVS da APA Palmares showed very low
percentages of bamboo infestation, with some of them being
the result of planting by local residents, with much smaller
fractions of native species.

Although the vegetation in the ZVS da APA Palmares
is highly fragmented and currently in varying stages of
regeneration, we noted that the two collection sites that
demonstrated the highest similarity indices (B2 and H2) had
similar phytophysiognomies, with approximately 90%-95%
of native vegetation and no monoculture sites, and also with
records of epiphytes.

Despite showing only weak internal support, the group-
ing of11,]1,]2,L2,and L1 comprised collection sites located
in the eastern region of the ZVS da APA Palmares with simi-
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lar characteristics; particularly more inclined topographies,
less anthropogenic interference (fewer residences), upper
canopies >20 m, and greater epiphyte richness (Fig. 2).
Gomesa recurva was encountered at all five collection sites.

Although collection sites K1 and K2 demonstrated a
low species similarity index (IJ=0.33), having only Sacoila
lanceolata in common, they were grouped together because
they are both areas with Brachiaria sp. pasture and were
therefore distinct from the other collection sites. The low
bootstrap values observed in the dendrogram (Fig. 6) for
the other groupings can be directly related to vegetation
heterogeneity among the collection sites, or are associated
with the low number of species in each area.

Abreu et al. (2011) undertook analyses of the floristic
similarities of Orchidaceae in 29 field and forest areas in
Brazil, and their results grouped areas occurring in the
same biome. However, these authors focused the discus-
sion on campo rupestre vegetation (open, rocky fields), and
included only two of the twelve Dense Ombrophilous Forest
fragments examined in the present study (PARNA Itatiaia
and PE Intervales). These same authors also demonstrated
that geographical distances did not significantly influence
floristic similarities among Orchidaceae. We attribute the
low similarity values obtained in the present study to: (1)
high habitat heterogeneity, resulting in only small numbers
of shared species; or (2) the different sampling efforts and
methodologies applied in each of the considered floristic
surveys.

Our results indicated the difficulty of grouping areas of
Dense Ombrophilous Forest. The weak bootstrap support
(59%) between the ZVS da APA Palmares and PESET, as-
sociated with their low similarity, was likewise related to
the high heterogeneity of the habitats in the two regions.
The ZVS da APA Palmares is an area undergoing forest
regeneration, and there are a number of localities where
the canopy is discontinuous and the sites are significantly
altered, thus favoring the occurrence of terrestrial orchid
species. The PESET holds extensive areas of Submontane
Ombrophilous Forest that favor the occurrence of epiphytic
species, as well as fragments of restinga (sandy, shoreline
vegetation) and mangrove swamps. In general, the species
most common in these two conservation areas are well-
distributed throughout Brazil and occur in a number of
phytogeographical domains.

As most of the groupings do not demonstrate significant
bootstrap support, the true floristic relationships between
them cannot yet be considered as clarified. The unexpected
grouping of RPPN Rio das Pedras (R]) and Serra da Prata
(PR) is an example of this methodological discrepancy, as
the survey undertaken in the latter area was not exclusive
to Orchidaceae. On the other hand, PARNA Itatiaia and
PARNA Serra dos Orgdos demonstrated ample altitudinal
variation and many similar phytophysiognomies, including
altitudinal fields, in which systematic collections of Orchi-
daceae have been undertaken over many decades, justifying
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the elevated support seen for their grouping (99%). It is also
interesting to note that the PE Intervales plot did not group
with any of the others, corroborating earlier observations
(Abreu et al. 2011). The weak internal support observed for
groupings of Atlantic Forest areas was not repeated with
other vegetation types, as areas of campo rupestre influenced
by either Caatinga or Cerrado vegetation demonstrated
significant mutual floristic similarities (Abreu et al. 2011).

The present study revealed the necessity for standard-
izing floristic surveys. These surveys should be undertaken
on a regular basis during all months of the year to include
the flowering of the maximum number of species present,
as many genera of Orchidaceae are difficult to identify in
their vegetative phase. More intensive research in areas of
Dense Ombrophilous Forest in Rio de Janeiro State and
the conservation of remnant forest fragments will be in-
dispensable to improve our understanding of the floristic
relationships between them and to preserve the species
richness of Orchidaceae.
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