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RESUMEN

Se presenta un listado de helechos y licofitas del Parque Ferradura, un parque pri-
vado ubicado en Canela, Rio Grande do Sul, Brasil. Posee un area de 400ha y pre-
senta las formaciones boscosas Bosque de Araucaria, el Bosque Mixto Umbréfilo y
el Bosque Deciduo Estacional, con lugares de transicion y areas en diverso estado
de regeneracion. Hemos encontrado 56 especies (cinco licofitas y 51 helechos) en el
Parque Ferradura. Las licofitas estidn representadas por dos familias (Lycopodiaceae
y Selaginellaceae) y cuatro géneros, mientras que para helechos se registraron 11
familias y 33 géneros. La mayoria de las especies son exclusivamente terrestres (39
especies). LLa forma de vida predominante son las hemicriptofitas con crecimiento
rosulado (27 especies). Phlegmariurus heterocarpon, Polytaenium lineatum y Vittaria linea-
ta son consideradas especies raras a nivel local. El area presenta el 15% de la riqueza
de especies de licofitas y helechos del estado de Rio Grande do Sul, incluyendo las
especies raras, lo que resalta la importancia de la implementacion de las necesidades
de acciones efectivas para la conservacion continua del Parque.

Palabras clave — Bosque Atlantico; Lycopodiopsida; Polypodiopsida; Sur de Brasil.
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ABSTRACT

A list of ferns and lycophytes from Ferradura Park, a private park located in Canela,
Rio Grande do Sul, Brazil is presented. The park has an area of 400 ha with forest
formations such as Araucaria Forest, Mixed Ombrophilous Forest and Seasonal
Deciduous Forest, with transition zones and areas at different stages of regeneration.
We found 56 species (five lycophytes and 51 ferns) in Ferradura Park. Lycophytes
are represented by two families (Lycopodiaceae and Selaginellaceae) and four gen-
era, while 11 families and 33 genera were recorded for ferns. Most of the species are
exclusively terrestrial (39 spp.). The predominant life form is hemicriptophytic with
rosulate growth (27 spp.). Phlegmariurus heterocarpon, Polytaenium lineatum and Vittaria
lineata are considered locally rare. The area presents 15% of the species richness of
the State of Rio Grande do Sul including rare species, which highlights the impor-
tance of implementing effective actions for the continuing Park conservation.

Keywords — Atlantic Forest; Lycopodiopsida; Polypodiopsida; Southern Brazil.

INTRODUCTION

Ferns and lycophytes are plants that grow mainly in humid tropical forests world-
wide, in which it represents a very conspicuous group (Tryon & Tryon, 1982; Mo-
ran, 2008), being both, lycophytes and ferns, together the second group of vascular
plants in number of species. Recent estimates point out the existence of more than
12.000 species of fern and lycophytes (PPG I, 2016), of which 3.500 are found in
South America (Moran, 2008), and about 1.300 are found in Brazil (Prado et al.,
2015; BFG 2018). In the state of Rio Grande do Sul in Brazil, 390 species of ferns
and lycophytes are registered (Flora do Brasil, 2020). Occupying the most diverse
environments in all biomes where they occur (Page, 1979; Moran 2008), ferns and
lycophytes are found growing from sea level to almost reach the high mountain veg-
etation boundary, encompassing semidesert situations (Caatingas, Cerrado), brackish
environments (mangroves), tropical pluvial forests (Yungas, Atlantic and Amazonian
Forests), pluvial hillsides (Serra of Mantiqueira and the Sea ridges) or even in high
mountain regions, as the Andes in South America.

Overall, ferns and lycophytes are most diverse in mountains especially at lower
latitudes, where the high environmental heterogeneity harbor a disproportionate
number of species (Suissa, Sundue & Testo, 2021), reinforcing the importance of
mountains in maintaining tropical fern diversity (Suissa & Sundue, 2020). Particu-
larly, humid forests provide a suitable environment for high abundances and richness
of fern and lycophyte species, where these organisms are able to develop in a wide
range of biological forms (Senna & Waechter, 1997).

Historically, most studies involving ferns and lycophytes in Rio Grande do Sul
were conducted in the Eastern region of the state (Moraes, Marques, Bueno & Lehn,
2018). These studies are focused mainly on the knowledge of the floristic compo-
nent, and encompassed distinct vegetal formations, including Dense (Burmeister &
Schmitt, 2016) and Mixed Ombrophilous Forests (Bueno & Senna, 1992; Schmitt,
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Fleck, Burmeister & Kieling-Rubio, 2006), as well as Seasonal Forests (Steffens &
Windisch, 2007; Lehn, Leuchtenberger & Hansen, 2009; Mallmann & Schmitt,
2014; Padoin, Graeff, Silva & Schmitt, 2015), but still in small number, when com-
pared to similar studies involving angioperms.

The Atlantic Forest (AF) (sensu lato) present one of highest levels of species
richness and endemism worldwide (Ribeiro, Metzer, Martensen, Ponzoni & Hirota,
2009), being considered as one of the global hotspots for biodiversity conservation
(Myers, Mittermeier, Mittermeier, Fonseca & Kent, 2000). In Rio Grande do Sul
state, as observed in different regions of the country, the decreasing process of At-
lantic Forest’s coverage is still continuous, and the current remnants this domain
is estimated at about only the 8% of the original coverage (MapBiomas, 2019), and
it is among the most threatened vegetation on earth (Ribeiro et al., 2009).

In this sense, studying forest remnants in the geomorphological region of the
Araucaria Plateau (IBGE, 2012) and the Northeast Slope region (Fortes, 1959), which
biogeographically composes part of the Parana dominion (Morrone, 2017), is neces-
sary to make feasible the conservation, management and cultivation, for both sus-
tainable economic use and native species conservation, and even aiming the native
vegetation recovery.

Therefore, we studied ferns and lycophytes occurring in the Ferradura Park, this
park is located in the Araucaria Plateau, which is part of the Atlantic Forest sensu
lato (IBGE, 2012), in order to (i) determine the local richness, (ii) characterize the
predominant living forms, (iii) determine the preferential substrates and (iv) check
the conservation status of species occurring in the study area.

MATERIAL AND METHODS
Study area

The Ferradura Park (29°16’ S — 50°50° W) is located north of Canela municipality,
northeast region, State of Rio Grande do Sul, Brazil, comprising an area of 400 ha,
and varying in altitude from 400 to 750 asl. (Fig. 1). The park is a private property
and It presents the forest formations: Araucaria Forest, Mixed Ombrophilous For-
est and Seasonal Deciduous Forest (IBGE, 2012), with transition areas between
these. The vegetal formations biogeographically are include in the Araucaria Forest
province, characterized by Araucaria angustifolia (Bertol.) Kuntze (Araucariaceae)
forests, typically associated with dense tropical moist forests (with Drimys brasilien-
sis Miers (Winteraceae), Ilex paraguariensis A. St.-Hil. (Aquifoliaceae), Podocarpus
lambertii Klotzsch ex Endl. (Podocarpaceae), and several species of Myrtaceae and
Lauraceae), although pure stands also occur. The Araucaria Forest province belongs
to the Parana dominion, which corresponds to all the forests east of the Andes and
south of the Amazon, originally covered an area of nearly 1,300,000 square kilome-
ters (Morrone, 2017).

The Ferradura’s Park area belongs to the Cai River Basin. In this basin, ac-
cording to the Fundacdo Estadual de Protecio Ambiental Henrique Luiz Roessler
— FEPAM (1997), there are 11 Conservation Unities, municipal and private, two state
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Fig. 1. Localization of Ferradura Park, in the northeastern region of Rio Grande do Sul State, Brazil.

Fig. 1. Ubicacion del Parque Ferradura, region noreste del Estado de Rio Grande do Sul, Brasil.
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CUs - Jacui Delta State Park and Caracol State Park — and one national park, the
Canela National Forest. The region’s climate is defined as temperate, without dry
season, classified as the subtype Cfa (Peel, Finlayson & McMahon, 2007). There are
records of at least three months with average monthly compensated temperatures
below 15°C, which causes in the so-called “tropical plants’ physiological drought”,
thus promoting the seasonality (IBGE, 2012).

Sampling, herborization and identification

The floristic survey of ferns and lycophytes was carried out between November 2000
and November 2001, during bi-monthly trips, with one revisit, in October 2020.
Sampling occurred along preexistent trails, stream banks, trunks of fallen trees, ra-
vines, clearings, in the edge band and interior of the areas, in order to contemplate
different microhabitats. Whenever possible, incursions into the woods were made, at
a distance of 50m from the trail, in order to sample all observed specimens, especially
the fertile ones, as well as to record habitat data, such as substrate type, life forms
and altitude. These specimens constitute the reference collection for plant species
determination observed in the Park. The specimens were herborized according to
usual techniques for vascular plants (Windisch, 1992) and incorporated to the PACA
and SMDB herbaria collections (Thiers, 2017). Specific bibliography was used to
identify the taxa, including Prado & Windisch (2000), Arana & Ponce (2015) Dit-
trich, Salino, Monteiro & Gasper (2017), among others, as well as the morphological
comparison with specimens deposited in the herbarium. The conservation status of
the species was verified at www.cncflora.jbrj.gov.br (accessed on 27 Sep 2020). The
circumscription of families and genera follows PPG I (2016).

Characterization of life forms
and preferential substrate

The species were classified according to the life/growth forms based on Miiller-Dom-
bois & Ellenberg (1974) and Senna & Waechter (1997): life/growth form (HC/RS
—hemicryptophyte/rosulate, EP/RP - epiphyte/creeping, HC/RP —hemicryptophyte/
creeping, GE/RZ —geophyte/rhizomatous, EP/RS — epiphyte/rosulate, EP/PD —epi-
phyte/pending, CA/RS — camephyte/rosulate, HE/ES — hemiepiphyte/climbing and
FA/RS - phanerophyta/rosulate) and according to the preferential substrate (TER
— terrestrial, COR - corticicolous, RUP - rupicolous, SAX — saxicolous and HCO —
hemicorticicolous. The species were also classified according to the type of substrate
used most frequently, according to proposed in Schmitt et al(2006): i.e.: Corticolous
(Cor): exclusively epiphytic species; Hemicorticolous (Hco): species that fix roots
and ascend in the phorophyte, but during some period of their existence maintain
connection with the soil, that is, exclusively hemiepiphyte; Terrestrial (Ter): species
that occur exclusively in the soil; Rupiculate (Rup): occur on bare rock or with a
small thickness of soil or humus; Saxicolous (Sax): occur fixed to the substrate ac-
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cumulated between rocks. In case of occurrence in more than one substrate, it was
considered the one with the highest frequency of occurrence.

RESULTS AND DISCUSSION

We registered the occurrence of 56 species (five lycophytes and 51 ferns) in the Fer-
radura Park. The lycophytes are represented by two families (Lycopodiaceae and
Selaginellaceae) and four genera, while ferns are represented by 11 families and 33
genera ('Table 1, Fig. 2). Polypodiaceae and Pteridaceae showed the highest richness,
represented by 12 and 11 species, respectively. Along with Blechnaceae (8 spp.) and
Thelypteridaceae (5 spp.), they represent about 65% of species observed in the study
area. Pleopeltis Humb. (5 spp.) was the most represented genus, followed by Asplenium
L. (4 spp.). Among the observed species, only Dicksonia sellowiana Hook. is listed as
endangered (EN), threatened with extinction according to IUCN (2018).

Dicksonia sellowiana (Dicksoniaceae) is a species that occurs widely associated
with Ombrophilous Forests (Gasper et al., 2011) in Southern Brazil. Mallmann,
Silva & Schmitt (2018) and Silva, Mallmann, Graef, Schmitt & Mehltreter (2019)
reported the occurrence of D. sellowiana in ombrophilous forests in RS, presenting
great importance in the studied assemblages, occurring in both border and interior
of these areas.

Among the 56 species found in this study, three (Phlegmariurus heterocarpon
(Fée) B. Qllg., Polytaenium lineatum (Sw.) Kaulf. and Vittaria lineata (L.) Sm.) were
recorded only once, suggesting a very rare occurrence in the study area. Most spe-
cies observed in the study area are terrestrial (27 spp.) and mainly hemicryptophytes
with rosulate growth (Fig. 3 and Table 1).

Polytaenium lineatum (Pteridaceae), distributed from Mexico to South Brazil and
Argentina (Nonato & Windisch, 2004; Ponce & Arana, 2016) is a species with rare
occurence in the Ferradura Park. This epiphytic species occurs mainly in shaded
environments, in the interior of humid forests and is poorly reported in Rio Grande
do Sul, where it is only registered in six locations.

The species richness verified in the Ferradura Park (56 spp.) is similar to the
observed in other studies conducted in the northeast region of Rio Grande do Sul,
among them Bueno & Senna (1992), Senna & Waechter (1997) and Schmitt et al.
(2006), in which the reported richness were 50, 41 and 58 species, respectively. The
high representativity of the families Polypodiaceae and Pteridaceae is often reported
in floristic studies conducted in Southern Brazil (Silva Jr. & Rorig, 2001; Schmitt ez
al., 2006; Steffens & Windisch, 2007; Santos & Windisch, 2008; Lehn ef al., 2009,
and Moraes et al., 2018). These families, along with Dryopteridaceae, are the most
representative fern families in Brazil, occupying a wide range of environments in
different vegetation types (Prado et al., 2015), Pleopeltis (Polypodiaceae) is repre-
sented in the Rio Grande do Sul state by seven species (Flora do Brasil, 2020), six
of them registered in the Ferradura Park. The frequent occurrence in fogs, plus the
humidity provided by the Cai River Valley, could promote favorable conditions for
the occurrence of the species of Pleopeltis in the studied area.
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Fig. 2. Representative species occurring in Ferradura Park, Canela, RS, Brazil. A) Asplenium gastonis.
B) Pleopeltis hirsutissima. C) Osmunda spectabilis. D) Lomaridium plumieri. E) Polystichum platylepis.
F) Dicksonia sellowiana.

Fig. 2. Especies representativas presentes en el parque Ferradura, Canela, RS, Brasil. A) Asplenium
gastonis. B) Pleopeltis hirsutissima. C) Osmunda spectabilis. D) Lomaridium plumieri. E) Polystichum
platylepis. F) Dicksonia sellowiana.
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Preferential substrate Life/growth form
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Fig. 3. Number of ferns and lycophyte species observed in Ferradura Park, Canela, RS, classified ac-
cording to the preferential substrate (TER — terrestrial, COR — corticicolous, RUP — rupicolous, SAX
— saxicolous e HCO - hemicorticicolous) and according to the life/growth form (HC/RS — hemicryp-
tophyte/rosu late, EP/RP — epiphyte/creeping, HC/RP — hemicryptophyte/creeping, GE/RZ — geophyte/
rhizomatous, EP/RS — epiphyte/rosulate, EP/PD — epiphyte/pending, CA/RS — camephyte/rosulate,
HE/ES — hemiepiphyte/climbing and FA/RS —phanerophyta/rosulate).

Fig. 3. Numero de especies de helechos y licofitas observados en el Parque Ferradura, Canela, RS,
clasificados de acuerdo al sustrato preferencial (TER — terrestre, COR — corticicola, RUP — rupicola, SAX
—saxicola, y HCO - hemicorticicola) y de acuerdo a la forma de vida/crecimiento (HC/RS — hemicripto-
fita/rosulada, EP/RP — epifita/reptante, HC/RP — hemicriptéfita/reptante, GE/RZ — gedfita/ rizomatosa,
EP/RS - epifita/rosulada, EP/PD — epifita/péndula, CA/RS — caméfita/rosulada, HE/ES — hemiepifita/tre-
padora y FA/RS —faneroéfita/rosulada).

The ferns and lycophytes in the Ferradura Park are more frequently terrestrial.
However, the two most representative families (Polypodiaceae and Pteridaceae) pres-
ent distinct preferences for microhabitats occupation. While Polypodiaceae appears
to predominate in the epiphytic environment, Pteridaceae was observed occurring
widely in the terrestrial substrate. This could contribute to the higher species rich-
ness of both families in the study area.

The rosulate growth form was observed in about 60% of the species in the Fer-
radura Park. Under an ecological perspective, the rosulate growth form contributes
to a higher efficiency in light energy capturing in the herbaceous stratus (Senna
& Waechter, 1997). Additionally, it provides advantages in the nutrient obtaining
process, promoting the retention of leaves and thus the removal of nutrients from
the plant litter decomposition in the crown of fronds (Zona & Christenhusz, 2015).
Although almost all life and growth forms have been observed in the study area, the
rosulate hemicryptophytes habit proved to be dominant.

The Ferradura Park houses about 15% of all fern and lycophyte species with
recognized occurrence for Rio Grande do Sul. Since the state presents regions with
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very diverse vegetation characteristics. Thus, the real representativeness of the Park
area is larger in relation to species with potential occurrence. The area housing a
high richness of ferns and lycophytes species, which together with the presence of
rare species, highlights the importance of the preservation of the Ferradura Park,
interposing it to the Conservation Units of the Cai River basin.
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