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Abstract 
A floristic survey of fern species was conducted in a fragment of Dense 

Humid Forest (29°24'59.23"S, 49°54'51.09"W) in Três Cachoeiras, RS, where life 
forms and substrate preferences were investigated. We found 37 species in 23 
genera and 11 families, approximately 10% of Rio Grande do Sul’s fern species 
richness. Epiphytes were dominant, 14 of which were creeping. In addition, a 1ha 
plot in the study site was determined to compare its species richness and 
composition with same sized plots from different studies. In this plot we found 
75% of the richness of the entire fragment. Considering this high concentration of 
species is recommended the inclusion of ferns, besides trees, when assessing 
alpha diversity for developing conservation plans for Atlantic Forest remnants. 
The occurrence of Cyathea corcovadensis (Raddi) Domin is highlighted, as it is 
an endangered species in the state.  

Key words: floristic, seedless vascular plants, ecological aspects, Atlantic 
Forest, Southern Brazil. 

Resumo 
Foi realizado um inventário florístico das samambaias ocorrentes em um 

fragmento de Floresta Ombrófila Densa (29°24'59.23"S 49°54'51.09"W), no 
município de Três Cachoeiras, RS, analisando-se as formas de vida e o substrato 
preferencial das plantas. Foram registradas 37 espécies, distribuídas em 23 
gêneros e 11 famílias, aproximadamente 10% da riqueza de samambaias do RS. 
As epífitas foram predominantes, sendo 14 delas de crescimento reptante. Além 
disso, foi demarcada uma unidade amostral de 1ha dentro da área de estudo, 
cuja riqueza e composição foram comparadas com a de outras áreas de 
tamanho semelhante. Nesta parcela ficou concentrado 75% da riqueza de 
samambaias do fragmento. Considerando essa elevada concentração de 
espécies, recomenda-se a inclusão de samambaias, além de árvores, quando 
acessar a diversidade alfa para elaboração de propostas de conservação de 
remanescentes de Floresta Atlântica. Destaca-se a ocorrência de Cyathea 
corcovadensis (Raddi) Domin, espécie ameaçada de extinção no Estado.  
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Palavras-chave: florística, plantas vasculares sem sementes, aspectos 
ecológicos, Floresta Atlântica, Sul do Brasil. 

1 Introduction 
The Atlantic Forest biome is indicated as one of the five most important 

hotspots for conservation in the world, harboring 20,000 vascular plant species 
(Myers et al. 2000) and a significant quota of Brazilian biodiversity. Originally 
covering approximately 150 million ha, now only 11.7% remains of the second 
largest rainforest in South America (Ribeiro et al. 2009, 2011). In Rio Grande do 
Sul the forest cover has been reduced to only 7,9% of its original area (Fundação 
SOS Mata Atlântica & INPE, 2014), and the dense humid forest, one of its 
phytoecological regions, occurs exclusively in the northern coastline. The plain 
portions of the landscape display an intense history of anthropic action, resulting 
in an extremely fragmented physiognomy, with most of the remnants restricted to 
mountainous areas (Teixeira et al. 1986). 

Forests have high fern and lycophyte diversity (Tryon 1985). The main 
Brazilian biome where these plants occur is the Atlantic Forest (Prado 2003) with 
840 species, of which 269 (32%) are endemic (Stehman et al. 2009). So far in 
Brazil 1.263 species of ferns and lycophytes have been identified; 370 in the state 
of Rio Grande do Sul (Prado & Sylvestre 2016), while the dense rain forest has 
the highest species richness (Sehnem 1979).  

Floristic inventories provide essential information about flora composition 
and are valuable tools for advanced studies in the fields of ecology, geographical 
distribution or restoration ecology (Souza et al. 2009). Among the floristic surveys 
that include ferns in Rio Grande do Sul, those conducted in humid forest by 
Senna & Waechter (1997), Schmitt et al. (2006), Santos & Windisch (2008), 
Goetz et al. (2012) and Becker et al. (2013) stand out. 

Specifically in 1ha pre-established plots, a survey in the Ecuatorian 
Amazon by Poulsen & Nielsen (1995) found 50 fern species. Galeano et al. 
(1998) recorded 78 ferns and lycophytes in 0.9 ha of wet forest in the Chocó area, 
Colombia. In Brazil, Dittrich et al. (2005) registered 76 fern species in a dense 
humid alpine forest in the state of Paraná. In one hectare of mixed humid forest in 
Rio Grande do Sul, Blume et al. (2010) found 40 fern species. Athayde-Filho & 
Windisch (2006) registered 26 species in approximately 1ha of dense humid 
forest, in the municipality of Xangri-Lá.  

The aims of this study were (1) to perform a qualitative inventory of ferns 
occurring in a dense humid forest fragment in Rio Grande do Sul, Brazil, as well 
as characterize the species according to their life forms and substrate preference; 
and (2) to compare the floristic composition of ferns in a 1ha plot against 
equivalent plots in humid forests in the Neotropics.  

2 Material and methods 

2.1 Study site 

Field work was performed in a 6 ha fragment of dense humid forest 
(29°24'59.23"S 49°54'51.09"W) in the municipality of Três Cachoeiras, state of 
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Rio Grande do Sul (RS), southern Brazil. The area is a lowland forest with soil 
originated from fluvial, marine and lake sedimentation, which reflects on its 
peculiar forest cover (Teixeira et al. 1986). According to Koeppen’s classification, 
the climate is Cfa type, humid temperate with warm summers (Peel et al. 2007). 
At the study site, the soil humidity varies from 23.25% to 96.03% and canopy 
openness ranges from 10.82% to 24.13% (Cappelatti & Schmitt, 2015). The 
mean annual temperature varies from 18.9°C to 20.4°C and annual rainfall 
ranges from 1342 mm to 1998 mm (Neumann et al. 2014). 

2.2 Floristic survey 

The fern community was assessed in monthly field trips over one year. The 
survey was divided in two steps: (1) the inventory of all species in the entire 6 ha 
fragment, and (2) the inventory of all species in a 1 ha plot (50 x 200 m) 
established within the limits of the fragment. Epiphytes were observed with the aid 
of binoculars. Plant samples were taken and prepared as described by Windisch 
(1992). Species were identified via specialized references, comparisons to 
material deposited in herbaria, and consultation with specialists. The classification 
system used was that proposed by Smith et al. (2006). Voucher material was 
deposited in the Herbarium Anchieta (PACA). 

2.3 Life forms and substrate preference 

Species were classified according to their life forms as described by 
Raunkiaer (1934), adapted by Mueller-Dombois & Ellenberg (1974) and Senna & 
Waechter (1997). Regarding the substrate, species were classified as terrestrial 
(species which occurs exclusively on the ground), corticicolous (species which 
occurs on tree bark) and hemicorticicolous (species rooted in the soil which 
climbs onto phorophyte). Due to lack of proper nomenclature, fern rhizome was 
considered as corticicolous substrate. 

2.4 Statistical analysis 

The floristic composition of the 1 ha plot was compared against the results 
of other studies in plots of equivalent size by means of a matrix of presence and 
absence of species. The Jaccard coefficient of similarity and cluster analysis 
(paired groups) were used to assess the floristic similarity between areas. The 
Pearson correlation test was used to analyze the relationship between species 
richness and rainfall of the plots via Paleontological Statistics – PAST software 
(Hammer et al. 2001). 

 3 Results and discussion 

In the floristic inventory, 37 fern species belonging to 24 genera and 11 
families were identified (Tab. 1). 
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Table 1 – Ferns’ families and species found in a fragment of Dense Humid Forest in Três 
Cachoeiras, RS, and their classification regarding substrate and life forms. 

Family/Species 
Classification 

regarding substrate 
Life form 

ASPLENIACEAE   
   Asplenium mucronatum C. Presl1 Corticicolous* Ros Epi 
   Asplenium scandicinum Kaulf.1 Corticicolous* Ros Epi 
   Asplenium serra Langsd. & Fisch. Terrestrial Cre Hcr 
BLECHNACEAE   
   Blechum acutum (Desv.) Mett.1 Hemicorticicolous* Sca Hep 
   Blechnum brasiliense Desv.1 Terrestrial Cha Ros 
CYATHEACEAE   
   Alsophila setosa Kaulf.1 Terrestrial Ros Pha 
   Cyathea atrovirens (Langsd. & Fisch.) Domin1 Terrestrial Ros Pha 
   Cyathea corcovadensis (Raddi) Domin1 Terrestrial Ros Pha 
DENNSTAEDTIACEAE    
   Pteridium arachnoideum (Kaulf.) Maxon Terrestrial Rhi Geo 
DRYOPTERIDACEAE   
   Elaphoglossum sp.1 Corticicolous Cre Epi 
   Elaphoglossum hymenodiastrum (Fée) Brade1 Corticicolous Cre Epi 
   Elaphoglossum luridum (Fée) Christ1 Corticicolous Cre Epi 
   Lastreopsis amplissima (C. Presl) Tindale1 Terrestrial Cre Hcr 
   Mickelia scandens (Raddi) R. C. Moran, Labiak & Sundue Hemicorticicolous Sca Cli 
   Polybotrya cylindrica Kaulf.1 Hemicorticicolous Sca Cli 
   Rumohra adiantiformis (G. Forst.) Ching   Terrestrial Cre Hcr 
HYMENOPHYLLACEAE   
   Polyphlebium angustatum (Carmich.) Ebihara & Dubuisson1 Corticicolous* Cre Epi 
   Trichomanes polypodioides Raddi1 Corticicolous* Cre Epi 
LINDSAEACEAE   
   Lindsaea lancea (L.) Bedd.1 Terrestrial Ros Hcr 
LOMARIOPSIDACEAE   
   Lomariopsis marginata (Schrad.) Kuhn1 Hemicorticicolous* Sca Cli 
POLYPODIACEAE   
   Campyloneurum repens (Aubl.) C. Presl1 Terrestrial Cre Hcr 
   Campyloneurum nitidum (Kaulf.) C. Presl1  Corticicolous* Cre Epi 
   Microgramma squamulosa (Kaulf.) de la Sota   Corticicolous Cre Epi 
   Microgramma vacciniifolia (Langsd. & Fisch.) Copel.1 Corticicolous Cre Epi 
   Pecluma paradiseae (Langsd. & Fisch.) M.G. Price1 Terrestrial Cre Hcr 
   Pecluma pectinatiformis (Lindm.) M. G. Price1 Corticicolous Cre Epi 
   Pecluma sicca (Lindm.) M.G. Price1 Corticicolous* Cre Epi 
   Pleopeltis pleopeltifolia (Raddi) Alston1   Corticicolous* Cre Epi 
   Pleopeltis hirsutissima (Raddi) de la Sota1   Corticicolous Cre Epi 
   Pecluma chnoophora (Kunze) Salino & Costa Assis1 Terrestrial Cre Hcr 
   Serpocaulon catharinae (Langsd. & Fisch.) A.R. Sm.1  Corticicolous* Cre Epi 
PTERIDACEAE   
   Doryopteris sp. Terrestrial Ros Hcr 
   Vittaria lineata (L.) Sm.1 Corticicolous* Cre Epi 
THELYPTERIDACEAE   
   Macrothelypteris torresiana (Gaudich.) Ching Terrestrial Ros Hcr 
   Thelypteris conspersa (Schrad.) A.R. Sm. Terrestrial Ros Hcr 
   Thelypteris hispidula (Decne.) C.F. Reed Terrestrial Ros Hcr 
   Thelypteris raddii (Rosenst.) Ponce1 Terrestrial Ros Hcr 

Geophyte (Geo); Hemicryptophyte (Hcr); Chamaephyte (Cha); Phanerophyte  (Pha); Hemiepiphyte 
(Hep); Epiphyte (Epi); Climber (Cli); Rhizomatous (Rhi); Creeping (Cre); Rosulate (Ros); Scandent 
(Sca); species found in the 1ha plot (1); species found using other fern rhizome as substrate (*).  
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Species richness of this study was inferior to that found by Senna & 
Waechter (1997), Schmitt et al. (2006), Santos & Windisch (2008), Goetz et al. 
(2012) and Becker et al. (2013) (Tab. 2). However, Senna & Waechter (1997) 
found only two additional species in 400 ha of humid forest, an area 65 times 
larger than the present study site. Conversely, in 6.900 ha Santos & Windisch 
(2008) found 50 species, not a particularly high value for rainforest surveys. When 
compared against larger areas, the small 6 ha fragment in Três Cachoeiras is 
able to support a significant share of the regional diversity of ferns – 10% of Rio 
Grande do Sul’s species. Nevertheless, the comparison between the surveyed 
site and previous researches do not show a clear increase of species richness as 
result of increase in area.  

The contribution of small fragments to the conservation of the Atlantic 
Forest becomes substantially relevant when considering that 83.4% of its 
remnants are no larger than 50 ha, and represent 20.2% of the biome’s current 
area (Ribeiro et al. 2009). Paciencia & Prado (2004) and Lwanga et al. (1998) 
have shown that the richness of ferns and lycophytes may not be influenced by 
the area of the fragment, and the latter goes further by pinpointing abiotic factors, 
such as precipitation, as the main driver of diversity.  

The richness found in this study can be explained by the characteristics of 
the fragment, which has high soil moisture and low canopy openness creating a 
suitable microhabitat for ferns and lycophytes. Humidity and shade are essential 
to the establishment of ferns and lycophytes (Kessler et al. 2011), and the 
environmental variation provides a wider range of ecological opportunities for 
these plants (Richard & Bell, 2000). 

Table 2 – Floristic surveys of ferns performed in Rio Grande do Sul and their respective 
authors, forest type, municipality, area and number of species found. 

Municipality 
Forest 
type 

Area (ha) 
Nº of 

species 
Author 

Três Cachoeiras DHF 6 37 Present study 
São Francisco de Paula MHF 400 39 Senna & Waechter (1997) 
Osório DHF 6.900 50 Santos & Windisch (2008) 
Canela 
Caraá 

MHF 
DHF/MHF 

517,7 
60 

53 
58 

Schmitt et al. (2006) 
Becker et al. (2013) 

São Francisco de Paula MHF 1.200 76 Goetz et al. (2012) 
DHF – Dense Humid Forest; MHF – Mixed Humid Forest. 

 
The richest families were Polypodiaceae (11) and Dryopteridaceae 

(seven), comprising 48% of species. Polypodiaceae was also the richest family in 
all studies presented on Table 2. Most species of this family (73 %) were found on 
epiphytic environment. Epiphytes represent an important component of 
Neotropical flora (Benzing 1990), which is composed by a variety of fern species, 
including families in which most species are adapted to the aerial habitat (Otto et 
al. 2009), such as Polypodiaceae (Schneider et al. 2004a,b), which probably 
facilitates a generalized occurrence. 

Terrestrial species (46 %) were dominant, followed by corticicolous (43 %) 
and hemicorticicolous (11%). The prevalence of terrestrial species is common for 
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most of the fern and lycophyte communities in Rio Grande do Sul, as observed in 
studies by Schmitt et al. (2006), Santos & Windisch (2008), Blume et al. (2010) 
and Becker et al. (2013). 

Of the 16 corticicolous species, nine developed on rhizome of other ferns, 
sometimes exclusively, like Polyphlebium angustatum and Trichomanes 
polypodioides. All hemicorticicolous species were found on arborescent ferns, 
besides tree bark. 

Considering all recorded species, 30% of them interact with tree ferns, 
establishing themselves on caudices or using it as support after germinating on 
the soil. The caudices of Alsophila setosa, Cyathea atrovirens and C. 
corcovadensis are formed by the remains of the petiole bases with aculeus or 
spines (Fernandes, 2003; Lehnert & Weigand, 2013), producing a non-smooth 
surface for other plants to explore. Thus, arborescent species provide suitable 
conditions for other epiphytic (Schmitt et al. 2005) and climbing ferns, as well as 
other plant groups (Roberts et al. 2005), contributing as specific or preferential 
microhabitat to other species. This significant interaction was observed between 
T. polypodioides, Polybotrya cylindrica and Cyathea atrovirens, respectively 
epiphytic, climber and arborescent ferns. 

Regarding the life forms, 16 epiphytic species were found, of which 14 had 
creeping growth and two had rosulate growth; 12 are hemicryptophytes, six of 
which are creeping and six are rosulate, followed by three scandent climbers, 
three rosulate phanerophytes, one rhizomatous geophyte, one scandent 
hemiepiphyte and one rosulate chamaephythe. In Rio Grande do Sul the 
predominance of epiphytic life form in fern and lycophyte communities is unusual, 
being also the richest category in the survey by Senna & Waechter (1997). 
According to these authors, the high specific richness of epiphytes suggests a 
tropical feature of the dense and mixed forests, as this life form is typical of 
tropical humid regions. Only therophyte species were not found. The broad 
spectrum of life forms found in the study site indicates that the fragment provides 
favorable conditions for the establishment of ferns. 

Rosulate growth, which was the most common type found among 
terrestrial species, facilitates occupation of substrate and light capture in 
understory (Pereira-Noronha 1989). On the other hand, creeping species were 
predominant in epiphytic environment. Creeping root ramification allows great 
occupation of substrate on host plant (Senna & Waechter 1997), as observed in 
Microgramma squamulosa, M. vacciniifolia and Pecluma sicca. The root 
ramification is the most common vegetative propagation of ferns and lycophytes 
(Pereira-Noronha 1989).   

Blechnum acutum, which was the only hemiepiphyte registered, is usually 
found in floristic inventories in Rio Grande do Sul from different areas of dense 
(Santos & Windisch 2008) and mixed humid forest (Fraga et al. 2008). However, 
considering the three scandent climber species of the fragment, only P. cylindrica 
was found by Athayde-Filho & Windisch (2006), in dense humid forest at the 
northern coastline of Rio Grande do Sul. Hemiepiphytes and climbers are 
important and frequent components in tropical humid forest, disappearing in 
mountain rain forest (De La Sota 1971). B. acutum needs to be in a higher 
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canopy level in the forest to produce fertile leaves (Dittrich et al. 2005) such as P. 
cylindrica. Besides the individual’s position in the forest stratum, the appearance 
of fertile leaves, at the end of the rhizome of scandent species such as 
Lomariopsis marginata, P. cylindrica and B. acutum might be related to the age of 
the plants (De La Sota 1971). 

3.1 One hectare plot 
In the plot 28 species were found, representing 75% of the richness of 

ferns in the fragment. This richness is lower than that found in 1 ha plots in 
Neotropical forests by Poulsen & Nielsen (1995) (n=50), Dittrich et al. (2005) 
(n=76), and Blume et al. (2010) (n=40). Only Athayde-Filho & Windisch (2006) 
found fewer species (n=26) than the present study, both in lowland forests. 

The mean annual precipitation of these sites were strongly correlated with 
their respective richness (r=0.895; p=0.039). The result shows a clear increase of 
species with greater rainfall. Dittrich et al. (2005) recorded the highest species 
richness among the studied areas precisely in the site with the greatest annual 
rainfall, 215% more than the present study. The richness of ferns is most 
influenced by climatic conditions (Kessler et al. 2011).The increase of rainfall also 
reflects in a gain of epiphytic richness (Kornaś 1977, Nieder et al. 1996-1997) 
however, this trend was not statistically significant between the five plots (r=0.811; 
p=0.095).   

The dendrogram of floristic similarity revealed three main branches which 
can be organized according to their geographical characteristics (Fig. 1). The first 
group has the greatest similarity index. It is comprised of the two surveys in 
lowland forests in Rio Grande do Sul’s coastal plain - Athayde-Filho & Windisch 
(2006) and the present study – which share 11 species. Both study sites belong to 
the same phytoecological region (Dense Humid Forest) and are 47 km apart in a 
straight line. The second group includes the studies by Dittrich et al. (2005) in 
Dense Humid Forest and Blume et al. (2010) in Mixed Humid Forest, even though 
both areas belong to different forest types and are far apart. They share 16 
species despite having less similarity. The survey in the Dense Humid Forest in 
Ecuador is represented in a single branch as expected, given its geographical 
distance from the four Brazilian sites. Dittrich et al. (2005) found exclusive 
occurrence of 48 species, and was followed by Poulsen & Nielsen (1995) with 37, 
Blume et al. (2010) with 19, Athayde-Filho & Windisch (2006) with 10, and this 
study with eight species.  

Only one epiphytic species (Vittaria lineata) was found in all plots, and two 
species (Campyloneurum nitidum and Pleopeltis hirsutissima) were shared 
between the four studies in Brazil. V. lineata has widespread distribution in the 
Neotropics, and occurs in US, Mexico, Mesoamerica, Antilles, Trinidad, Colombia, 
Venezuela, The Guianas, Ecuador, Peru, Bolivia, Brazil, Paraguay and 
Uruguay (Schwartsburd & Labiak, 2007). 

Macrothelypteris torresiana was found by Blume et al. (2010) and the 
present study. This species is introduced in Brazil (Santiago & Barros, 2003) and 
subspontaneous in the Tropical America (Smith, 1992). It can be used as 
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bioindicator of environmental degradation and restoration (Figueiredo & Salino, 
2005).   

The tree fern Cyathea corcovadensis was exclusive to this study and is 
considered vulnerable in the list of endangered species indigenous to Rio Grande 
do Sul, according to the Decree 52.109/2014 (Rio Grande do Sul, 2014). This 
species’ distribution in the state is small and limited to the northern coastal region, 
in a latitudinal range from 29°17’ to 30°00’ S (Gonzatti et al. 2016). In addition to 
the southern region, C. corcovadensis also occurs in the northeast and southeast 
of Brazil (Windisch & Santiago, 2015) in the Atlantic Forest.  

 

 
Figure 1 – Dendrogram of floristic similarity among surveys including ferns in areas ca. 1ha. Ecuador 

by Poulsen and Nielsen (1995), São Francisco de Paula by Blume et al. (2010), Paraná by 
Dittrich et al. (2005), Xangri-Lá by Athayde-Filho and Windisch (2006); DHF-Dense Humid 
Forest; MHD-Mixed Humid forest  
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This study shows that small remnants can significantly contribute to 
conservation of ferns. The small 6 ha fragment supports 10 % of the richness of 
ferns in Rio Grande do Sul, including the endangered species Cyathea 
corcovadensis, whose range is very limited in the state. The current state of 
conservation of the Atlantic Forest and how its remaining fragments are 
distributed, combined with the diversity and endemism rate of ferns in this biome, 
renders areas such as this study site particularly important for conservation of 
biodiversity. The comparison of surveys in plots equivalent to 1 ha suggests that 
rainfall and environmental variation are key drivers of ferns richness, and the 
arrangement of species can be determined by geographical and ecological 
aspects. We recommended the inclusion ferns, besides trees, when assessing 
the alpha diversity for conservation proposals of Atlantic Forest remnants.  
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