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Abstract. Lehn, C.R.,M. D. Arana, M. L. Bueno & E. Bianchini. 2018. A floristic survey of ferns and lycophytes associated
with semi-deciduous forest remnants in southern Brazil. Darwiniana, nueva serie 6(2): 133-143.

The richness of ferns and lycophytes associated with the semi-deciduous forests of southern Brazil
remains poorly known. Addressing this situation, the richness of lycophytes and ferns in 11 semi-deciduous
forest remnants, located in the northwestern region of Rio Grande do Sul State, Brazil, is presented. In
total, four species of lycophytes (two families and two genera) and 88 species of ferns (15 families and
44 genera) were recorded. The most diverse families were Pteridaceae and Polypodiaceae, with 18 and
17 species respectively; Asplenium (10 spp.) was the most diverse genus. Among the recorded species,
only Dicksonia sellowiana is cited in the Brazilian List of Threatened Plant Species. Most of the surveyed
species have a broad distribution, occurring in South America (44.6%) and Tropical America (32.6%). The
surveyed remnants showed intermediate species richness in relation to other areas previously studied in
the state of Rio Grande do Sul, except for Parque Estadual do Turvo, where 81 species were recorded. The
floristic similarity analysis shows that the Parque Estadual do Turvo is the most dissimilar area, presenting
a high number (28) of exclusive species. The observed high value of the cophenetic correlation coefficient
(0.968), indicate a small distortion between the similarity matrix and multidimensional space shown in the
dendrogram. The present study constitutes an important contribution to the knowledge of the richness of
ferns and lycophytes occurring in semi-deciduous forests in southern Brazil.

Keywords. Atlantic forest; Ferns; Lycophytes; Rio Grande do Sul; Semi-deciduous Forest.

Resumen. Lehn, C. R., M. D. Arana, M. L. Bueno & E. Bianchini. 2018. Relevamiento floristico de helechos y licofitas
asociados a remanentes de bosques semi-deciduos en el sur de Brasil. Darwiniana, nueva serie 6(2): 133-143.

La riqueza de helechos y licofitas asociada a los bosques semi-deciduos del sur de Brasil permanece
pobremente conocida. Atendiendo a esta situacion, se presenta la riqueza de licofitas y helechos en 11
remanentes de bosque semi-deciduo localizados en la region noroeste del estado de Rio Grande do Sul,
Brasil. En total, se registraron cuatro especies de licofitas (dos familias y dos géneros) y 88 especies
de helechos (15 familias y 44 géneros). Las familias mas diversas fueron Pteridaceae y Polypodiaceae
(con 18 y 17 especies respectivamente), siendo Asplenium (10 especies) el género mas diverso. Entre
las especies registradas, solo Dicksonia sellowiana esta citada en la Lista Brasilefia de Especies de
Plantas Amenazadas. La mayoria de las especies relevadas poseen una distribucion amplia, abarcando
Sudamérica (44,6%) y América tropical (32,6%). Los remanentes relevados mostraron una riqueza
especifica intermedia en relacion con otras areas estudiadas previamente en el estado de Rio Grande
do Sul, con la excepcion del parque Estadual do Turvo, donde se registraron 81 especies. El analisis de
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similitud floristica demuestra que el Parque Estadual do Turvo es el 4rea mas disimil, presentando un alto
numero (28) de especies exclusivas. El alto valor observado para el coeficiente de correlacion cofenética
(0.968), indica una pequeiia distorsion entre la matriz de similitud y el espacio multidimensional en el
dendrograma. El presente estudio constituye una importante contribucion al conocimiento de la riqueza
de helechos y licofitas presentes en los bosques semi-deciduos en el sur de Brasil.

Palabras clave. Dominio Atlantico; Helechos; Licofitas; Rio Grande do Sul; Bosques semi-deciduos.

INTRODUCTION

The global richness of ferns and lycophytes
is estimated at approximately 12,000 species
(PPG I, 2016), of which about 3,500 are found
in South America (Moran, 2008), where the
Andean region and the mountains of southern and
southeastern Brazil are centers of diversity (Tryon,
1972). Approximately 1,300 species of ferns and
lycophytes occur in Brazil, and 883 of them are
present in the Atlantic Forest (Prado et al., 2015).

The Atlantic Forest is included in the Atlantic
biogeographic province of the Neotropical region
(Morrone, 2017), extended originally from the
eastern portion of Brazil to some areas in eastern
Paraguay and northeastern Argentina (Arana et
al., 2017). The Atlantic biogeographic province
comprised more than 1,360,000 km? during the
Middle Holocene, however, it is currently reduced
to 7% of its original area (Ribeiro et al., 2009).

In southern Brazil, the best-preserved Atlantic
Forest remnants are in the eastern side (Serra do Mar
region) (Ribeiro et al., 2009), in montane regions
where agricultural activity is limited (Moreno et al.,
2003; Gasper et al., 2015). The majority of floristic
inventories involving ferns and lycophytes have been
carried out in the eastern portion of this region, in
areas dominated by ombrophilous forests (Oliveira-
Filho et al., 2015). This region is generally devoid of
mountains and forest remnants are generally small
and patchily distributed.

Fewer studies have considered the fern and
lycophyte diversity of the Atlantic semi-deciduous
forests in marginal position of southern Brazil
(Bauer, 2004; Farias et al., 2014; Lautert et al.,
2015; Moraes et al., 2018). The first two and the
last one performed floristic inventories in the
northwest region of the state of Rio Grande do
Sul and Lautert et al. (2015), performed floristic
inventories in four forest areas located in the
southwestern region of the state of Parana.
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Gasper & Salino (2016) presented data involving
the occurrence of 73 species of ferns and lycophytes
in semi-deciduous forests located in the state
of Santa Catarina. This study added historical
information from “Flora Ilustrada Catarinense”
(Sehnem 1967a; b; c; 1968a; b; 1970a; b; 1971;
1972; 1974; 1978; 1979a - g; 1984; Fuchs-Eckert,
1986) and recent efforts of Santa Catarina forest
survey. Brack et al. (1985) and Rossetto & Vieira
(2013) carried out general studies on vascular flora
and provided information about the occurrence of
ferns and lycophytes in semi-deciduous forests in
the state parks Parque Estadual do Turvo (RS) and
Parque Estadual Mata dos Godoy (PR), respectively.

The size of the semi-deciduous forest remnants,
many of them smaller than 50 ha (Ribeiro et al.,
2009), together with the few conservation units
throughout the Atlantic domain (MMA, 2003;
Fonseca & Venticinque, 2018), highlight the need
to exert efforts to increase our knowledge about the
diversity of ferns and lycophytes associated with
semi-deciduous forests, especially in southern Brazil.

Based on this scenario, the present study
aimed to assess the species richness of ferns and
lycophytes from 11 semi-deciduous forest remnants
(of marginal position) belonging to the Atlantic
biogeographic province in southern Brazil.

MATERIALS AND METHODS

Floristic survey, ecological
geographic distribution
Ferns and lycophytes were surveyed in 11 areas
from northwestern region of Rio Grande do Sul (Fig.
1, Table 1), between January 2015 to April 2017.
The areas with semi-deciduous forest were selected
through satellite imagery available on the Google
Earth Pro version platform. Two of these selected areas
are representing conservation units (Dois Irmdos das
Missdes - F1 and Parque Estadual do Turvo - F10).

aspects and
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Table 1. Semi-deciduous forest remants studied in the northwestern region of the State of Rio Grande do Sul (RS), Brazil.

Abbreviation Location
F1 Dois Irmaos das Missdes/RS
F2 Panambi/RS
F3 Santa Barbara do Sul/RS
F4 Pejugara/RS
F5 Panambi/RS
F6 Augusto Pestana/RS
F7 Colorado/RS
F8 S&o Nicolau/RS
F9 Condor/RS
F10 Parque Estadual do Turvo - Derrubadas/RS
F11 Ajuricaba/RS

These selected areas all have suffered from selective
cutting of trees, especially during the 1980s and 1990s.
In all areas, samplings were made along preexistent
trails, stream margins, trunks of fallen trees, ravines,
clearings and edge of the remnants, with the goal of
examining different possible microenvironments. For
each area, three collection surveys were carried out.

All the areas are in a range of an altitude between
150 and 580 m above sea level and the range in size
from from 24 to 16,000 ha (Table 1). The climate of
the region is classified as temperate, with absence of
a dry season and marked by hot summers, classified
as subtype Cfa in the Koppen world climate
classification (Peel et al., 2007).

Specimens were collected using standard tech-
niques (Windisch, 1992). The collected material was
classified according to life-form and growth-form fol-
lowing Senna & Waechter (1997), and voucher speci-
mens were sent to FUEL, FURB, RCVC, SP and VIC
herbaria (Thiers, 2018). Studies carried out by Brack et
al. (1985) and Bauer (2004) were considered to com-
plement the species list of the fragment classified here
as F10 (Table 1 - Parque Estadual do Turvo). In addi-
tion, specimens kept in HAS, ICN and PACA, which
are the herbaria with most representative flora of the
state, were also considered as complementary source
for information. Species cited previously but whithout
vouchers in herbaria were excluded from the list.

Species  identification was performed in
consultation with specialists, material deposited in
herbaria and with specific bibliography, including
Prado & Windisch (2000), Labiak & Prado (2008), Moran
et al. (2009), Arana & Ponce (2015), Arana & Mynssen
(2016), Larsen & Ponce (2016) and Dittrich et al. (2017).

Approximate area Elevation (m) Number of
(ha) species
467 533 43

25 510 31
43 476 27
103 468 36
80 470 39
164 296 28
88 528 32
151 157 18
177 516 30
16,811 180 - 360 81
96 579 30

The conservation status of the species was
verified at www.cncflora.jbrj.gov.br (accessed on
27 Sep 2018). The arrangement and circumscription
of the families and genera of ferns and lycophytes
follows PPG I (2016).

Fig. 1. Location of the study areas in northeastern region
of the state of Rio Grande do Sul. See Table 1 for the full
name of the areas. Color version at http://www.ojs.darwin.
edu.ar/index.php/darwiniana/article/view/793/784
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Data analysis

The species were classified according to their
geographical distribution pattern, adapted from
Tryon (1972) and Sehnem (1977), as follows: AA
-species with disjunct distribution in the Atlantic
region of South America and Africa; EBN - endemic
to Brazil and neighboring areas; ESS - endemic to
southern and southeastern Brazil; IN - introduced
species; PA - species with pantropical distribution;
SA - occurrence only in South America and TA -
species widely distributed in tropical and subtropical
America, including the southern region of the USA.

The floristic similarity analysis was performed
using Euclidian similarity index, and a dendogram
was made using UPGMA. The analysis was
performed with software PAST (Paleontological
statistics Package for Education and Data Analysis)
version 3.0 (Hammer et al. 2001). The cophenetic
correlation coefficient was used to verify the degree of
adjustment of the cluster; values close to 1.0 indicate
a high degree of distance preservation in the cluster.

RESULTS

Floristic and ecological aspects

Ninety-two species (four lycophytes and 88
ferns) were recorded in the 11 studied forest
remnants. Lycophytes were represented by two
families (Lycopodiaceae and Selaginellaceae) and
two genera, while 15 families and 44 genera of
ferns were recorded (Table 2).

Pteridaceae and Polypodiaceae showed the
highest richness, represented by 18 and 17
species respectively. These families, together with
Aspleniaceae (11 spp.), Thelypteridaceae (9 spp.) and
Blechnaceae (8 spp.), include approximately the 70%
of the observed species in the studied areas. Asplenium
(10 spp.) was the most diverse genus (Table 2). The
number of species in the studied remnants ranged
from 18 (F8) to 81 (F10), with the predominance of
hemicryptophytes, followed by epiphytes (Table 2).

The species Asplenium claussenii, Microgramma
squamulosa, Pecluma pectinatiformis, Pleopeltis
hirsutissima, — Adiantum  pseudotinctum,  and
Doryopteris  pentagona were present in all
sampled areas. The species Ctenitis submarginalis,
Campyloneurum nitidum, Pleopeltis minima, and
Pleopeltis  pleopeltifolia also showed frequent
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occurrence, being absent just in one area. The Parque
Estadual do Turvo (F10) harbored the largest number
of exclusive species (28 spp.), including Asplenium
serra, Blechnum lanceola and Tectaria incisa.

From all species surveyed, only Dicksonia
sellowiana, observed just in two remnants (F1
and F10) is listed in the Brazilian Red List of
Threatened Plant Species (MMA, 2008), where
it is classified as endangered (EN). No endemic
species of semideciduous forests were found in the
studied remnants.

Floristic dissimilarity and geographic
distribution

The floristic similarity analysis revealed that
F10 (Parque do Turvo) is the most dissimilar area
in relation to the other studied areas. All other
areas formed two sets, being F8 (Sdo Nicolau) the
external group (Fig. 2). The cluster analysis showed
high statistical significance and the cophenetic
correlation coefficient was 0.968.

Most of the surveyed species showed a broad
geographic  distribution, occurring in South
America (44.6%) and Tropical America (32.6%)
(Table 2). Only Anemia raddiana and Polystichum
platylepis are endemic to southern and southeastern
Brazil and northeastern Argentina, respectively
(Schwartsburd & Labiak, 2007; Morero, 2016).
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Fig. 2. Similarity dendrogram of lycophyte and fern species
among 11 semi-deciduous areas in the northwestern region
of the Rio Grande do Sul (using Euclidian Index and UPG-
MA algorithm). See table 1 for the full name of the areas.



C. R. LEHN ET AL. Ferns and lycophytes in semi-deciduous forests in southern Brazil

Table 2. List of species of ferns and lycophytes associated with 11 remnants of semi-deciduous seasonal forest in the
northeastern region of Rio Grande do Sul, Brazil. Geographic distribution: TA - tropical America; SA - South America;
ESS - endemic to southern and southeastern Brazil; EBN - endemic to Brazil and neighboring areas; IN - introduced;
AA - amphipathic; PA - pantropical. Life-form: CAM - chamephyte; EPF - epiphyte; FAN - phanerophyte; GEO
- geophyte; HEM - hemicryptophyte; HEP - hemiepiphyte; TER - terophyte. Growth-form: HAN - hanging; CRA -

crawling; RIZ - rthizomatous; ROS - rosulate. Locality names: see table 1.

Family / Species

Anemiaceae

Anemia phyllitidis (L.) Sw.
Anemia raddiana Link
Aspleniaceae

Asplenium cf. alatum Humb. &
Bonpl. ex Willd.

Asplenium brasiliense Sw.
Asplenium claussenii Hieron.
Asplenium gastonis Fée
Asplenium inaequilaterale Willd.

Asplenium kunzeanum Klotzsch ex.
Rosenst.

Asplenium scandicinum Kaulf.
Asplenium sellowianum (Hieron.)
Hieron.

Asplenium serra Langsd. & Fisch.

Asplenium ulbrichtii Rosenst.

Hymenasplenium triquetrum
(N.Murak & R.C.Moran) Regalado
& Prada

Athyriaceae

Deparia petersenii (Kunze) M.Kato
Diplazium cristatum (Desr.) Alston
Diplazium herbaceum Fée
Blechnaceae

Blechnum auriculatum Cav.

Blechnum austrobrasilianum de
la Sota

Blechnum gracile Kaulf.
Blechnum lanceola Sw.

Blechnum occidentale L.
Lomaridium plumieri (Desv.) C.Presl

Neoblechnum brasiliense (Desv.)
Gasper & V.A.O.Dittrich

Telmatoblechnum serrulatum (Rich.)
Perrie, D.J. Ohlsen & Brownsey

Cyatheaceae

Alsophila setosa Kaulf.
Dennstaedtiaceae

Dennstaedtia globulifera (Poir.) Hieron.

Dennstaedtia obtusifolia (Willd.)
T.Moore

Hypolepis stolonifera Fée

Pteridium arachnoideum (Kaulf.)
Maxon

Geographic Life- Growth-
Distribution form

TA
ESS

TA

AS
TA
SA
PA

EBN
SA
SA

TA

SA

SA

IN
TA
EBN

SA
SA

TA
SA
TA
TA

TA

TA

SA

HEM
HEM

HEM

HEM
HEM
EPF
HEM

HEM
EPF
HEM

HEM

HEM

HEM

HEM
HEM
HEM

HEM
HEM

HEM
HEM
HEM
HEP

CAM

HEM

FAN

GEO
GEO
HEM
GEO

form

ROS
ROS

ROS

ROS
ROS
ROS
ROS

ROS
ROS
ROS

ROS

ROS

ROS

ROS
ROS
ROS

ROS
ROS

ROS
ROS
ROS
CRA

ROS

CRA

ROS

RIZ
RIZ
CRA
CRA

Voucher

C.R.Lehn 2184
C.R.Lehn 2145

C.R.Lehn 2225

C.R.Lehn 2367
C.R.Lehn 2234
C.R.Lehn 2234
C.R.Lehn 2319

C.D.Inacio 52
C.R.Lehn 2116
N.Silveira 9012

R.M.Bueno sn
(ICN 68879)

R.M.Bueno sn
(ICN 68717)

C.R.Lehn 2086

C.R.Lehn 2321
C.R.Lehn 2383
C.R.Lehn 2384

C.R.Lehn 2022
C.R.Lehn 2344

C.R.Lehn 2366
C.R.Lehn 2012
C.R.Lehn 2214
C.R.Lehn 2333

C.R.Lehn 2479

C.R.Lehn 2288

C.R.Lehn 2517

C.R.Lehn 2453
C.R.Lehn 2257
C.R.Lehn 2535
C.R.Lehn 2205

F1 F2 F3 F4
1 1 1 1
1 0 0 0
0 0 0 1
0 0 0 O
1 1 1 1
1 1 0 0
1 1 1 1
0 0 0 O
0 0 0 1
0 0 0 1
0 0 0 O
0 0 0 O
0 0 0 O
1 1 1 0
1 1 0 1
1 0 1 0
1 1 1 1
0 0 0 O
0 0 0 O
0 0 0 O
1 0 0 O
1 0 0 1
1 0 0 1
0 0 0 O
1 0 0 1
1 1 1 1
0 0 0 O
1 0 0 0
0 0 0 O

Study areas

F5 F6 F7
1 0 1
1 0 1
0 0 0
0 0 0
1 1 1
1 0 1
0 1 1
0 0 O
0 0 O
0 0 O
0 0 O
0 0 0
0 0 0
1 1 1
1 1 1
0 0 0
1 0 1
1 0 O
0 0 O
0 0 O
0 0 O
1 0 O
1 1 1
1 0 0
1 0 1
1 1 1
0 0 0
0 0 0
0 0 0

F8

_o = o O

= - =l

[=]

S S oo o O© o

(= = = =)

F9 F10F11
1 1 1
0 1 0
0 0 0
0 1 0
1 1 1
0 1 0
1 1 1
0 1 0
0 1 0
0 1 0
0 1 0
0 1 0
0 1 0
1 1 1
1 1 1
0 1 O
0 0 O
0 1 0
0 1 0
0 1 0
0 1 1
0 1 1
1 1 1
0 0 0
1 1 1
1 1 0
0 1 0
1 0 O
0 1 1
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Table 2. (Continuation).

Dicksoniaceae
Dicksonia sellowiana Hook.
Didymochlaenaceae

Didymochlaena truncatula (Sw.) J.Sm.

Dryopteridaceae

Ctenitis submarginalis (Langsd. &
Fisch.) Ching

Megalastrum connexum (Kaulf.)
A.R.Sm. & R.C.Moran

Megalastrum oreocharis (Sehnem)
Salino & Ponce

Parapolystichum effusum (Sw.) Ching
Polystichum platylepis Fée
Hymenophyllaceae

Crepidomanes pixydiferum (L.)
Dubuisson & Ebihara var. australe
Ponce & Dubuisson

Didymoglossum hymenoides
(Hedw.) Desv.

Didymoglossum reptans (Sw.) C.Presl

Hymenophyllum caudiculatum
Mart.

Polyphlebium angustatum
(Carmich.) Ebihara & Dubuisson

Vandenboschia radicans (Sw.) Copel.
Lycopodiaceae

Phlegmariurus mandiocanus
(Raddi) B.9llg.

Osmundaceae
Osmunda spectabilis Willd.
Polypodiaceae

Campyloneurum austrobrasilianum
(Alston) de la Sota

Campyloneurum nitidum C.Presl

Campyloneurum repens (Aubl.)
C.Presl

Microgramma squamulosa (Kaulf.)
de la Sota

Microgramma vacciniifolia
(Langsd. & Fisch.) Copel.

Niphidium rufosquamatum Lellinger
Pecluma filicula (Kaulf.) M.G.Price

Pecluma paradiseae (Langsd. &
Fisch.) M.G.Price

Pecluma pectinatiformis (Lindm.)
M.G.Price

Pecluma sicca (Lindm.) M.G.Price

Pecluma singeri (de la Sota)
M.G.Price

Pecluma truncorum (Lindm.)
M.G.Price

Pleopeltis minima (Bory) J. Prado
& R.Y. Hirai

Pleopeltis pleopeltifolia (Raddi)
Alston
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TA

PA

TA

SA

SA

SA
ESS

TA

TA
TA
SA

TA
PA

SA

SA

EBN
SA
TA

SA

SA

SA
EBN

SA

SA
SA
SA

SA

SA

SA

FAN

HEM

HEM

HEM

HEM

HEM
HEM

EPF

HEM
HEM
EPF

EPF
HEP

EPF

HEM

EPF
EPF
HEM

EPF

EPF

EPF
EPF

EPF

EPF
EPF
HEP

EPF

EPF

EPF

ROS

ROS

ROS

ROS

ROS

CRA
ROS

CRA

CRA
CRA
CRA

CRA
CRA

CRA

ROS

CRA
CRA
CRA

CRA

CRA

ROS
ROS

ROS

ROS
ROS
CRA

ROS

CRA

CRA
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C.R.Lehn 2259

C.R.Lehn 2405

C.R.Lehn 2100
C.R.Lehn 2531

C.R.Lehn 2208

C.R.Lehn 2381
C.R.Lehn 2221

C.R.Lehn 2529

C.R.Lehn 2372

F.Gonzatti 2176

R.M. Bueno s/n
(ICN 85379)

C.R.Lehn 2380
C.R.Lehn 2006

R.M.Bueno s/n
(ICN 67551)

C.R.Lehn 2478

C.R.Lehn 2251
C.R.Lehn 2222
C.R.Lehn 2171

C.R.Lehn 2371

C.R.Lehn 2238

C.R.Lehn 2118
C.R.Lehn 2046

C.R.Lehn 2109

C.R.Lehn 2113
C.R.Lehn 2033
C.R.Lehn 2110

C.R.Lehn 2348
C.R.Lehn 2480

C.R.Lehn 2236

S o o o —_

S o o O

—

S o o O

—

S o o o —

—_

S o o o —

—_

S o o o

—_

. 2018
1 0
1 1
1 1
1 0
I 1
1 0
0 1
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
I 1
1 0
1 1
1 0
1 0
1 0
0 0
1 1
1 1
1 0
1 0
1 1
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Table 2. (Continuation).

Pleopletis hirsutissima (Raddi) de
la Sota

Serpocaulon catharinae (Langsd. &
Fisch.) A.R.Sm.

Serpocaulon latipes (Langsd. &
Fisch.) A.R.Sm.

Pteridaceae
Adiantopsis chlorophylla (Sw.) Fée

Adiantopsis dichotoma (Cav.)
T.Moore

Adiantopsis perfasciculata Sehnem
Adiantopsis radiata (L.) Fée
Adiantum latifolium Lam.

Adiantum poiretii Wikstr.

Adiantum pseudotinctum Hieron.
Adiantum raddianum C.Presl

Doryopteris concolor (Langsd. &
Fisch). J.Sm.

Doryopteris lorentzii (Hieron.) Diels
Doryopteris nobilis (T.Moore) C.Chr.
Doryopteris pentagona Pic.Serm.
Doryopteris triphylla (Lam.) Christ
Hemionitis tomentosa (Lam.) Raddi
Pityrogramma chaerophylla Domin
Pteris deflexa Link

Pteris denticulata Sw.

Vittaria lineata (L.) Sm.
Selaginellaceae

Selaginella muscosa Spring.

Selaginella sulcata (Desv. ex. Poir.)
Spring.

Selaginella sellowii Hieron.
Tectariaceae

Tectaria incisa Cav.

Thelypteridaceae

Amauropelta decurtata (Link)
Salino & T.E.Almeida

Amauropelta ptarmica (Kunze ex.
Mett) Pic.Serm.

Amauropelta recumbens (Rosenst.)
Salino & T.E.Almeida

Amauropelta rivularioides (Fée)
Salino & T.E.Almeida

Christella dentata (Forssk.)
Brownsey & Jermy

Christella hispidula (Decne)
Holttum

Goniopteris riograndensis (Lindm.)
Pic.Serm.
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DISCUSSION

The surveyed remnants showed intermediate
species richness (Table 1: 18-43 species) in relation
to other previously studied areas in the state of
Rio Grande do Sul, except for Parque Estadual do
Turvo (F10 - 81 species). In general, the number of
species observed in most of the inventories in Rio
Grande do Sul varies from 28 (Farias et al., 2014)
to 77 species (Silva-Junior & Rorig 2001).

The high representativeness of Polypodiaceae
and Pteridaceae (Table 2) in the region agrees
with the most frequent floristic pattern in Atlantic
areas of southern Brazil and neighboring areas, as
shown in studies conducted in the states of Parana
(Rossetto & Vieira, 2013; Lautert et al., 2015),
Santa Catarina (Gasper & Savegnani, 2010), Rio
Grande do Sul (Santos & Windisch, 2008; Lehn
et al., 2009; Burmeister & Schmitt, 2016), and
in Argentina (Marquez et al., 2006; Torres et al.,
2013). In the studied region, Polypodiaceae is
represented by predominately epiphytic species, and
Pteridaceae is principally represented by terrestrial
taxa, apparently with little or no niche overlapping
among the species of both families. This possibly
could allow the high representativeness of both
families in the studied areas.

Asplenium (Aspleniaceae) (Table 2) was the
most diverse genus in the surveyed areas. We
noted the ecological amplitude of the genus
Asplenium, recording species that require wet
and well-preserved terrestrial environments (e.g.
Asplenium brasiliense and A. serra), while others
were observed only with epiphytic habit (e.g. 4.
gastonis and A scandicinum) or even occurring
in both shaded and exposed sites, located both on
the edges and inside the remnants studied (e.g. 4.
claussenii and A. inaequilaterale).

Approximately 90% of the species sampled
in the studied region have a broad geographical
distribution (South America and Tropical
America), occurring in different forest formations.
These species belong to a flora with connections
by the route Parana-Uruguay rivers (Rambo
1961) and constitute relicts from an ancient flora
widely distributed and fragmented with vicariant
events, mainly the development of a savannah
corridor during the Cenozoic era (Ponce et al.,
2002; Morrone, 2006; Arana et al., 2013, 2016).
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Only Dicksonia sellowiana and Crepidomanes
pyxidiferum var. australe are taxa considered
largely restricted to southeastern Brazil and
neighbouring areas of northeastern Argentina
(Ponce et al., 2017; Lehnert & Kessler, 2018).

Dicksonia sellowiana is a species with a rare
occurrence in the studied region and associated to
the ombrophilous forests, especially in the higher
regions of the South of Brazil, being rare in the
semideciduous formations located in the western
region of southern Brazil (Gasper et al., 2011).

The reduced number or absence of endemic
species constitute a characteristic of the semi-
deciduous forests of the Atlantic domain,
which was confirmed in the present study. In
southern Brazil, there is an east-west gradient of
endemism, which is accompanied by decreasing
gradients of altitude and precipitation (Ribeiro et
al., 2009), which strongly contributes to the lack
of endemism of ferns and lycophytes in semi-
deciduous forests located in the southern part of
the country (Lautert et al., 2015; Gasper & Salino,
2016; Neves et al., 2017). In this way, the ferns
and lycophytes associated to the semideciduous
forests of the region are a subset of the species
occurring in the ombrophilous formations of
southern Brazil.

The cluster analysis revealed that F10 was
the most dissimilar area, which results from the
high number of species with exclusive occurrence
observed in the area (28 spp.); the lack of
definition in the formation of the sets, could be the
result of the high number of shared species among
the areas. The area F8, located in an ecotone area
between the Atlantic Forest and Pampa domains,
showed the lowest richness among the surveyed
areas. It could be possible because the transition
between semi-deciduous forest formations and
Pampa formations is classically accompanied by a
decreasing number of fern and lycophyte species,
supporting the existence of a latitudinal gradient
of diversity (Moran, 2008) promoted by the
retention of specific ecological niches necessary
for the occurrence of ferns. In larger areas, it
is generally found that the available resources
provide a more heterogeneous environment
(Magurran, 2004), possibly the main explanation
to the high species richness in Parque do Turvo
besides that it is a protected area.
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The representation of species associated with for-
est formations in the northwestern Rio Grande do Sul
was 24.7% of the fern and lycophyte flora recognized
for the entire state. Parque Estadual do Turvo (F10)
represents the largest continuous area of semi-decidu-
ous seasonal forest in northwestern Rio Grande do Sul
and harbors 81 species, which corresponds more than
20% of the species of ferns and lycophytes occurring
in the state. The second area with the greatest number
of occurrences was the Reserva Biologica Municipal
Moreno Fortes (F1) with 43 records (11.4% of the
fern and lycophyte species recognized for Rio Grande
do Sul), also an integral protected conservation unit,
indicating the importance of these areas for the con-
servation of ferns and lycophytes.

The present study represents one of the first im-
portant contributions about the richness of ferns and
lycophytes occurring in semi-deciduous forests in
southern Brazil. Increasing sampling effort, includ-
ing of non-forest environments, should improve con-
siderably the list of species occurring in the region,
thus covering a historical gap in our knowledge of
the distribution of ferns and lycophytes in southern
Brazil, especially in the state of Rio Grande do Sul.
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