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Abstract: Despite an increase in studies involving lycophytes and ferns in recent years, Maranhao is still one of
the northeastern states with a poorly known flora, mainly due to low sampling. For Chapada das Mesas National
Park, a protected conservation unit in the Cerrado maranhense with phytophysiognomies that favor floristic
diversity, there are no floristic studies about lycophytes. This study aimed to conduct the floristic inventory and
taxonomic study of lycophytes in Chapada das Mesas National Park. Three collection expeditions, of three days
each, were made between March 2017 and June 2018. Three families of lycophytes represented by three genera
and six species were identified in the study area. The most diverse family was Selaginellaceae with four species:
Selaginella conduplicata, S. erythropus (Mart.) Spring, S. radiata (Aubl.) Baker and S. simplex Baker. The other
two families, Isoétaceae and Lycopodiaceae, had one species each, Isoétes sp. and Palhinhaea cernua (L.) Franco
& Vasc. This study also reports two new record for the Brazilian Cerrado phytogeographic domain, S. conduplicate
and S. radiata, of which the first is a new record for Maranhao State. Most specimens were found in riparian forest
on rocky outcrops.

Keywords: Riparian forest; Selaginella; Taxonomy,; Waterfall.

Licofitas do Parque Nacional Chapada das Mesas, Cerrado Maranhense, Brasil

Resumo: Embora as pesquisas envolvendo o estudo de licofitas e samambaias tenham crescido nos ultimos anos,
0 Maranhdo ainda ¢ um dos Estados do Nordeste com sua flora menos conhecida em virtude, principalmente,
da baixa amostragem. O Parque Nacional (PARNA) Chapada das Mesas, apesar de tratar-se de uma unidade de
conservagdo protegida no Cerrado maranhense e abrigar fitofisionomias que sdo propicias a diversidade floristica,
ainda ndo possui estudos sobre a diversidade floristica de licofitas. Este estudo teve como objetivo geral fazer um
inventario e estudo floristico e taxondmico de licéfitas para o PARNA Chapada das Mesas. Foram realizadas trés
expedi¢des para coletas de material entre margo 2017 e junho 2018 com durag@o de trés dias cada. Na area de
estudo foram identificadas as trés familias de licofitas representadas por trés géneros e seis espécies. A familia com
maior diversidade foi Selaginellaceae com quatro espécies Selaginella conduplicata, S. erythropus, S. radiata e S.
simplex. As outras duas, Isoétaceae e Lycopodiaceae com uma espécie cada, Isoétes sp., e Palhinhaea cernua. Nesse
estudo também sdo relatados dois novos registros para o dominio fitogeografico do Cerrado, S. conduplicata e S.
radiata, sendo a primeira um novo registro para o Estado do Maranhdo. A maioria dos espécimes foi encontrada
em ambientes de matas ciliares crescendo sobre afloramento rochoso.

Palavras-chave: Mata ciliar; Selaginella; Taxonomia; Cachoeira.
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Introduction

The class Lycopodiopsida, also known as lycophytes, is a
monophyletic group characterized by its main leaves that are
microphylls, sporangia with transversal dehiscence in the adaxial axil
of the sporophyll and, in most cases, strobili forming at the branch
apex (Tryon & Tryon 1982, Banks 2009, PPG 1 2016). Among vascular
plants, it is considered the most basal group (Pryer et al. 2001), with the
first fossil records dating to the Paleozoic era, approximately 350410
million years ago (Kenrick & Crane 1997).

Lycophytes are herbaceous and can be terrestrial, epiphytic,
rupicolous or aquatic (Prado & Sylvestre 2010). They are widely
distributed in many ecosystems of tropical, subtropical, temperate and
boreal regions, which demonstrates their great adaptive success (Moran
& Smith 2001). According to Kenrick & Crane (1997), the extant
representatives of lycophytes belong to three families, Lycopodiaceae,
Isoétaceae and Selaginellaceae, of which the first is homosporous and
the last two are heterosporous.

Lycopodiaceae species are distributed on practically all continents,
especially in the neotropical region (@llgaard 1995A). According to
the classification by ©@llgaard (2012), the family is divided into 16
genera and represented by terrestrial, epiphytic and rupicolous plants.
These taxa are highly diverse in South America, exhibiting a variety of
life forms, and are found in various habitats (Arana & Qllgaard 2012,
Arana et al. 2017).

The family Isoétaceae is monogeneric (Isoétes), is distributed
worldwide and comprises approximately 250 species and comprises
plants that are usually submersed or emergent, including some that
are seasonal with active growth during spring (Jermy 1990, Moran
2012, Troia et al. 2016). Due to their morphological simplicity (Taylor
& Hickey 1992), reproductive structures, such as megaspore and
microspore ornamentation (Pfeiffer 1922, Hickey 1986, Musselman
2002), as well as anatomical and leaf morphology diagnostic characters,
are important in the classification of the species (Rolleri & Prada 2007).

The family Selaginellaceae is also represented by one genus,
Selaginella, which is cosmopolitan and widely adapted, mainly in the
tropics (Moran 2012, Tryon & Stolze 1994). The genus is characterized
by high intraspecific variability, as well as reduced interspecific variation
(Schulz et al. 2013).

Lycophytes comprise approximately 1,338 species (PPG I 2016)
and represent only 1% of vascular plants (Moran 2008). In Brazil,
there are 186 lycophyte species, of which 49 have been recorded in
the Northeast Region, a relatively low number compared to the other
regions of the country, except the Central-West region where there are
only 38 species. The others Brazilian regions are better sampled, with
83 in the North, 95 in the Southeast, and 64 in the South (Flora do Brasil
2020, under construction).

Although it is one of the largest states in the Northeast Region,
Maranhao is still undersampled. Local floristic studies about seedless
vascular plants contain few species and have recorded only eleven
species of lycophytes (e.g., Bastos & Cutrim 1999, Fernandes et al.
2007, Fernandes et al. 2010, Conceigdo & Rodrigues 2010, Silva et al.
2017, Santos-Silva etal. 2018, Flora do Brasil 2020, under construction).
Maranhao State is situated in an ecotone area between the Amazon and
Brazilian Cerrado phytogeographic domain and acts as an ecological
corridor (called the Araguaia-Bananal) that connects these areas, as well
as the Caatinga and coastal environment (ICMbio 2019). The Brazilian
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Cerrado phytogeographic domain it has high floristic diversity, including
a third of the biodiversity in Brazil and around 5% in the world (Klink
& Machado 2005).

The protected area Chapada das Mesas National Park, created
under the decree of 12 December 2005 (BRASIL 2005), mainly has
phytophysiognomic features of Brazilian Cerrado, including large
formations of grassland and savanna, as well as natural ecosystems of
high ecological and socio-environmental value (ICMbio 2019). Despite
being established over a decade ago and its ecological relevance, there
are few published works about the plant biodiversity that support the
creation of a management plan for the area (Oliveira et al. 2018, Silva
et al. 2013).

The phytogeographic domain in Maranhdo State are under an
accelerated process of destruction (Bolfe et al. 2016, Silva Junior et
al. 2018) and studying the floristic diversity of the state is important
since it is poorly sampled (Flora do Brasil 2020, under construction).

Thus, the objective of the present study was to inventory and provide
a taxonomic treatment of the lycophyte species in Chapada das Mesas
National Park, Maranhdo State, Brazil.

Material and Methods

1. Study area

The study area, Chapada das Mesas National Park, comprises
approximately 160,000 ha of Cerrado divided into two polygons, one
with around 120,000 ha and another with about 40,000 ha, distributed
in the municipalities of Carolina, Riachdo and Estreito in southeastern
Maranhéo State (ICMbio 2019).

The climate is predominantly seasonal tropical, type Aw (K&ppen
1948), with a dry season for 3 to 5 months and a rainy season with
average rainfall ranging from 1,250 to 1,500 mm, an average annual
temperature between 20°C and 27°C and average relative air humidity
of approximately 60% (Pereira et al. 2011).

Hydrologically, the area is very rich. The main water courses are the
Farinha River (norther portion) and Itapecuru River (southern portion),
there are over 400 springs in the interior, and along the courses there
are well-conserved gallery forests (ICMBio 2019).

The relief is characterized by the presence of sandstone and
typical forms of paleokarst in sandstone (e.g., hilltop arches, small
cavities, canyons, paleosinkholes, sinkholes and river resurgences),
which is closely related to the evolution of the subterranean drainage
and river incision (Martins et al. 2017). The soil is predominantly
sandy, where there are the Brazilian Cerrado sensu stricto and campo
sujo physiognomies. However, there are also places with richer soils,
mainly on the tops of mountains that have patches of semideciduous
forest ICMBio 2019).

In addition to the natural vegetation cover typical of the
Brazilian Cerrado phytogeographic domain that contains many
phytophysiognomies, among which savanna and forest aspects are
notable, there are also Caatinga and Amazonian species, which help
characterize the high diversity of the area (ICMBio 2019). These
vegetation characteristics, including the presence of well-conserved
gallery forests along water courses, large patches of cerraddo and
other types of phytophysiognomies, are essential for maintaining the
biodiversity in the region (Marques 2012).
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2. Data collection

Samples of lycophytes were collected in Chapada das Mesas
National Park and the surrounding area under permit number 50167-4
issued by the Sistema de Autorizagdo e Informagdo em Biodiversidade
do Instituto Chico Mendes de Conservagdo da Biodiversidade- Sisbio/
ICMBiIo.

The species were collected during three expeditions, in March and
October 2017, and June 2018, which were three days each and included
the dry and rainy seasons. Collecting was based on the methods proposed
by Filgueiras et al. (1994). Microenvironments in the study area were
selected and explored randomly, with the goal of visiting the greatest
number of microenvironments where taxa might occur. The sampling
points were mapped (Figure 1).

Herbarium specimens were made base on standard techniques
used for seedless vascular plants (Silva 1989, Windisch 1992). All the
material was deposited in the herbarium CCAA (RBH 2019), at the
Federal University of Maranhdo, Campus Chapadinha. When available,
duplicates were sent to the following institutions: MG, HBRA and
BHCB (Thiers 2019).

The identification and distribution of the species and genera were
based on specialized literature, such as Alston et al. (1981), Fraile et
al. (1995), Qllgaard (1995 A, B), Smith (1995), Hirai & Prado (2000),

Goes-Neto et al. (2016), Heringer et al. (2016), @llgaard & Windisch
(2016), Flora do Brasil 2020 (under construction), as well as revisions
and neotropical floras (e.g., Tryon & Stolze 1994, Moran & Riba
1995, Mickel & Smith 2004). When needed, some species were sent
to specialists to confirm the identification. The morphological study,
inspection and descriptions were based only on examined material
(see results).

The terminology follows Lellinger (2002). Family and genus
delimitations are based on PPG I (2016). Nomenclature and authors
of the species follow the International Plant Names Index (IPNI 2019)
and Tropicos (2019).

Results

1. Diversity

Six species of lycophytes were recorded in Chapada das
Mesas National Park, including three families and three genera:
Selaginellaceae with 4 species, Selaginella conduplicata Spring, S.
erythropus (Mart.) Spring, S. radiata (Aubl.) Baker and S. simplex
Baker; Isoétaceae, Isoétes sp.; and Lycopodiaceae, Palhinaea cernuna
(L.) Franco & Vasc.
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Figure 1. Collecting sites in the Chapada das Mesas National Park, Maranhao State, Brazil.
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2. Identification key to the lycophyte species in Chapada das Mesas National Park

1. Plant homosporous; microphylls arranged in alternate whorls, not ligulate, acicular; lateral branches patent; strobili pendent at the apex of

DIANCRES. ... ettt e et e et e et e e etreeeeteeenareentreeenreeenaeesireeenien s e nnsennsennennn Palhinhaea cernua

1. Plant heterosporous; microphylls arranged in four rows or forming a rosette, ligulate, linear, lanceolate, ovate-lanceolate to ovate-elliptic; lateral
branches not patent; strobili absent or erect at the apeX Of DIANCHES.........c.ceuriiiiiieiiiririrccceer ettt ettt et bebesesene 2

2. Microphylls linear, 9.5-21.5 cm long, with four air chambers in transversal section, deposited in the form of a rosette on a corm stem type;
sporangia fused in the base 0f the SPOTOPIYIL.......ccviiiiiriiiieee ettt sttt ettt et ebe b e b e s b e ebe e st e st entensenbensesbesaessene Isoétes sp.

2’. Microphylls not linear (< 1 cm long), without air chambers in transversal section, arranged in four rows on aerial and prostrate branches; sporangia
not fused, in Strobili at the APEX OF DIANCKHES..........cciiriiiiiic ettt ettt ettt st ekttt sa ettt et et e b saeneenens 3

3. Stem articulate; lateral microphylls with two denticulate auricles; base of dorsal microphylls with an auricle on the outer side; axillary microphylls
with two dentate auricles with sparsely denticulate Margin................oooviiiiiiiiiiiiiiiii Selaginella conduplicata

3°. Stem not articulate; lateral microphylls without auricles; base of dorsal microphylls without auricles, rounded to slightly cuneate; axillary

microphylls without auricles, truncate, rounded or sometimes subcordate, margin ciliate to serrate, rarely entire ................cccevevevenennennd

4’. Base of stem stramineous; dorsal microphylls with denticulate-eciliate margin; axillary microphylls with acute apeX..........ccceeeveverererennnne 5

5. Lateral microphylls with ciliate margin on the basal acroscopic side; dorsal microphylls with strongly aristate apex; axillary microphylls with

ciliate margin at the base...........ccuvverieeriiinieinieincceceee e

.................................................................................... Selaginella radiata

5°. Lateral microphylls with denticulate margin on the basal acroscopic side; dorsal microphylls with acuminate to long-acuminate apex; axillary

microphylls with sparsely serrate-eciliate margin...................c.cocoeenee.

3. Taxonomic treatment, distribution and comments

Palhinhaea Franco & Vasc., Bol. Soc. Brot., sér. 2, 41: 24. 1967.

The genus is represented by 25 species (PPG I 2016). In Brazil,
there are six species, which occur in all five regions politic and in
the Amazon, Brazilian Cerrado, Atlantic Forest, Pampa and Pantanal
phytogeographic domain. Of these, two species have been recorded in
the Northeast Region and one in Maranh#o.

1. Palhinhaea cernua (L.) Franco & Vasc., Bol. Soc. Brot., sér.
2,41:25.1967.

Plant terrestrial or rupicolous, 47.5-187 cm long. Stem erect
to long-scandent, flagelliform at the apex, stoloniferous, greenish to
stramineous, glabrous; lateral branches dichotomously branched,
lateral branches patent; terminal branches 4-5 mm wide (including
microphylls); sterile microphylls isophyllous, microphylls arranged
in alternate whorls, 3—4 mm long, acicular, gradually changing on the
main axis from reflexed to patent, curved in the direction of the apex,
apex cuneate, base decurrent, margin entire, glabrous or with sparse
trichomes; strobili 3-20 x 1-2 mm, pendent at the apex of lateral
branches; sporophylls 1.5-2 mm long, ovate-deltoid, apex long-
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................................................................... Selaginella simplex

cuspidate to acuminate, base coalescent, margin erose to laciniate; not
ligulate; plant homosporous.

Specimens examined: BRAZIL, MARANHAO, PARNA Chapada
das Mesas, Carolina, Cachoeira da Ponta da Serra, Riacho Lages,
6°58°47,4” S, 47°22°25” W, 235 m, 11 de March de 2017, L.R. Silva &
M.R. Pietrobom 31 (CCAA807); idem, L.R. Silva & M.R. Pietrobom
78 (CCAA806); idem, Riacho Corrente, 7°04°25,6” S, 47°05°26,6” W,
284 m, 13 de March de 2017, F.C. Almeida et al. 71 (CCAA854); idem,
7°04°25,0” S, 47°05°26,2” W, 277 m, 7 de June de 2018, F.C. Almeida
etal. 75 (CCAAS855).

Distribution: The species has a Pantropical distribution (Jllgaard &
Windisch 2016) and occurs in Asia, Africa, the Antilles, Belize, Bolivia,
Brazil, Cameroon, Costa Rica, Colombia, El Salvador, United States of
America, Ecuador, Guatemala, Guinea, Honduras, Madagascar, Mexico,
Nicaragua, Oceania, Paraguay, Peru, Suriname, Trinidad, and Venezuela
(Qligaard 1995B). In Brazil, it is widely distributed and occurs in all
of the regions: North (Amazonas, Amapa, Para, Rondonia, Roraima,
Tocantins); Northeast (Alagoas, Bahia, Ceard, Maranhdo, Paraiba,
Pernambuco); Central-West (Distrito Federal, Goias, Mato Grosso
do Sul, Mato Grosso); Southeast (Espirito Santo, Minas Gerais, Rio
de Janeiro, Sdo Paulo); and South (Parana, Rio Grande do Sul, Santa
Catarina).
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Comments: Palhinhaea cernua is characterized by its dichotomously
branched, patent lateral branches and pendent strobili. The strobili have
been described as being 4-20 mm long and 2.5-3 mm wide (@llgaard
1995A, Oligaard & Windisch 2016); however, in the samples examined
from Chapada das Mesas National Park variations starting at 3 mm long
and 1-2 mm wide were recorded.

The most similar species to P. cernua that also occurs in the Northeast
Region is P. camporum (B. Qllg. & P.G. Windisch) Holub, since it has an
erect, branched stem and pendent strobili. However, P. cernua has recurved
distal branches and a more flexible stem, while P. camporum has non-
recurved distal branches and a rigid stem (Qllgaard & Windisch 2016).

In the study area, P. cernua was collected in an open environment,
with a lot of or little sun, on soil and rock near a stream and waterfall.

Isoétes L., Sp. P1. 2: 1100. 1753.

The genus is represented by around 250 species (PPG I 2016). In
Brazil, 28 species have been recorded, which are distributed in the five
regions in the Amazon, Brazilian Cerrado, Altantic Forest, Pampa and
Pantanal phytogeographic domain. From these 28 species, three have
been recorded for the Northeast Region, Isoétes gigantea U. Weber, 1.
luetzelburgii U. Weber, 1. panamensis Maxon & C. V. Morton, the latter
one also for Maranhdo.

1. Isoétes sp.
(Figure 2F)

Plant amphibious, 10.2-22.3 cm long. Stem globose, corm type,
2-3 lobate; microphylls imbricate, forming a rosette, with four air
chambers in transversal section, deposited in the form of a rosette,
9.5-21.5 cm long, linear, erect, laminated, subula distal and with
wings restricted to the proximal portion, septum with stellate, greenish
cells; strobili absent; sporangia fused in the base of the sporophyll;
megaspores trilete, distal and proximal surfaces baculate, whitish;
plant heterosporous.

Specimens examined: BRAZIL, MARANHAO, PARNA Chapada
das Mesas, Carolina, Cachoeira do Prata, Rio Farinha, 6°59°36,9” S,
47°9°58,5” W, 198 m, 12 March 2017, L.R. Silva & M.R. Pietrobom
45 (CCAAR08).

Comments: The material collected of Isoétes is sterile, but 4 or
5 megaspores were found loose in the substrate near the stem. Thus,
even by a specialist, it is not possible to determine the species (personal
communication by Dr. Jovani Bernardino de Sousa Pereira) since the
taxonomy of the group is mainly based on reproductive structures, such
as sporangia and spores (Hickey 1986). The specimen analyzed is similar
to Isoétes panamensis Maxon & C.V.Mort in microphyll and megaspore
characters, such as the presence of hyaline wings on the proximal portion
of the microphyll, triquetrous subula and baculate surface of the megaspore.
However, additional collections are needed to confirm the species.

In the study area, it was collected in an open, sunny environment
near a waterfall, growing as an amphibious plant where there is seasonal
flooding.

Selaginella P. Beauv. Mag. Encycl. 9(5): 478. 1804.

The genus is represented by around 700 species (PPG 12016). In
Brazil, 96 species have been recorded, which are distributed in the
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five regions of the country and in the Amazon, Caatinga, Brazilian
Cerrado, Atlantic Forest and Pantanal phytogeographic domain. Of
these, 22 species are cited for the Northeast region and four are cited
for Maranhdo.

1. Selaginella conduplicata Spring, F1. Bras. 1(2): 129. 1840.
(Figures 2A; 3A-C)

Plant terrestrial or rupicolous, 10-130 mm long. Stem articulate,
2-4(-5)-pinnate, not flagelliform, repent to erect, not stoloniferous,
stramineous at the base, glabrous, distal branches 3—4(-5) mm wide
(including microphyll); dorsal rhizophores throughout the extension of
the decumbent stem, stramineous; microphylls not overlapping before
the first bifurcation, heterophyllous; microphylls not linear, without
air chambers in transversal section, microphylls arranged in four rows
on aerial and prostrate branches; lateral microphylls arranged in two
rows, 2-3(—4) mm long, lanceolate, ascending, apex acute, base with
two denticulate auricles, smaller auricle on the external acroscopic
margin widely denticulate, whitish, basioscopic margin entire to rarely
widely denticulate in the direction of the apex, basioscopically greenish;
dorsal microphylls arranged in two rows, 1-2.5(-3) mm long, ovate-
lanceolate, asymmetric, apex long-acute to acuminate, base with one
denticulate auricle on the external side, margin sparsely denticulate,
whitish; axillary microphylls 1.5-2.5 mm long, lanceolate, apex
acute, base with two long, dentate auricles, margin sparsely denticulate,
whitish; strobili erect at the apex of branches, 3—15 mm long; sporangia
not fused, in strobili at the apex of branches; megasporophylls 1(2),
at the base of the strobilus; megaspores white; plant heterosporous.

Specimens examined: BRAZIL, MARANHAO, PARNA Chapada
das Mesas, Carolina, Cachoeira do Prata, Rio Farinha, 6°59°36,9” S,
47°9°58,5” W, 198 m, 12 March 2017, L.R. Silva & M.R. Pietrobom 40
(CCAAR20); idem, L.R. Silva & M.R. Pietrobom 43 (CCAA814); idem,
6°59°37,4” S, 47°09°58,0” W, 194 m, 29 October 2017, L.R. Silva &
F.C. Almeida 84 (CCAAR26); idem, 6°59°37” S, 47°09°57” W, 197 m,
6 June 2018, F.C. Almeida et al. 03 (CCAAR852); idem, 6°59°36,7” S,
47°9°53,1” W, 210 m, F.C. Almeida et al. 29 (CCAAS853).

Distribution: This species has a South American distribution,
including Brazil, Guyana, French Guiana, Suriname, Colombia, and
Peru (Alston et al. 1981, Smith 1995). In Brazil, it is cited for the
North (Acre, Amapa, Amazonas, Pard, Roraima), Northeast (Ceara,
Pernambuco), and Central-West (Mato Grosso) regions (Paula-Zarate
2005, Silva 2014). This is the first record of Selaginella conduplicata
for the Brazilian Cerrado and the state of Maranhdo.

Comments: Selaginella conduplicata differs from the other
species collected in the study area by its articulate stem, microphylls
with auricles, and presence of one megasporangium (rarely two) on
the strobili.

In the study area, it was collected near a waterfall, in an open
to partially shaded environment, and was rupicolous or sometimes
terrestrial.

2. Selaginella erythropus (Mart.) Spring, F1. Bras. 1(2): 125. 1840.
(Figures 2B; 3D-F)

Plant terrestrial or rupicolous, 15-170 mm long. Stem not
articulate, 2—3-pinnate, flagelliform, erect, stoloniferous, reddish
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Figure 2. Habitat of the lycophytes in Chapada das Mesas National Park. A. Selaginella conduplicata. B. Selaginella erythropus. C. Selaginella radiata. D. Selaginella
simplex. E. Isoétes sp. F. Palhinhaea cernua. Photos: Laryssa Reis.
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at the base, glabrous, distal branches 1.5-2 mm wide (including
microphylls); ventral rhizophores present on the lower half of
the erect stem, reddish; microphylls overlapping before the first
bifurcation, isophyllous at the base, heterophyllous above the first
bifurcation; microphylls not linear, without air chambers in transversal
section, microphylls arranged in four rows on aerial branches; lateral
microphylls arranged in two rows, 1.8-2 mm long, lanceolate to
ovate-lanceolate, slightly falcate, slightly ascending at the apex, apex
acuminate to attenuate, base truncate, slightly rounded acroscopically,
not auriculate, acroscopic and basioscopic margins ciliate to serrate,
rarely entire, slightly hyaline; dorsal microphylls arranged in two
rows, 1-1.5 mm long, ovate-lanceolate, symmetric, apex long-aristate
to long-acuminate, base rounded, margin ciliate to long-dentate,
hyaline to slightly hyaline; axillary microphylls (1.2—-)1.8-2 mm
long, similar to lateral microphylls, apex acuminate, base rounded
or sometimes slightly truncate on the acroscopic or basioscopic
side, not auriculate, margin ciliate to denticulate, serrate toward the
apex, greenish; strobili erect at the apex of branches, (1-)2-5(-6)
mm long; sporangia not fused, in strobili at the apex of branches;
megasporophylls ventral, throughout the extension of the strobilus;
megaspores white; plant heterosporous.

Specimens examined: BRAZIL, MARANHAO, PARNA Chapada
das Mesas, Carolina, Cachoeira do Prata, Rio Farinha, 6°59°36,9” S,
47°9°58,5” W, 198 m, 12 March 2017, L.R. Silva & M.R. Pietrobom 39
(CCAAB819); idem, 6°59°41,3” S, 47°09°57,4” W, 213 m, L.R. Silva &
M.R. Pietrobom 37 (CCAAS818); idem, 6°59°37,4” S, 47°09°58,0” W,
194 m, 29 October 2017, L.R. Silva & F.C. Almeida 90 (CCAAS823);
idem, L.R. Silva & F.C. Almeida 91 (CCAAR825); idem, 6°59°37,3”
S, 47°09°58,0” W, L.R. Silva & F.C. Almeida 100 (CCAAS824); idem,
6°59°37” S, 47°09°57” W, 197 m, 6 June 2018, F.C. Almeida et al. 08
(CCAAB851); F.C. Almeida et al. 09 (CCAAS859); F.C. Almeida et al. 14
(CCAAB46); idem, Cachoeira Sao Romado, 7°01°15,4” S, 47°02°28,2”
W, 241 m, 31 October 2017, L.R. Silva & F.C. Almeida 183 (CCAA822);
idem, 7°01°17,1” S, 47°02°27,1” W, 256 m, 7 June 2018, F.C. Almeida
et al. 65 (CCAA847); idem, Cachoeira Ponta da Serra, Riacho Lages,
6°58°47,4” S, 47°22°25” W, 235 m, 11 March 2017, L.R. Silva &
M.R. Pietrobom 24 (CCAA817); idem, L.R. Silva & M.R. Pietrobom
29 (CCAAS8I16); idem, Estreito, Cachoeira do Prata, Rio Farinha,
6°59°36,7” S, 47°9°53,1” W, 210 m, 6 June 2018, F.C. Almeida et al.
26 (CCAAB49); idem, F.C. Almeida et al. 28 (CCAA848).

Distribution: This species has a neotropical distribution, including
Costa Rica, Colombia, Ecuador, Peru, Bolivia, and Brazil (Fraile et al.
1995). For Brazil, it is cited for the North (Para, Tocantins, according
to Goes-Neto 2016), Northeast (Bahia, Ceara, Maranhao, Paraiba,
Piaui, Rio Grande do Norte), Central-West (Distrito Federal, Goias,
Mato Grosso, Mato Grosso do Sul) and Southeast (Minas Gerais, Rio
de Janeiro) regions.

Comments: The main characteristics of Selaginella erythropus
are the reddish stem and overlapping microphylls before the first
bifurcation (Fraile et al. 1995). Among the material analyzed, on some
specimens there was a stolon emerging at the apex of the branches;
however, according to Fraile et al. (1995), the stolons of S. erythropus
are restricted to the base of the branches.

In the study area, this species was collected near a waterfall and
margin of a river, in an open or sometimes partially shaded environment,
mostly as a rupicolous plant.

https://doi.org/10.1590/1676-0611-BN-2020-0964

Figure 3. A-C. Selaginella conduplicata (F.C. Almeida et al. 03 (CCAA852)).
A. Lateral microphyll. B. Dorsal microphyll. C. Axillary microphyll. D-F.
Selaginella erythropus (L.R. Silva & M.R. Pietrobom 39 (CCAAS819)). D.
Lateral microphyll. E. Dorsal microphyll. F. Axillary microphyll. Photos:
Samuel Vieira Brito.

3. Selaginella radiata (Aubl.) Spring, Bull. Acad. Roy. Sci.
Bruxelles 10: 143, no. 54. 1843.
(Figures 2C; 4A—C)

Plant terrestrial or rupicolous, 15-205 mm long. Stem not articulate,
2-3-pinnate, not flagelliform, erect, stoloniferous, stramineous, glabrous,
distal branches 3—-10 mm wide (including microphylls); rhizophores
abaxial, only at the base of the main stem, stramineous; microphylls not
overlapping before the first bifurcation, anisophyllous; microphylls not
linear, without air chambers in transversal section, microphylls arranged
in four rows on aerial branches; lateral microphylls arranged in two
rows, (1.2-)2-2.8 mm long, ovate-lanceolate, ascending, apex acute,
base cordate, not auriculate, basal acroscopic margin strongly ciliate and
serrate toward the apex, basioscopic margin slightly serrate, greenish;
dorsal microphylls arranged in two rows, (1-)1.5-2 mm long, ovate-
elliptic, asymmetric, apex strongly aristate, base slightly cuneate, margin
denticulate, denticles larger at the base on the acroscopic side, hyaline;
axillary microphylls (1.3-)1.5-2(-2.1) mm long, lanceolate, apex acute,
base truncate, not auriculate, margin ciliate in the proximal region and
slightly serrate toward the apex, hyaline at the base and greenish toward
the apex; strobili erect at the apex of branches, 2-6 mm long; sporangia
not fused, in strobili at the apex of branches; megasporophylls 2(-4),
at the base of the strobilus; megaspores whitish; plant heterosporous.

Specimens examined: BRAZIL, MARANHAO, PARNA Chapada
das Mesas, Estreito, Cachoeira do Prata, Rio Farinha, 6°59°36,7” S,
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47°9°53,1” W, 210 m, 12 March 2017, L.R. Silva & M.R. Pietrobom
47 (CCAA809); idem, Carolina, Cachoeira Sdo Romado, 7°1°17,2” S,
47°2°27,8” W, 258 m, 13 March 2017, L.R. Silva & M.R. Pietrobom
55 (CCAAS8I15); idem, L.R. Silva & M.R. Pietrobom 59 (CCAA811);,
idem Cachoeira Sdo Romao, Rio Farinhas, 7°01°17,1” S, 47°02°27,1”
W, 256 m, 7 June 2018, F.C. Almeida et al. 47 (CCAA839); idem,
Cachoeira Ponta da Serra, Rio Lages, 6°58°47,4” S, 47°22°25” W,
235 m, 11 March 2017, L.R. Silva & M.R. Pietrobom 22 (CCAAS810);
idem, 6°58°47,1” S, 47°22°25,5” W, 238 m, 8 June 2018, F.C. Almeida
et al. 114 (CCAA840); idem, Pousada Mansinha, riacho da Mansinha,
7°07°36,5” S, 47°25°18,2” W, 286 m, 8 June 2018 F.C. Almeida et al.
120 (CCAA842); idem, F.C. Almeida et al. 126 (CCAA841).

Distribution: This species is distributed in South America,
including Brazil, Bolivia, Colombia, Ecuador, Guyana, French Guiana,
Peru, Suriname and Venezuela (Alston et al. 1981). In Brazil, it has been
recorded in the North (Amapd, Amazonas, Pard, Rondonia), Northeast
(Bahia, Maranhao, Piaui), and Central-West (Mato Grosso) regions
(Goes-Neto et al. 2016). This is the first record of Selaginella radiata
for the Brazilian Cerrado.

Comments: Selaginella radiata is characterized by the base of
the lateral and axillary microphylls strongly ciliate, as well as strongly
aristate dorsal microphylls. Selaginella decomposita Spring is similar to
S. radiata because of the non-articulate stem, non-auriculate microphylls
and aristate dorsal microphylls. However, S. decomposita differs from
S. radiata by the denticulate lateral and axillary microphyll bases and
acuminate to slightly aristate dorsal microphylls (Hirai & Prado 2000,
Heringer et al. 2016).

In the study area, S. radiata was collected near a waterfall and
source of streams, in an open environment and less often in the shade,
as a rupicolous and rarely terrestrial plant on sandy slopes.

4. Selaginella simplex Baker, J. Bot. 23: 293, no. 304. 1885.
(Figures 2D; 4D-F)

Plant terrestrial or rupicolous, 10-28 mm long. Stem not articulate, 1-2
pinnate, not flagelliform, suberect, not stoloniferous, stramineous, glabrous,
distal branches 1.8-2 mm wide (including microphylls); rhizophores
adaxial, restricted to the basal part of the stem, stramineous; microphylls
not overlapping before the first bifurcation, heterophyllous; microphylls not
linear, without air chambers in transversal section, microphylls arranged in
four rows on aerial branches; lateral microphylls arranged in two rows,
1.2-2 mm long, ovate to ovate-elliptic, ascending, apex acute, base rounded,
not auriculate, acroscopic margin denticulate at the base and serrate toward
the apex, greenish, basioscopic margin serrate on the apical half; dorsal
microphylls arranged in two rows, 1-1.2 mm long, ovate-lanceolate to
ovate-elliptic, asymmetric, apex acuminate to long-acuminate, base rounded
to slightly cuneate, margin denticulate, greenish; axillary microphylls
1.2-2 mm long, ovate-elliptic, apex acute, base rounded to subcordate, not
auriculate, margin sparsely serrate, greenish; strobili erect at the apex of
branches, (2-)3—-10(—13) mm long; megasporophylls numerous, ventral
at the base of the strobilus; sporangia not fused, in strobili at the apex of
branches; megaspores yellow; plant heterosporous.

Specimens examined: BRAZIL, MARANHAO, PARNA Chapada
das Mesas, Estreito, Cachoeira do Prata, Rio Farinha, ca. 6°59°36,7” S,
47°9°53,1” W, 210 m, 6 June 2018, F.C. Almeida et al. 25 (CCAA845);
idem, F.C. Almeida et al. 27 (CCAA843); idem, F.C. Almeida et al. 30
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(CCAAB844); idem, 12 March 2017, L.R. Silva & M.R. Pietrobom 46
(CCAAR813);idem, L.R. Silva & M.R. Pietrobom 48 (CCAA812); idem,
Carolina, Cachoeira Sdo Romao, 7°1°17,2” S, 47°2°27,8” W, 258 m, 13
March 2017, L.R. Silva & M.R. Pietrobom 58 (CCAAS821).

Distribution: This species has a neotropical distribution, including
Brazil, Bolivia, Costa Rica, Mexico, Trinidad and Tobago, and Venezuela
(Alston et al. 1981, Fraile et al. 1995). In Brazil, it occurs in the North (Para,
Tocantins), Northeast (Bahia, Ceara, Maranhdo Piaui, Pernambuco, Sergipe),
and Central-West (Goias, Mato Grosso) regions (Goes-Neto et al. 2016).

Comments: Selaginella simplex is similar to S. minima because of
the lateral microphylls with a rounded base and acute apex. However,
it has greenish microphyll margins, dorsal microphylls with a rounded
to slightly cuneate base and a yellow megaspore, while S. minima has
hyaline microphyll margins, dorsal microphylls with an auricle on the
external side and a white megaspore (Fraile et al. 1995). Both Selaginella
simplex and S. minima Baker are neotropical, but S. minima occurs in
Argentina, Guyana, French Guiana, Honduras, Nicaragua and Panama,
where S. simplex has not been recorded. In Brazil, both species occur
in the North and Central-West regions, while only S. simplex occurs in
the Northeast Region (Alston et al. 1981, Fraile et al. 1995, Flora do
Brasil 2020, under construction).

In the study area, S. simplex was collected as a rupicolous plant,
both in open and shaded environments. Some individuals grow with
leafy liverworts.

Figure 4. A-C. Selaginella radiata (L.R. Silva & M.R. Pietrobom 47
(CCAARB09)). A. Lateral microphyll. B. Dorsal microphyll. C. Axillary
microphyll. D-F. Selaginella simplex (F.C. Almeida et al. 25 (CCAA845)).
D. Lateral microphyll. E. Dorsal microphyll. F. Axillary microphyll. Photos:
Samuel Vieira Brito.
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Discussion

This inventory has around 22% of the species recorded for the
Brazilian Cerrado (Flora do Brasil 2020 under construction). The
diversity of lycophytes listed in this work (six species) is greater in
number of families and species than recorded by Bastos & Cutrim
(1999), Fernandes et al. (2010), Conceicdo & Rodrigues (2010), Silva
etal. (2017) Santos-Silva et al. (2018), which cite between one or three
species, in the Lycopodiaceae and Selaginellaceae. The other published
studies conducted in the Maranhao state did not record lycophytes (e.g.
Fernandes et al. 2007, Conceig¢do & Ruggieri 2010, Conceigéo et al.
2015, Santos-Silva et al. 2019).

This study reports an increase in the distribution of two species
in the Brazilian Cerrado, S. conduplicata and S. radiata of which the
first species is a new record for Maranhdo State. Starting in 2015,
there has been an increase in the number of studies about the Brazilian
Cerrado, which has resulted in an increase in the number of lycophyte
and fern species known for the phytogeographic domain (see BGF
2018). However, the known diversity for Maranhao State is still low.
It is thought that the diversity of the state is greater than estimated,
since it is a transition area between phytogeographic domain (mainly
the Brazilian Cerrado and Amazon). Thus, there should be more and
systematic sampling of the environments in this region.

Most of the species cataloged in this study are widely distributed
in nearly all phytogeographic domain, such as Palhinhaea cernua
(Amazon, Brazilian Cerrado, Atlantic Forest, as well as mangrove
ecosystems), Selaginella erythropus (Caatinga, Brazilian Cerrado,
Atlantic Forest,), S. simplex (Amazon, Caatinga, Brazilian Cerrado)
(Bastos & Cutrim 1999, Azevedo & Silva 2001, Pietrobom & Barros
2003, Fernandes et al. 2007, Maciel et al. 2007, Concei¢ao & Rodrigues
2010, Fernandes et al. 2010, Prado & Sylvestre 2010, Barros 2013,
Santiago et al. 2014, Farias et al. 2017, Prado & Sylvestre 2010,
Silvestre et al. 2019). The exception is S. conduplicata that, until now,
was cited to Amazonia and Atlantic Forest in Northeastern (Ceara e
Pernambuco) (Silva 2014). However, in this study it was collected in
Brazilian Cerrado.

In the study area, the phytophysiognomy with the greatest diversity
of species was riparian forest. According to Lehn et al. (2018), this
environment is typical of the Brazilian Cerrado phytogeographic domain
and favors the establishment of these species. According to Silvestre
(2018), independent areas of humid forest, characteristic of transition
areas, are points of species exchange, which is corroborated by the
distribution of lycophytes and ferns in the region.

The Brazilian Cerrado in the Northeast Region contains ecotones,
which is reflected in the floristic diversity of these areas (Walter
2006) that exhibit heterogeneous vegetation, such as gallery forest or
riparian forest, and rocky outcrop vegetation (Eiten 1994). In a study
of the vascular flora by Mendonga et al. (2008), it was estimated that
the phytogeographic domain of the Brazilian Cerrado contains 390
taxa of seedless vascular plants in its diverse phytophysiognomies.
Of this total, a little more than half occur in forest formations,
and less than 8% occur in rocky environments and on the edges of
streams and rivers, where nearly all of the taxa listed here occur.
Further, compared to the present study, pioneering works about this
Brazilian Cerrado that treat the floristic composition of lycophytes
and ferns (e.g., Simabukuro et al. 1994, Forsthofer & Athayde
Filho 2012, Pallos et al. 2016) cite a lower diversity of lycophytes

https://doi.org/10.1590/1676-0611-BN-2020-0964

and have only two species in common: Selaginella erythropus and
Palhinhaea cernua.

Therefore, given the relevance of the data presented here, the
importance of this study in relation to the Brazilian Cerrado and
Chapada das Mesas National Park is evident, mainly because it increases
what is known about the floristics and taxonomy of lycophytes from
the Brazilian Cerrado phytogeographic domain, contributing to the
biodiversity knowledge of this Protection area, and, in the future,
possibly allowing appropriate conservation strategies. It is important
to emphasize that the Chapada das Mesas National Park comprises
half (six species) of lycophyte’s diversity recorded for the Maranhio
state (twelve species including the results of this study). The other
six species were not found in the Chapada das Mesas National Park
during our survey: Lycopodiella geometra B.Qllg. & P.G.Windisch,
Pseudolycopodiella carnosa (Silveira) Holub, P. caroliniana (L.)
Holub, P. meridionalis (Underw. & Loyd) Holub, Selaginella flagellata
Spring, S. marginata (Humb. & Bonpl. ex Willd.) Spring (Fernandes et
al. 2010, Conceicdo & Rodrigues 2010, Santos-Silva et al. 2018, Flora
do Brasil 2020, under construction). In addition, this protected area
houses one species which had never been registered previously for the
state, Selaginella conduplicata, and other species and genus possessing
a restrict geographic distribution, such as: S. radiata and Isoétes.
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