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RESUMO

O Parque Nacional Chapada das Mesas ¢ um dos mais jovens Parques Nacionais do
Brasil, criado pelo decreto presidencial do ano de 2005, este retine formagdes rochosas
diversas ¢ em seu interior abriga um grande numero de nascentes, riachos e cachoeiras.
Além de brigar uma das areas mais biodiversas do cerrado maranhense. No entanto, com
o avanco da fronteira agricola e pecudria na regido toda essa diversidade pode estar
ameagada. Afim de compreendermos a diversidade de hepaticas talosas do Parque
Nacional Chapada das Mesas, realizamos quatro expedicdes nos anos de 2017 a 2020 em
areas umidas do parque. Nossos objetivos foram descrever as espécies de hepaticas
talosas encontradas na area do parque e em seu entorno, como também os ambientes de
ocorréncias e substratos das espécies. Ao total foram coletadas mais de 350 amostras de
bridfitas e destas foram separadas e identificadas sete espécies de hepaticas talosas, sendo
cinco novos registros para o estado maranhdo, dois para a regido nordeste e dois para o
Cerrado brasileiro. As hepaticas da regido mostraram certa preferéncia para substratos
rochosos, seguidos por terrestres e troncos mortos, as mesmas foram sempre encontradas
em areas abertas com grande nivel de umidade como por exemplo as cachoeiras. As
espécies coletadas constituem 24% da diversidade de hepaticas talosas do Cerrado, 16%
da diversidade do Nordeste e representam um aumento de 57% do niimero de espécies

conhecidas para o Maranhao.

Palavras-chave: Marchantiophyta, Cerrado, conservagdo e taxonomia.



ABSTRACT

Chapada das Mesas National Park is one of the youngest National Parks in Brazil, created
by the presidential decree of the year 2005, it gathers diverse rock formations and inside
it houses a large number of springs, streams and waterfalls. In addition to fighting one of
the most biodiverse areas of the Brazilian Savanna of Maranhdao. However, with the
advance of the agricultural and livestock frontier in the region, all this diversity may be
threatened. In order to understand the diversity of liverworts in the Chapada das Mesas
National Park, we carried out four expeditions in the years 2017 to 2020 in wet areas of
the park. Our objectives were to describe the species of tall liverworts found in and around
the park area, as well as the environments of occurrences and substrates of the species. In
total, more than 350 samples of bryophytes were collected and seven species of thalloid
liverworts were separated and identified, with five new records for the state of Maranhao,
two for the Northeast region and two for the Brazilian Cerrado. The liverworts of the
region showed a certain preference for rocky substrates, followed by terrestrial and dead
trunks, they were always found in open areas with a high level of humidity, such as
waterfalls. The species collected comprise 24% of the diversity of thalloid liverworts
species in the Brazilian Savanna, 16% of the diversity of the Northeast, and represent an

increase of 57% in the number of species known to Maranhao.

Keywords: Marchantiophyta, Cerrado, conservation and taxonomy.
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CAPITULO1
INTRODUCAO GERAL

Briofitas ¢ nome dado ao grupo monofilético de plantas avasculares, basal dentre
Embryophytas (Harris et al. 2020). As hepaticas sdo plantas folhosas ou talosas, crescem
preferencialmente em ambientes imidos e sombreados, e absorvem agua através do seu
gametofito, ndo apresentando controle sobre a perda de 4gua (poiquiloidria) (Gradstein et
al. 2001).

As hepaticas talosas sdao um grupo de plantas que apresentam um gametofito
aplanado dorsiventralmente sem filidios e com uma estrutura interna variavel. O talo pode
ser dicotdmico ou pinado (Riccardia), a grande maioria sdo caracterizadas por possuirem
no talo uma epiderme com poros, uma camada fotossintética na parte dorsal e escamas
presentes na parte ventral lateral (Bischler-Causse et al. 2005). Sao plantas normalmente
terricolas e tolerantes a seca, podendo colonizar ambientes aridos como a Caatinga € o
Cerrado brasileiro (Gradstein & Costa 2003, Bischler-Causse et al. 2005).

Existem aproximadamente 7.500 espécies de hepaticas no mundo (Soderstrom et
al. 2016) e destas, cerca de 850 espécies sdo talosas, sendo 500 espécies de talosas simples
(Jungermanniopsida subclasse Metzgeriidae) e 350 espécies de talosas complexas
(Marchantiopsida) (Goffinet & Shaw 2009). No Brasil sdo registradas cerca de 1.610
espécies de briofitas, dentre essas 694 sdo espécies de hepaticas. O Cerrado brasileiro
possui 162 espécies de hepaticas, das quais apenas as hepaticas talosas possuem espécies
endémicas para esse bioma (Gradstein & Costa 2003, Flora do Brasil 2020 em
construcdo).

O Cerrado possui uma area de 2.116.000 km? ocupando 21% do territorio
nacional. Este bioma pode ser classificado como a savana tropical mais diversa do planeta

(Klink & Machado 2005), apresentando em toda sua extensdo diferentes formas
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vegetacionais. No Cerrado, a heterogeneidade espacial ¢ um fator determinante para a
ocorréncia de uma grande diversidade de espécies. Os ambientes do Cerrado variam
significativamente no sentido horizontal, favorecendo a ocorréncia de areas campestres,
florestais e brejosas na mesma regido (Medeiros 2011).

O Brasil conta atualmente com 438 unidades de conservagdo no Cerrado,
incluindo 65 Parques Nacionais (PNs), sendo 15 localizados no bioma Cerrado (Rocha et
al. 2010, MMA 2019). Existem poucos estudos relacionados a briofitas em PNs presentes
no Cerrado (e.g Yano & Peralta 2011, Pinheiro et al. 2012, Sousa & Camara 2015, Carmo
& Peralta 2016 e Oliveira et al. 2018a), sendo os parques de Minas Gerais 0s que possuem
maior nimeros de inventérios briofloristicos para o bioma (Yano & Peralta 2011, Sousa
& Camara 2015 e Carmo & Peralta 2016). O estado do Maranhdo possui cerca de 20
unidades de conservagdo, distribuidas em areas de Protecdo Integral (PI) e de Uso
Sustentavel (US) (Gerude 2013), destas apenas o Parque Nacional Chapada das Mesas e
o Parque Estadual do Mirador possuem trabalhos publicados acerca da diversidade de
bridfitas do Cerrado (Santos & Conceigao 2010, Oliveira et al. 2018 e Silva et al. 2018)

O estado do Maranhdo esta situado entre os biomas, Amazonia, Cerrado e
Caatinga entretanto, sdo registradas 106 espécies de hepaticas, destas, somente seis
espécies sdo de hepaticas talosas (Silva et al. 2018a, Flora do Brasil 2020, Silva et al.
2021b). No que se refere a estudos que citam espécies de hepaticas talosas para o estado
do Maranhdo pode se citar: Yano et al. (2009), que registraram trés espécies: Cronisia
weddellii (Mont.) Grolle e Riccia vitalii Jovet-Ast para a municipio de Montes Altos e
Riccia stenophylla Spruce para municipio de Loreto; Vardo et al. (2011) registraram uma
espécie Riccia stenophylla Spruce para o municipio de Governador Edison Lobao e
Oliveira et al. (2018b) em um inventario de hepaticas (Marchantiophyta) para o estado

do Maranhao registraram quatro espécies de hepaticas talosas nos municipio de Caxias e
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Sao Jodao do Séter, todas da familia Ricciaceae. O tinico estudo taxondmico para as
hepaticas talosas no estado do Maranhao é o de Silva et al. (2018a) entretanto, inclui
apenas o género Riccia, nesse sdo registradas cinco espécies, além de contar com chaves

taxondmicas, descrigdes € comentarios ecologicos.

O estado do Maranhdo conta atualmente com 15 trabalhos publicados, no entanto,
a maioria deles sdo listas de espécies com raras citagdes de hepéaticas talosas (Yano 2009,
Varao et al. 2011, Oliveira et al. 2018b, Silva et al. 2018a) e outros focam nos musgos e
nas hepaticas folhosas (Santos & Concei¢ao 2010, Conceigdo et al. 2010, Peralta et al.
2011, Brito & Ilkiu Borges 2012, 2014, Macedo & Ilkiu-Borges 2014, Costa & Concei¢do
2015, Vieira et al. 2017, Oliveira et al. 2018a, Oliveira et al. 2018b, Silva et al. 2018a),

deixando uma lacuna no que se refere a diversidade das hepaticas talosas.

DEGRADACAO DE HABITAT NAS UNIDADES DE CONSERVACAO

A degradacdo de habitat hoje representa a principal ameaca a biodiversidade
(Wilcove et al. 1998, Brook et al. 2006).

As florestas tropicais sdo as mais biologicamente diversas e ecologicamente
complexos de ecossistemas terrestres que estdo desaparecendo a taxas alarmantes
(Laurance 2007). Com a crescente demanda da sociedade por recursos naturais devido ao
crescimento populacional humano a biodiversidade vive sério risco de desaparecimento
(Brook et al. 2006).

Mesmo o Cerrado sendo o segundo maior bioma brasileiro e apresentar grande
numero de espécies endémicas de plantas (4.252 espécies) (BFG 2015), 50% de sua area
ja foi desmatada e apenas 11% da area de cobertura do bioma se encontram no interior de

areas protegidas (Martinelli & Moraes 2013).
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Queimadas, mineracao, expansao da fronteira agricola e avango da pecuaria sao
alguns dos fatores que constituem ameacas as espécies do Cerrado (Klimk & Machado
2005, Malhado 2010). Tais atividades resultam em perda ou degradagdo do habitat que
as espécies vivem. O que classifica o bioma como um hotspot para conservacao (Myers
2000), pela sua riqueza, pelo numero de espécies endémicas que abriga e pela forte
pressdo antrdpica a que esta sujeito.

Essas modificagdes t€ém provocado a perda e extingdo de espécies, inclusive
daquelas ainda ndo conhecidas pela ciéncia, indo contra os objetivos estabelecidos pela
Global Strategy for Plant Conservation GSPC. Esse panorama se torna ainda mais critico
pelo nimero insuficiente tanto de pesquisadores capacitados, quanto de estudos
taxondmicos associados as areas de grande biodiversidade (Wheeler 2008, BFG 2018).

Mesmo com um certo avango do Brasil em relagdo as politicas ambientais, o pais
ainda carece de planos de manejo para suas unidades de conservacdo e estudos de
ocorréncia, de requisitos biologicos e/ou ecoldgicos das espécies ainda sdo escassos
(Mittermeier et al. 2005). Neste cendrio, encontra-se o estado do Maranhao, que das 20
UCs, apenas o Parque Estadual do Bacanga, a APA do Itapiracé e a Esec do Sitio
Rangedor possuem plano de manejo, ambas estdo localizadas em areas da Amazonia
maranhense. At¢ o0 momento nenhuma UCs em area do Cerrado maranhense possui um
plano de manejo (Piedade 2013).

Muitas das informagdes que adquirimos sobre a taxonomia das espécies s@o
obtidas como dados secundarios de coletas e levantamentos de flora (Martinelli & Moraes
2013). Faltam, todavia, pesquisas taxondmicas e revisdes para os principais grupos de
plantas, como ¢ o caso das hepaticas talosas, tanto para a regido nordeste, quanto para o
Cerrado e para o Brasil. Em se tratando de estudos taxondmicos para o grupo em area de

Cerrado, existe apenas um estudo sobre o género Riccia (Silva et al. 2018).
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Por se tratar de um grupo que ocorre em ambientes preferencialmente expostos e
umidos, como € o caso dos diferentes ambientes encontrados nas fitofisionomias do
bioma Cerrado, provavelmente a diversidade nessas areas estdo subestimadas devido a
baixa amostragem. Sendo assim, nota-se que o Cerrado maranhense carece de estudos
mais abrangentes e continuados relacionados as hepaticas talosas, para assim termos uma

estimativa mais precisa da biodiversidade desse grupo.

OBJETIVOS
Geral

Realizar um estudo taxondmico para espécies de hepaticas talosas do Parque
Nacional Chapada das Mesas, Maranhao.

Objetivos Especificos

1. Realizar o inventario de hepaticas talosas no Parque Nacional Chapada das Mesas

com informagdes sobre ambientes e tipos de substratos.

2. Fornecer subsidios para identificacdo e caracterizacdo das espécies de hepaticas

talosas por meio de chaves de identificacdo, descri¢des, ilustracdes e comentarios;
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Abstract

We investigate the diversity of thalloid liverworts in Parque Nacional da Chapada das
Mesas (PNCM). Illustrations, descriptions, taxonomic characters, and notes on the
geographic distributions of species, as well as an identification key, are provided. We
collected specimens during the rainy seasons between 2017 and 2020. Six families, six
genera, and seven species were recorded, of which five species are recorded for the first
time from Maranhdo state, two species are recorded for the first time from the Brazilian
Northeast Region, and two are newly recorded from the Brazilian Cerrado. Our results
increase in the number of thallose liverwort species in Maranhdo by 57%. Our data add
to what is known about PNCM, Maranhdo, and Brazilian Cerrado liverworts, and
reinforce the importance of PNCM for conservation.
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Introduction

Liverworts or hepatics are nonvascular terrestrial plants with dominant, leafy or
thalloid gametophytes and growing in humid places worldwide. They represent the oldest
lineage of embryophytes (Gradstein et al. 2001; Qiu et al. 2006). However, Puttick et al.
(2018) found support for Setaphyta, a moss—liverwort clade which is the sister group to
all other bryophytes. There are about 7,500 species of liverwort distributed in 398 genera
and 92 families (Soderstrom et al. 2016), and including 850 species of thalloid liverworts
(11%), 500 simple thalloids (6%) (Jungermanniopsida), and 350 complex thalloids (5%)
(Marchantiopsida) (Goffinet and Shaw 2009). In Brazil, 105 species of thalloid liverworts
are recorded (Flora do Brasil 2020). Notable work on this group has been especially
conducted in the southern and southeastern Brazil and include Hell (1969), Vianna
(1985), Costa and Yano (1987), Costa (2008), and Ayub et al. (2014). Vianna (1985)
focused mostly on Rio Grande do Sul and left a vast legacy of information about the genus
Riccia L., ranging from notes about morphological characteristics of different species
(Vianna 1990, 1992a, 1992b, 1994a, 1994b) to floristic surveys (1970, 1976, 1981, 1985).

Thalloid liverworts possess a dorsiventrally flattened gametophyte, lacking leaves
and having a variable internal structure, and a thallus that can be dichotomous (e.g.
Riccia) or pinnate. They are usually terrestrial, and being drought-tolerant plants, they
can colonize arid environments, such as the Caatinga and Brazilian Cerrado (Gradstein
and Costa 2003; Bischler-Causse et al. 2005). Myers et al. (2000) designated biodiversity
hotspots having a high degree of endemism and highly threatened biodiversity. Brazil
includes two hotspots: the Atlantic Forest and the Brazilian Cerrado, which are the most
threatened of the Brazilian biomes.

The Brazilian Cerrado has been annually suffering great losses due to diverse
anthropic activities, such as agricultural expansion, deforestation, industrial activity, and
unchecked urban growth, but the destruction of the Brazilian Cerrado has mainly occurred
due to the expansion of soy cultivation. The high biodiversity of the Cerrado is still only
partly known to science and under great risk of extinction. The climate of this biome is
Tropical Seasonal, with a wet and dry season; the annual average temperature is about 25
°C, and the average annual precipitation is 1,200—1,800. Sporadic, spontaneous fires also
occur in this biome (Myers et al. 2000; Silva and Bates 2002; Klink and Machado 2005;
Malhado et al. 2010; Latrubesse et al. 2019; Colli et al. 2020).

In the Brazilian Cerrado, 156 species of hepatics have been recorded. About 30
species of thalloid liverworts are recorded for this biome, and they are distributed in 11
families and 12 genera (Flora do Brasil 2020), corresponding to 27% of all thalloid
liverworts species occurring in Brazil. Thus, the Brazilian Cerrado the second most
species-rich biome for thalloid liverworts, and second only to the Atlantic Forest, which
harbors 89% of the species. Despite being a large region with unique vegetation and
climate, the Brazilian Cerrado has only one endemic thalloid liverwort, Riccia
sanguineisporis Jovet-Ast, which occurs only in Mato Grosso (Gradstein and Costa 2003;
Bischler-Causse et al. 2005).

There are currently 65 national parks in Brazil, and 15 national parks (or slightly
less than 25% of the total national parks in Brazil) are within the Cerrado biome (Rocha
et al. 2010). There are some studies on the bryophytes in national parks within this unique
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biome (e.g. Yano and Peralta et al. 2011; Pinheiro et al. 2012; Sousa and Camara 2015;
Carmo and Peralta 2016; Oliveira et al. 2018a), and the national parks in Minas Gerais
are the best inventoried for this biome (Yano and Peralta et al. 2011; Sousa and Camara
2015; Carmo and Peralta 2016).

Maranhdo has two national parks: Parque Nacional dos Len¢ois Maranhenses
(dune and marine) and Parque Nacional da Chapada das Mesas (hereafter PNCM)
(Brazilian Cerrado) (Rocha et al. 2010). Maranhdo includes parts of the Amazonia,
Caatinga, and Cerrado biomes, as well as transitional areas between them, giving the
strate great importance to the ecology, biodiversity and conservation of species in Brazil
(Rebélo et al. 2003; Ab’Saber 2003; Fiaschi and Pirani 2009).

PNCM has a great tourist interest due to its scenic beauty, including numerous
sandstone plateaus and waterfalls. It includes one of the most conserved plateau areas of
Maranhao, with typical Savanna phytophysionomies and numerous watercourses
(ICMBIO 2020). To date, only one inventory of bryophytes has been undertaken in this
park, which focused on mosses (Oliveira et al. 2018a). Contrary to its ecological richness,
only 26 species of liverworts have been recorded in the state, with just six of them being
thalloid liverworts (Silva et al. 2018; Flora do Brasil 2020). This low number of species
is probably due to the scarcity of taxonomic studies in Maranhdo on this group. Yano
(2009) recorded three species of thalloid liverworts: Cronisia weddellii (Mont.) Grolle
and Riccia vitalii Jovet-Ast in the municipality of Montes Altos, and Riccia stenophylla
Spruce in the municipality of Loreto. Vardo et al. (2011) recorded only one species (R.
stenophylla) in the municipality of Governador Edson Lobao, and Oliveira et al. (2018b)
recorded five species in the municipality of Caxias. All these species belong to the family
Ricciaceae. The only taxonomic study focusing on thalloid liverworts in Maranhdo was
by Silva et al. (2018), but it only included species of the genus Riccia (five species).

Therefore, the purpose of our study is to inventory the species of thalloid
liverworts in PNCM. We provide an identification key to species, as well as descriptions
and comments on the species found. Our study will support future ecological work,
conservation, and management within PNCM, which is highly important for the
protection of the Brazilian Cerrado, a world hotspot (Myers et al. 2000).

Methods

PNCM was created on 12 December 2005 by presidential decree to preserve the
Savanna areas threatened by the expansion of the agricultural and steel industry in
southern Maranhao (Fig. 1). The park’s extent is about 160,000 ha and lies within the
municipalities of Carolina, Estreito, and Riachdo in the middle Tocantins river basin. The
area is a transition zone between the Brazilian Cerrado and Amazonia biomes and is at
97-681 m above sea level (MMA 2007; Martins et al. 2017).

PNCM has many watercourses, over 400 springs, and two large waterfalls: Sao
Romao and Prata (IBGE 2019; ICMBIO 2020). Its vegetation cover is typical of the
Brazilian Cerrado, with formations of gallery forest, riparian forest, cerraddes (a forest
formation with xeromorphic elements, and characterized by the mixed composition of
species common to Cerrado, Gallery Forest, and mata seca), campo sujo (a herbaceous-
shrubby physiognomy with spaced shrubs and sub-shrubs), and campo limpo (a
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herbaceous phytophysiognomy, with few shrubs and no trees) (Veloso et al. 1991). The
region comprises plateaus, mountain ranges, and table mountains (mesas) (Veloso et al.
1991). The soils are formed by quartzarenic neosoils (SNUC 2020). The climate is
tropical humid, with high temperatures throughout the year. The average annual
temperature is about 26 °C, with low temperatures ranging from 25.2 °C in January to
27.8 °C in September, and a maximum temperature of about 36 °C in July and August
(MMA 2007). There are two well-defined seasons: a dry summer and rainy winter (MMA
2007).

We collected specimens during four collecting expeditions in March and October
2017, June 2018, and February 2020 and included both rainy and dry seasons. Specimens
were collected from waterfalls, along stream banks, and in gallery and riparian forests.
We followed the methodology proposed by Yano (1989). Collecting efforts were carried
out in several localities in PNCM, as well as in surrounding areas (Fig. 1). The specimens
were dried and deposited in the CCAA herbarium. Duplicates of some species were sent
to the RB herbarium.
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Figure 1. Map of the study area showing sampling sites inside and outside Parque
Nacional da Chapada das Mesas, state of Maranhdo, Brazil.

The classification follows Crandall-Stotler et al. (2009). Our list of species in
PNCM is in alphabetical order by family, genus, and species. We identified the specimens
using the following literature: Uribe and Aguirre (1995), Gradstein and Costa (2003), and
Bischler-Causse et al. (2005). The geographic distribution of the species is based on
Bischler-Causse et al. (2005), Gradstein et al. (2001), Gradstein and Costa (2003), Flora
do Brasil (2020), GBIF.org (2020), speciesLink (2020). and Tropicos.org (2020).
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Substrate type and the terms used in the species descriptions follow Gradstein et al.
(2001).

Results

The species collected by us in PNCM represent 24% of the Brazilian Cerrado
thalloid liverwort diversity. In our study area, we found seven species of thalloid
liverworts, which are distributed in six genera and six families. These seven species
represent 16% of the thalloid liverwort species in northeastern Brazil, a 57% increase in
the number of thallose species known from Maranhao state (Silva et al. 2018; Flora do
Brasil 2020). Most of the species found in our study are Neotropical in distribution, but
Cyathodium cavernarum Kunze has a pantropical distribution (Gradstein and Costa 2003;
Bischler-Causse et al. 2005; Soderstrom et al. 2020).

Key to the thalloid liverworts in PNCM

1 Thallus margin with sausage-shaped papillae. Sporophyte arising from leafy branches
........................................................................................... Pteropsiella metzgeriiformis

1’ Thallus margin without papillae. Sporophyte not arising from leafy branches ............ 2

2 Thallus a ventral structurally complex, divided into a photosynthetic dorsal layer and
non-photosynthetic layer. Archegonium protected by involucre or embedded in the

11 0F21 1 10O 3
2’ Thallus structurally simple, not divided into layers, except in the central midrib.
Archegonium protected by scale-like structures ..................... Symphyogyna leptothelia

3 Dorsal surface of the thallus With POTeS .........ccccuviiiiiieiiiiicieecc e 4
3’ Dorsal surface of the thallus Without POres..........c.cecveeiiiiiiiiiiciieciece e 5

4 Thallus more than 3 cells thick. Rhizoids with papillose walls. Ventral scales large (0.8
mm). Sporophyte on the dorsal surface of the thallus..............c............ Cronisia weddellii

4' Thallus very thin, only 2 or 3 cells thick. Rhizoids with smooth walls. Ventral scales
absent (or present at the apex of the thallus and very small). Sporophyte on the ventral
surface of the thallus ..........cccoevieiiiniiiiic e, Cyathodium cavernarum

5 Thallus surface with whitish or blackish punctuations, margins crisped-undulate.
Sporophyte arising from the thallus, and with linear capsule and thick seta ......................
........................................................................................................... Monoclea gottschei

5’ Thallus surface without whitish or blackish punctuations, margins flat. Sporophyte
embedded in the thallus, and with a rounded capsule and no seta ............cccccceveeieeennen. 6

6 Thallus >1 mm wide, with violet scales extend beyond the margin ......... Riccia vitalii

6’ Thallus <1 mm wide, without violet scales extend beyond the margin .........................
.............................................................................................................. Riccia stenophylla
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Corsiniaceae
Cronisia Berk.

The genus is represented by two species in the Neotropics (Bischler-Causse 2005),
and both are known to occur in Brazil and the Brazilian Northeast Region. The genus
occurs in the Central-West, Northeast, North and Southeast regions in the Caatinga,
Brazilian Cerrado, Atlantic Forest, and Pantanal biomes. Only Cronisia weddellii (Mont.)
Grolle occurs in Maranhao state (Flora do Brasil 2020).

Cronisia weddellii (Mont.) Grolle

Figure 2A-E

Figure 2. Cronisia weddellii (J.A.S.Silva 222 CCAA). A. Habit. B. Cross-section of
thallus. C. Scale. D. Thallus with female involucre. E. Spores. Photos: J.A.S. Silva.

Material examined. BRAZIL — Maranhao ¢ Carolina, Parque Nacional Chapada
das Mesas, Rio Farinha; 06°56'43"S, 047°20'31"W; alt. 179 m; 11 Mar. 2017; J.A.S Silva
020 col.; CCAA 1502. « ibid.; J.A.S Silva 021 col.; CCAA 1553. « ibid.; Cachoeira do
Prata; 06°59'41"S, 047° 09'53"W; alt. 197 m; 06 Jun. 2018; J.A.S Silva 218 col.; CCAA
1532. «ibid.; J.A.S Silva 222 col.; CCAA 1521. « ibid.; J.A.S Silva 223 col.; CCAA 1539.
« ibid.; J.A.S Silva 227 col.; CCAA 1513. ¢ ibid.; Cachoeira Sdo Romao 07°0425"S,
047°05"26"W; 7 Jun. 2018, J.A.S Silva 253 col.; CCAA 1517. « ibid.; Riacho Buenos
Aires; 06°56'43"S, 047°20'31"W; alt. 179 m; 08 Jun. 2018; J.A.S Silva 300 col.; CCAA
1589. « ibid.; J.A.S Silva 302 col.; CCAA 1505.
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Identification. Plants terrestrial and rupicolous. Thallus dichotomous, light green,
whitish, or violet, 0.9-0.20 x 0.8—1.1 mm, without central midrib; main axis wider; dorsal
surface chlorophyllose; epidermal pores with 5 or 6 ring cells; thallus in cross-section
with one layer of air chambers with chlorophyllose filaments; ventral surface whitish;
margin entire, green hyaline; ventral scales violet, large (0.8 mm long), with a filiform
appendage, not extending beyond the margin. Sporophyte on the dorsal surface; involucre
covering the sporophyte; capsule spherical; spores spherical, brown to dark brown; elaters
short, no more than twice as wide.

Cronisia weddellii can be confused with species of Riccia. However, C. weddellii
differs by having the cavities in the thallus containing antheridia, pores with ring cells,
appendage scales filiform and sporophyte covered by the involucre (Bischler-Causse et
al. 2005). Two species have been recorded from northeastern Brazil, C. weddellii and C.
fimbriata (Nees) Whittem., of which the latter occurs mainly in the Caatinga (Yano and
Porto 2006; Yano et al. 2009; Germano et al. 2016). Cronisia weddellii differs from C.
fimbriata by having non-raised epidermal pores and scales that do not extend beyond the
margins of the thallus.

Distribution and ecology. Neotropical (Bischler-Causse et al. 2005). In Brazil, it
is known from Caatinga (Alagoas, Bahia, Ceara, Paraiba, Piaui and Pernambuco),
Atlantic Forest (Espirito Santo), and Savanna biomes (Goids, Maranhdo, Mato Grosso,
and Tocantins) (Gradstein and Costa 2003; Yano 2009; Flora do Brasil 2020). It is a
typical species of the Brazilian Cerrado and Caatinga and tolerant to drought and high
temperatures. We collected this species on soil and rocks on riverbanks where it was
growing with mosses of the family Bartramiaceae. We observed that young plants differ
from adults in the color of the thallus and shape of the scales. The thallus in young is light
green, with scales almost or entirely hyaline and with only the apex violet; in adults the
thallus is whitish to violet.

Cyathodiaceae
Cyathodium Kuntze

The genus is represented by five species in the Neotropics (Bischler-Causse 2005).
Only Cyathodium cavernarum has been recorded for Brazil, where it occurs in the
Central-West, Northeast, and Southeast regions and in the following biomes: Brazilian
Cerrado, Atlantic Forest and Pantanal (Flora do Brasil 2020). Our records of this species
from PNCM are the first from Maranhdo state.

Cyathodium cavernarum Kunze

Figure 3A-E



28

Figure 3. Cyathodium cavernarum (J.A.S.Silva 275 CCAA). A. Habit. B. Thallus. C.
Capsule open with annulus cells at apex. D. Spores. E: Elaters. Photos: J.A.S.Silva.

Material examined. BRAZIL — Maranhao ¢ Carolina, Parque Nacional Chapada
das Mesas, Cachoeira Sdo Romao; 07°04'25"S, 047°05'26"W; alt. 256 m; 07 Jun. 2018;
J.A.S Silva 275 col.; CCAA 1587. « ibid., Complexo Pedra Caida, cachoeira do Santuério;
07°02'44"S, 047°27'01"W; alt. 128 m; 07 Feb. 2020; J.A.S Silva 551 col.; CCAA 2696.

Identification. Plants rupicolous. Thallus obcuneate, very thin, only 2 or 3 cells
wide, with smooth rhizoids, bright green to yellowish, 4—6 x 0.6—1.0 mm, without central
midrib; main axis broad and flat; dorsal surface of chlorophyllose thallus with epidermal
pores with a ring of 68 cells; thallus in cross section with one layer of air chambers
without chlorophyllose filaments; ventral surface with chlorophyllose cells; margin
entire, greenish; ventral scales reduced or absent. Sporophyte on the ventral surface of
the thallus (near the apex); involucre sac-shaped; capsule ovoid, dark brown, opening
with an operculum; spores spherical and densely spinose, dark brown; elaters long.

Cyathodium cavernarum differs from other species of thallose liverworts in the
study area by having a bright green thallus with few layers of cells, and a sporophyte
capsule opening through a ring of cells. It differs from other species of Cyathodium by
having the rhizoids with smooth walls, a sporophyte with an operculum, and spiny spores
(Bischler-Causse et al. 2005).



29

Distribution and ecology. Worldwide (Bischler-Causse et al. 2005 and
Soéderstrom et al. 2020). Atlantic Forest (Minas Gerais), Caatinga (Bahia, Ceard, Paraiba,
Pernambuco, and Piaui), Brazilian Cerrado (Goids, Mato Grosso, Maranhdo, and Sao
Paulo), Pantanal (Mato Grosso do Sul) (Soderstrom et al. 2020; Flora do Brasil 2020;
new data). We collected C. cavernarum on shaded rocks with a thin trickle of water
running over the gametophyte. It was collected fertile only at the end of the rainy season.

Lepidoziaceae
Pteropsiella Spruce

This genus is represented by two species in the Neotropics, P. frondiformis Spruce
and P. metzgeriiformis Spruce ex Steph. (Soderstrom et al. 2016; Flora do Brasil 2020).
These species are distributed mainly in the North and Southeast regions of the country,
in the Amazonia and Atlantic Forest biomes (Flora do Brasil 2020). Our record of P.
metzgeriiformis 1is the first from the Brazilian Cerrado, the Northeast Region, and
Maranhao.

Pteropsiella metzgeriiformis Spruce ex Steph.

Figure 4A-D

0.2mm

0.05mm

Figure 4. Pteropsiella metzgeriiformis (J.A.S.Silva 294 CCAA). A. Habit. B. Thalli,
ventral view. C. Margin of thallus toothed with papillae. D. Cross section of thallus.
Photos: J.A.S.Silva.
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Material examined. BRAZIL — Maranhao ¢ Carolina, Parque Nacional Chapada
das Mesas, Riacho Corrente; 07°04'25"S, 047°05'26"W; alt. 277 m; 07 Jun. 2018; J.A.S
Silva 294 col.; CCAA 1558.

Identification. Plants terrestrial. Thallus light green, 10-30 x 0.3—0.5 mm;
branches inserted ventrally; midrib rounded in cross-section, with six cortical cells (two
dorsal and four ventral, and less than 15 medullary cells); wings narrow and unistratose;
dorsal surface of thallus without pores and air chambers; ventral surface with
chlorophyllose cells; margin toothed, green, with one or two sausage-shaped papillae;
scales absent. Sporophyte arising from leafy branches.

Pteropsiella is sometimes misidentified as species of Metzgeriaceae because they
also have a unistratose, flat thallus, with a midrib. However, Pteropsiella has a toothed,
green margin with one or two sausage-shaped papillae, and rhizoids present only on the
midrib, while Metzgeriaceae has thallus margins with rhizoids and gametoecia on the
ventral side of the midrib. Pteropsiella metzgeriiformis differs from P. frondiformis by
the light green thallus with fewer than 15 medullary cells, while P. frondiformis has a
dark green thallus with more than 15 medullary cells.

Distribution and ecology. Brazil and Colombia (Lisboa 1976; Gradstein and
Costa 2003; Pinzon et al. 2003; Carmo and Peralta 2016; Costa et al. 2017). Brazilian
biomes and states: Amazonia (Amazonas and Roraima) and Atlantic Forest (Minas
Gerais) (Carmo and Peralta 2016; Costa et al. 2017); and Brazilian Cerrado (Maranhao;
new data). We collected this species near an open, sunny, sandy stream bank.

Monocleaceae
Monoclea Hook.

This genus comprises two species, Monoclea gottschei Lindb. and M. forsteri
Hook., of which the latter occurs in New Zealand (Gradstein and Costa 2003; Soderstrom
et al. 2016). Until now, M. gottschei had been recorded in the North, Northeast,
Ssoutheast, and South regions of Brazil, in the Amazonia, Atlantic Forest, and Pampas
biomes (Flora do Brasil 2020). Our new records are the first of the genus from the
Brazilian Cerrado biome and Maranhao state.

Monoclea gottschei Lindb.
Figure 5A-D
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Figure 5. Monoclea gottschei (J.A.S.Silva 552 CCAA). A. Habit. B. Thalli. C. Thallus
with whitish dots. D. Cross section of thallus. Photos: J.A.S.Silva.

Material examined. BRAZIL Maranhao ¢ Carolina, Complexo Pedra Caida,
cachoeira do Santuario; 07°02'44"S, 047°27'01"W; alt. 128 m; 07 Feb. 2020; J.A.S Silva
552 col.; CCAA 2578. « ibid., J.A.S Silva 557 col.; CCAA 2697.

Identification. Plants rupicolous. Thallus dark green, 20-30 x 5-10 mm wide,
dichotomous, without central midrib, homogeneous; dorsal surface with chlorophyllose
cells and without epidermal pores, densely spotted by whitish or darkish dots (observed
in fresh material); air chambers absent; ventral surface with chlorophyllose cells; margins
usually crispate-undulate. Sporophyte not seen.

Monoclea gottschei is a large plant, 2—3 cm long, with crispate-undulate margins.
This species is sometimes misidentified as Dumortiera hirsuta (Sw.) Nees because it has
a green, flattened thallus, without pores and air chambers, and often occurs in the same
habitat. Otherwise, M. gottschei differs from D. hirsuta by having whitish dots on the
thallus in fresh material and no ventral bundle of the rhizoid (Gradstein et al. 2001).

Distribution and ecology. Neotropical (Gradstein and Costa 2003; Gradstein
2017; Flora do Brasil 2020; GBIF.org 2020). Brazilian biomes and states: Amazonia
(Amazonas), Atlantic Forest (Espirito Santo, Minas Gerais, Parand, Pernambuco, Rio de
Janeiro, and Sdo Paulo), and Pampas (Rio Grande do Sul) (Gradstein and Costa 2003;
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Flora do Brasil 2020); and Cerrado (Maranhao; new data). We collected this species on
shaded rocks near a waterfall.

Pallaviniaceae
Symphyogyna Nees & Mont.

The genus is represented by 11 species in the Neotropics (Uribe and Aguirre 1995;
Gradstein and Costa 2003; Flora do Brasil 2020 ). Five species are known to occur in
Brazil, in the Central-West, Northeast, North, and Southeast regions, in the Atlantic
Forest, Caatinga, Cerrado, and Pantanal biomes (Flora do Brasil 2020). Of these five
species, three occur in the Northeast Region. We report the first records of Symphyogyna
leptothelia for the Northeast Region, making it the fourth species of the genus recorded
for this region, and the first time that the genus is reported from Maranhao state.

Symphyogyna leptothelia Taylor
Figure 6A-F

0.5mm
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Figure 6. Symphyogyna leptothelia (J.A.S.Silva 292 CCAA). A. Habit. B. Thalli, ventral
view. C. Apex of thallus. D. Detail of teeth of the margin. E. Cross section of thallus. F.
Scale. Photos: J.A.S.Silva.

Material examined: BRAZIL — Maranhao ¢ Carolina, Parque Nacional Chapada
das Mesas, passagem da Dona Lena 07°03'45"S, 047°15'16"W; alt. 230 m; 07 Jun. 2018;
J.A.S Silva 292 col.; CCAA 1528. « ibid.; 04 Feb. 2020; J.A.S Silva 491 col.; CCAA
2628.

Identification. Plants rupicolous. Thallus dichotomous, dark green, 21-26 x 2.2—
5 cm, with central midrib; main axis convex to flat, 0.1 mm wide, with single
prosenchyma band; wings large (0.2 mm); dorsal surface in cross-section without
epidermal pores and air chambers; ventral surface with chlorophyllose cells; margin
toothed; teeth with 5 or 6 cells; dorsal scales covering the archegonium. Sporophyte not
seen.

Symphyogyna leptothelia grows prostrate on soil, and the thallus has wide
undulate wings, a prominent central midrib with a single strand of prosenchyma tissue,
and a toothed margin. Symphyogyna aspera Steph. is sometimes confused with S.
leptothelia due to the prostate habit, dark green thallus, and toothed margin. However, S.
leptothelia has entire wings that are not divided into segments and a toothed thallus apex,
while S. aspera has lobate wings, divided into segments, and a non-toothed thallus apex.

Distribution and ecology. Neotropical (Uribe and Aguirre 1995; Gradstein and
Costa 2003; GBIF.org 2020; Tropicos.org 2020). Brazilian biomes and states: Atlantic
Forest (Espirito Santo, Sdo Paulo, and Parand), Brazilian Cerrado (Goids, Maranhao; new
data), Mato Grosso do Sul, Minas Gerais) (Flora do Brasil 2020 ). We collected this
species on shaded rocks near the sandbank of a stream in a riparian gallery forest.

Ricciaceae
Riccia L.

This genus comprises 53 species in tropical America, of which 36 are recorded
from Brazil (Bischler-Causse et al. 2005; Costa and Peralta 2015). It occurs in all regions
of Brazil, and occurs in the Amazonia, Atlantic Forest, Caatinga, Pampas, Pantanal and
Brazilian Cerrado biomes (Flora do Brasil 2020).

Riccia stenophylla Spruce
Figure 7A-E
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Figure 7. Riccia stenophylla (J.A.S.Silva 202 CCAA). A. Habit. B. Thalli. C. Apex of
thallus. D. Cross section of thallus. E. Spore, distal face. Photos: J.A.S.Silva.

Material examined. BRAZIL — Maranhao ¢ Carolina, Parque Nacional Chapada
das Mesas, Cachoeira do Prata; 06°59'41"S, 047°09'53"W; alt. 197 m; 29 Oct. 2017;
J.A.S. Silva 146 col.; CCAA 1533. « ibid.; J.A.S. Silva 202 col.; CCAA 1578.  ibid.;
J.A.S. Silva 229 col.; CCAA 1551.

Identification. Plants terrestrial or semiaquatic. Thallus bright green,
dichotomous, 2-8 x 0.2—0.4 mm, linear, without central midrib; dorsal surface with or
without a slight median groove with photosynthetic cells, with pores bounded by four or
five cells; air chambers in one or two layers; ventral surface greenish; margin entire, green
to hyaline; ventral scales hyaline, 0.01 mm long. Sporophytes immersed in the thallus,
forming a bulge ventrally, without involucre; capsule spherical, brown; spores
tetrahedral, brown to yellow, without elaters.

Riccia stenophylla is a terrestrial or semiaquatic plant, with a long and slender
thallus, smooth median area with or without a groove, and sporophyte forming a bulge
ventrally. Riccia stenophylla is sometimes misidentified as R. fluitans L. since these
species are both semiaquatic and have a thin stem and internal sporophyte forming a
ventral bulge in the thallus. However, R. fluitans has a Holarctic distribution (Gradstein
and Costa 2003; Stotler and Crandall-Stotler 2017), while R. stenophylla is a Neotropical
species (Gradstein et al. 2016).
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Distribution and ecology. Tropical and subtropical America (Argentina, Brazil,
Colombia, Costa Rica, United States, Guatemala, Mexico, Nicaragua, Panama, Paraguay,
Peru, and Uruguay) (Bischler-Causse et al. 2005; Gradstein et al. 2016; GBIF.org 2020).
Brazilian biomes and states: Atlantic Forest (Espirito Santo, Paran, Rio de Janeiro, Santa
Catarina, and Sdo Paulo), Caatinga (Bahia, Ceard, Paraiba, and Pernambuco), Cerrado
(Goiés, Maranhao, and Mato Grosso), Pantanal (Mato Grosso do Sul), and Pampas (Rio
Grande do Sul) (Flora do Brasil 2020). We found this species only at the end of the rainy
season in ravines near rivers and streams in open habitats which were partially exposed
to the sun.

Riccia vitalii Jovet-Ast.

Figure 8A-E

Figure 8. Riccia vitalii (J.A.S.Silva 073 CCAA). A. Habit (Wet). B. Herbarium
specimen (habitat dry). C. Thallus in dorsal view with scales on the margin. D. Cross
section of thallus. E. Spore, proximal face. Photos: J.A.S.Silva.

Material examined. BRAZIL — Maranhao ¢ Carolina, Parque Nacional Chapada
das Mesas, Cachoeira do Prata; 06°59'37"S, 047°09'57"W; alt. 197 m; 12. Mar. 2017;
J.A.S. Silva 073, 075, 079 col.; CCAA 1564; 1494; 1507. « Estreito, Parque Nacional
Chapada das Mesas, 06°59'39"S, 047°09'56"W; 12 Mar. 2017; J.A.S. Silva 085 col.;
CCAA 1775.

Identification. Plants rupicolous. Thallus dichotomous, dark green, 5-8 x 2—4
mm, without central midrib; dorsal surface with one deep, median groove with photo-
synthetic cells; pores absent; ventral surface whitish to violet, without photosynthetic



36

cells; margin green to hyaline; ventral scales large, 0.05 mm long, violet, without filiform
appendages, and extending beyond the margin. Sporophytes immersed in the thallus,
without involucre; capsule spherical, brown; spores subspherical to subtetrahedral,
reddish to dark brown, without elaters.

Riccia vitalii is terrestrial and differs from R. stenophylla in having the thallus
with a deep median groove and large violet scales extending beyond the margin. In Brazil,
R. vitalii when sterile can be misidentified as Riccia weinionis Steph. because both have
a thallus with a deep median groove and dorsal cells with vertical bands of longitudinal
thickenings which are seen in the thallus cross-section). However, R. vitalii can be easily
distinguished from R. weinionis by the form and ornamentation of the spores. In R. vitalii,
the spores are subspherical to subtetrahedral, with a granular proximal face and an evident
trilete mark, whereas in R. weinionis the spores are tetrahedral with a proximal face with
few areolas and without a trilete mark (Silva et al. 2018).

Distribution and ecology. Neotropical (Costa Rica, Paraguay, Colombia, and
Brazil) (Bischler-Causse et al. 2005; Gradstein et al. 2016). In Brazil, it occurs in the
Amazonia (Amazonas), Atlantic Forest (Espirito Santo), Caatinga (Alagoas, Bahia,
Ceard, Paraiba, Pernambuco, Piaui, Rio Grande do Norte and Sergipe), Pampas (Rio
Grande do Sul), Pantanal (Mato Grosso do Sul), and Cerrado (Goids, Maranhao, and
Tocantins) biomes (Flora do Brasil 2020). We found it growing in open, sunny habitats
near waterfalls.

Discussion

The thalloid liverworts collected in PNCM belong to four orders:
Jungermanniales, Marchantiales, Metzgeriales, and Pallaviciniales. The majority (five) of
the species are in Marchantiales. In the Neotropics, this is the most species-rich order,
with 103 species in 12 families and 13 genera (Bischler-Causse et al. 2005; Villarreal et
al. 2015; Soderstrom et al. 2016). Even though PNCM is located in the Brazilian Cerrado
and has some transitional vegetation types, such as Cocais Forest, we found families more
similar to the Caatinga biome than another study in the Cerrado biome by Gradstein and
Costa (2003). In our study, the similarity with thalloid liverworts of the Caatinga biome
is because we focused on gallery forest, but possibly also may have been influenced by
the collection methods.

We present records of five species of thalloid liverworts newly reported from
Maranhdo state, and most notably Pteropsiella metzgeriiformis and Monoclea gottschei,
which are also recorded for the first time from the Brazilian Cerrado. Until now, P.
metzgeriiformis was only reported from Amazonia and the Atlantic Forest (Carmo and
Peralta 2016; Lisboa 1976). In Brazil, M. gottschei is distributed in the Amazonia,
Atlantic Forest, Brazilian Cerrado, and Pampas biomes, occurring mainly in mountainous
regions usually in habitats without drought stress and with high humidity throughout the
year (Hell 1969; Costa and Yano 1987; Gradstein and Costa 2003; Flora do Brasil 2020).

Cyathodium and Monoclea were only collected in microhabitats near waterfalls
where they were living on wet, shaded cliffs. The restricted occurrence of Cyathodium in
extremely moist habitats, such as near waterfalls, might be because its thallus has few cell
layers, and lacking a cell layer for water storage, it is impossible for this species to
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colonize drier habitats unlike Riccia and Cronisia (Bischler-Causse et al. 2005). Cronisia
weddellii was the most abundant species that we collected and occurred at the majority
of our sites. This species is frequently collected in northeastern Brazil (Yano 2009;
Germano et al. 2016; Oliveira et al. 2018b; Silva et al. 2018).

The most species-rich family of thalloid liverworts in the Neotropics is Ricciaceae
(Bischler-Causse et al. 2005). We expected to find more species of this family because
there are two centers of diversity for this family in Brazil (Caatinga and Pampa; Ayub
2014; Reis 2015) and Maranhao has two (Amazon basin and the Palm Forest) of the six
main zones where Riccia occurs in the country (Jovet-Ast 1991). In our study, the
Ricciaceae had the most species (two), while each of the other families were represented
by only one species.

Riccia was collected in places exposed to the sun, and this preference for sunny,
exposed habitats can explain the wide distribution of this genus in the tropics. Riccia has
physiological characteristics, such as spores and stems adapted to desiccation, that allow
it to survive drought. Additionally, rapid development of gametophytes and spores when
water is available may offer another explanation (Bischler-Causse et al. 2005).

Most of the species found in our study have a rupicolous habit, which is possibly
due to the large number of rocks near the streams and waterfalls. However, the soil
characteristics must be considered, as the soil is porous and susceptible to erosion, which
hinders the accumulation of water on the surface. This may force plants to grow on rocky
substrates where they are less disturbed by erosion of their substrate (Martins et al. 2017).
However, even where living and dead trunks are abundant, such as gallery forests in the
Brazilian Cerrado and Atlantic Forest biomes, thalloid liverwort species tend to grow on
rocks or soil (Hell 1969; Costa 1988; Yano and Porto 2006; Yano and Peralta et al. 2011;
Carmo and Peralta 2016). Another possible explanation for plants growing on rocky
surfaces is that they posses ventral cells specialized in water absorption. However,
ecological studies are necessary to confirm this. While Riccia stenophylla and P.
metzgeriiformis are unique because of their terrestrial habit, they were always found near
river banks and, in the case of R. stenophylla, sometimes submerged in water.

We collected most of the thalloid liverwort species in PNCM in lowlands at
elevations from 128 to 280 m. Pteropsiella metzgeriiformes was collected at an elevation
of 277 m, similar to Pinzén (2003), who reported this species between 100 and 300 m.
According to Gradstein (1995), the diversity of thalloid liverworts species is highest on
plains (83 species) with an elevation range of 0—1200 m. One possible reason for this is
that Marchantiales are drought-resistant plants which do not need permanent humidity
and require open places with full-sun exposure (Bischler-Causse et al. 2005). According
to Gradstein and Costa (2003), several species of liverworts are found in Brazil at
elevations of 0—200 meters, which reflects the large latitudinal extension of the country’s
humid plains. Some thalloid liverwort species were found to be restricted to certain
localities and habitats in PNCM; for example, Cronisia weddellii, Riccia vitalii, and R.
stenophylla were only found near waterfalls and along the banks of the Rio Farinha,
usually on rocks or in places partially exposed to the sun.

We found the diversity of thalloid liverwort species in PNCM to be 16% of the
species known from northeastern Brazil. In comparison to other studies on thalloid liver-
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worts in the Brazilian Cerrado, we did not find four families, Marchantiaceae,
Dumortieraceae, Metzgeriaceae, and Pelliaceae, in PNCM. We believe that these families
may occur in Maranhdo and in PNCM, as there are still areas in the state and park that
are still unexplored. More fieldwork is needed to better understand the diversity of
thallose liverworts, as well as other bryophytes, in this state and national park. Our search
for thalloid liverwort specimens on the SpeciesLink website (SpeciesLink 2020) yielded
only nine records for all herbaria, revealing a scarcity of collections of these plants from
Maranhdo and demonstrating the need for more collections and increased study of thalloid
liverworts.
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CAPITULO III
CONCLUSAO GERAL

Este estudo compdem o primeiro trabalho taxonémico sobre hepaticas talosas em
uma unidade de conservacdo do estado do Maranhdo, reunindo dados sobre riqueza,
diversidade ¢ ecologia de hepaticas. O presente trabalho ressalta a importancia do Parque
Nacional Chapada das Mesas (PNCM) como area de conserva¢do do Cerrado dentro do
estado do Maranhdo e de suas areas de entorno, como areas de grande diversidade
briologica. O PNCM conta com 70% da diversidade de hepaticas talosas conhecidas para
o estado e 24% da diversidade do Cerrado. Sendo assim, uma unidade de grande interesse
floristico, o que ressalta a necessidade de protecao e conservagao do parque, assim como
de outras unidades de conservacdo. Uma vez que, os novos registros destacam a
necessidade de aumentar as cole¢des no estado do Maranhdo, incluindo todas as
formagoes de vegetagao.

Verificamos que a grande maioria das espécies registradas neste trabalho
apresentam distribuicdo neotropical e no Brasil somente os géneros Cronisia e
Cyathodium apresentam distribuigdo restrita ao Cerrado e Caatinga. A ampliagdo do
conhecimento sobre as espécies de hepaticas talosas no PNCM se mostrou significativa,
pois anteriormente sO se tinha registro de duas familias e dois géneros, para o estado do
Maranhao. Agora o estado conta com seis familias e seis géneros. Com isso, destacamos
a importancia do esfor¢o amostral e sistematico em areas poucos ou nunca amostradas,
uma vez que géneros como Riccia apresentam sazonalidade portanto, quando as coletas
sao realizadas em varios periodos aumentam a possibilidade de registrar a verdadeira
diversidade de uma regido.
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ANEXO.
Instruc¢oes para autores.

ChecKklist: the journal of biodiversity data

Authors' Guidelines

Main text

Manuscript Types, Templates, Spacing, Fonts, and Page Numbering
The two types of published articles are:

« Annotated list of Species of a given supraspecific taxon in a strict
geographic area, with comments on the identifications and figures of
most or all species. ALS must be based on original data. We no longer
publish papers based solely on literature compilations.

» Notes on the Geographic Distribution reporting new records of one
or more species while providing a complete overview on the known
distribution of the treated taxa.

The use of templates is mandatory for all submitted manuscripts. The
template for NGD is here; for ALS, here. By using the mandatory template,
the general structure of your submission, as well as font, font size, line
spacing, etc. will be correct.

Running head

Keep it short (up to 50 characters including spaces). Follow the format
appropriate for the number of authors:

* Author | Short title

* Author and Author | Short title

* Author et al. | Short title

Title

The title should be in a sentence case (only scientific, English common names
of taxa, and geographic or personal names should be with a first capital letter,
e.g., Elater ferrugineus Linnaeus, 1758, Cuban Greater Funnel-eared Bat,
Germany), and should include an accurate, clear, and concise description of
the reported work, avoiding abbreviations. The higher taxa within the title
should be separated with commas and not with a semicolon or colon, e.g.:
(Coleoptera, Elateridae, Elaterini). Include authority (and year for animals) of
publication of species- or genus-level taxa.

 Title in sentence case

* Colon between title and subtitle (if any)

* No footnotes
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* No bold
* Higher taxa within the title should be separated with commas and not with
a colon or semicolon

Authors and Affiliations

Provide the complete names of all authors as they should appear in the
published work. Omit titles, degrees, and positions. Ensure that the authors’
names and affiliations in the manuscript identically match the metadata in the
system (you may need to edit them in the submission form at the time of
submission). One of the authors should be designated as the corresponding
author. It is the corresponding author's responsibility to ensure that the author
list, and the individual contributions to the study are accurate and complete. If
the article has been submitted on behalf of a consortium, all consortium
members and their affiliations should be listed after the Acknowledgements
section.

Affiliations

* Should not be the full mailing address but simply basic information
(optional information is displayed in parenthesis in the following examples):
(laboratory/department/institute), university/museum/institution, city,
(state/province), country

» Unaffiliated authors can use: Independent researcher, city, (state/province),
country.

* An email address and an ORCID 1D can be included for authors that want
to include them

* Follow this format:

1. (Department,) Institution, City, Country
2. (Department,) Institution, City, Country; email@a.bc
3. (Department,) Institution, City,
Country; email@a.bc; https://orcid.org/0000-0000-0000-0000

Abstract

Up to 150 words for ALS; up to 90 words for NGD. Literature citations are
not allowed. Avoid acronyms and abbreviations, but if using, explain these on
first use. Generally, if the words to be abbreviated are used just once in the
abstract, then it is best to spell out in full. Include authority (and year for
animals) of publication of species- or genus-level taxa. Write in first person.
The abstract must be a stand-alone entity which is a well written and concise
summary of the article. Abstracts are only published in English.

Keywords
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Up to seven (7) keywords, in alphabetical order and separated by commas,
should be included in the text following the abstract. Keywords must not be
repeated from the title, must be in alphabetical order, separated by commas,
and lower case (except for proper nouns and the first keyword). Do not follow
the keywords with a period.

Academic editor and citation
These will be completed by the editors after acceptance of the manuscript.

Language and style

Use American or British (international) English, but please be consistent.
Using the formatting of the templates, keep the whole text left-aligned, and
keep line numbering on the left margin of the page. Write with precision,
clarity, and economy.

Use of active voice and first person, where appropriate, both in the abstract
and main text.

While manuscripts are in English, the use of the local language is preferred for
geographic and institutional names (e.g., Cordillera Occidental not Western
Andes; Universidade de Sao Paulo not University of Sao Paulo).

Avoid the use of parenthetical comments.
Headings and subheadings

Main headings: The body text should be subdivided into main sections. Use
the appropriate template (see above) and include these sections: Introduction,
Study Area (only for ALS), Methods, Results, Discussion,
Acknowledgements, References, Appendix (if there is an appendix). These
headings need to be in bold font on a separate line and start with a first capital
letter. Please do not number headings or subheadings.

o Introduction - The motivation or purpose of your research should
appear in the Introduction, providing some of the historical basis for
those questions. Be concise.

o Study Area (only for ALS) - Present the key features of the chosen
study area in this section. Include information such as size (follow the
International System of Units), type of habitat, ecosystem, ecoregion,
ecological or eco-geographical classification of the selected study area.
If your study site is a legally protected/conservation area, indicate the
type of legal protection provided (e.g., Biosphere Reserve, Marine
National Park, RAMSAR site, National Park, Wildlife Sanctuary,
Critical Tiger Habitat, etc.). If appropriate, write briefly about the
dominant flora and important faunal diversity of your study site
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(exclude the organisms that you are reporting in this manuscript).
Information on abiotic features such as terrain, current average rainfall,
temperature, or precipitation can also be included here. DO NOT write
about sampling design in this section; write about that in the Methods.
Also, DO NOT include the reason or motivation behind choosing the
study area; it should be a part of the Introduction. Cite appropriate
references wherever the information provided here is not yours.
Methods - A clear description of your experimental design and
sampling procedures are especially important. Include protocols for
specimen collection, permits for collection, and specialized methods for
identification. If you list a product (e.g., animal food, analytical
device), supply the name and location of the manufacturer. Give the
model number for equipment used. Explicitly indicate where the
voucher specimens were deposited; give full names and acronyms for
collections, museums, or herbaria, but not catalog numbers or any of
the details of records and vouchers. Include other taxon-specific
abbreviations, such as sometimes used for specialized structures.
Supply complete citations, including author or editor, title, year,
publisher, and version number, for computer software mentioned in
your article.

Results—Results should be stated concisely and without interpretation.
Do not present Methods or Discussion here.

For an NGD with one species, optionally add species name and other
taxonomic information. For an NGD with more than one species,
minimally include the name of the species here (other taxonomic
information optional). For NGDs, this section should include a
subsection called "New records" (or equivalent/similar: Material
examined or perhaps Observations, for example for birds, where
specimens are usually not collected). List each of your new records here.
After the new records, optionally include any comments, e.g.,
observational notes that are more easily presented in sentence form.
Include a subsection called "Identification"; this will show how you
recognized the species. You may prepare a full description, but more
important is that you compare your specimens to the species that you
claim it to be and with similar or related taxa. You might also add results
of molecular analysis here.

If your NGD includes two or more species, repeat New
records and Identification sections for each.

For an ALS, results follow the same pattern as for NGD (but see
Treatment of Taxa in these Guidelines).
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Other subsections can optionally be added: e.g., Distribution, Remarks,
Taxonomic remarks, Habitat, etc., for each species. Please give each
section a subheading in bold font.

Discussion—Focus on the rigorously supported aspects of your study.
Carefully differentiate the results of your study from data obtained from
other sources. Interpret your results, relate them to the results of
previous research, and discuss the implications of your results or
interpretations. In case of new records, previous research consists in all
previously known records for that given species—cite, comment, and
discuss them, highlighting why your new data is relevant. Clearly
summarize the importance of your new record(s): e.g., distance and
direction from nearest previous records, occurrence in a country, state,
biome, etc.

Point out results that do not support speculations or the findings of
previous research, or that are counterintuitive. You may choose to
comment on new ideas suggested by your research, compare and
contrast your research with findings from other systems or other
disciplines, pose new questions that are suggested by the results of your
study, and suggest ways of answering these new questions.

Acknowledgements—Include people/organizations who provided
help, guidance, or financial assistance. Consider acknowledging the
subject editor and the reviewers, even when anonymous. Permits for
fieldwork and collecting belong in Methods, but you can still
acknowledge people here who aided you in obtaining permits.
References—Must be complete, property formatted, and fully checked
that they are cited in the text (and vice versa).

Appendix—Rarely, there is a need for an appendix. Material examined
should be presented in Results. However, for example, the background
data for producing a distributional map might be presented as an
appendix. Manuscripts will have only one appendix, which may consist
of multiple parts, e.g., Table Al, A2, etc., or Figure Al, A2, etc.
Sometimes an Appendix simply may be text, not labelled as a table.
The Appendix will form part of the published PDF and be included in
the pagination (compare with Supplemental Data).

Supplemental Data—Anything published as Supplemental Data will
NOT be part of the published PDF but linked to the article’s landing
page. Supplemental Data are best used to publish non-text data, such as
sound recordings, video, or very large datasets. For the latter, if the
information would fit on a reasonable number of pages, publish it as
part of the PDF publication, either within the main text or part of an
appendix; this allows readers to access it most effectively. If you plan
to include supplemental data, include a section head
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called Supplemental Data and a brief description of what is included.
This should follow References (or Appendix).

Subordinate headings

In Results, two subordinate sections are required for each species in an ALS
or NGD:

o New records or equivalent/similar
» Identification (see Treatment of taxa in these guidelines for the
minimum percentage of species that require this section in an ALS)
« Optional subordinate headings are also possible in Methods and
in Results for each species in an ALS or NGD.
The Introduction and Discussion should not have subordinate
headings.

Format subordinate headings left-justified, bold, and in a regular sentence
case. All subordinate headings should end with a period and be on the same
line as the subordinate text.

Scientific names

Scientific names should be written according to their specific nomenclatural
code, the International Code of Zoological Nomenclature and its amendment,
and the International Code of Nomenclature for algae, fungi and plants.

« Use italics where required (but no italics for botanical family names).

o Include the naming authority for plant genera and species on first use.
Include the naming authority and year for animal genera and species,
enclosing both with parentheses when necessary, as required by the
zoological code.

o The genus component of species names can be abbreviated after its first
use in each main section (e.g., Results or Discussion). Exceptions can
be made when abbreviating the genus results in loss of clarity. Never
abbreviate the genus when it begins a sentence.

» Descriptions of new taxa are not published, nor any other
nomenclatural act.

« Authors are encouraged to cite in References the publications of the
original descriptions of the taxa treated in their manuscript. This is
especially helpful for little-known or recently described taxa.

Synonym lists
If synonym lists are included, all cited works must be included in
the References sections.
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Capitalization

Initial capital letters should be used only in the beginning of a sentence, in
proper names, English common names of species (the journal’s style), Red
List categories (e.g., Critically Endangered), and in headings of main sections,
as well as to indicate tables, graphs and figure(s) within the text. German-
language text, such as titles of books, require all nouns to be capitalized.

Italicization and underlining

Scientific names should be written according to their specific nomenclatural
code, the International Code of Zoological Nomenclature and its amendment,
and the International Code of Nomenclature for algae, fungi and plants.

[talics should not be used for emphasis, SD (standard deviation), SE (standard
error), DF (degrees of freedom), NS (non significant), and not for
abbreviations such as e.g., i.e., et al., etc., cf.

Underlining of any text is not acceptable for any purpose.

Quotations and quotation marks

Use quotation marks only for shorter direct quotations, words defined by the
author, and words used in unusual contexts.

Shorter quotations should be embedded in the text and enclosed in double
quotation marks ("..."). Long quotations should be as a separate line
(paragraph), in regular font, without quotation marks, but with left and right
margins indented. All quoted text should be attributed by a reference and page
number(s): e.g., (Smith 2000: 345-346). Single quotation marks are to be used
only for a quotation within another quotation.

Decimal marker

Denote decimal values by using a full stop or period (e.g., 0.07 mm, 4.3 km),
not a comma. Check that all figures and tables use the correct kind of decimal
marker.

Abbreviations and contractions

Abbreviations and contractions should both be followed by full stop or period
(.) Examples:

o Abbreviations: a.s.l., cf., Ed. (editor), e.g., (for example), Fig., i.e. (that
1s), etc.
o Contractions: Figs., ca. (circa), Eds., Dr., and Mr.
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Units
Use the International System of Units (SI) for all measurements.

If historical data includes non-SI measurements, include the approximate
equivalent in brackets: e.g., 12 miles [19 km].

There should be a space between the value and unit (e.g., 12.5 km, not
12.5km).

All SI and similar units, for instance mm, cm, m, s, L, should be written
without full stop.

Hyphens and dashes

Hyphens are used to link words such as personal names, some prefixes, and
compound adjectives.

En-dashes (the width of an "N") are used to link spans. Use to link numerals,
sizes, dates and page numbers (e.g., 1977-1981, Figs. 5-7, 237-258); and
geographic or name associations (Murray—Darling River; a Federal-State
agreement).

Em-dashes (the width of an "M") should be used rarely for introducing a
subordinate clause in the text that is often used much as we use parentheses; in
contrast to parentheses, an em-dash can be used alone. Check List typically
uses the em-dash to separate names from references in synonym lists when the
reference is a subsequent use of the name (i.e., not the original description).

There must be no space before or after either En- or em-dashes.
Footnotes

Footnotes are not permitted in the body text of the manuscript.
Geographic coordinates and altitude

Geographic coordinates are mandatory part of all new records (coordinates for
historical records may be lacking but can be derived from modern sources and
added, enclosed in square brackets, [ ... ]).

Geographic coordinates may be derived from a GPS receiver, an online
gazetteer, or mapping software (e.g., Google Earth). Geographic coordinates
must be in one of these formats:

o Degrees, minutes, and seconds, e.g., 36°31'21"N, 114°09'50"W
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o Degrees and decimal minutes, e.g., 36°31.46'N, 114°09.84'W

o Decimal degrees, e.g., 36.5243°S, 114.1641°W

« Decimal degrees, e.g., —36.5243, —114.1641 (minus indicate S and W
hemispheres)

Do not mix = with NS/EW: e.g., —123.01°W is wrong; this can only be
—123.01 or 123.01°W

Accuracy is the tendency of measurements to agree with the true values.
Many authors give the coordinates of their localities as recorded by their GPS.
However, these readings are much too precise. As a general principle, do not
give greater precision than the accuracy of the GPS. Too much precision (e.g.,
the many decimal places in 115.1329384°W) is misleading in that it implies a
greater accuracy than the capacity of the GPS receiver. A GPS receiver might
give the latitude in decimal seconds as 28°16'55.87"N. Because one second of
latitude is about 30 m on the ground (but will vary depending on the distance
from the equator), the second figure after the decimal in 55.87 represents 30
cm, yet a typical handheld GPS receiver is only accurate at best to ca. 3 m.

Round off geographic coordinates to an implied precision appropriate to the
accuracy of the measurement (for standard GPS receivers, this is ca. 3 m
error), or to the extent of the area sampled (the distance around a central
point). We suggest rounding off:

» to the nearest second in degree-minute-second format (28°16'56"N),
which implies roughly &+ 25-30 m at middle latitudes

« to two decimal places in decimal minute format (28°16.93'N), which
implies roughly 15-20 m at middle latitudes

« to four decimal places in decimal degree format (28.2822°N), which
implies roughly + 10—15 m at middle latitudes

Altitude. Many GPS users simply record the elevation given by their GPS
receiver. However, GPS elevation is the elevation above a mathematical
model of the Earth’s surface and not the same as elevation above sea level.
GPS elevations are also more prone to errors caused by improper calibration
of the device and inherent problems of accuracy with the technology. Round
off elevations to the nearest 10 m.

Treatment of Taxa

Identification
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Only species-level identifications will be accepted; identifications to family-
or genus-level will not be accepted. In the case of records based on genus-
level identifications, these can be discussed as a personal observation

but cannot be included as the main topic for an NGD nor as part of the results
of an ALS. Papers submitted with family- or genus-level identifications might
be subject to rejection prior the peer-review process.

Comments on identification

Mention of key characters, diagnoses, full descriptions, or comparisons with
similar or related taxa is an important part of your manuscript to allow future
validation by readers of your identifications and enhance the half-life of
articles even in the face of taxonomic changes.

For NGD, all species must include comments on identification. For ALS, all
treated taxa should ideally be commented, but:

o <100 species should minimally have >50% of the species commented.
« >100 species should minimally have >25% of the species commented.

Give the key diagnostic characters used to separate your species from similar
or related species, paying attention to those that with which it is most likely to
be confused, and especially those in or suspected to be in the study area.
Compare your specimens to published descriptions and illustrations, or type or
other verified material in collections, if possible. Comments on the observed
variation in your material or how the specimens differ from the species
original description/definition are especially useful.

Figures of Treated Taxa

Figures must be provided to allow the unambiguous identification of the
treated species and generally should show the important characters used in
identifying the species. Figures may be photographs or illustrations of living
individuals and/or preserved or dead specimens. These are intended to allow
verification of your identification of the species by editors, reviewers, and
readers and together with comments on identification contribute to enhance
the half-life of your article in the face of taxonomic changes.

For NGD, all species must be appropriately figured. For ALS, all treated taxa
should ideally be figured, but:

o <100 species should minimally have >50% of the species illustrated.
« >100 species should minimally have >25% of the species illustrated.

Voucher Specimens
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To be published, manuscripts must be in accordance with Check List’s
voucher policy, as below. The information here applies to all taxa, except
when otherwise noted.

» Voucher specimens must be listed in Results.

» Voucher specimens must have been legally collected.

o Collecting permit numbers and the issuing agency, where applicable,
should be included in Methods, and a statement that specimens were
euthanized using approved/accepted/standard methods for the
taxonomic group is recommended for inclusion in Methods.

« Vouchers specimens must be deposited in scientific collections open to
the public. Vouchers must be deposited before submission to Check
List, and for most taxa, the institutional catalog number of the vouchers
must be included in the manuscript.

« For plants, the collector’s numbers and herbarium numbers must be
cited.

« For insects deposited in museums that do not use catalog numbers, an
author’s number will be accepted if a label containing this unique and
individual information is attached to each specimen.

» Itis recommended to state if tissue samples for DNA analysis were
taken from the vouchers.

When specimens cannot be collected for vouchers

For species threatened by extinction or legally protected, or when collecting of
specimens is prohibited in the study area, special circumstances apply.
However, for certain taxa (e.g., most invertebrates or those vertebrates that are
difficult to identify), the absence of voucher specimens may not allow for the
proper vetting of your manuscript and it may not be acceptable for

publication, and the decision to consider your manuscript will be up to a
Subject Editor specializing in the taxonomic group. When voucher specimens
are not available:

« Provide evidence other than voucher specimens, including photographs
or voice records, if it allows an unambiguous identification of the
taxon.

o For ALS on birds or mammals, observational records will only be
accepted if standard procedures for the taxon are followed, and if the
species are easily discernible.

Sequence data

Manuscripts containing novel amino acid sequences (e.g., primer sequences)
will only be accepted if they carry an International Nucleotide Sequence
Databases (INSD) accession number from the European Biology Laboratory



56

(EMBL), GenBank Data Libraries (GenBank) or DNA Data Bank of Japan
(DDBJ). We strongly recommend that authors include institutional catalog
numbers for specimens preserved in collections, and information identifying
sequences that are derived from type specimens (see below) when they
deposit data in genetic databanks. A summary table with the INSD accession
[catalog] numbers should be included in the Methods section of the paper. If
specimens were not vouchered (tissued specimens should be vouchered
whenever possible!), collection locality data and possibly photographs of
tissued specimens must be provided.

Citations and References

Before submitting the manuscript and at each revision, please check that every
citation in the text has a corresponding entry in References and vice-versa.

Format of citations in the text

One author: Smith (1990) or (Smith 1990); e.g., "According to Smith (1990),
..."or "The species was not collected above 220 m (Smith 1990)".

Two authors: Brock and Gunderson (2001) or (Brock and Gunderson 2001)
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starting with the earliest one; e.g., (Smith et al. 1998, 2000, 2016a, 2016b;
Brock and Gunderson 2001a, 2001b; Felt 2006). Two or more fully identical
citations: this can happen when you have more than one reference with
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al. 2018a, 2018b). Repeat the year (2018a, 2018b; not 2018a, b).
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Micrurus camilae Renjifo & Lundberg, 2003
Tantilla alticola (Boulenger, 1903)
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Please format the references properly. Your manuscript will be returned if
references are incomplete or not well formatted. All book and journal titles
should be spelled out completely and should NOT be italicized. Ensure that
punctuation (or lack of punctuation) between parts is correct.
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initial capitals; treat non-English journal titles as if they were English.

Include DOIs (digital object identifiers) when available for either the full-
text or title and abstract of an article, book chapter, or other reference; this

is required. We do not accept standard URLs instead of DOIs; if journals do
not offer DOISs, then no link is to be added. Please form DOIs using the full
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In the occasion of more than one article from the same first author within
any of the categories above, the references should be ordered chronologically.

If both the first author and year of publication match within the categories
above, the references are distinguished by adding the letters 'a', 'b', 'c', etc.
after the year of publication and this notation must be followed in the in-text
citations.

Figures

Figures are accepted in the following image file formats (below 20 MB file
size limit):

o EPS (preferred format for diagrams)

o JPEG (300 dpi minimum resolution; preferred format for photos or
images, especially unaltered, direct from camera)

o TIFF (300 dpi resolution, with LZW compression, preferable format
for photos or images)

o PNG (300 dpi minimum resolution)

o PSD (300 dpi minimum resolution)

o XLS, XLSX (native Microsoft Excel file formats; you may be asked to
supply these for graphs)

TIFF, JPEG, and PSD files need only be 300 pixels per inch, at the size they
will appear on the page (width of 1 column = 81 mm, 2 columns = 166 mm).
Please prepare you figures to accommodate the page size. For figures
composed of multiple parts (individual photographs or illustrations), authors
should neatly arrange the component parts into a single figure file.

Scale bars lengths are added last, using this format: "Scale bars: A—C, E =20
um; F, H=10 um; G=35 pm.".

Text must be sharp, at an appropriate size that is legible (e.g., no overlap of
text and graphical elements such as lines).

Author(s) must obtain permission from the copyright holder to reproduce
figures that have previously been published elsewhere and include the source
attribution in the legend.

Should you have any problems in providing the figures in one of the above
formats, please contact production@checklistjournal.com.

Figure legends



62

All figures must be referenced consecutively in the manuscript (the ordering
of figures must match the order of first mention of figures in the text).

Each figure should have a legend. Include:

The figure number in bold (e.g., Figure 1)

A general short title or description must be included

Parts of the figure identified by letters in bold (e.g., Figure 1. Figure
general short title or description. A. Part text. B. Part text.)

If abbreviations are used, these are placed after the parts with a colon,
ie.

Abbreviations: Xxxx

Scale bars lengths are added last, using this format: "Scale bars: A—C, E =20
um F, H=10 pm; G=35 pm."

Referring to figures in the text:

Maps

Fig. 1

Fig. 1A, B

Fig. 1A-D

Figs. 1,2

Figs. 1-3

Figs. 1A, B, 3F, G, 7A

Use shortened Fig. or Figs. when enclosed in parentheses. Spell out in
full when not in parentheses.

Map(s) showing the geographic distribution of studied species are mandatory.
Include:

A simple north arrow

A scale bar (do not indicate scale as a ratio such as 1:30000 because the
scale will vary with image resizing and viewing)

Indications of geographic coordinates at the margins matching the same
format used elsewhere in the manuscript

For NGDs, maps should show your new records (point data) and either (a)
previously known points of occurrence (point data), or (b) previously known
range (as an area or shape). By including previously known occurrences or
range on maps, the relationship of your new records to what was known about
the distribution of the species will be clear.

Using Google Maps, Google Earth
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All uses of Google Maps and Google Earth Content must provide
attribution to Google, according to Google Maps/Earth Additional Terms of
Service (see also Permission Guidelines for Google Maps and Google Earth).
The attribution should be visible on each map in the form, for example:
"©2020 Google" (attribution to only Google) or "©2020 Google, IMTCAN,
CNES/Airbus" (attribution to Google and providers of satellite images; these
will vary according to region of the Earth).

Tables

Format following these rules:

o Table must be in an editable format:
o Embed in the Word document using Insert > Table; do not set
regular text into tables using tabs and spaces
o Ifvery large and slows down word processing, then provide
table as a separate .xls or .xIsx file

« In Word, long tables can continue onto the next page; never split a table
by starting a new table for each page

o In Word, use the default format: thin, black lines around all edges and
between all cells (do not try to emulate the look of tables as they appear
in a published Check List article)

« Include heading for every column (including the leftmost)

« Sentence case for all content in table and body cells

» No shading of cells, rows, or columns; no coloured fonts

o Do not have hidden rows or columns

« Each column or row should contain only one kind of data (e.g., do not
include geographic coordinates and elevation together in a cell; split
into separate cells)

« Units (repeating information) belong in the heading cell

» Table legend and footnotes must not be part of the table, but above and
below it, respectively

o Same number of decimal places for same numerical data (usually
within same column)

» Ensure that anything that should be in italics in the table are in italic
font

Table should be numbered in sequence using Arabic numerals (i.e., Table 1, 2,
3, etc.; Table A1, A2, etc. in Appendix).

Table should have a legend (above the table) with a title that summarizes the
whole table and details as needed.
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Footnotes are only acceptable below tables; instead of numbers, please use (in

order): *, f, L, §, 9, # **, 11, 1L, 8§, I, ¥, ##.

Referring to tables in the text:

o Table 1
o Tables 1,2
o Tables 1-3

o Not Tab. or Tabs.

New records/Material examined

Called New records or Material examined, but another, more suitable name
might be better depending on the type of records. For most manuscripts, New
records is best.

Do not combine records/observations with a generalized geographic position
and/or date range. Each record must represent a unique collection or
observation event.

Each record 1s composed of diverse data fields (locality, date,
collector/observer, other field-based data, and specimen-based data). Most of
these fields are required information. The standard order (from most inclusive
[country] to least inclusive [specimen data]) and format are as follows:

COUNTRY/WATER BODY - Province/state * geographic/locality
data [from largest to smallest]; geographic coordinates;
altitude/elevation/depth [using alt. or elev.]; date [format: 16.IV.1998];
collector(s) [followed by "leg." (or "obs." if not collected)]; other
collecting data [e.g., micro habitat/host/method of collecting];
barcodes/identifiers [e.g., GenBank: M(G779236]; institution code and
specimen or catalogue number, sex, preservation, and code(s) [e.g., 3 &,
CBF 06023].

For botanical and mycological data, use "collection number" instead of
"collector [followed by "leg."]". The collection number encompasses all
gatherings from a single specimen (e.g., leaves, flowers, piece of wood),
which may be preserved on different herbarium sheets and in different
herbaria.

Include specimen data (number of specimens, sex (if appropriate),
preservation (e.g., slide, in ethanol, dried, etc.), institution and specimen or
catalogue number together as the last item that forms a record.
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When sex of a specimen is unknown or indication of the sex is not appropriate
(a hermaphroditic organism), instead use "spec." (for specimens) or another
descriptor ("dry shell"). For organisms where the sex is normally possible to
determine but due to immaturity of the specimen or some other reason cannot
be determined, use "sex indet.".

Punctuation and symbols

A bullet point (¢ [unicode: 2022]) is used to signify the beginning of a record.
Within each record, the different fields are delimited by a semicolon. A single
field can be composed of several elements, which are separated by commas
(e.g., the details region, area, town, and street for the "locality: field).

BRAZIL — Rio de Janeiro * Nova Iguacu, Reserva Biologica do
Tingua; 22°33'48"S, 043°25'36"W; 426 m alt.; 02.X11.2020; O. Cruz
leg.; light trap; 1 &', CEIOC 1224.

Semicolons should not be used elsewhere in the presentation of the data.

Do not "pluralize" @ and &' by doubling them up (2 Q@ and 2 &, not 2 Q9 nor
2 43).

If the material is organised by region (country, province, state or other
subnational unit), please use the following format (country in all-capitals;
province, state or other subnational unit in bold):

BRAZIL — Rio de Janeiro * Nova Iguacu, Reserva Biologica do
Tingua; 22°33'48"S, 043°25'36"W; 426 m alt.; 02.X11.2020; O. Cruz
leg.; light trap; 1 &', CEIOC 1224 ¢ Teresopolis, Parque Nacional da
Serra dos Orgéos, Rio Paquequer; 22°18'35"S, 042°59'08"W; 910 m
a.s.l.; 04.111.1998; J.L. Nessimian leg.; 2 @, DZRJ 5421 — Sao Paulo ¢
Sao José do Barreiro, Parque Nacional da Serra da Bocaina, tributdrio do
Rio Mambucaba; 22°40'00"S, 044°36'04"W; 769 m alt.; 19.1V.2005; 3
&', MZUSP 27654. ARGENTINA — Corrientes * Parque Nacional
Mburucuya; 21.I1X.1995; A.O. Bachmann leg.; 2 sex indet., MLP 2134.

Repetitive data

Repetitive data can be indicated by using "same locality", "ibid.", etc. if the
same method and wording are used consistently throughout the manuscript. If
a record is identical to another with only one or two differences, the
exceptions should be listed after the mention of repeated data.

If several specimens from one collection event (all locality, date, collector,
and other collecting data are the same) but split up into lots sent to several
museums or preserved/stored or handled in different ways (dried/in
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alcohol/slide mounted, tissue collection, etc.) that results in the assignment of
different specimen/catalogue numbers to them, combine these together for the
record, e.g.: "1 @, ABC 0000; 234, ABC 0001; 3 sex indet., DEF 1000" or "1
dry shell, CDE 1001; 2 spec. in ethanol, CDE 1002".

BRAZIL — Rio de Janeiro * Nova Iguacu, Reserva Biologica do
Tingua; 22°33'48"S, 43°25'36"W; 426 m alt.; 02.X11.2020; O. Cruz leg.;
light trap; 1 &, CEIOC 1224; 1 sex indet. CEIOC 3457 » same locality;
12.X.2021; C. Chagas leg.; malaise trap; 1 &, CEIOC 6845;2 9,
CEIOC 6846.

Missing information

In historical records, it is not necessary to include information such as "no
date" or "no locality data"; just list the elements that are available.

BRAZIL — Rio de Janeiro * Nova Iguacu, Reserva Biologica do
Tingua; 22°33'48"S, 043°25'36"W; 02.X11.2020; 1 &, CEIOC 1238.

However, including an indication of the geographic coordinates can be useful,
even when none were present in the original source and the coordinates are
approximated.

Added information

Added information, such as geographic coordinates approximated by the
authors, spelling corrections, or other insertions and author interpretations to
aid in clarity, can be added in [square brackets].

Including secondarily sourced geographic coordinates, when none exist in the
original source of historical records, is very useful and encouraged (the
process in obtaining and level of precision of these de approximated
coordinates should be explained in Methods).

BRAZIL — Rio de Janeiro * [Nova Iguagu, Reserva Biologica do]

Tingua; [22°33'S, 043°25'W]; 02.X11.1900; O. Cruz leg.; 1 &, CEIOC
1241.

CRediT author statement

The journal is integrated with Contributor Role Taxonomy (CRediT), in order
to recognise individual author input within a publication, thereby ensuring
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professional and ethical conduct, while avoiding authorship disputes, gift /
ghost authorship and similar pressing issues in academic publishing.

During manuscript submission, the submitting author is required to select a
contributor role for each of co-author, using a list of 14 predefined roles, i.e.
Conceptualization, Methodology, Software, Validation, Formal analysis,
Investigation, Resources, Data Curation, Writing - Original draft, Writing -
Review and Editing, Visualization, Supervision, Project administration,
Funding Acquisition (see more). Once published, the article will be including
the contributor role for all authors in the article metadata.

English Language Editing

This journal has well-defined policies for English language editing. Involving
mandatory outsourced language editing services would considerably increase
the price of the Article Processing Charges, which would become an
additional obstacle for persons and institutions to publish in the journal.
Therefore, we rely both on the conscience of our authors to provide
stylistically well-written texts and our editors and reviewers to filter out badly
written manuscripts.

Authors are required to have their manuscripts edited either by a native
English speaker or by a professional editing service BEFORE submission.
Authors have to confirm by checking a tick box in the submission process that
they have followed the above requirement:

The text is checked either by a native English speaker, duly acknowledged in
the manuscript, or by a professional editing service. [ am aware that non-
edited manuscripts could be rejected prior to peer-review.

The submission process includes an option to request a professional linguistic
and copy editing at a price of EURO 15 per 1800 characters:

The text has not been checked by a native speaker and I request thorough
editing prior to peer review at a price. | agree to cover the costs even if my
manuscript is not accepted for publication.

The authors are NOT obliged to use our linguistic services, but they must
ensure that their manuscripts have been checked by a native speaker.
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Abstract

We investigate the diversity of thalloid liverworts in Parque Nacional da Chapada das Mesas (PNCM). Illustrations,
descriptions, taxonomic characters, and notes on the geographic distributions of species, as well as an identification
key, are provided. We collected specimens during the rainy seasons between 2017 and 2020. Six families, six genera,
and seven species were recorded, of which five species are recorded for the first time from Maranhao state, two species
are recorded for the first time from the Brazilian Northeast Region, and two are newly recorded from the Brazilian
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Introduction

Liverworts or hepatics are nonvascular terrestrial plants
with dominant, leafy or thalloid gametophytes and grow-
ing in humid places worldwide. They represent the old-
est lineage of embryophytes (Gradstein et al. 2001; Qiu
et al. 2006). However, Puttick et al. (2018) found support
for Setaphyta, a moss—liverwort clade which is the sister
group to all other bryophytes. There are about 7,500 spe-
cies of liverwort distributed in 398 genera and 92 fami-
lies (Soderstrom et al. 2016), and including 850 species

of thalloid liverworts (11%), 500 simple thalloids (6%)
(Jungermanniopsida), and 350 complex thalloids (5%)
(Marchantiopsida) (Goffinet and Shaw 2009). In Brazil,
105 species of thalloid liverworts are recorded (Flora do
Brasil 2020). Notable work on this group has been espe-
cially conducted in the southern and southeastern Brazil
and include Hell (1969), Vianna (1985), Costa and Yano
(1987), Costa (2008), and Ayub et al. (2014). Vianna
(1985) focused mostly on Rio Grande do Sul and left a

©The authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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vast legacy of information about the genus Riccia L.,
ranging from notes about morphological characteristics
of different species (Vianna 1990, 1992a, 1992b, 1994a,
1994b) to floristic surveys (1970, 1976, 1981, 1985).

Thalloid liverworts possess a dorsiventrally flattened
gametophyte, lacking leaves and having a variable inter-
nal structure, and a thallus that can be dichotomous (e.g.
Riccia) or pinnate. They are usually terrestrial, and being
drought-tolerant plants, they can colonize arid envi-
ronments, such as the Caatinga and Brazilian Cerrado
(Gradstein and Costa 2003; Bischler-Causse et al. 2005).
Myers et al. (2000) designated biodiversity hotspots hav-
ing a high degree of endemism and highly threatened
biodiversity. Brazil includes two hotspots: the Atlantic
Forest and the Brazilian Cerrado, which are the most
threatened of the Brazilian biomes.

The Brazilian Cerrado has been annually suffering
great losses due to diverse anthropic activities, such as
agricultural expansion, deforestation, industrial activity,
and unchecked urban growth, but the destruction of the
Brazilian Cerrado has mainly occurred due to the expan-
sion of soy cultivation. The high biodiversity of the Cer-
rado is still only partly known to science and under great
risk of extinction. The climate of this biome is Tropical
Seasonal, with a wet and dry season; the annual aver-
age temperature is about 25 °C, and the average annual
precipitation is 1,200—1,800. Sporadic, spontaneous fires
also occur in this biome (Myers et al. 2000; Silva and
Bates 2002; Klink and Machado 2005; Malhado et al.
2010; Latrubesse et al. 2019; Colli et al. 2020).

In the Brazilian Cerrado, 156 species of hepatics
have been recorded. About 30 species of thalloid liver-
worts are recorded for this biome, and they are distrib-
uted in 11 families and 12 genera (Flora do Brasil 2020),
corresponding to 27% of all thalloid liverworts species
occurring in Brazil. Thus, the Brazilian Cerrado the sec-
ond most species-rich biome for thalloid liverworts, and
second only to the Atlantic Forest, which harbors 89%
of the species. Despite being a large region with unique
vegetation and climate, the Brazilian Cerrado has only
one endemic thalloid liverwort, Riccia sanguineisporis
Jovet-Ast, which occurs only in Mato Grosso (Gradstein
and Costa 2003; Bischler-Causse et al. 2005).

There are currently 65 national parks in Brazil, and
15 national parks (or slightly less than 25% of the total
national parks in Brazil) are within the Cerrado biome
(Rocha et al. 2010). There are some studies on the bryo-
phytes in national parks within this unique biome (e.g.
Yano and Peralta et al. 2011; Pinheiro et al. 2012; Sousa
and Camara 2015; Carmo and Peralta 2016; Oliveira et
al. 2018a), and the national parks in Minas Gerais are the
best inventoried for this biome (Yano and Peralta et al.
2011; Sousa and Camara 2015; Carmo and Peralta 2016).

Maranhio has two national parks: Parque Nacional
dos Lengbis Maranhenses (dune and marine) and Par-
que Nacional da Chapada das Mesas (hereafter PNCM)
(Brazilian Cerrado) (Rocha et al. 2010). Maranhao
includes parts of the Amazonia, Caatinga, and Cerrado
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biomes, as well as transitional areas between them, giv-
ing the strate great importance to the ecology, biodiver-
sity and conservation of species in Brazil (Rebélo et al.
2003; Ab’Saber 2003; Fiaschi and Pirani 2009).

PNCM has a great tourist interest due to its sce-
nic beauty, including numerous sandstone plateaus and
waterfalls. It includes one of the most conserved plateau
areas of Maranhdo, with typical Savanna phytophysion-
omies and numerous watercourses (ICMBIO 2020). To
date, only one inventory of bryophytes has been under-
taken in this park, which focused on mosses (Oliveira et
al. 2018a). Contrary to its ecological richness, only 26
species of liverworts have been recorded in the state,
with just six of them being thalloid liverworts (Silva et
al. 2018; Flora do Brasil 2020). This low number of spe-
cies is probably due to the scarcity of taxonomic studies
in Maranhdo on this group. Yano (2009) recorded three
species of thalloid liverworts: Cronisia weddellii (Mont.)
Grolle and Riccia vitalii Jovet-Ast in the municipality
of Montes Altos, and Riccia stenophylla Spruce in the
municipality of Loreto. Vardo et al. (2011) recorded only
one species (R. stenophylla) in the municipality of Gover-
nador Edson Lobao, and Oliveira et al. (2018b) recorded
five species in the municipality of Caxias. All these spe-
cies belong to the family Ricciaceae. The only taxono-
mic study focusing on thalloid liverworts in Maranhao
was by Silva et al. (2018), but it only included species of
the genus Riccia (five species).

Therefore, the purpose of our study is to inventory
the species of thalloid liverworts in PNCM. We provide
an identification key to species, as well as descriptions
and comments on the species found. Our study will sup-
port future ecological work, conservation, and man-
agement within PNCM, which is highly important for
the protection of the Brazilian Cerrado, a world hotspot
(Myers et al. 2000).

Methods

PNCM was created on 12 December 2005 by presiden-
tial decree to preserve the Savanna areas threatened by
the expansion of the agricultural and steel industry in
southern Maranhdo (Fig. 1). The park’s extent is about
160,000 ha and lies within the municipalities of Caro-
lina, Estreito, and Riachao in the middle Tocantins river
basin. The area is a transition zone between the Brazilian
Cerrado and Amazonia biomes and is at 97—681 m above
sea level (MMA 2007; Martins et al. 2017).

PNCM has many watercourses, over 400 springs,
and two large waterfalls: Sio Romdo and Prata (IBGE
2019; ICMBIO 2020). Its vegetation cover is typical of
the Brazilian Cerrado, with formations of gallery for-
est, riparian forest, cerraddes (a forest formation with
xeromorphic elements, and characterized by the mixed
composition of species common to Cerrado, Gallery For-
est, and mata seca), campo sujo (a herbaceous-shrubby
physiognomy with spaced shrubs and sub-shrubs), and
campo limpo (a herbaceous phytophysiognomy, with
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Figure 1. Map of the study area showing sampling sites inside and outside Parque Nacional da Chapada das Mesas, state of Maranhéo,

Brazil.

few shrubs and no trees) (Veloso et al. 1991). The region
comprises plateaus, mountain ranges, and table moun-
tains (mesas) (Veloso et al. 1991). The soils are formed
by quartzarenic neosoils (SNUC 2020). The climate is
tropical humid, with high temperatures throughout the
year. The average annual temperature is about 26 °C,
with low temperatures ranging from 25.2 °C in January
to 27.8 °C in September, and a maximum temperature
of about 36 °C in July and August (MMA 2007). There
are two well-defined seasons: a dry summer and rainy
winter (MMA 2007).

We collected specimens during four collecting expe-
ditions in March and October 2017, June 2018, and Feb-
ruary 2020 and included both rainy and dry seasons.
Specimens were collected from waterfalls, along stream
banks, and in gallery and riparian forests. We followed
the methodology proposed by Yano (1989). Collecting
efforts were carried out in several localities in PNCM, as
well as in surrounding areas (Fig. 1). The specimens were
dried and deposited in the CCAA herbarium. Duplicates
of some species were sent to the RB herbarium.

The classification follows Crandall-Stotler et al.
(2009). Our list of species in PNCM is in alphabeti-
cal order by family, genus, and species. We identified

the specimens using the following literature: Uribe
and Aguirre (1995), Gradstein and Costa (2003), and
Bischler-Causse et al. (2005). The geographic distri-
bution of the species is based on Bischler-Causse et al.
(2005), Gradstein et al. (2001), Gradstein and Costa
(2003), Flora do Brasil (2020), GBIF.org (2020), species-
Link (2020). and Tropicos.org (2020). Substrate type
and the terms used in the species descriptions follow
Gradstein et al. (2001).

Results

The species collected by us in PNCM represent 24% of
the Brazilian Cerrado thalloid liverwort diversity. In our
study area, we found seven species of thalloid liverworts,
which are distributed in six genera and six families.
These seven species represent 16% of the thalloid liver-
wort species in northeastern Brazil, a 57% increase in the
number of thallose species known from Maranhdo state
(Silva et al. 2018; Flora do Brasil 2020). Most of the spe-
cies found in our study are Neotropical in distribution,
but Cyathodium cavernarum Kunze has a pantropical
distribution (Gradstein and Costa 2003; Bischler-Causse
et al. 2005; Soderstrom et al. 2020).
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Key to the thalloid liverworts in PNCM

1 Thallus margin with sausage-shaped papillae. Sporo-
phyte arising from leafy branches ...........c.c.c.......
................................ Pteropsiella metzgeriiformis

1’ Thallus margin without papillae. Sporophyte not aris-
ing from leafy branches.........c.cccooeninincncncnnnn. 2

2 Thallus a ventral structurally complex, divided into
a photosynthetic dorsal layer and non-photosyn-
thetic layer. Archegonium protected by involucre
or embedded in the thallus. .........c.cccoecinincne. 3

2’ Thallus structurally simple, not divided into layers,
except in the central midrib. Archegonium pro-
tected by scale-like structures........c..cceevevveeenencne
...................................... Symphyogyna leptothelia

3 Dorsal surface of the thallus with pores................... 4
3’ Dorsal surface of the thallus without pores ............. 5

4 Thallus more than 3 cells thick. Rhizoids with papil-
lose walls. Ventral scales large (0.8 mm). Sporo-
phyte on the dorsal surface of the thallus ..............
.................................................. Cronisia weddellii

4' Thallus very thin, only 2 or 3 cells thick. Rhizoids
with smooth walls. Ventral scales absent (or present
at the apex of the thallus and very small). Sporo-
phyte on the ventral surface of the thallus . ............
....................................... Cyathodium cavernarum

5 Thallus surface with whitish or blackish punctua-
tions, margins crisped-undulate. Sporophyte aris-
ing from the thallus, and with linear capsule and
thick seta .....ccccccerevenenenenne. Monoclea gottschei

5' Thallus surface without whitish or blackish punctua-
tions, margins flat. Sporophyte embedded in the
thallus, and with a rounded capsule and no seta ...

6 Thallus>1 mm wide, with violet scales extend beyond
the Margin ........cocoeveevvvvvevieeiereenn, Riccia vitalii
6’ Thallus <l mm wide, without violet scales extend
beyond the margin .................. Riccia stenophylla

Corsiniaceae

Cronisia Berk.

The genus is represented by two species in the Neo-
tropics (Bischler-Causse 2005), and both are known to
occur in Brazil and the Brazilian Northeast Region. The
genus occurs in the Central-West, Northeast, North and
Southeast regions in the Caatinga, Brazilian Cerrado,
Atlantic Forest, and Pantanal biomes. Only Cronisia
weddellii (Mont.) Grolle occurs in Maranhao state (Flora
do Brasil 2020).

Cronisia weddellii (Mont.) Grolle

Figure 2A-E

Material examined. BRAZIL — Maranhao ¢ Carolina,
Parque Nacional Chapada das Mesas, Rio Farinha; 06°
56'43"S, 047°20'31"W; alt. 179 m; 11 Mar. 2017; J.A.S
Silva 020 col.; CCAA 1502. ¢ ibid.; J.A.S Silva 021 col.;
CCAA 1553. ¢ ibid.; Cachoeira do Prata; 06°59'41"S, 047°
09'53"W; alt. 197 m; 06 Jun. 2018; J.A.S Silva 218 col;
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CCAA 1532. = ibid.; J.A.S Silva 222 col.; CCAA 1521.
« ibid.; J.A.S Silva 223 col.; CCAA 1539. ¢ ibid.; J.A.S
Silva 227 col.; CCAA 1513. ¢ ibid.; Cachoeira Sdo Ro-
mao 07°04'25"S, 047°05'26"W; 7 Jun. 2018, J.A.S Silva
253 col.; CCAA 1517. « ibid.; Riacho Buenos Aires;
06°56'43"S, 047°20'31"W; alt. 179 m; 08 Jun. 2018; J.A.S
Silva 300 col.; CCAA 1589. « ibid.; J.A.S Silva 302 col.;
CCAA 1505.

Identification. Plants terrestrial and rupicolous. Thal-
lus dichotomous, light green, whitish, or violet, 0.9—0.20
x 0.8—1.1 mm, without central midrib; main axis wider;
dorsal surface chlorophyllose; epidermal pores with 5 or
6 ring cells; thallus in cross-section with one layer of air
chambers with chlorophyllose filaments; ventral surface
whitish; margin entire, green hyaline; ventral scales vi-
olet, large (0.8 mm long), with a filiform appendage, not
extending beyond the margin. Sporophyte on the dor-
sal surface; involucre covering the sporophyte; capsule
spherical; spores spherical, brown to dark brown; elaters
short, no more than twice as wide.

Cronisia weddellii can be confused with species of
Riccia. However, C. weddellii differs by having the cavi-
ties in the thallus containing antheridia, pores with ring
cells, appendage scales filiform and sporophyte covered
by the involucre (Bischler-Causse et al. 2005). Two spe-
cies have been recorded from northeastern Brazil, C.
weddellii and C. fimbriata (Nees) Whittem., of which
the latter occurs mainly in the Caatinga (Yano and Porto
2006; Yano et al. 2009; Germano et al. 2016). Cronisia
weddellii difters from C. fimbriata by having non-raised
epidermal pores and scales that do not extend beyond the
margins of the thallus.

Distribution and ecology. Neotropical (Bischler-Causse
et al. 2005). In Brazil, it is known from Caatinga (Ala-
goas, Bahia, Ceara, Paraiba, Piaui and Pernambuco),
Atlantic Forest (Espirito Santo), and Savanna biomes
(Goias, Maranhdo, Mato Grosso, and Tocantins) (Grad-
stein and Costa 2003; Yano 2009; Flora do Brasil 2020).
It is a typical species of the Brazilian Cerrado and Caat-
inga and tolerant to drought and high temperatures. We
collected this species on soil and rocks on riverbanks
where it was growing with mosses of the family Bar-
tramiaceae. We observed that young plants differ from
adults in the color of the thallus and shape of the scales.
The thallus in young is light green, with scales almost or
entirely hyaline and with only the apex violet; in adults
the thallus is whitish to violet.

Cyathodiaceae

Cyathodium Kuntze

The genus is represented by five species in the Neotropics
(Bischler-Causse 2005). Only Cyathodium cavernarum
has been recorded for Brazil, where it occurs in the Cen-
tral-West, Northeast, and Southeast regions and in the
following biomes: Brazilian Cerrado, Atlantic Forest and
Pantanal (Flora do Brasil 2020). Our records of this spe-
cies from PNCM are the first from Maranhdo state.
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E

Figure 2. Cronisia weddellii (J.A.S.Silva 222 CCAA). A. Habit. B. Cross-section of thallus. C. Scale. D. Thallus with female involucre. E. Spores.

Photos: J.A.S. Silva.

Cyathodium cavernarum Kunze

Figure 3A-E

Material examined. BRAZIL — Maranhdo ¢ Carolina,
Parque Nacional Chapada das Mesas, Cachoeira Sao
Romaio; 07°04'25"S, 047°05'26"W; alt. 256 m; 07 Jun.
2018; J.A.S Silva 275 col.; CCAA 1587. < ibid., Com-
plexo Pedra Caida, cachoeira do Santuario; 07°02'44"S,
047°27'01"W; alt. 128 m; 07 Feb. 2020; J.A.S Silva 551
col.; CCAA 2696.

Identification. Plants rupicolous. Thallus obcuneate,
very thin, only 2 or 3 cells wide, with smooth rhizoids,
bright green to yellowish, 4—6 X 0.6—1.0 mm, without
central midrib; main axis broad and flat; dorsal surface
of chlorophyllose thallus with epidermal pores with a
ring of 68 cells; thallus in cross section with one layer
of air chambers without chlorophyllose filaments; ven-
tral surface with chlorophyllose cells; margin entire,
greenish; ventral scales reduced or absent. Sporophyte
on the ventral surface of the thallus (near the apex); in-
volucre sac-shaped; capsule ovoid, dark brown, opening
with an operculum; spores spherical and densely spi-
nose, dark brown; elaters long.

Cyathodium cavernarum differs from other spe-
cies of thallose liverworts in the study area by having a
bright green thallus with few layers of cells, and a sporo-
phyte capsule opening through a ring of cells. It differs

from other species of Cyathodium by having the rhizoids
with smooth walls, a sporophyte with an operculum, and
spiny spores (Bischler-Causse et al. 2005).

Distribution and ecology. Worldwide (Bischler-Causse
et al. 2005 and Soderstrom et al. 2020). Atlantic Forest
(Minas Gerais), Caatinga (Bahia, Ceard, Paraiba, Per-
nambuco, and Piaui), Brazilian Cerrado (Goias, Mato
Grosso, Maranhdo, and Sido Paulo), Pantanal (Mato
Grosso do Sul) (Soderstrom et al. 2020; Flora do Brasil
2020; new data). We collected C. cavernarum on shaded
rocks with a thin trickle of water running over the ga-
metophyte. It was collected fertile only at the end of the
rainy season.

Lepidoziaceae

Pteropsiella Spruce

This genus is represented by two species in the Neo-
tropics, P. frondiformis Spruce and P. metzgeriiformis
Spruce ex Steph. (S6derstrom et al. 2016; Flora do Brasil
2020). These species are distributed mainly in the North
and Southeast regions of the country, in the Amazonia
and Atlantic Forest biomes (Flora do Brasil 2020). Our
record of P. metzgeriiformis is the first from the Brazil-
ian Cerrado, the Northeast Region, and Maranhio.
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Figure 3. Cyathodium cavernarum (J.A.S.Silva 275 CCAA). A. Habit. B. Thallus. C. Capsule open with annulus cells at apex. D. Spores. E:

Elaters. Photos: J.A.S.Silva.

Pteropsiella metzgeriiformis Spruce ex Steph.

Figure 4A-D

Material examined. BRAZIL — Maranhao ¢ Carolina,
ParqueNacional ChapadadasMesas, RiachoCorrente; 07°
04'25"S, 047°05'26"W; alt. 277 m; 07 Jun. 2018; J.A.S
Silva 294 col.; CCAA 1558.

Identification. Plants terrestrial. Thallus light green,
10-30 x 0.3—0.5 mm; branches inserted ventrally; mid-
rib rounded in cross-section, with six cortical cells (two
dorsal and four ventral, and less than 15 medullary cells);
wings narrow and unistratose; dorsal surface of thallus
without pores and air chambers; ventral surface with
chlorophyllose cells; margin toothed, green, with one or
two sausage-shaped papillae; scales absent. Sporophyte
arising from leafy branches.

Pteropsiella is sometimes misidentified as species
of Metzgeriaceae because they also have a unistratose,
flat thallus, with a midrib. However, Pteropsiella has a
toothed, green margin with one or two sausage-shaped
papillae, and rhizoids present only on the midrib, while
Metzgeriaceae has thallus margins with rhizoids and
gametoecia on the ventral side of the midrib. Pteropsiella

metzgeriiformis differs from P. frondiformis by the light
green thallus with fewer than 15 medullary cells, while
P. frondiformis has a dark green thallus with more than
15 medullary cells.

Distribution and ecology. Brazil and Colombia (Lis-
boa 1976; Gradstein and Costa 2003; Pinzén et al. 2003;
Carmo and Peralta 2016; Costa et al. 2017). Brazilian bi-
omes and states: Amazonia (Amazonas and Roraima)
and Atlantic Forest (Minas Gerais) (Carmo and Peralta
2016; Costa et al. 2017); and Brazilian Cerrado (Maran-
hao; new data). We collected this species near an open,
sunny, sandy stream bank.

Monocleaceae

Monoclea Hook.

This genus comprises two species, Monoclea gottschei
Lindb. and M. forsteri Hook., of which the latter occurs
in New Zealand (Gradstein and Costa 2003; Soderstrom
et al. 2016). Until now, M. gottschei had been recorded
in the North, Northeast, Ssoutheast, and South regions
of Brazil, in the Amazonia, Atlantic Forest, and Pampas



Fernandes et al. | Thalloid liverworts of Parque Nacional da Chapada das Mesas 51

Figure 4. Pteropsiella metzgeriiformis (J.A.S.Silva 294 CCAA). A. Habit. B. Thalli, ventral view. C. Margin of thallus toothed with papillae. D.

Cross section of thallus. Photos: J.A.S.Silva.

biomes (Flora do Brasil 2020). Our new records are the
first of the genus from the Brazilian Cerrado biome and
Maranhdo state.

Monoclea gottschei Lindb.

Figure SA-D

Material examined. BRAZIL Maranhdo ¢ Carolina,
Complexo Pedra Caida, cachoeira do Santudrio; 07°02'
44"S, 047°27'01"W; alt. 128 m; 07 Feb. 2020; J.A.S Silva
552 col.; CCAA 2578. «ibid., J.A.S Silva 557 col.; CCAA
2697.

Identification. Plants rupicolous. Thallus dark green, 20—
30 x 5-10 mm wide, dichotomous, without central midrib,
homogeneous; dorsal surface with chlorophyllose cells
and without epidermal pores, densely spotted by whitish
or darkish dots (observed in fresh material); air chambers
absent; ventral surface with chlorophyllose cells; margins
usually crispate-undulate. Sporophyte not seen.
Monoclea gottschei is a large plant, 2-3 cm long,
with crispate-undulate margins. This species is some-
times misidentified as Dumortiera hirsuta (Sw.) Nees
because it has a green, flattened thallus, without pores
and air chambers, and often occurs in the same habitat.
Otherwise, M. gottschei differs from D. hirsuta by hav-
ing whitish dots on the thallus in fresh material and no

ventral bundle of the rhizoid (Gradstein et al. 2001).

Distribution and ecology. Neotropical (Gradstein and
Costa 2003; Gradstein 2017; Flora do Brasil 2020; GBIF.
org 2020). Brazilian biomes and states: Amazonia (Ama-
zonas), Atlantic Forest (Espirito Santo, Minas Gerais,
Parana, Pernambuco, Rio de Janciro, and Sdo Paulo),
and Pampas (Rio Grande do Sul) (Gradstein and Costa
2003; Flora do Brasil 2020); and Cerrado (Maranhdo;
new data). We collected this species on shaded rocks
near a waterfall.

Pallaviniaceae

Symphyogyna Nees & Mont.

The genus is represented by 11 species in the Neotropics
(Uribe and Aguirre 1995; Gradstein and Costa 2003;
Flora do Brasil 2020 ). Five species are known to oc-
cur in Brazil, in the Central-West, Northeast, North, and
Southeast regions, in the Atlantic Forest, Caatinga, Cer-
rado, and Pantanal biomes (Flora do Brasil 2020 ). Of
these five species, three occur in the Northeast Region.
We report the first records of Symphyogyna leptothelia
for the Northeast Region, making it the fourth species of
the genus recorded for this region, and the first time that
the genus is reported from Maranhao state.
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Figure 5. Monoclea gottschei (J.A.S.Silva 552 CCAA). A. Habit. B. Thalli. C. Thallus with whitish dots. D. Cross section of thallus. Photos:

J.A.S.Silva.

Symphyogyna leptothelia Taylor

Figure 6A-F

Material examined: BRAZIL — Maranhéo ¢ Carolina,
Parque Nacional Chapada das Mesas, passagem da Dona
Lena 07°03'45"S, 047°15'16"W; alt. 230 m; 07 Jun. 2018,
J.A.S Silva 292 col.; CCAA 1528. « ibid.; 04 Feb. 2020;
J.A.S Silva 491 col.; CCAA 2628.

Identification. Plants rupicolous. Thallus dichotomous,
dark green, 21-26 x 2.2-5 cm, with central midrib; main
axis convex to flat, 0.1 mm wide, with single prosenchyma
band; wings large (0.2 mm); dorsal surface in cross-sec-
tion without epidermal pores and air chambers; ventral
surface with chlorophyllose cells; margin toothed; teeth
with 5 or 6 cells; dorsal scales covering the archegonium.
Sporophyte not seen.

Symphyogyna leptothelia grows prostrate on soil, and
the thallus has wide undulate wings, a prominent central
midrib with a single strand of prosenchyma tissue, and
a toothed margin. Symphyogyna aspera Steph. is some-
times confused with S. leptothelia due to the prostate

habit, dark green thallus, and toothed margin. However,
S. leptothelia has entire wings that are not divided into
segments and a toothed thallus apex, while S. aspera has
lobate wings, divided into segments, and a non-toothed
thallus apex.

Distribution and ecology. Neotropical (Uribe and Agu-
irre 1995; Gradstein and Costa 2003; GBIF.org 2020;
Tropicos.org 2020). Brazilian biomes and states: Atlan-
tic Forest (Espirito Santo, Sao Paulo, and Parand), Brazi-
lian Cerrado (Goias, Maranhdo; new data), Mato Grosso
do Sul, Minas Gerais) (Flora do Brasil 2020 ). We col-
lected this species on shaded rocks near the sandbank of
a stream in a riparian gallery forest.

Ricciaceae

Riccia L.

This genus comprises 53 species in tropical America, of
which 36 are recorded from Brazil (Bischler-Causse et
al. 2005; Costa and Peralta 2015). It occurs in all regions
of Brazil, and occurs in the Amazonia, Atlantic Forest,
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Figure 6. Symphyogyna leptothelia (J.A.S.Silva 292 CCAA). A. Habit. B. Thalli, ventral view. C. Apex of thallus. D. Detail of teeth of the
margin. E. Cross section of thallus. F. Scale. Photos: J.A.S.Silva.
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Figure 7. Riccia stenophylla (J.A.S.Silva 202 CCAA). A. Habit. B. Thalli. C. Apex of thallus. D. Cross section of thallus. E. Spore, distal face.

Photos: J.A.S.Silva.

Caatinga, Pampas, Pantanal and Brazilian Cerrado bi-
omes (Flora do Brasil 2020).

Riccia stenophylla Spruce

Figure 7A-E

Material examined. BRAZIL — Maranhao ¢ Carolina,
Parque Nacional Chapada das Mesas, Cachoeira do Prata;
06°59'41"S, 047°09'53"W; alt. 197 m; 29 Oct. 2017; J.A.S.
Silva 146 col.; CCAA 1533. ¢ ibid.; J.A.S. Silva 202 col.;
CCAA 1578. « ibid.; J.A.S. Silva 229 col.; CCAA 1551.

Identification. Plants terrestrial or semiaquatic. Thal-
lus bright green, dichotomous, 2—8 x 0.2—0.4 mm, linear,
without central midrib; dorsal surface with or without
a slight median groove with photosynthetic cells, with
pores bounded by four or five cells; air chambers in one
or two layers; ventral surface greenish; margin entire,
green to hyaline; ventral scales hyaline, 0.0l mm long.
Sporophytes immersed in the thallus, forming a bulge
ventrally, without involucre; capsule spherical, brown;
spores tetrahedral, brown to yellow, without elaters.
Riccia stenophylla is a terrestrial or semiaquatic
plant, with a long and slender thallus, smooth median

area with or without a groove, and sporophyte forming
a bulge ventrally. Riccia stenophylla is sometimes mis-
identified as R. fluitans L. since these species are both
semiaquatic and have a thin stem and internal sporo-
phyte forming a ventral bulge in the thallus. However, R.
fluitans has a Holarctic distribution (Gradstein and Costa
2003; Stotler and Crandall-Stotler 2017), while R. steno-
phylla is a Neotropical species (Gradstein et al. 2016).

Distribution and ecology. Tropical and subtropical
America (Argentina, Brazil, Colombia, Costa Rica,
United States, Guatemala, Mexico, Nicaragua, Panama,
Paraguay, Peru, and Uruguay) (Bischler-Causse et al.
2005; Gradstein et al. 2016; GBIF.org 2020). Brazilian
biomes and states: Atlantic Forest (Espirito Santo, Pa-
rand, Rio de Janeiro, Santa Catarina, and S&o Paulo),
Caatinga (Bahia, Ceara, Paraiba, and Pernambuco),
Cerrado (Goias, Maranhdo, and Mato Grosso), Panta-
nal (Mato Grosso do Sul), and Pampas (Rio Grande do
Sul) (Flora do Brasil 2020). We found this species only
at the end of the rainy season in ravines near rivers and
streams in open habitats which were partially exposed
to the sun.
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Figure 8. Riccia vitalii (J.A.S.Silva 073 CCAA). A. Habit (Wet). B. Herbarium specimen (habitat dry). C. Thallus in dorsal view with scales on
the margin. D. Cross section of thallus. E. Spore, proximal face. Photos: J.A.S.Silva.

Riccia vitalii Jovet-Ast.

Figure 8A-E

Material examined. BRAZIL — Maranhao ¢ Carolina,
Parque Nacional Chapada das Mesas, Cachoeira do
Prata; 06°59'37"S, 047°09'57"W; alt. 197 m; 12. Mar.
2017; J.A.S. Silva 073, 075, 079 col.; CCAA 1564; 1494;
1507. » Estreito, Parque Nacional Chapada das Mesas,
06°5939"S, 047°09'56"W; 12 Mar. 2017; J.A.S. Silva 085
col.; CCAA 1775.

Identification. Plants rupicolous. Thallus dichotomous,
dark green, 5—8 x 2—4 mm, without central midrib; dor-
sal surface with one deep, median groove with photo-
synthetic cells; pores absent; ventral surface whitish to
violet, without photosynthetic cells; margin green to hy-
aline; ventral scales large, 0.05 mm long, violet, without
filiform appendages, and extending beyond the margin.
Sporophytes immersed in the thallus, without involucre;
capsule spherical, brown; spores subspherical to subtet-
rahedral, reddish to dark brown, without elaters.

Riccia vitalii is terrestrial and differs from R. steno-
phylla in having the thallus with a deep median groove
and large violet scales extending beyond the margin. In
Brazil, R. vitalii when sterile can be misidentified as Ric-
cia weinionis Steph. because both have a thallus with a
deep median groove and dorsal cells with vertical bands
of longitudinal thickenings which are seen in the thallus

cross-section). However, R. vitalii can be easily distin-
guished from R. weinionis by the form and ornamenta-
tion of the spores. In R. vitalii, the spores are subspherical
to subtetrahedral, with a granular proximal face and an
evident trilete mark, whereas in R. weinionis the spores
are tetrahedral with a proximal face with few areolas and
without a trilete mark (Silva et al. 2018).

Distribution and ecology. Neotropical (Costa Rica, Pa-
raguay, Colombia, and Brazil) (Bischler-Causse et al.
2005; Gradstein et al. 2016). In Brazil, it occurs in the
Amazonia (Amazonas), Atlantic Forest (Espirito Santo),
Caatinga (Alagoas, Bahia, Ceara, Paraiba, Pernambuco,
Piaui, Rio Grande do Norte and Sergipe), Pampas (Rio
Grande do Sul), Pantanal (Mato Grosso do Sul), and Cer-
rado (Goias, Maranhao, and Tocantins) biomes (Flora do
Brasil 2020). We found it growing in open, sunny habi-
tats near waterfalls.

Discussion

The thalloid liverworts collected in PNCM belong to
four orders: Jungermanniales, Marchantiales, Metzgeri-
ales, and Pallaviciniales. The majority (five) of the spe-
cies are in Marchantiales. In the Neotropics, this is the
most species-rich order, with 103 species in 12 families
and 13 genera (Bischler-Causse et al. 2005; Villarreal et
al. 2015; Soderstrom et al. 2016).
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Even though PNCM is located in the Brazilian Cer-
rado and has some transitional vegetation types, such
as Cocais Forest, we found families more similar to the
Caatinga biome than another study in the Cerrado biome
by Gradstein and Costa (2003). In our study, the simi-
larity with thalloid liverworts of the Caatinga biome is
because we focused on gallery forest, but possibly also
may have been influenced by the collection methods.

We present records of five species of thalloid liver-
worts newly reported from Maranhdo state, and most
notably Pteropsiella metzgeriiformis and Monoclea gott-
schei, which are also recorded for the first time from the
Brazilian Cerrado. Until now, P. metzgeriiformis was
only reported from Amazonia and the Atlantic Forest
(Carmo and Peralta 2016; Lisboa 1976). In Brazil, M.
gottschei is distributed in the Amazonia, Atlantic For-
est, Brazilian Cerrado, and Pampas biomes, occurring
mainly in mountainous regions usually in habitats with-
out drought stress and with high humidity throughout
the year (Hell 1969; Costa and Yano 1987; Gradstein and
Costa 2003; Flora do Brasil 2020).

Cyathodium and Monoclea were only collected in
microhabitats near waterfalls where they were living on
wet, shaded cliffs. The restricted occurrence of Cyath-
odium in extremely moist habitats, such as near water-
falls, might be because its thallus has few cell layers, and
lacking a cell layer for water storage, it is impossible for
this species to colonize drier habitats unlike Riccia and
Cronisia (Bischler-Causse et al. 2005). Cronisia wed-
dellii was the most abundant species that we collected
and occurred at the majority of our sites. This species is
frequently collected in northeastern Brazil (Yano 2009;
Germano et al. 2016; Oliveira et al. 2018b; Silva et al.
2018).

The most species-rich family of thalloid liverworts
in the Neotropics is Ricciaceae (Bischler-Causse et al.
2005). We expected to find more species of this family
because there are two centers of diversity for this family
in Brazil (Caatinga and Pampa; Ayub 2014; Reis 2015)
and Maranhao has two (Amazon basin and the Palm For-
est) of the six main zones where Riccia occurs in the
country (Jovet-Ast 1991). In our study, the Ricciaceae
had the most species (two), while each of the other fami-
lies were represented by only one species.

Riccia was collected in places exposed to the sun, and
this preference for sunny, exposed habitats can explain
the wide distribution of this genus in the tropics. Ric-
cia has physiological characteristics, such as spores
and stems adapted to desiccation, that allow it to sur-
vive drought. Additionally, rapid development of game-
tophytes and spores when water is available may offer
another explanation (Bischler-Causse et al. 2005).

Most of the species found in our study have a rupico-
lous habit, which is possibly due to the large number of
rocks near the streams and waterfalls. However, the soil
characteristics must be considered, as the soil is porous
and susceptible to erosion, which hinders the accumu-
lation of water on the surface. This may force plants to
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grow on rocky substrates where they are less disturbed by
erosion of their substrate (Martins et al. 2017). However,
even where living and dead trunks are abundant, such
as gallery forests in the Brazilian Cerrado and Atlantic
Forest biomes, thalloid liverwort species tend to grow
on rocks or soil (Hell 1969; Costa 1988; Yano and Porto
2006; Yano and Peralta et al. 2011; Carmo and Peralta
2016). Another possible explanation for plants growing
on rocky surfaces is that they posses ventral cells spe-
cialized in water absorption. However, ecological studies
are necessary to confirm this. While Riccia stenophylla
and P. metzgeriiformis are unique because of their ter-
restrial habit, they were always found near river banks
and, in the case of R. stenophylla, sometimes submerged
in water.

We collected most of the thalloid liverwort species
in PNCM in lowlands at elevations from 128 to 280 m.
Pteropsiella metzgeriiformes was collected at an eleva-
tion of 277 m, similar to Pinzén (2003), who reported
this species between 100 and 300 m. According to Grad-
stein (1995), the diversity of thalloid liverworts species
is highest on plains (83 species) with an elevation range
of 0—1200 m. One possible reason for this is that March-
antiales are drought-resistant plants which do not need
permanent humidity and require open places with full-
sun exposure (Bischler-Causse et al. 2005). According
to Gradstein and Costa (2003), several species of liver-
worts are found in Brazil at elevations of 0—200 meters,
which reflects the large latitudinal extension of the coun-
try’s humid plains. Some thalloid liverwort species were
found to be restricted to certain localities and habitats in
PNCM; for example, Cronisia weddellii, Riccia vitalii,
and R. stenophylla were only found near waterfalls and
along the banks of the Rio Farinha, usually on rocks or in
places partially exposed to the sun.

We found the diversity of thalloid liverwort species in
PNCM to be 16% of the species known from northeastern
Brazil. In comparison to other studies on thalloid liver-
worts in the Brazilian Cerrado, we did not find four fam-
ilies, Marchantiaceaec, Dumorticraceae, Metzgeriaceae,
and Pelliaceae, in PNCM. We believe that these families
may occur in Maranhdo and in PNCM, as there are still
areas in the state and park that are still unexplored. More
fieldwork is needed to better understand the diversity of
thallose liverworts, as well as other bryophytes, in this
state and national park. Our search for thalloid liverwort
specimens on the SpeciesLink website (SpeciesLink
2020) yielded only nine records for all herbaria, reveal-
ing a scarcity of collections of these plants from Maran-
hao and demonstrating the need for more collections and
increased study of thalloid liverworts.
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