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Organização da dissertação 

A presente dissertação possui uma introdução geral (seguindo as normas do 

periódico Acta Botanica Brasilica), para melhor entendimento dos temas abordados e 

problemas ao qual o estudo visa resolver, seguido de um capítulo em formato de artigo. 

O capítulo contém o trabalho feito sobre a filogenia do grupo de plantas estudado. 

Esse primeiro artigo pretende-se publicar na revista Jornal of Bryology e por isso seguirá 

a formatação sugerida pela revista. 

Por fim, a dissertação é encerrada com as considerações finais (seguindo à Acta 

Botanica Brasilica). 
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Introdução geral 

Descoberto no século XIX por exploradores franceses, russos e britânicos, o 

continente Antártico é o mais frio, mais seco, mais alto, mais ventoso, mais desconhecido 

e o mais preservado de todos (Rives 1988; Machado & Brito 2006; Walton 2013). Esse 

vasto continente começou a se separar de Gondwana no Mesozóico (c.a. 250 ma), e, devido 

à corrente circumpolar que se formou há 30 milhões de anos (onde a água do oceano quente 

vinda de latitudes mais baixas ficou isolada) houve declínio gradual das temperaturas locais 

e o consequente acúmulo de neve e gelo, que hoje se estende em até 4 km desde a superfície 

terrestre até o platô (Thomas et al. 2008; Simões et al. 2011; Salleh 2015; Stevenson 2018). 

Toda a área do planeta acima do paralelo 60o S é considerada Antártica (Capozoli 2001; 

Câmara & Carvalho-Silva 2020), o qual é dividido geralmente em três zonas 

biogeográficas terrestres: Subantártica, Antártica Marítima e Antártica Continental 

(Simões et al. 2011). A zona Subantártica fica ao norte do continente congelado, 

compreende desde o paralelo 40°S até o 60°S (Simões 2011; Leppe et al. 2010). Já a zona 

da Antártica Marítima compreende as ilhas que ficam acima do paralelo 60°S até cerca de 

70°S, no continente antártico (Ochyra et al. 2008). E a Antártica Continental, como o 

próprio nome sugere, é o respectivo continente circundado pelo Oceano Austral (ou 

Oceano Antártico) (Machado & Brito 2006). Estudos revelam que a península Antártica é 

a área que mais aquece no planeta Terra, promovendo áreas de degelo, cujo ambiente se 

torna promissor para o estabelecimento de plantas (Turner et al. 2005; 2009; Venables & 

Meredith 2014; Hahn-Woernle 2020).  

Quando ainda estava unida à Gondwana, a Antártica compartilhava a flora 

presente nesse supercontinente (Boger 2011). Após se separar, acreditou-se que a última 

glaciação, ocorrida há ~10 mil anos, teria dizimado toda a flora Antártica (Biersma et al. 

2018). Assim, toda a vegetação presente ali teria surgido após o término da glaciação. 

Entretanto, dados moleculares têm mostrado que algumas plantas se refugiaram em 

terrenos com atividade vulcânica, conseguindo assim sobreviver às adversidades da 

glaciação (Biersma et al. 2018, Fraser et al. 2014; Pisa et al. 2014). Sendo assim, a flora 

local é composta por plantas que sobreviveram às glaciações e plantas que chegaram 

posteriormente.   

A Antártica apresenta temperaturas que chegam a -93°C no inverno (no interior 

do continente). Devido a esse ambiente inóspito para a sobrevivência dos organismos, é 

preciso ter várias adaptações, dessa forma, os únicos registros de plantas que existem até 

hoje são de briófitas e duas fanerógamas nativas - Deschampsia antarctica Desv. (Poaceae) 

e Colobanthus quitensis (Kunth) Bartl. (Caryophyllaceae), além de uma invasora, Poa 

annua L. (Poaceae) (Ochyra et al. 2008). O primeiro registro de briófitas na Antártica foi 

feito pelo cirurgião Willian Smith em 1819, em uma breve anotação em sua caderneta, e o 

primeiro musgo coletado foi um exemplar do gênero Polytrichastrum alpinum (Hedw.) 

G.L. Sm. (Eights 1833). Desde então, tem aumentado progressivamente a catalogação de 

briófitas do continente. 

Como todas as briófitas são poiquiloídricas e poiquilotérmica, essa característica 

possibilita sua ocorrência na Antártica, apesar de seu ambiente hostil. Portanto, temos 
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registro de 116 espécies de musgos, sendo que 11 são endêmicas naquele continente 

(Ochyra et al. 2008; Ellis et al. 2013a, b, Sollman 2015, Câmara et al. 2019).  

Dentre os grupos de briófitas catalogados na Antártica, está o gênero Hymenoloma 

Dúsen, o qual se encontra dentro da família Hymenolomataceae (Grimmiales) (Frey et al. 

2009). Tal gênero tem oito espécies: Hymenoloma antarcticum (Müll. Hall.) Ochyra, H. 

grimmiaceum (Müll. Hal.) Ochyra, H. crispulum (Hedw.) Ochyra, H. brevipes (Müll. Hal.) 

Ochyra, H. brevisetum (Cardot) Ochyra, H. compactum (Schwägr.) Ochyra, H. 

conterminum (Renauld et Cardot) Ochyra e H. mulahaceni (Höhn.) Ochyra (Ochyra et al. 

2008; Werner et al. 2013). As características diagnosticas do gênero são: a presença 

frequente de papilas em seção transversal do filídio, devido a lamelas cuticulares cobrindo 

ambas as superfícies do filídio; margem inteira, costa única, ocupando cerca de 1/5 da base 

do filídio; células guia separando os estereídeos da parte ventral e dorsal do filídio, filídios 

crispos (enrolados) quando secos, além do peristômio fortemente crispado com 16 dentes 

(Ochyra et al. 2008; Werner et al. 2013). 

Na Antártica as espécies presentes são apenas três: Hymenoloma antarcticum, H. 

grimmiaceum e H. crispulum, que basicamente se diferenciam pelos seus esporófitos e 

esporos. Quando não estão férteis, a identificação é quase impossível.  

Ochyra et al. (2008) relaciona geograficamente dois fenótipos de Hymenoloma 

antarcticum: um presente nas ilhas Rei George e Livingston (arquipélago Shetlands do 

Sul), denominado fenótipo brevipes, que possui células laminares basais curtas e faltam 

aurículas convexas. Esse fenótipo foi nomeado dessa maneira, devido ao tipo (Blindia 

brevipes Müller) estar presente na Geórgia do Sul. E, o fenótipo típico, presente no 

arquipélago Orcadas do Sul e também na ilha Deception (província das Shetlands do sul), 

apresenta plantas maiores, folhas largas e células laminares basais bastante longas e 

lineares. Embora se tenha características tão distintas nos dois fenótipos, nenhum trabalho 

aborda a possibilidade desses dois morfotipos serem espécies diferentes. 

Nenhuma das espécies de Hymenoloma é endêmica da Antártica, podendo ser 

encontradas também na América do Sul, em países como Colômbia e Peru (H. crispulum), 

além da Ásia, na Geórgia do Sul (H. grimmiaceum), Tasmânia e Austrália (H. antarcticum) 

e na Oceania em Nova Zelândia (H. antarcticum). Hymenoloma crispulum é a única 

espécie bipolar intermediária, ou seja, ocorre tanto na região polar Norte quanto na Sul, 

além de outras regiões, como na América do Sul e Rússia (Ochyra et al. 2008; Ochyra & 

Bednarek-Ochyra 2015; Fedosov et al., 2016). Mas até o momento não temos estudos 

moleculares abordando e afirmando a possibilidade dessa espécie ser mesmo bipolar.  

O gênero foi descrito por Dusén (1905), para a colocação de uma espécie 

patagônica nova - H. nordenskjoeldii Dusén. (espécie tipo). Brotherus (1924) retirou três 

outras espécies dos gêneros Blindia Bruch (Seligeriaceae), Dicranoweisia Milde 

(Rhabdoweisiaceae), e Verrucidens Cardot (Rhabdoweisiaceae), e os colocou em 

Hymenoloma. Posteriormente Ochyra et al. (2003), em uma revisão taxonômica dos 

musgos da Polônia, retirou quase todas as espécies do gênero Dicranoweisia e os inseriu 

em Hymenoloma (Seligeriaceae), deixando apenas D. cirrata (Hedw.) Lindb. ex Milde e 
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D. africana Dixon em Dicranoweisia (Frey et al. 2009; Stech et al. 2013; Werner et al. 

2013).  

Nesse sentido, há certa confusão na literatura sobre qual família Hymenoloma 

pertence (tabela 1). Há estudos moleculares de algumas espécies para elucidar a real 

posição de Hymenoloma (e. g. Werner et al. 2013; Fedosov et al. 2016), mas ainda nada 

muito conclusivo, devido à falta de informações (tanto moleculares, quanto morfológicas) 

das outras espécies. Werner et al. (2013) sugerem uma forte relação molecular do gênero 

com a família Scouleriaceae, o que foi confirmado por Fedosov et al. (2016). Porém, nesse 

último estudo, eles concluíram que as características morfológicas encontradas em 

Hymenoloma eram únicas e não se encaixavam nessa família, sugerindo assim a criação de 

uma nova familia – Hymenolomataceae, onde incluíram apenas as espécies Hymenoloma 

crispulum, H. nordenskjoeldii (=H. antarcticum) e H. mulahaceni (Höhn.) Ochyra.  

Resumindo, Hymenoloma é um conjunto de espécies que não couberam em outros 

gêneros, e apesar de ter dois trabalhos (Werner et al. 2013; Fedosov et al. 2016) mostrando 

o monofiletismo do grupo, eles não englobam todas as espécies, principalmente as 

antárticas e o grupo carece de sinapormorfias morfológicas, especialmente no gametófito - 

uma melhor circunscrição. Além disso, os estudos moleculares podem nos dar respostas 

acerca da bipolaridade de Hymenoloma crispulum, se formam clados monofiléticos ou não. 

Além da posição familiar do grupo. 

Tabela 1. Classificações de Hymenoloma Dusén encontradas na literatura. 

Ochyra et al. 

2003; 2008 
Goffinet et al. 2008 Frey et al. 2009 Werner et al. 2013 Fedosov et al. 2016 

Seligeriaceae 

 

Rhabdoweisiaceae 

 

Oncophoraceae 

 

Scouleriaceae 

 

Hymenolomataceae 

 

 

Como mencionado, além de não sabermos a qual família Hymenoloma pertence, 

a identificação das espécies Antárticas apenas com o gametófito é praticamente inviável. 

São poucas as características que as diferenciam apenas com esse recurso, e mesmo assim 

é difícil, devido à falta de características diagnosticáveis. As descrições que temos na 

literatura são muito superficiais e subjetivas, dando brechas para duplas interpretações 

(como cor do filídio, caulídio, formato do filídio e das células e etc.) (e. g. Ochyra et al. 

2008).  

Dessa forma, o objetivo geral desse trabalho é estudar a taxonomia e com a ajuda 

de ferramentas moleculares a filogenia do grupo Hymenoloma presente na Antártica: H. 

grimmiaceum, H. antarcticum e H. crispulum. 
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Molecular phylogeny of Hymenoloma Dusén (Bryophyta) in Antarctica 

In Antarctica, there are three species of Hymenoloma: H. antarcticum, H. 

crispulum and H. grimmiaceum. Literature reported that Hymenoloma crispulum 

is an intermediate bipolar species, but no work has tested this hypothesis in 

depth. Besides, there is also some confusion about the family position of 

Hymenoloma. The objective of this study is to investigate the relationships 

between Antarctic species and their continental pairs using morphologic and 

molecular studies. For this study, plants of Hymenoloma from South Shetlands 

islands were used, with the molecular marker’s trnLF, rps4 and nad5. 

Phylogenetic analyzes were performed under Maximum Parsimony, Maximum 

Likelihood and Bayesian Inference. As a result, it was possible to see the 

monophyly of the genus Hymenoloma with good support. The phylogram showed 

that Hymenoloma is a sister group of Drummondiaceae, your family is 

Hymenolomataceae and order is Scouleriales. Hymenoloma crispulum is not a 

bipolar specie and a not have H. crispulum in Antarctic but H. brevipes. 

Hymenoloma grimmiaceum is monophyletic and we have new Hymenoloma 

species for antarctica and Chile.   

Keywords: trnL-F; rps4; nad5; monophyly; phylogeny, morphology, 

Hymenelomataceae. 

Introduction 

Antarctica is a continent geographically isolated, and despite that, genetic flow occurs 

with other continents, through the air, migratory birds and even by human influence 

(Lewis et al. 2014; Viana et al. 2016). Despite of the inhospitable climate some few 

plants manage to survive and even thrive as it is the case of more than 116 (Walton 

2013), bryophyte species that occurs there (Ochyra et al. 2008b; Ellis et al. 2013a; b; 

Sollman 2015; Câmara et al. 2019). And within the bryoflora there is the genus 

Hymenoloma Dusén (1905) with three species reported to Antarctica: Hymenoloma 

antarcticum (Müll. Hall.) Ochyra, H. crispulum (Hedw.) Ochyra and H. grimmiaceum 

(Müll. Hal.) Ochyra (Convey and Smith 2006; Ochyra et al. 2008b; Pereira and Putzke 

2013). 
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 The genus Hymenoloma was described originally by Dusén (1905) for a 

Patagonian species – H. nordenskoeldii Dusén. Brotherus (1924) removed three species 

from the genera Blindia Bruch (Seligeriaceae), Dicranoweisia Milde 

(Rhabdoweisiaceae), and Verrucidens Cardot (Rhabdoweisiaceae), and placed them into 

Hymenoloma. Ochyra et al. (2003), synonymized seven Dicranoweisia species in 

Hymenoloma, leaving only D. cirrata (Hedw.) Lindb. ex Milde and D. africana Dixon 

in Dicranoweisia (Frey et al. 2009; Stech et al. 2012; Werner et al. 2013). 

Adding to this morphological and nomenclatural confusions, there is also some 

incertitude in the literature about the familial position of Hymenoloma. Ochyra et al. 

(2003; 2008a; 2008b), based on morphology, classified the genus into Seligeriaceae, 

Goffinet et al. (2008), based on DNA evidence, moved it into Rhabdoweisiaceae. Still, 

none of these works presented a well-defined circumscription for the genus. Stech et al. 

(2012), Werner et al. (2013), Fedosov et al. (2015) and Fedosov et al. (2016) using also 

molecular tools have shown that Hymenoloma does not fit in these families. Fedosov et 

al. (2016) described a new family – Hymenolomataceae to accommodate the genus, but 

his studies did not include any of the Antarctic species. 

The three species of Hymenoloma present in Antarctica are very hard to 

distinguish when they are not fertile, differing only by the sporophyte (Ochyra et al. 

2008b). Hymenoloma grimmiaceum has capsules with 0.9-1.2 mm length and 0.8-

0.9mm wide, brown, peristome teeth are deeply inserted below the mouth and recurved 

when dry; Hymenoloma crispulum has capsules with 1.5-2.0 mm length and 0.6-0.7 

wide, light brown, peristome teeth are hyaline or orange-brownish, papillose to 

obscurely papillose-striate above on both outer and inner surfaces and Hymenoloma 

antarcticum presents capsules with 0.9-1.2 mm length and 0.7-0.9 mm wide, 

castaneous; peristome teeth are entirely or variously eroded at the apex, orange- brown, 
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reddish-orange to hyaline-yellow, densely papillose or verrucose distally and finely 

papillose at the base (Ochyra et al. 2003, 2008a, 2008b, Fedosov et al. 2016).  

Due to the fact of the morphology of the Antarctic species of Hymenoloma are 

based mostly by the sporophyte and specimens are usually found sterile, due to the lack 

of liquid water during most of the time in Antarctica more molecular investigation is 

necessary to resolve these taxonomic confusions, like the identification morphology 

based in the gametophytic, the family of the group and the monophyly of the specimens.  

In Antarctica, mosses are in constant morphological plasticity, due to the cold 

and inhospitable climate. And that is why they need a specialized correct identification 

and a vast taxonomic knowledge. There are several studies showing this influence of the 

Antarctic climate on the mosses there (Câmara et al. 2019). Therefore, the use of 

molecular markers has been increasingly significant and relevant for the correct 

identification of species, thus revealing the underestimated richness of that continent 

(Câmara et al. 2017; Park et al. 2018; Câmara et al. 2019). 

Moreover, Convey and Smith (2006); Ochyra et al. (2003; 2008a; b); Pereira and 

Putzke (2013); Werner et al. (2013); Fedosov et al.( 2016) and Câmara et al. (2020) 

reported the occurrence of Hymenoloma crispulum in the northern hemisphere (in 

Russia and North America) (Ochyra et al. 2003; 2008a; Werner et al. 2013; Fedosov et 

al. 2016) and the south hemisphere (in Antarctic, Oceania, South America) and 

considered this species as intermediate bipolar. But this hypothesis has not yet been 

phylogenetically tested. 

The main objectives of this study are: 1. Investigate the monophyly of the genus 

with the inclusion of more species, including all the ones from Antarctica. 2. Investigate 

with molecular tools if Hymenoloma crispulum is indeed a bipolar species and 3. 

Investigate the real family position of the Antarctic species of the genus Hymenoloma. 



18 
 

Material and methods 

Twelve plants of the genus Hymenoloma from Livingston and King George Island 

(South Shetlands Island s) in Antarctica and one plant from Chile, were included in the 

molecular analyses (table 1). These plants were obtained from the herbaria: NY (New 

York) and UB (University of Brasilia). Ten Genbank sequences were downloaded to 

compose the phylogenetic analysis. The chosen outgroup (Tricodon cylindricus (Hedw.) 

Schimp,) was based on Fedosov et al. (2016).  

We used three molecular markers (table 2), being two from chloroplast:  rps4 

(trnS-rps4 spacer) and trnL-F (trnL-trnF spacer), using the primers by Nadot et al. 

(1994) and Taberlet et al. (1991), respectively. And also, one mitochondrial marker - 

nad5 (NADH dehydrogenase subunit 5) using the primers from Câmara and Shaw 

(2013). DNA was extracted using the CTAB protocol (Doyle and Doyle 1987). The 

content for the PCR mixes and the temperature cycle in the thermal cycler was the same 

as used in Câmara et al. (2019), modifying only the annealing in 1 min at 54-56° C 

(trnL-F) and 49-51°C (rps4). PCR products were purified and sequenced by Macrogen 

Inc. (Seoul, Korea) and BPI Biotechnology (São Paulo, Brazil). 

The edition of sequences and contigs was made with Geneious v. 6.1.6 

(Biomatters 2010). Alignment was done initially using Clustal X v. 2.1 (Higgins and 

Sharp 1988) and manually adjusted using PhyDe 0.9971 (Müller et al. 2006). Indels 

were coded as Single Indel coding, SIC (Simmons & Ochoterena 2000) using Seqstate 

v. 1.4.1 (Müller 2005). Phylogenetic inferences were made using PAUP v. 4 (Swofford 

2002), for maximum parsimony analysis, RaxMl v. 6 (Stamatakis 2006), for maximum 

likelihood analysis and Mr. Bayes v. 3.2.2 (Ronquist et al. 2012), for Bayesian analysis. 

Heuristic searches were done with 100 random addition replicates and tree-bisection -

reconnection (TBR) branch swapping, saving a maximum of 10,000 trees; all characters 
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were unordered and equally weighted, and gaps were treated as missing data. For 

maximum parsimony and maximum likelihood analysis for clade support was evaluated 

using the non-parametric bootstrap (Felsenstein 1985). The Bayesian Inference support 

was evaluated using posterior probabilities. For Bayesian analysis, two parallel Markov 

Chain Monte Carlo (MCMC) simulations were run for 5 million generations, sampling 

one tree every 1000 generations. Convergence was established by ensuring that the 

mean standard deviation of split frequency was < 0.01. The first 25% of the trees were 

discarded as “burn-in”. A majority-rule consensus tree was constructed from the 

resulting trees to estimate the posterior probabilities. We consider unsupported clades 

when the inference Bayesian <0,95 the maximum parsimony <60 and maximum 

likelihood <60 (Yang and Rannala 2012). 

Results 

Trees from individual markers as well as analyses treating gaps as missing data or 

coding them by simple indel coding (SIC) (Simmons and Ochoterena 2000) differed 

only in the degree of resolution. Consequently, all markers were using in a single 

matrix. In all our analyses, Hymenoloma is resolved as a monophyletic group with 

maximum support in all analysis (figs 1 and 2). The family of the genus Hymenoloma is 

Hymenolomataceae and the order is Scouleriales. 

The support for the Hymenoloma group was 1 for Bayesian inference, 100 for 

maximum parsimony and 100 for maximum likelihood. Within the Hymenoloma’s 

group, five clades were formed figure 1 As follows: 

Clade 1: have Hymenoloma crispulum from King George and Livingston Island 

(H. crispulum_KG1 and KG2; H. crispulum_LV, LV1, LV2 and LV3), H. antarcticum 

from Livington and H. brevipes from Chile (no support, with 0,92 for Bayesian 

inference, 50 for maximum parsimony and 0 for maximum likelihood).  
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Clade 2: grouped Hymenoloma crispulum from Spain, Austria and Russia with 

H. compactum from Austria (no support, with 0,93 for Bayesian inference, 0 for 

maximum parsimony and 0 maximum likelihood). 

Clade 3: have a group formed for Hymenoloma grimmiaceum with maximum 

support in Bayesian inference, 68 for maximum parsimony and no support for 

maximum likelihood (56).  

Clade 4: The specie H. mulahaceni from Russia and Kazakhstan with maximum 

support in all analysis.  

Clade 5: grouped Hymenoloma antarcticum and H. grimmiaceum from 

Livingston and H. crispulum from Chile as sister group. In this clade we didn't get 

support in our analysis. 

In figure 2, we have a phylogram consensus of Bayesian inference with the 

names suggested at this study. 

Discussion 

The monophyly of the genus Hymenoloma reported in the literature (Werner et al. 2013, 

Fedosov et al. 2016) has been confirmed here. In the two trees (figs 1 and 2) the 

supporting was maximum for all analysis. The sister group for Hymenoloma in our 

study is Drummondia, (Drummondiaceae), the order for the genus Hymenoloma is 

Scouleriales and the family is Hymenolomataceae. 

Hymenoloma crispulum not is a bipolar specie (figure 1 and 2). The 

Hymenoloma crispulum from northern hemisphere is not nested with Antarctic and 

Southern hemisphere species. We suggest the use of H. brevipes for the southern 

hemisphere specimens because the type of is from South Georgia in Antarctic.  

In the two papers published (Fedosov et al. 2016, Werner et al. 2013) for 

Hymenoloma, H. brevipes is separated from of the H. crispulum. This occur because H. 
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crispulum only happens so far in Europe, in South America not happens. In literature 

have a proximate on the morphological of the H. crispulum and H. brevipes. According 

to Werner et al. (2013), the only difference between the two species is the larger spore 

in H. brevipes, which may occur due to environmental conditions acting on the 

morphology of the species. May be the cause of misidentification. 

European Hymenoloma crispulum grouped with H. compactum (figs 1 and 2, 

clade 2), the two species needs of the revision and may be synonymous.  H. crispulum 

of the Chile (fig 1, clade 5) is a specie unknown, your characteristics genetics and 

morphological are not of the no species described.  

Hymenoloma grimmiaceum was resolved monophyletic with the three markers 

(figs 1 and 2, clade 3). H. grimmiaceum that grouped with H. crispulum of the Chile, 

could be a new specie (figs 1 and 2 clade 5). The characteristic distinguishable of the H. 

grimmiaceum is the peristomal teeth facing out when dry (fig 3a, 3b and 3c), what does 

not happen with this species that joined with H. crispulum of the Chile (fig 3d). It is 

genetically and morphologically different.  

Hymenoloma crispulum from Chile (figs 1 and 2, clade 5) is the more different 

morphologically of the all Hymenoloma specimens. She present allar cells very evident 

(fig 4i), leaf very flaccid and the base is wedged when pulled from the stem (fig 4h) 

(remember the Bryum Hedw.), characteristics never seen in Hymenoloma. 

We do not have enough data to say for sure the position of Hymenoloma 

antarcticum. Despite the low support in Figures 1 and 2 in the clade 1 and 5, H. 

antarcticum separated. 

Hymenoloma mulahaceni is monophyletic. In the all analysis grouped with high 

support, in the two figure the support was 1 for Bayesian inference, 100 for maximum 

parsimony and 100 for maximum likelihood (figs 1 and 2, clade 4). 
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The proximity of the genus Hymenoloma with the Drummondiaceae family has 

been related in the literature (Stech et al. 2012, Werner et al. 2013; Inoue and Tsubota 

2014; Fedosov et al. 2015; Fedosov et al. 2016), and confirmed here. Ochyra et al.  

(2003, 2008a, 2008b) classified the genus based on morphology in the order 

Grimmiales (Seligeriaceae). The characteristics described fit into Hymenoloma, but the 

molecular phylogeny contradicts it, since the taxa representing the order Grimmiales 

(Grimmia and Ceratodon) are not close to the genus. The genus is not grouped with 

Seligeriaceae species. Goffinet et al. (2008), based on DNA classifies Hymenoloma 

within Dicranales. Still, in their description, this order's plants do not have a basal 

membrane in the peristome, and some taxa in Hymenoloma have this characteristic (e.g. 

H. crispulum). Moreover, the phylogeny showed here and confirmed in several other 

works (e.g. Stech et al. 2012, Werner et al. 2013, Fedosov et al. 2015; Fedosov et al. 

2016) illuminated us about the right order of Hymenoloma – Scouleriales. Plants of this 

order are blackish, acro or cladocarpous, saxicolous in riparian habitats; calyptrae 

mitrate, smooth; annulus not differentiated; capsules urceolate to globose, these 

characters corroborate with Hymenoloma. 

A better circumscription of Hymenoloma is still in need. The family's various 

classification found is not plausible, and the insertion of Hymenoloma in 

Drummondiaceae (based in phylogeny here) is not plausible. Drummondiaceae presents 

cladocarpous plants and reduced peristomy. Hymenoloma is acrocarpous, and its 

peristomy has 16 teeth (sometimes more). In some cases, as in Hymenoloma 

grimmiaceum and H. antarcticum (phenotype brevipes), the peristome is so long that it 

curves out of the mouth of the capsule. The only justification for creating a new family 

in Fedosov et al (2016) – Hymenolomataceae, was the morphologic and molecular 

distinction of the Hymenoloma of Scouleriaceae and Drummondiaceae. The family is 
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accepted but does not include all species and still needs a better description of these 

ridges present on the cell wall unique to Hymenoloma.  

Conclusions 

The genus is monophyletic, the family of the Hymenoloma is Hymenolomataceae and 

the order of Hymenoloma is Scouleriales. We showed proximity with the 

Drummondiaceae family, but the insertion of Hymenoloma in Drummondiaceae is not 

supported based on the molecular and morphology evidence. The Hymenolomataceae 

family needs a better circumscription. Hymenoloma crispulum is not a bipolar species, 

and a not have H. crispulum in Antarctic but H. brevipes. Hymenoloma grimmiaceum is 

monophyletic and we have unknown Hymenoloma species for antarctica and Chile. In 

Antarctic have H. antarcticum, H. brevipes and H. grimmiaceum. 
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Table 1. Samples of Hymenoloma used for molecular analysis in this study and 

herbarium where the plants are deposited with their respective codes: CH: Chile; KG: 

King George Island; LV: Livingston Island; (NY) New York Botanical Garden and 

(UB) University of Brasília. 

Specie Voucher Local Latitude Longitude Herbarium 

H. 

antarcticum_LV 

Valente, D. 

V. 2292 

Livingston 

Island, Juan 

Carlos I base 

62°39’47” S 60°23’39” W UB 

H. crispulum_CH 

J. Larraín 

38536 

NY 

Barcode: 

02689337 

Chile Última 

Esperanza. 

Comuna de 

Torres del 

Paine  

- - NY 

H. crispulum_KG 

Câmara, P. 

E. A. S., 

Henriques, 

D. K. & 

Guedes, B. 

4088 

Fildes 

Peninsula, 

King George 

62°06’51” S 58°33’24” W UB 

H. crispulum_KG1 
Henriques, 

D. K.  2152 

King George 

Island, Punta 

Ulma 

62°07’86’’ S 58°35’2’’ W UB 

H. crispulum_KG2 
Henriques, 

D. K.  2095 

King George 

Island, Punta 

plaza 

62°08’88’’ S 58°40’24’’ W UB 

H. crispulum_LV 
Valente, D. 

V. 2571 

Livingston 

island, Hill 

going down 

to Argentina 

Calleta 

62°40’06” S 60°23’43” W UB 

H. crispulum_LV1 

Henriques, 

D. K. H. 

2154 

Livingston 

island, Punta 

Ulma 

62°07’86’’S 58°35’2’’W UB 

H. crispulum_LV2 
Valente, D. 

V. 2444 

Livingston 

island, Near 

the Spanish 

base 

62°40’06” S 60°23’12” W UB 

H. crispulum_LV3 
Valente, D. 

V. 2483 

Livingston 

island, Hill 

above the 

Juan Carlos I 

base 

62°39’51” S 60°23’09” W UB 

H. 

grimmiaceum_KG 

Câmara, P. 

E. A. S.; 

Henriques, 

D. K. & 

Guedes, B. 

4085 

Fildes 

Peninsula, 

King George 

62°’08’97’’ S 58°40’83’’W UB 

H. 

grimmiaceum_LV 

Valente, D. 

V. 2449 

Livingston 

island, Near 

the Spanish 

base 

62°40’06” S 60°23’12” W UB 

H. 

grimmiaceum_LV1 

Valente, D. 

V. 2560 

Livingston 

island 
62°40’06” S 60°23’43” W UB 
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Table 2. Primers used in this study. 

Primer Sequence Direction Source 

rps5 ATG TCC CGT TAT CGA GGA 

CCT 

Forward Nadot et al. 1994 

trnas TACCGAGGGTTCGAATC Reverse Souza-Chies et al. 

1997 

trnF-FM ATT TGA ACT GGT GAC ACG 

AG 

Forward Taberlet et al. 1991 

trnL-CM CGA AAT TGG TAG ACG CTG 

CG 

Reverse 

 

Taberlet et al. 1991 

Nad5-ki ACT YGG TTA CCY GAT GCA 

ATG GAG GGT 

Forward Beckert et al. 1999 

Nad5-3R AAA ACG CCT GCT GTT ACC 

AT 

Reverse Buck et al. 2005 

Nad5-Li GCT GCA TGA ATC RAA GCR 

GAT ACT GG 

Reverse Beckert et al. 1999 

Nad5-L AAC TTT GGC CAA GGA TCC 

TAC AAA 

Reverse Beckert et al. 1999 

Nad5-4F GAAGGAGTAGGTCTCGCTTCA Forward Buck et al. 2005 

 

.
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Figure 1. Phylogram from Hymenoloma species obtained from all used markers (rps4 

trnL-F and nad5). Ns above branches are Bayesian posterior probability, bootstrap for 

maximum parsimony and maximum likelihood, respectively. The (-) indicates no 

support and MAX indicates maximum support. Names in bold indicate Hymenoloma 

species. AUT: Austria, CHI: Chile, ESP: Span, KG: King George Island, KAZ: 

Kazakhstan, LV: Livingston Island and RUS: Russia.  
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Figure 2. Phylogram from Hymenoloma species obtained from all used markers (rps4 

trnL-F and nad5) with the names proposed in this study. Ns above branches are 

Bayesian posterior probability, bootstrap for maximum parsimony and maximum 

likelihood, respectively. The (-) indicates no support and MAX indicates maximum 

support. Names in bold indicate Hymenoloma species. AUT: Austria, CHI: Chile, ESP: 

Span, KG: King George Island, KAZ: Kazakhstan, LV: Livingston Island and RUS: 

Russia. 
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Figure 3. Electro micrography and photomicrography of Hymenoloma specimens from 

Antarctica and Chile. A, B, C and E: Hymenoloma grimmiaceum, D: Hymenoloma sp. 

from Livingston, F: Hymenoloma sp. from Chile.  
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Figure 4. Photomicrography of Hymenoloma specie from Chile. 
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Considerações finais   

  

Com a realização deste trabalho, obtivemos 39 novas sequências de DNA para o 

gênero Hymenoloma, sendo 15 para rps4, 17 para o marcador trnL-F e 7 para nad5. Além 

disso, pudemos contribuir com a confirmação do monofiletismo do grupo, elucidar a posição 

familiar (Hymenolomataceae) bem como a ordem (Scouleriales). Revelamos também que 

uma das espécies encontradas na Antártica (H. crispulum) foi identificada erroneamente, sua 

bipolaridade foi esclarecida, e seu nome foi atualizado: Hymenoloma brevipes. Nossa grande 

contribuição pôde revelar espécies desconhecidas de Hymenoloma presente na Antártica, 

aumentando a riqueza de espécie neste continente tão inexplorado.   

 

 


