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Introduction  

Paepalanthus subg. Platycaulon Mart. ex Körn. can be 

distinguished from its allies by the presence of fused scapes 

(Giulietti & al 2012) with many sessile or free capitula at 

apex (Giulietti & Hensold 1990). The group currently 

comprises 49 species with disjunct distribution between Brazil and 

Andean Region. Brazil comprises the greatest diversity of the 

subgenus, with 33 species distributed in the Campo Rupestre, Altitude 

Grassland and Campos Gerais (Sauthier 2019). The remnant species occur 

in the Andean Regions of Venezuela, Colombia, Ecuador, Peru, Costa Rica 

and Panama (Tissot-Squalli 1997). 

The Altitude Grassland and Andean Region are related due to their remarkable 

floristic similarity (Safford 2007) and by the disjunct geographic distribution 

of the taxa they harbour (Fiaschi & Pirani 2009). There are many cases of 

few restrict species to subtropical or tropical high-altitude areas of southern 

Brazil and belongs to genera best represented in the Andes (see Fiaschi & Pirani 2009). On 

the other hand, richness and distribution of P. subg. Platycaulon suggests the opposite 

scenario, which is corroborated by Agarista D.Don ex G.Don (Judd 1984), Bromelioideae 

Burnett (Givnish 2011), Gaylussacia Kunth (Romão 2011), and Leandra Raddi s.str. 

(Reginato & Michelangeli 2019). The cause of these disjunct patterns and asymmetric 

diversity has been poorly investigated. In the case of Leandra s.str., range expansions during 

Pleistocene colder periods followed by local extinctions during interglacial periods associated 

with short‐dispersion by stepping‐stone were possibly related with the shaping of its currently 

distribution (Reginato & Michelangeli 2019). 

Recent phylogenetic reconstructions using an incomplete sampling of Paepalanthus subg. 

Platycaulon recovered different evolutionary scenarios (Peña 2016, Andrino 2018). Whereas 

the available phylogenetic inferences had not included all Paepalanthus subg. Platycaulon 

species, the evidence for its evolutionary and biogeographical history is still limited. 

Therefore, the aims of the present study are to perform a phylogenetic analysis including a 

wider taxon sampling of this subgenus, estimating the date of divergence among the species 

and the ancestral range of distribution. In this thesis, we will use P. subg. Platycaulon as 

model to test species hypotheses about the origin and maintenance of biodiversity in the 

Andes and Brazilian Campo Rupestre, Altitude Grassland and Campos Gerais. In order to 

establish a more comprehensive picture on the evolution of the Neotropical biota, the results 

derived from this study will be analyzed in the light of existing phylogenetic data for other 

groups of plants and animals.  

Objectives 

The aims of the present study are (1) to test the monophyly of P. subg. Platycaulon based 

on a molecular phylogeny; (2) to estimate divergence times and reconstruct the ancestral areas 

of P. subg. Platycaulon; (3) to monograph the Andean species, updating data of geographic 

distribution, morphological variation and conservation status. 

Material and Methods  

At the moment, I already sampled 12 Brazilian species. The other 21 will be obtained by 

field expeditions in sites according to the data from reference collections of Eriocaulaceae in 

SPF, R and BHCB Herbaria. The Andean species will be sampled in 2021 according to the 

data available in GBIF database (https://www.gbif.org/).  

https://www.gbif.org/


Vegetal tissue for molecular analyses will be dried in silica gel (Chase & Hills 1991) and 

extracted by CTAB (Doyle & Doyle 1987). Sequences of the 49 species will be obtained by 

Next Generation Sequencing (NGS). Target genes will be selected using the Probe kit 

myBaits Angiosperms 353 v1 48 rxns (Johnson & al 2018) and sequenced on the platform 

MiSeq (Illumina). The obtained sequences will be edited by Trimmomatic (Bolger & al 2014) 

and analysed with the pipeline HybPiper (Johnson & al 2016) using reference for the 353 

genes (http://github.com/mossmatters/Angiosperms353). The inference will be performed by 

Parsimony (TNT 1.5); Maximum Likelihood (RAxML 8.9.2); and Bayesian (MrBayes 3.2). 

The calibration will use data of Poales and P. subg. Xeractis, the sister group of P. subg. 

Platycaulon.   

Ancestral range reconstruction will be made with the package BioGeoBears (Matzke 

2015), based at the tree obtained in BEAST. The Brazilian geographic unities will be based in 

Sauthier (2019) and Colli-Silva & al (2019) and the Andean ones will be in accordance with 

the distributional data obtained. A dispersion matrix will be incorporate to account the 

distance changes between the regions along the time: 44.9-30 Ma; 30–10 Ma; e 10 Ma-21 ka. 

The layer 44.9 Ma correspond to the origin of Eriocaulaceae (Bouchenak-Khelladi & al 

2014); 30 Ma, to the origin of Paepalanthus (Peña 2016); 10 Ma, to the closure of the Isthmus 

of Panama in the Middle Miocene (Montes & al 2012) and 21 Ka, to the Last Glacial 

Maximum (Reginato & Michelangeli 2019). 

The taxonomic review will include the Andean species, and will be incorporated into the 

review carried out for the Brazilian species (Sauthier 2019). This review will be based in 

analysis of herbarium material, field expeditions and bibliography (Körnicke 1863; Ruhland 

1903; Tissot-Squalli 1997).  

Justification 

The different understandings about Paepalanthus along its taxonomic history and 

biogeography constitute a considerable point for this research. Martius (1835) recognised four 

subgenera in Paepalanthus, while Körnicke (1863) recognised 14 and Ruhland (1903) 

recognised six subgenera, seven sections, six subsections and five series, distinguished by the 

organization of the capitula and scape, ramification patterns and flower structure (Giulietti & 

Hensold 1990).   

Nowadays, many of the names allocated in those categories were synonymized or had their 

taxonomic status modified. Paepalanthus subg. Platycaulon remains in the infrageneric level, 

besides the morphology of its inflorescence be exclusive. Based on morphological evidences 

Giulietti & al (1998) suggested that P. subg. Platycaulon could be splitted from 

Paepalanthus. However, the most recent phylogenies could not rescue this scenario.  Peña 

(2016) found P. subg. Platycaulon as paraphyletic using species of Brazil and Andean 

Paramos, while Andrino (2018) found it as monophyletic, based only Brazilian species and a 

new molecular marker, the nuclear region ETS.  

Geographic studies in the context Brazil-Andes are scarce (Sánches-Baracaldo 2004; 

Givnish 2011; Peña 2016; Reginato & Michelangeli 2019), and the disjunct distribution in P. 

subg. Platycaulon remains unclear. Dispersal events from Brazilian Campo Rupestre and 

Altitude Grassland to Andean Paramos likely explain the currently P. subg. Platycaulon 

distribution pattern (Peña 2016). However, the Campos Gerais in South of Brazil, an 

important area of P. subg. Platycaulon occurrence area was not considered in this analysis. 

Previous phylogenies of Paepalanthus applying Sanger methods resulted in conflicting 

topologies. Therefore, NGS sequencing will be a better tool to investigate these relationships, 

once the volume of obtained data is larger than Sanger (Mamanova & al 2010). Finally, to 

clarify if P. subg. Platycaulon can be segregated from Paepalanthus and to understand its 

geographical distribution, a representative sampling of the species is necessary.  

 This proposal seeks for US$2000 to cover the costs of fieldwork in Brazil. For the 

fieldwork in Andes region, I count to Brazilian public foundation Coordination for the 

http://github.com/mossmatters/Angiosperms353


Improvement of Higher Education Personnel (CAPES). Partnerships with researchers in COL, 

QCA and USM Herbaria was already established as well.   

As outputs of this project, I intend to publish at least three papers: (1) the list of Andeans 

species and their distribution and conservation in the Kew Bulletin or PhytoKeys; (2) the 

phylogeny of P. subg. Platycaulon in the Botanical Journal of the Linnean Society; (3) the 

biogeographic history of the group in the Journal of Biogeography.  

References 
ANDRINO CO. 2018. Systematis of Paepalanthus Mart. (Eriocaulaceae). PhD Thesis, Instituto de Biociências de São 

Paulo, Departamento de Botânica, Universidade de São Paulo, São Paulo. 246 p. 

BOLGER AM., LOHSE M, USADEL B. 2014. Trimmomatic: a flexible trimmer for Illumina sequence data. 

Bioinformatics, 30(15): 2114-20. https://doi.org/10.1093/bioinformatics/btu170  

BOUCHENAK-KHELLADI Y, MUASYA AM & LINDER HP. 2014. A revised evolutionary history of Poales: origins 

and diversification. Botanical Journal of the Linnean Society 175: 4-16. https://doi.org/10.1111/boj.12160 

CHASE MW & HILLS HH. 1991. Silica Gel: An ideal material for field preservation of leaf samples for DNA studies. 

Taxon, 40(2): 215-220. https://www.jstor.org/stable/1222975  

COLLI-SILVA M, VASCONCELOS TNG & PIRANI JR. 2019. Outstanding plant endemism levels strongly support the 

recognition of campo rupestre provinces in mountaintops of eastern South America. Journal of Biogeography, 00:1–11. 

https://doi.org/10.1111/jbi.13585  

DOYLE JJ & DOYLE JL. 1987. A rapid DNA isolation procedure for small quantities of fresh leaf tissue. 

Phytochemistry Bulletin, 19: 11-15.  

FIASCHI P & PIRANI JR. 2009. Review of plant biogeographic studies in Brazil. Journal of Systematics and 

Evolution, 47(5): 477-496. https://doi.org/10.1111/j.1759-6831.2009.00046.x  

GIULIETTI AM & HENSOLD N. 1990. Padrões de distribuição geográfica dos gêneros de Eriocaulaceae. Acta 

Botanica Brasilica, 4(1): 133-158. http://dx.doi.org/10.1590/S0102-33061990000100010  

GIULIETTI AM, HARLEY RM & PHILLIPS S. 1998. Proposal to Change the Type of Paepalanthus, nom. cons. 

(Eriocaulaceae). Taxon, 47(3): 743-744. https://www.jstor.org/stable/1223601  

GIULIETTI AM & al. 2012. Molecular phylogeny, morphology and their implications for the taxonomy of 

Eriocaulaceae. Rodriguésia, 63(1): 001-019. http://dx.doi.org/10.1590/S2175-78602012000100001  

GIVNISH TJ & al. 2011. Phylogeny, adaptive radiation, and historical biogeography in Bromeliaceae: insights from an 

eight‐locus plastid phylogeny. American Journal of Botany, 98(5): 872-895. https://doi.org/10.3732/ajb.1000059  

JOHNSON MG & al. 2016. HybPiper: Extracting coding sequence and introns for phylogenetics from high-throughput 

sequencing reads using target enrichment. Applications in Plant Sciences, 4(7): 7 p. https://doi.org/10.3732/apps.1600016  

JOHNSON MG & al. 2018. A Universal Probe Set for Targeted Sequencing of 353 Nuclear Genes from Any Flowering 

Plant Designed Using k-Medoids Clustering. Systematic Biology 0(0):1–13. https://doi.org/10.1093/sysbio/syy086  

JUDD WS. 1984. A taxonomic revision of the American species of Agarista (Ericaceae). Journal of the Arnold 

Arboretum, 65(3): 255-342.  

KÖRNICKE F. 1863. Eriocaulaceae. In: Von Martius CP, Eichler AW, eds. Flora Brasiliensis, Berlin: Typographia 

Regia, 3: 274-507. 

MAMANOVA L & al. 2010. Target-enrichment strategies for nextgeneration sequencing. Nature Methods 7(2): 111-

118. https://doi.org/10.1038/nmeth.1419  

MARTIUS KFP. 1835. Die Eriocaulaceae als selbstständige Pflanzen - Familie aufgestellt und erläutert. Nova Acta 

Phys.-Med. Acad. Caes. Leop.-Carol. Nat. Cur., 17(1): 1-72. 

MATZKE NJ. 2015. BioGeography with Bayesian (and Likelihood) Evolutionary Analysis in R Scripts. Disponível 

em: <http://phylo.wikidot.com/biogeobears> Access in 15/08/2018.  

MONTES C & al. 2012. Evidence for middle Eocene and younger land emergence in central Panama: Implications for 

Isthmus closure. GSA Bulletin, 124(5/6): 780–799. https://doi.org/10.1130/B30528.1  

PEÑA CAD. 2016. Phylogeny and Biogeography of Paepalanthus subg. Platycaulon (Poales: Eriocaulaceae) in the 

high-andean Paramos of South America: a story of long-distance migration and rapid diversification. Dissertation, The 

University of Texas at Austin, Austin, Texas, U.S.A. 132 p. 

REGINATO M & MICHELANGELI FA. 2019. Pleistocene range expansions might explain striking disjunctions 

between eastern Brazil, Andes and Mesoamerica in Leandra s.str. (Melastomataceae). Journal of Systematics and 

Evolution, 9999(9999): 1-9. https://doi.org/10.1111/jse.12475  

ROMÃO GO. 2011. Revisão taxonômica de Gaylussacia Kunth (Ericaceae) e estudos da filogenia do gênero. PhD 

Thesis, Universidade Estadual de Campinas, Campinas. 497p. 

RUHLAND W. 1903. Eriocaulaceae. In: Engler A, ed. Das Pflanzenreich, Leipzig: Wilhelm Engelmann, 4: 1– 294. 

SAFFORD HDF. 2007. Brazilian Páramos IV. Phytogeography of the campos de altitude. Journal of Biogeography, 34: 

1701–1722. https://doi.org/10.1111/j.1365-2699.2007.01732.x  

SÁNCHEZ-BARACALDO P. 2004. Phylogenetics and biogeography of the Neotropical fern genera Jamesonia and 

Eriosorus (Pteridaceae). American Journal of Botany, 91(2): 274–284. https://doi.org/10.3732/ajb.91.2.274 

SAUTHIER LJ. 2019. Estudo florístico e taxonômico em Paepalanthus subg. Platycaulon Mart. ex Körn. 

(Eriocaulaceae). Master’s Dissertation. University of São Paulo, São Paulo, São Paulo, BR, 145 p.  

TISSOT-SQUALLI ML. 1997. Monographische Bearbeitung von Paepalanthus subgenus Platycaulon. 1st edition. 

Coleção Dissertationes Botanicae, Stuttgart, Berlin: J. Cramer. 242 p.  

https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1111/boj.12160
https://www.jstor.org/stable/1222975
https://doi.org/10.1111/jbi.13585
https://doi.org/10.1111/j.1759-6831.2009.00046.x
http://dx.doi.org/10.1590/S0102-33061990000100010
https://www.jstor.org/stable/1223601
http://dx.doi.org/10.1590/S2175-78602012000100001
https://doi.org/10.3732/ajb.1000059
https://doi.org/10.3732/apps.1600016
https://doi.org/10.1093/sysbio/syy086
https://doi.org/10.1038/nmeth.1419
http://phylo.wikidot.com/biogeobears
https://doi.org/10.1130/B30528.1
https://doi.org/10.1111/jse.12475
https://doi.org/10.1111/j.1365-2699.2007.01732.x
https://doi.org/10.3732/ajb.91.2.274

