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TAXONOMIC REVISION OF SERPOCAULON (POLYPODIACEAE), AND
PHYLOGENETIC INFERENCE OF SERPOCAULON TAYRONAE

David Sanin

ABSTRACT

This doctoral dissertation focus on the taxonomic and systematic revision of Serpocaulon A.R.
Sm., a fern genus that was originally described with 40 species. It is an important fern flora element
from the premontane and montane forest of the Neotropics. The genus is characterized by long-
creeping (predominantly) rhizomes, clathrate scales, and veins regularly anastomosing
(goniophlebioid), the areoles chevron-shaped and with a single, free, included veinlet. Its
taxonomy is difficult for several reasons: many names are unclear due to incomplete types and
protologues; there is a lack of collections from some regions of the Neotropics; there is great
morphological variation within some taxa ‘complexes’, such as those with S. catharinae, S.
eleutherophlebium, S. fraxinifolium, S. lasiopus, S. loriceum and S. triseriale; and finally for the
possible hybridization that can obscure species boundaries. A morphological analysis was
performed from the study of 2167 specimens deposited in 41 herbaria or collected during field
trips made in Argentina, Bolivia, Brazil, Colombia, Costa Rica, Ecuador and Peru. In the same
way, the controversial circumscription of Serpocaulon tayronae was explored by the phylogenetic
inference of two cpDNA markers from a data set of 99 species of Polypodiaceae. As a result of
this dissertation, 37 species and five hybrids are now recognized in Serpocaulon. From these
species, S. australe D. Sanin, J.C. Ospina, [.O. Moura & Salino and S. psychotrium Mostacero, D.
Sanin & A.R. Sm., are described as new. Serpocaulon demissum (Fée) D. Sanin is proposed as a
new combination. One new hybrid status is here proposed, S. Xsemipinnatifidum (Fée) D. Sanin,
and a new hybrid is described, S. xtabuleirense D. Sanin & Salino. On the other hand,
nomenclatural and chorological results listed 259 names that were found. From these, 75 names
were lectotypified (first step 41, second step 34), two neotypes were designated. Moreover, 19
names are newly synonymized, five species were excluded, 24 names were considered as nomina
dubia and five as nomina nuda. The geographic distribution of 27 species was expanded, as well
as the elevational range of the genus (0 to 4200 m). The Andes of Ecuador and Colombia are the

main center of diversity and the Atlantic Rain forest of Brazil is the center of endemism with three
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restricted species (S. demissum, S. glandulosissimum and S. meniscifolium). A taxonomic key,
descriptions and taxonomical discussions, local names, uses, illustrations, photographs of the
plants in the field, micro-photographs of the spores, and distribution maps of the species are
provided in the Chapter 1. In the molecular phylogeny obtained, Serpocaulon tayronae was nested
in the Pruinose clade of Campyloneurum. Morphologically, the long-creeping rhizomes with
spreading rhizome scales that have auriculate bases and isodiametric cells are characters that it
shares with the Pruinose clade. The new combination Campyloneurum tayronae (D. Sanin) D.

Sanin is provided in the Chapter 2.

Keywords: Campyloneurum, ferns, morphology, nomenclature, molecular phylogeny, Tropical

America.

RESUMO GERAL

Esta tese de doutorado lida com a revisdo taxonémica do género de samambaias Serpocaulon
A.R. Sm, um género de samambaias que foi descrito originalmente com 40 espécies reconhecidas.
Esse ¢ um importante elemento da flora de samambaias de bosques premontano ¢ montano do
neotropico. O género se caracteriza pelos rizomas longamente reptantes (predominantemente),
escamas clatradas com nervuras anastomosadas (gonioflebioides) que apresentam aréolas com
forma chevroide e cada uma com uma vénula livre incluida. A sua taxonomia ¢ dificil por varios
razdes: muitos nomes ndo sdo claros devido a os tipos e protdlogos incompletos; a auséncia de
colecdes em algumas regides dos Neotropicos; existe uma grande variagdo morfologica dentro de
alguns tdxons “complexos” como S. catharinae, S. eleutherophlebium, S. fraxinifolium, S.
lasiopus, S. loriceum e S. triseriale; e finalmente, pela possivel hibridizagdo que oculta os limites
das espécies. Uma andlise morfoldgica foi desenvolvida em 2167 espécimes depositadas em 41
herbarios, ou coletadas em viagens de campo realizados em Argentina, Bolivia, Brasil, Colombia,
Costa Rica, Equador e Peru. Da mesma forma, a controversa circunscricdo taxondmica de
Serpocaulon tayronae foi explorada pela inferéncia filogenética de dois marcadores plastidiais
através de uma matriz de dados com 99 espécies de Polypodiaceae. Como resultados taxonomicos
e sistematicos desta tese, 37 espécies e cinco hibridos sdo reconhecidos in Serpocaulon. Dessas
espécies, S. australe D. Sanin, J.C. Ospina, .O. Moura & Salino e S. psychotrium Mostacero, D.

Sanin & A.R. Sm. s3o descritas como novas. Serpocaulon demissum (Fée) D. Sanin ¢ proposta
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como uma combinag¢do nova. Um novo status hibrido e proposto aqui, S. xsemipinnatifidum (Fée)
D. Sanin, e um novo hibrido ¢é descrito, S. Xtabuleirense D. Sanin & Salino. Por outro lado, os
resultados nomenclaturais e corologicos listam 259 nomes que foram encontrados. Deles 75 foram
lectotipificados (41 como primeiro passo, 34 como segundo passo), dois nedtipos foram
designados. Ademais 19 nomes foram sinonimizados, cinco espécies foram excluidas, 24 nomes
sdo considerados como nomina dubia e cinco como nomina nuda. A distribui¢do geografica de 27
espécies foi expandida em paises diferentes, assim como a amplitude atitudinal do género (0 ate
4200 m). Os Andes do Equador e da Colémbia sdo os principais centros de diversidade, e a Mata
Atlantica do Brasil ¢ o centro de endemismo, com trés espécies restritas (S. demissum, S.
glandulosissimum e S. meniscifolium). Uma chave de identificagdo, descri¢des e discussdes
taxonomicas, nomes locais, usos, ilustra¢des, fotografias das plantas no campo, microfotografias
dos esporos e mapas da distribuicdo das espécies sdo fornecidos no Capitulo 1. Na filogenia
molecular obtida, Serpocaulon tayronae foi agrupado no clado Pruinose de Campyloneurum.
Morfologicamente, as escamas do rizoma patentes, que possui bases auriculadas e células
isodiamétricas sdo caracteres que se compartilham com o clado Pruinose. A nova combinacao

Campyloneurum tayronae (D. Sanin) D. Sanin é proposta no Capitulo 2.

Palavras chave: Campyloneurum, samambaias, morfologia, nomenclatura, filogenia molecular,

América Tropical.

GENERAL INTRODUCTION

Serpocaulon A.R. Sm. (Polypodiaceae) was described from the segregation of Polypodium L.,
based on the molecular phylogenetic analyses of four plastid regions that supported it’s monophyly
(Smith et al., 2006) and the circumscription of 40 species. The genus is characterized by long-
creeping rhizomes, clathrate scales, and regularly anastomosing (goniophlebioid) veins, the
areoles chevron-shaped and with a single, free, included veinlet (Smith et al., 2006).

The genus is neotropical, with some species occurring in subtropical regions of South America
(Chapter 1). Most of the species exhibits distribution on mountain habitats, especially the Andes,
home of nearly three-fourths of the species (Smith et al., 2006; Labiak & Prado, 2008; Sanin,
2018).
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The first taxonomic revision of Serpocaulon was done by Hensen (1990), who recognized 23
species in the so called ‘Polypodium loriceum complex’, presented a phylogenetic hypothesis
based on morphology, and included distribution maps, SEM photos of the spores and
diaphanization images of the pinnae or segments for some species. Additionally, the author
presented 36 new synonyms and clarified typifications for several names. Nevertheless, Moran
(1990) considered that Hensen’s revision had serious problems: 1. Too few herbaria were
consulted, 2. Infraspecific names were not accounted for. 3. Representative specimens, with
locality data, were not cited. 4. Too many species that seem distinct to Moran were lumped.
Leaving in evidence, the lack of taxonomic, nomenclatural, and systematic work to be done.

The area that is dealing in this study is the Neotropics, geographic region described by Morrone
(2014). Correspond to the tropical area of America, in most of South America, Central America,
southern and central Mexico and the Antilles. According to the author, this territory extents from
30° N to 45° S. Nevertheless, records of the herbaria consulted here goes from 25° N and 40° S,
from the south of Mexico and north of Antilles to the center of Argentina, and only excluding
Chile.

Concerning the study area, there are taxonomic revisions available for some countries, as well
as checklists and florulas, where in most cases the species were treated as Polypodium. For Mexico,
Mickel and Beitel (1988) registered three species for Oaxaca. Later, Mickel and Smith (2004),
recognized four species for the whole country, including the only known record of Serpocaulon
fraxinifolium for Mexico. In Flora de Nicaragua, Gémez and Arbeldez (2009) recognized 10
species and recorded misconceptions for some taxa, such as S. articulatum, S. falcaria, and others.
Stolze (1981) recorded five species for the flora of Guatemala. Lellinger (1989) presented 11
species for Costa Rica, Panama and the Colombian Choc6. Moran (1995) recognized 13 species
of the Polypodium loriceum group in Flora Mesoamericana, and suggested that the center of
diversity of this group is the Andes. A similar record of 13 species was presented by Correa et al.
(2004) for Panama.

In the Antilles, Proctor (1985) recorded four species for Jamaica, three for Puerto Rico and the
Virgin Islands (Proctor, 1989), and presented important typifications.

In South America, Sanin (2014; 2015) and Sanin and Torrez (2014) described two species and
a hybrid from Colombia. Serpocaulon obscurinervium D. Sanin is here considered as synonym of

S. concolorum, whereas S. tayronae presents a controversial circumscription (Almeida et al., 2017)
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when compared to other species of Polypodium with ascending segments and free veins (Sanin,
2015; Chapter 2). Later, Sanin (2018) presented a taxonomic treatment for the 27 taxa registered
in Colombia. Between the taxonomic, nomenclatural, and chorological novelties that the author
presented, it is possible to account one new species described (Serpocaulon antioquianum), one
new synonym and one new record for the country. Considering that 65% of the total diversity of
the genus inhabit Colombia, Sanin (2018) stands as the most comprehensive treatment for the
genus so far. Smith (1995) recognized 11 species in Venezuelan Guayana, whereas Funck et al.
(2007) listed 13 species for the Guiana Shield. While in Ecuador, Smith (1983) cited 18 species.
Tryon and Stolze (1993) cited only 12 species for Peru (including a broad species concept for P.
loriceum). In Bolivia, the later contribution was made by Smith et al. (2018), who listed 21 species
for that country. Finally, for Argentina, Sanin et al. (2019a) published a new species, S. australe,
which was segregated from the reinterpretation of S. gilliesii, derived in the record that stated the
existence of five species in that territory (Sanin et al. 2019a; 2019b).

Brazil deserves special attention, not only because it represents the main center of endemism of
Serpocaulon, but also for the taxonomic complexity that is illustrated by the literature (Langsdorff
& Fischer, 1810; Raddi, 1819; Brade, 1935, 1951; Sehnem, 1970; Pichi-Sermolli & Bizzarri, 2005;
Labiak & Prado, 2008; Schwartsburd & Smith, 2013; Sanin & Salino, 2018, 2020). Where with
the exception of Langsdorff and Fischer (1810), Brade (1951), Sanin and Salino (2018; 2020),
most of the contributions mentioned above published names that are here considered synonyms.

Although those contributions represent an important improvement in the knowledge and
comprehension of the genus, there are still problems in our understanding of the species and their
taxonomic boundaries. This has been pointed out by several authors, who suggested the necessity
for a modern taxonomic revision of the group (Moran, 1990, 1995; Smith et al., 2006; Kreier et
al., 2008; Labiak & Prado, 2008; Schwartsburd & Smith, 2013; Sanin, 2018; Smith et al., 2018).

The current contribution deals with these concerns, presenting the taxonomic revision of the
fern genus Serpocaulon in the Chapter 1, and exploring the phylogenetic and systematic

circumscription of Serpocaulon tayronae in Chapter 2.
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CAPITULO 1.
TAXONOMIC REVISION OF SERPOCAULON (POLYPODIACEAE)

Revisdo a ser submetida para a revista Annals of the Missouri Botanical Garden

David Sanin'* & Alexandre Salino'

'Herbario BHCB, Instituto de Ciéncias Biologicas, Departamento de Botanica, Universidade

Federal de Minas Gerais, 486, 30123-970, Belo Horizonte, Minas Gerais, Brasil.
* Author for correspondence: dav.sanin@gmail.com

ABSTRACT

A taxonomic revision of Serpocaulon A.R. Sm. (Polypodiaceae), a tropical American fern
genus is here presented. Our work is based on the morphological analysis of 56 characters
recorded from 2167 specimens deposited in 41 herbaria. Field trips were carried out in
Argentina, Bolivia, Brazil, Colombia, Costa Rica, Ecuador and Peru, where valuable
observations on the habit and habitat of several species were made. Digital images were also
consulted. A total of 259 names were found and their nomenclatural types were studied,
resulting in the lectotypification of 75 names (first step 41, second step 34 names) and the
designation of two neotypes. We recognized 37 species and five hybrids in Serpocaulon, one
of the hybrids is here provided with a new status (S. xsemipinnatifidum (Fée) D. Sanin) and
another one is described (S. xtabuleirense D. Sanin & Salino). Moreover, 19 names are newly
synonymized, five species are excluded, 24 names are considered as nomina dubia and five
as nomina nuda. Twenty-seven species expand its distribution in different countries, as well
as the elevational range of the genus (0 to 4200 m). The Andes of Ecuador and Colombia are
the main center of diversity and endemism, and then, the Atlantic Rain forest of Brazil with
three restricted species (S. demissum, S. glandulosissimum and S. meniscifolium). A
taxonomic key, descriptions and taxonomical discussions, local names, uses, illustrations,
photographs of the plants in the field, micro-photographs of the rhizome scales and the

spores, and distribution maps of the species are provided.
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Serpocaulon tayronae from Sanin (2015) in Phytotaxa 213: 243-252.
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CAPITULO 2.
NEITHER POLYPODIUM NOR A SERPOCAULON: PHYLOGENETIC AND
SYSTEMATIC POSITION OF CAMPYLONEURUM TAYRONAE (POLYPODIACEAE)

Artigo a ser submetido para a revista Annals of the Missouri Botanical Garden

David Sanin'* & Alexandre Salino'

! Herbario BHCB, Instituto de Ciéncias Biologicas, Departamento de Botanica, Universidade

Federal de Minas Gerais, CEP 486, 30123-970, Belo Horizonte, Minas Gerais, Brasil.
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ABSTRACT

The phylogenetic position of Serpocaulon tayronae is inferred from the analysis of cpDNA
sequences of rbcL and trnG-trnR. Our dataset included 99 species from the polygrammoid clade,
plus three species of Oleandra. Serpocaulon tayronae is endemic to the Sierra Nevada de Santa
Marta, Colombia, where it grows from 1520 to 1600 m. It superficially resembles some species of
Polypodium, particularly those of the P. plesiosorum complex, to which it was compared in the
protologue. The results of our molecular phylogenetic study, however, support the taxonomic
placement of this species within the Pruinose Clade of Campyloneurum. Despite the pinnatisect
laminae, the following morphological characters agree with this clade: long-creeping rhizomes,
auriculate, strongly attached, spread, concolorous, yellowish, light-colored rhizome scales with
isodiametric cells, branched trichomes, and spores with an ellipsoid or sub-ellipsoid to globular
shape and dense, rounded, evenly distributed verrucae. The new combination Campyloneurum
tayronae is provided, along with photographs of the plants in the field and SEM images of spores

and hairs.
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CONSIDERACOES FINAIS

. Foram esclarecidos os conceitos de Serpocaulon catharinae, S. eleutherophlebium, S.
fraxinifolium, S. lasiopus, S. loriceum e S. triseriale e as suas espécies similares.

. Foi possivel verificar que Serpocaulon fraxinifolium nao habita o Brasil, sendo confundida
pela espécie S. polystichum, assim como outras 27 espécies que expandiram a sua
distribui¢ao.

. Observagdes em campo permitiram reconhecer que a maior parte das espécies do género nao
sao epifitas (holoepifitas), mas sim hemiepifitas secundarias ou facultativas.

. A morfologia intermediaria, a sobreposicao das distribuigdes e o registro de zonas hibridas,
verificaram que as barreiras reprodutivas entre espécies foram frageis, registrando cinco
hibridos publicados e varios outros para serem descritos.

. O tratamento taxondmico fundamenta as bases para futuras estudos ecoldgicos, filogenéticos e
biogeograficos no género.

. O estudo dos 259 nomes relacionados ao género, resultou na sinonimizacao de 19 nomes,
lectotipificagdo de 75 nomes, designacao de dois neotipos, a exclusdo de cinco nomes e a
considerag¢do de 24 nomes como nomina dubia e cinco como nomina nuda.

. As relacdes filogenéticas de Serpocaulon tayronae indicaram que pertence ao género

Campyloneurum.

. Sao reconhecidas 37 espécies e cinco hibridos, das quais S. australe e S. psychotrium foram

descritas como novas. Serpocaulon demissum (Fée) D. Sanin foi uma nova combinagdo para o

género. Serpocaulon xsemipinnatifidum (Fée) D. Sanin recebeu um novo status como hibrido,

e S. xtabuleirense representa um novo hibrido.



