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SUMMARY  

This dissertation deals with the systematics and evolution of Neotropical ferns of the 

genera Elaphoglossum and Asplenium, with particular focus on the species of Cuba and 

the West Indies. It also includes an analysis and description of an Elaphoglossum frond 

fragment preserved in Miocene Dominican amber. The worldwide genera Elaphoglossum 

with 600 species and Asplenium with 685 species are the most species-rich groups of 

leptosporaniate ferns. On Cuba, Elaphoglossum has 34 species and Asplenium 32. I 

performed phylogenetic analyses of plastid DNA sequence matrices that included almost 

300 sequences of Elaphoglossum and its closest outgroups, with especially dense 

sampling of the Cuban Elaphoglossum, mostly newly sequenced during my research. The 

Cuban endemic E. wrightii was found to be an early-diverging lineage of 

Elaphoglossum, not a member of section Squamipedia in which it had previously been 

classified; I therefore created a separate section for this species. This species climbs 

upwards on the lower portions of tree trunks but never loses its connection with the soil 

while most remaining species of Elaphoglossum retain no connection to the soil and are 

holo-epiphytes. The plastid DNA phylogeny in combination with an in-depth analysis of 

the morphology of West Indian Elaphoglossum allowed me to confidently assign a fern 

inclusion from Miocene Dominican amber to the genus by reconstructing the evolution of 

relevant morphological characters (preserved in the fossil) on the molecular phylogeny of 

extant taxa. 

The infrageneric classification of Asplenium is notoriously difficult as a result of 

extensive morphological homoplasy and plasticity. Molecular-phylogenetic studies have 

shed light on major lineages within Asplenium including some morphologically highly 

distinct species. Among these is Asplenium nigripes, a species occurring in Costa Rica, 

Guatemala, and Cuba where it grows on rocks in mountain forests between 900 and 1500 

m. The species is unusual in having entire suborbicular to rhomboid fleshy blades that do 

not look like typical fern fronds. My molecular phylogenetic analysis revealed that it is 

the sister species to A. pumilum, also occurring on Cuba but with ‘normal’ fern leaves 

except for unusual whitish hairs. Using micro-morphological leaf and spore traits, I tried 

to find additional support for a close relationship of these two species, but was unable to 

detect any synapomorphies, which highlights both the importance of molecular characters 

for investigating species relationships in Asplenium and our still incomplete knowledge of 

the phenotypic traits of Cuban ferns. 
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Islands have been of disproportionate importance to the study of evolution since 

the voyages of Charles Darwin to the Galapagos Archipelago and of Alfred Wallace to 

the Malaysian Archipelago in the 19th century. The distinct boundaries of islands, their 

geographic isolation, and the fact that groups of islands can function as replicates suit 

them for analyses of the interplay of ecological and evolutionary processes in the 

generation of biological diversity (see reviews by Losos and Ricklefs, 2009; Santos, 

Field, and Ricklefs, 2016). The West Indies archipelago in the Caribbean Sea is one such 

‘natural laboratory’ for biogeographic and evolutionary studies since it comprises three 

groups of islands that differ in age, size and geological origin. The intermediate degree of 

geographic isolation of the West Indies from the nearest continental plates, as well as 

their age and habitat heterogeneity, have allowed both in situ speciation and dynamic 

interaction of populations on the islands and the continent (Ricklefs and Bermingham, 

2008). The region constitutes one of the world’s biodiversity hotspots with around 7780 

species of endemic plants and vertebrates (Myers et al., 2000). The origin of this 

biodiversity has long been a subject of study (Rosen, 1975; Hedges, Hass, and Maxson, 

1992; Hedges, 1996; Iturralde-Vinent and MacPhee, 1999; Iturralde-Vinent, 2006). For 

its animal diversity, phylogenetic and biogeographic patterns of West Indian butterflies 

(Matos-Maraví et al., 2014; Lewis et al., 2015), cobweb spiders (Dzik et al., 2015), sloths, 

rodents, and primates (Dávalos, 2004) imply both island-to-island and overland 

colonization during times of low sea levels (Fabre et al., 2014; Moonlight et al., 2015; Uit 

de Weerd, Robinson, and Rosenberg, 2016). While fewer biogeographic studies have 

focused on the plants of the West Indies, the basic patterns of overland colonization and 

much in situ diversification are the same (Acevedo and Strong, 2008; Filipowicz and 

Renner, 2012). 

When I started my doctoral research, few West Indian ferns had been included 

in published molecular phylogenetic analyses. This was surprising because there are 

excellent taxonomic treatments of the ferns of Jamaica (Proctor, 1985), Puerto Rico, the 

Virgin Islands (Proctor, 1989), the Lesser Antilles (Proctor, 1977), and Cuba 

(Hymenophyllaceae, Sánchez, 2000; Cyatheaceae, Caluff and Shelton, 2003; 

Aspleniaceae, Sánchez and Regalado, 2003; Ophioglossaceae, Caluff and Palacios-Rios, 

2006; Isoetaceae, Palacios-Rios, Caluff, and Oviedo, 2006c; Salviniaceae, Palacios-Rios, 

Caluff, and Oviedo, 2006b; Azollaceae, Palacios-Rios, Caluff, and Oviedo, 2006a; 

Marsileaceae, Palacios-Rios et al., 2006; Psilotaceae, Palacios-Rios, Caluff, and Shelton, 

2006f; Plagiogyriaceae, Palacios-Rios, Caluff, and Shelton, 2006e; Osmundaceae, 
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Palacios-Rios, Caluff, and Shelton, 2006d; Lophosoriaceae, Palacios-Rios, Caluff, and 

Shelton, 2006c; Dicksoniaceae, Palacios-Rios, Caluff, and Shelton, 2006b; Oleandraceae, 

Palacios-Rios, Caluff, and Shelton, 2006a; Thelypteridaceae, Sánchez, Caluff, and 

Regalado, 2006). However, researchers specializing on the ferns of Cuba until recently 

did not have access to freshly collected material for DNA sequencing and probably did 

not succeed in extracting and amplifying DNA from old herbarium collections.  

Worldwide, there are about 10,578 species of ferns of which some 10,323 

belong to the Leptosporangiate lineage (PPG I, 2016). Elaphoglossum with 600 species 

and Asplenium with 685 species are the most species rich genera of leptosporaniate ferns 

(Smith et al., 2006; PPG I, 2016; Schneider et al., 2017). With more than 100,000 km
2
 in 

area (for comparison, Germany covers 375,021 km
2
) and elevations of up to 1,942 m, 

Cuba is the largest of the West Indian Islands and exhibits a mosaic of almost every 

ecosystem also occurring elsewhere in the West Indies (Gebelein, 2012). In my thesis, I 

selected Elaphoglossum, which has 34 species on Cuba (Lóriga, 2012) and Asplenium, 

which has 32 (Sánchez and Regalado, 2003; with updates in Regalado, 2009), as study 

systems to deepen our knowledge of the evolution and classification of ferns in my home 

country Cuba. I visited 59 localities that in combination allowed me to sample much of 

the diversity of Asplenium and Elaphoglossum (Fig. 1). During these field trips, I made 

528 collections, always including fresh tissue dried in silica powder. I recorded aspects of 

the ferns’ natural habitats and took photographs of the microhabitats. Specimens and 

duplicates are stored in the herbarium of the Academia de Ciencias, La Habana, acronym 

HAC (373) and the herbarium of Munich, Botanische Staatssammlung, acronym M (155). 

The following two sections outline relevant aspects of the morphology and phylogeny of 

the two genera.  

 

1.1 Elaphoglossum: Phylogeny and morphology 

Elaphoglossum belongs the bolbitidoid clade (Moran, Labiak, and Sundue, 2010) 

within Dryopteridaceae (Smith et al., 2006; Christenhusz, Zhang, and Schneider, 2011; 

PPG I, 2016).  Other genera belonging to this clade and their corresponding species riches 

are as follow (global species richness sensu Moran, Labiak, and Sundue (2010), Cuban 

species richness sensu Sánchez (2017)): Arthrobotrya (3, 0), Bolbitis (55, 2), 

Lomagramma (22, 0), Mickelia (10, 2), and Teratophyllum (11, 0). Synapomorphies of 

bolbitidoids ferns are the dorsiventral rhizomes with an elongated ventral meristele 

(resembling a smiling mouth in cross section) bearing the roots, lack of hairs on the 
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leaves, sterile–fertile leaf dimorphy, and acrostichoid sporangial arrangement, meaning 

that the sporangia are distributed over the lower surface of the blade (Moran, Labiak, and 

Sundue, 2010). Figure 2 shows a typical such fern, with taxonomically important features 

highlighted.  

Figure 1. Locations on Cuban from which material of Asplenium and Elaphoglossum was analysed for this 

study, with herbarium specimens indicated by white circles and the author’s personal collecting sites by red 

circles. 

 

Figure 2. Synapomorphies of bolbitidoids ferns. (a) Elaphoglossum maxoni in his natural habitat showing 

the sterile–fertile frond dimorphy, and the acrostichoid sporangial arrangement. (b) Rhizome with 

dorsiventral symmetry showing in cross section an elongated ventral meristele. fl fertile leaf, pe leaf petiole, 

sl sterile leaf, ro roots, vm ventral meristele.  
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The vast majority of the 600 species of Elaphoglossum has simple and entire 

laminae, phyllopodia, and free veins (Moran, Labiak, and Sundue, 2010). Early molecular 

phylogenetic studies of Elaphoglossum identified six major clades (Rouhan et al., 

2004:123 species included; Skog et al., 2004: 48 species included), which were ranked at 

the sectional level, following Mickel and Atehortúa (1980). My own phylogenetic 

analyses (described in Chapter 2) recovered a seventh Cuban lineage, which I described 

as a new section, Wrightiana J. Lóriga, A. Vasco, L. Regalado, Heinrichs & R. C. Moran. 

Details on the morphological identity of each the seven clades can be found in Chapters 2 

and 4. Figure 3 show representative species of each of the six sections present in Cuba. 

 

Figure 3. Representative species 

of the Elaphoglossum sections 

present in Cuba. (a) E. maxonii, 

Section Elaphoglossum; (b) E. 

crinitum, section Polytrichia, (c) 

E. pusillum, section Setosa; (d) E. 

peltatum, section Squamipedia; (e) 

E. eggersii, section Lepidoglossa; 

(f) E. wrightii, section Wrightiana.  
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The genus Elaphoglossum comprises mostly root-climbing ferns, a growth form 

already described by Darwin (1865: page 105) as plants climbing up from the soil 

towards tree trunks without losing the connection to the soil. Some of the species, 

however, germinate on trees, grow as pure epiphytes, and only later make secondary 

contact with the soil, by growing roots from the tree trunk downwards (Lagomarsino, 

Grusz, and Moran, 2012). 

  

1.2 Systematics and Evolution of Asplenium  

Asplenium comprises an estimated 685 species worldwide, 32 of which are 

known from Cuba (Sánchez and Regalado, 2003; Regalado, 2009; Schneider et al., 2017). 

Character states typical of this genus are x-shaped vascular bundles in the distal portion of 

the petiole, clathrate scales attached to the rhizome and basal portion of the petiole, 

sporangia arranged in linear sori along the veins and covered by laterally attached indusia, 

1-rowed sporangial stalks, and monolete spores (Morton and Lellinger, 1966; Murakami 

et al., 1999; Schneider et al., 2004c; Sundue and Rothfels, 2014). The taxonomy of 

Asplenium is far from resolved due to the high frequency of hybridization coupled with a 

great morphological disparity among the species. This makes it difficult for researchers to 

find morphological traits that might be useful for grouping species together. At present, 

only Hymenasplenium (ca. 35 species, 16 of them included in molecular phylogenies; 

Schneider et al., 2017) and Asplenium (ca. 685 species, 276 of them included in molecular 

phylogenies; Schneider et al., 2017) have been recovered as monophyletic by molecular 

phylogenetic analyses (Murakami, 1995: 11 species of Hymenasplenium or 21 species of 

Asplenium included; Murakami et al., 1999; 6 species of Hymenasplenium or 21 species 

of Asplenium included; Schneider et al., 2004c: 1 species of Hymenasplenium or 70 

species of Asplenium included; Schneider et al., 2017: 16 species of Hymenasplenium or 

276 species of Asplenium). Cytological and morphological characters can also distinguish 

these two genera. The species of Asplenium are mostly epiphytic or saxicolous, have erect 

rhizomes with radial vascular system, non-swollen petiole bases, and a diploid 

chromosome number of 36; whereas of Hymenasplenium have long creeping rhizomes 

with dorsi-ventral vascular system, swollen petiole bases, and diploid chromosome 

numbers of 39 or 38 (Mitui, Murakami, and Iwatsuki, 1989; Murakami, 1992; Murakami 

and Moran, 1993; Regalado and Prada, 2011).  

Asplenium and Hymenasplenium have 35 species on Cuba (Sánchez and 

Regalado, 2003; Regalado, Sánchez, and Prada, 2006; Regalado, 2011; Regalado and 
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Prada, 2011; Chapter 3). Regalado (2009, a partially unpublished Ph.D. thesis) proposed 

seven species groups (Hymenasplenium and six groups within Asplenium) of related 

species based on morphological data. Figure 4 shows representative species of each of the 

seven groups. Five species could not be assigned to any of the seven groups. Particularly, 

Asplenium nigripes (Fée ex T. Moore) Hook., a species known from few localities in 

Mexico, Guatemala, Costa Rica and Cuba (Moran and Riba, 1995; Sánchez and 

Regalado, 2003; Mickel and Smith, 2004) is morphologically unusual in having entire 

suborbicular to rhomboid fleshy leaves. This species has sometimes been ranked as a 

separate genus (Schaffneria nigripes Fée ex T.Moore). Another distinctive Cuban 

spleenwort (the common name for Asplenium and Hymenasplenium) is Asplenium 

pumilum Sw. This species is also present in other West Indian islands but also occurs in 

tropical South and Central America as well as Africa and Madagascar (Moran and Smith, 

2001). It is among the few Aspleniaceae species with whitish hairs on the leaves. Prior to 

my work, no material of A. nigripes or A. pumilum had been sequenced. In Chapter 3, I 

investigate the phylogenetic position of these two species and evaluate their 

morphological affinities to related taxa.  

 

1.3 Dominican amber as a source of fern fossils 

Amber fossils from the Dominican Republic are an important source of 

microfossils of small vertebrates (Poinar Jr. and Cannatella, 1987), invertebrates 

(Iturralde-Vinent and MacPhee, 1996), fungi (Poinar and Singer, 1990) as well as 

liverworts and mosses (Frahm and Newton, 2005; Lee et al., 2017; Heinrichs et al., 2018). 

This amber is thought to date to the Miocene, 15 to 20 Ma (Iturralde-Vinent and 

MacPhee, 1996) and was probably produced by Fabaceae trees from the genus Hymenaea 

(Langenheim, 1990; Poinar, 1991). For ferns, amber inclusions are of particular value 

because of their preservation of micro-structures, such as fern sporangia, which are 

usually poorly preserved in sedimentary fossils. At the beginning of my doctoral research, 

a fern specimen in Dominican amber became available for study, and using extensive 

analysis of traits, such as leaf and spore morphology, and petiolar scales, I assigned it to 

Elaphoglossum (Chapter 4). Previously described ferns from Dominican amber are a 

species of Grammitis (Gómez, 1982), recently transferred to Polymniopteris (Sundue and 

Poinar, 2016), and a specimen assigned to Pleopeltis (Schneider et al., 2015). The 

extraordinary preservation of the Elaphoglossum amber inclusion that I was able to study 
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allowed the reconstruction of morphological characters of the fossil in a light of a new 

phylogenetic tree of Elaphoglossum. Details about this are presented in Chapter 4. 

 

 

 

Figure 4. Diversity of Cuban Aspleniaceae illustrated with field photographs of species in the seven 

morphologic groups recognized by Regalado (2009) (a) Hymenasplenium laetum, (b) Asplenium 

auriculatum, (c) A. mortonii, (d) A. heterochroum, (e) A. formosum, (f) A. erosum, and (g) A. dentatum.  
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1.4 Research questions 

When I started my doctoral research, the systematics of the West Indian ferns 

was based entirely on morphological traits (e.g. Proctor, 1977, 1985, 1989; Guala et al., 

2002). Unquestionably, morphologic studies are the basis for much of today’s 

classification of the genera and families of ferns, but in groups lacking suitably discrete 

distributions of phenotypic characters, molecular data matrices outperform morphological 

features for inferring evolutionary relationships. I took advantage of my knowledge on 

the fern morphospecies occurring on Cuba and my experience with collecting and 

observing ferns in their natural habitats to test the morphology-based classification of 

West Indian ferns and to improve the taxonomy of Elaphoglossum and Asplenium. My 

research was not driven by specific expectations (other than that molecular data would 

more confidently resolve species and genus relationships), but addressed the 

morphological evolution, species relationship, and taxonomy of ferns on Cuba and 

Hispaniola. 
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5.1 Evolution and classification of Cuban Elaphoglossum and Asplenium 

5.1.1 Elaphoglossum 

To test the morphology-based classification of the Cuban Elaphoglossum and 

shed light on the evolution of the genus in the West Indies, I conducted phylogenetic 

analyses of a chloroplast DNA dataset that included 79 new sequences representing 20 

species of Elaphoglossum (18 from Cuba, and two from Dominican Republic) and 299 

other GenBank-downloaded sequences of Elaphoglossum and its most closely related 

outgroups, the genera Arthrobotrya, Bolbitis, Lomagramma, Mickelia, and 

Teratophyllum. The results (Chapter 2) confirm the existence of the seven main lineages 

of Elaphoglossum recovered in previous phylogenetic studies, but revealed an eighth 

lineage, the Cuban endemic E. wrightii, which diverged early in the evolution of the 

genus. I therefore proposed a new section for this species, section Wrightiana. My data 

for the first time reveal the precise relationships of various Cuban species of 

Elaphoglossum (Chapter 2). The phylogenetic position of E. wrightii was unexpected; the 

species had previously been classified with species in section Squamipedia that have 

long-creeping rhizomes and echinulate spores and that lack phyllopodia. My discovery 

that E. wrightii is not closely related to those species implies that those morphological 

traits were uninformative about species relationships or had been misinterpreted. The 

study of living specimens and more herbarium material of E. wrightii led me to conclude 

that this species differs from other representatives of section Squamipedia by lacking 

echinulate spores (Chapter 2: Fig. 4) and by possessing phyllopodia (Chapter 2: Fig. 3b). 

Most importantly, E. wrightii starts growing on the soil and climbs from there to the 

lower portions of tree trunks (Chapter 2: Fig. 3c-f). It is the only species of 

Elaphoglossum that is a root climber, a growth form otherwise typical of the closely 

related genera Arthrobotrya, Lomagramma, Mickelia, and Teratophyllum (Moran, 

Labiak, and Sundue, 2010). The distribution of this character on the phylogeny suggested 

that the root-climbing growth habit may be plesiomorphic, and that the predominant holo-

epiphytism (growth without connection to the ground) in the remaining species of 

Elaphoglossum might be derived.  

The contrast between the huge species diversity of Elaphoglossum (600 species) 

and that of its closest related lineages Arthrobotrya (3 species), Bolbitis (55), 

Lomagramma (22), Mickelia (10), and Teratophyllum (11) suggests that the epiphytic 

habit that evolved in Elaphoglossum might have fuelled species diversification in this 

lineage. The rhizomes of the early-diverging species E. wrightii and also E. 
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amygdalifolium are elongate and creeping, while most other Elaphoglossum species have 

short, compact rhizomes. Compact rhizomes could have been a precondition for the 

evolution of holo-epiphytism (Schneider et al., 2010), but additional physiological and 

ecological studies are necessary to evaluate this hypothesis. Any attribution of increased 

speciation or lowered extinction rates (over millions of years and vast regions of the 

Earth) to single morphological traits in my view may be naïve. This, based on limited 

species sampling, Schuettpelz and Pryer (2009) claimed that high Cenozoic 

diversification rates of ferns were associated with the evolution of epiphytism, but 

statistically it is not possible to distinguish between increased speciation and decreased 

extinction rates. More recent studies found no differences between the diversification 

rates of epiphytic and non-epiphytic ferns (Sundue, Testo, and Ranker, 2015; Testo and 

Sundue, 2016). Perhaps chlorophyllous spores, which have more rapid germination than 

achlorophyllous spores, facilitated the radiation of grammitid ferns in epiphytic habitats 

(Schneider et al., 2004b), and such spores also occur in my target genus Elaphoglossum 

(Sundue, Vasco, and Moran, 2011). It would be interesting to study the evolution of this 

feature in Elaphoglossum, using field and lab experiments on germination rates under 

controlled conditions. 

From a biogeographic perspective, the phylogenetic placement of the Cuban 

endemic E. wrightii as an early diverging species of Elaphoglossum could be explained 

by colonization from the continent in the relatively recent past, followed by extinction of 

the ancestral populations on the continent. It is also possible that my sampling of species 

from Florida, Central America, Colombia, and Venezuela is too sparse for me to have 

detected the ancestral or most closely related species  

 

5.1.2 Asplenium  

To elucidate the phylogenetic position of two species of Aspleniaceae with 

unique morphology, Schaffneria nigripes, and Asplenium pumilum, I conducted 

phylogenetic analyses of a plastid DNA dataset that included 16 new sequences 

representatives of the distribution of the two species in Cuba. The results (Chapter 3) 

recovered S. nigripes within Asplenium, and I am therefore treating Schaffneria as a 

synonym of Asplenium and retaining Hooker’s placement of the species in Asplenium. 

Based on my current sampling, Asplenium (Schaffneria) nigripes is sister to A. pumilum, 

but I could not detect morphological characters that support the sister relationship 

recovered by the DNA phylogeny. Asplenium nigripes and A. pumilum share features of 
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the rhizome scales, spore ornamentation, and gametophyte development (Chapter 3: Figs. 

3, 4), but those can also be found elsewhere in the phylogeny. An important limitation for 

the definition of morphological synapomorphies between these two species is that many 

potentially informative characters have not been studied for all species. 

My phylogenetic results also show that Asplenium nigripes and A. pumilum are 

clustered within the clade VII of Schneider et al. (2004c), which is constituted mostly by 

four lineages of the so-called "black-stemmed" rock spleenworts (Schneider et al., 2005; 

Dyer, Savolainen, and Schneider, 2012; Chang et al., 2013). Inferring the relationship of 

the A. nigripes/A. pumilum clade and other lineages within this group with higher 

confidence will require further species sampling. A species that could be a key is the 

Chinese A. delavayi, which resembles the neotropical A. nigripes in its small size, black 

leaf petioles, entire, rounded leaf blades, reticulate venation, and scolopendrioid sori (see 

Copeland, 1947; Tardieu-Blot, 1957; Chapter 3: Fig. 1a–b). Other important species 

missing in my sampling are the Mexican A. minimum and A. arcanum (see Mickel and 

Smith, 2004) whose leaves resemble A. pumilum in the basal pair of pinnae with the 

basiscopic side more developed than the acroscopic side (Chapter 3: Fig. 1d–e).  

Some 69 species of Asplenium have been reported for the Antilles, with 39% of 

them (27 species) endemic to the region. The highest species richness is distributed in the 

Greater Antilles, 50 in Hispaniola (72% of the Antillean species richness), 41 in Jamaica 

(59%), 32 in Cuba (46%) and 23 in Puerto Rico (33%) (Lóriga, unpublished data). The 

knowledge of this diversity is almost entirely based on morphological data. In addition to 

the results presented in Chapter 3, exploratory molecular phylogenetic and morphologic 

analyses of Cuban samples suggest the existence of an important level of cryptic 

diversity. For example, I found two lineages with overlapping distributions and variable 

spore sizes within what is currently known as A. dentatum (Fig. 5a). This species is the 

most widely distributed Asplenium in Cuba and is also present in other West Indian 

islands, Florida, Central America and northern South America. Another example is A. 

heterochroum, a species known from few localities in western and central Cuba and also 

present on Central America, Mexico and Florida. I found that the samples from western 

Cuba (very close to the type locality), are genetically divergent from conspecific samples 

from  Central America (Fig. 5b). Upon close inspection, I found the Cuban specimens 

have 64 spores per sporangium but the Central American specimens are known to have 32 

(Dyer, Savolainen, and Schneider, 2012). Under this scenario, the Central American 

specimens may then represent a different taxon. These preliminary results highlight the 
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importance of additional studies on the diversity of Antillean Asplenium with an 

integrative approach. 

Figure 5. Underestimation of genetic diversity in Antillean / Neotropical Asplenium ferns. Preliminary 

results on two species complexes are shown in a topographic map with the distribution of localities sampled 

(left) and a phylogenetic tree obtained from a Bayesian analysis of aligned DNA sequences of the 

chloroplast trnL-trnF region (right). A: Phylogenetic analysis of 78 individuals of A. dentatum from 10 

localities reveals two reciprocally-monophyletic clades with overlapping geographic distributions in Cuba 

(haplotype frequencies per locality are indicated by pie charts). B: Phylogenetic analysis of eight samples of 

A. heterochrum from a single locality in Western Cuba and homologous GenBank sequences renders the 

species paraphyletic and stresses the need for a taxonomic revision. 

 

5.2 The inclusion of Elaphoglossum in Miocene Dominican amber 

Well-preserved fossils of epiphytic ferns are scarce (Schneider et al., 2004a; 

Schuettpelz and Pryer, 2009). Yet it is precisely among the epiphytic lineages where most 

of the species-rich radiations occur, and the gaps in the fossil record thus hinder our 

understanding of the evolutionary history of key lineages. In recent years, Dominican 

amber is becoming an important source of epiphytic fern fossils (cf. section 1.3 in the 

Introduction of this thesis). During my doctoral research, a fern inclusion in Dominican 
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amber became available for study, and the comparison of the morphological characters 

preserved in the fossil with those of extant ferns allowed me to assign it to the genus 

Elaphoglossum. To reduce the uncertainty in the placement of this fossil in the 

phylogeny, I generated a molecular phylogeny of 158 extant species of Elaphoglossum 

and its relatives and reconstructed the evolution of the morphological characters 

observable in the fossil, assuming that the morphology of the genus has remained stable 

through time. This approach supported the placement of the amber fossil within 

Elaphoglossum, and the age of the amber, estimated as 15–20 Myr (Iturralde- Vinent and 

MacPhee, 1996), matches molecular-clock based age estimates of the group obtained 

without including the fossil as an age constraint.  

The seven clades of Elaphoglossum currently ranked at sectional level are well 

supported by molecular and morphological characters (see Chapter 2). The fossil, 

however, could not be assigned to any section because important characters, such as 

rhizome habit and presence or absence of hydathodes, are not preserved (Rouhan et al., 

2004; Moran, Labiak, and Sundue, 2010; Chapter 2). Nevertheless, I exclude a possibly 

placement in section Lepidoglossa because the scales of the fossil lack the unicellular 

marginal teeth characteristic in the extant species of this section (Vasco, 2010; Chapter 2: 

Fig. 2, Character 6). Sections, Polytrichia and Setosa were also excluded because they 

have subulate (longitudinally enrolled) scales on the leaves (Mickel and Atehortúa, 1980; 

Chapter 2: Fig. 2, character 5). Thus, I propose that the fossil probably belong to one of 

the remaining sections, namely Amygdalifolia, Elaphoglossum, Squamipedia, or 

Wrightiana. Other studies of organisms preserved in Dominican amber suggest a relative 

stability of the structure of morphologic diversity in plants and vertebrate communities 

inhabiting the Miocene forests of Hispaniola (Sherratt et al., 2015; Kaasalainen et al., 

2017; Lee et al., 2017), and the Elaphoglossum fossil that I studied, together with other 

fern inclusions, point to the existence, during the mid- to late Miocene, of an epiphytic 

fern community composed of representatives of the lineages that still inhabit the region 

today, such as Pleopeltis (Schneider et al., 2015) and grammitid ferns (Gómez, 1982; 

Sundue and Poinar, 2016).  

 

5.3 General conclusion and perspective 

My studies on Elaphoglossum resulted in a phylogeny that includes 25 of the 

Cuban species (Chapter 2). The most important finding is that the endemic E. wrightii is 

an early-diverging lineage of the genus, which caused me to rank it as a new section, 
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Wrightiana. The Cuban species so far sequenced belong to six of the (now) seven 

sections of Elaphoglossum, but some eight Cuban species still need to be investigated 

using DNA sequencing. My other research focus, on the Cuban Aspleniaceae (Chapter 3), 

revealed that Schaffneria nigripes is nested within Asplenium and sister to A. pumilum, 

both being species with an unusual morphology, which is why morphological studies 

were unable to detect their true relationships. More species sampling is needed to 

understand the relationship between these two species and other species in “clade VII” of 

Schneider et al. (2004c). Most importantly, the results of my doctoral research show the 

importance of Cuba in the evolution of the Elaphoglossum and Asplenium, two of the 

most species-rich genera of ferns today.  

My third research focus, the study of a frond fragment included in Dominican 

amber, led to the discovery of the first known fossil of Elaphoglossum and one of the few 

well-preserved fossils for the family Dryopteridaceae, making this amber inclusion a 

useful calibration point for future molecular divergence-time estimates in ferns. 
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