
Phylogeny, diversification and historical biogeography of Tillandsia subg. 

Diaphoranthema (Bromeliaceae, Poales) 

 

Introduction 

With ca. 750 species, Tillandsia L. is the most diverse genus of Bromeliaceae
[1]

 and the fifth 

largest in the worldwide epiphytic flora
[2]

. This genus is endemic to the New World, from 

southeastern United States to central Argentina, and is represented mainly by epiphytic and/or 

epilithic herbaceous plants
[3]

. Based on the high number of species currently present and the low 

genetic divergence detected among them is that Tillandsia is proposed as a phylogenetically 

young lineage, which has undergone adaptive radiation during the uplift of the Andes
 [4]

.  
 

The infrageneric classification of Tillandsia recently proposed by Barfuss et al.
[3]

, recognizes 

seven subgenera plus several unclassified species complexes. Tillandsia subg. 

Diaphoranthema (Beer) Baker is represented by ca. 30 xeromorphic species, including some 

well-known representatives like the ‘‘Spanish moss’’ T. usneoides (L.) L. and the ‘‘ball 

moss’’ T. recurvata (L.) L. (Fig. 1A-B). This subgenus is widely distributed but most of the 

species are found in Bolivia and central and northern Argentina, inhabiting mainly arid or 

semi-arid environments
[5,6]

 (Fig. 1C). Species of T. subg. Diaphoranthema are morphologically 

characterized by its relatively small size, and reduced and not-showy reproductive structures, 

which contrasts strongly with the rest of the species of Tillandsia (Fig 1B). 
 

Tillandsia subg. Diaphoranthema is of evolutionary interest as its species have colonized 

isolated and climate-extreme areas (especially water stress habitats) where other Tillandsia 

groups have not been able to establish
[5]

. This subgenus reaches the northern and southern 

limits of the distribution range and the highest elevation registered for the whole genus 

Tillandsia
[5]

. Both vegetative and reproductive morphology, as well as the presence of the 

CAM photosynthetic metabolism, the autogamous and cleistogamous flowers, the presence of 

polyembryony and the possible interpretation of these species as neothenic forms, were 

postulated as key factors in the evolution of T. subg. Diaphoranthema
[5,7]

.  
 

Previous molecular works including members of Tillandsia subg. Diaphoranthema are based 

on one or few molecular markers generated with Sanger sequencing
[3,7,8]

. These studies were 

able to produce a general phylogenetic framework and recovered some monophyletic groups 

within T. subg. Diaphoranthema, albeit with low support. These studies failed to establish the 

position of T. subg. Diaphoranthema within the genus Tillandsia, confirm the monophyly of 

the group, nor provide high resolution at shallow levels. The lack of a resolved and highly 

supported phylogenetic hypothesis has hampered addressing questions such as when and 

where this subgenus originated, and no formal evaluation has been performed to test the role 

of key intrinsic and extrinsic attributes in its diversification.    

 

Objectives. Our aims are to: (1) generate a strongly-supported and highly resolved 

phylogenetic framework of Tillandsia subg. Diaphoranthema applying a modification of the 

Anchored Hybrid Enrichment method that allows recovering a wealth of target nuclear and 

non-target plastid loci; (2) determine the time and geographic areas of origin and 

diversification of T. subg. Diaphoranthema and of its lineages in order to explore possible 

correlations between its ages and palaeogeographic and palaeocologic scenarios; (3) analyse if 

there have been significant shifts in the diversification rates of T. subg. Diaphoranthema 

and/or its subclades; (4) based on the phylogeny obtained and the temporal-spatial framework 

inferred, evaluate which factors or attributes may have promoted the diversification of T. 

subg. Diaphoranthema.  



 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

 

Material and Methods 

Taxon sampling. We aim at sampling the 30 currently recognized species of Tillandsia subg. 

Diaphoranthema (sensu
[6]

), although possibly new species could arise from our explorations. 

Outgroups selection will be based on previous studies
[3,8]

 and will comprise representatives of the 

subgenera Aerobia, Anoplophytum s.s., and Phytharriza s.s. Plant material (silica gel for DNA 

extraction, voucher, and 70% alcohol-fixed material for morphological studies) will be obtained 

through field expeditions in Argentina and Bolivia, as well as from live plant collections.  
 

Molecular data. We will implement a modification of the Anchored Hybrid Enrichment 

(AHE) method for plants
[9]

. This method allows recovering up to 517 nuclear target loci and 

mine a number of plastid regions from off-target reads
[10]

. The AHE have shown its utility in 

solving a range of evolutionary depths in several angiosperm lineages (e.g.
[11,12]

).  
  
Phylogenetic analyses. Phylogenetic relationships will be estimated with both concatenated 

and coalescence-based approaches. Concatenated analyses will be performed with maximum 

likelihood on RAxML. Site based and summary coalescence methods will be performed with 

SVDQuartets and ASTRAL, respectively. 
 

Temporal and geographical context. Dating of the phylogenetic tree will be done by relaxed 

molecular clocks methods using BEAST2. We will apply secondary calibrations following 

information from previous studies (e.g.
[13]

). Information on geographic distribution for each 

species will be obtained through herbarium revision and the new records from field expeditions, 

complemented with public databases and bibliography data. The analyses of ancestral area 

reconstruction will be inferred using BioGeoBEARS. 
 

Diversification. The shifts in diversification rates will be assessed and quantify using BAMM 

program. The formal evaluation of intrinsic and extrinsic factors that could be promoting 

diversification will be assessed following a protocol consisting of: (1) postulate factors 

potentially associated with diversification; (2) test the existence of a relationship between the 

evolution of each postulated factor and the change in the diversification rate; (3) reconstruct 

the ancestral states and evolutionary history of selected factors; (4) catalogue the 

diversification effect of significant factors as background, trigger, or modulators.  

Figure 1. A-B. Well-known representatives of Tillandsia subg. Diaphoranthema. A. ‘‘Spanish moss’’ T. 

usneoides. B. “Ball moss” T. recurvata, with its typical not showy flowers. C. Representative habitat of T. subg. 

Diaphoranthema, Tilcara, northern Argentina. Species of T. subg. Diaphoranthema are growing on cacti. 

Photographs A, B by A. Rossado, C by M. Bonifacino. 
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Locations where the project will be carried out. Molecular Lab work will be performed at 

Instituto de Biología-UNAM (Mexico) and Vascular Plants Systematic lab of Universidad de 

la República (Uruguay). I will also work at MVFA and MVJB (Uruguay), SI (Argentina), and 

MEXU herbaria (Mexico).     
 

Prospective budget 
 

Financial support is requested for a two-week field trip to central and northwest Argentina 

(Catamarca, Jujuy, La Rioja, Salta, San Juan and Tucumán provinces) where we estimate to 

collect 23 of the 30 species of Tillandsia subg. Diaphoranthema, plus most of the outgroup 

species. Estimated expenses: Gasoline US$ 450; Lodging US$ 850; Meals US$ 300; Vehicle 

service US$ 300 (will use a university vehicle). In this trip we will collect herbarium 

specimens, silica gel dried tissue for DNA extraction, and 70% alcohol-fixed material for 

morphological studies. Additionally, we expect that this trip will allow us to discover, 

document and describe possible new species. 

 

Molecular data generation will be finance by the projects: 1. Mexican Council of Science and 

Research–CONACYT (Basic Science-junior, PI: Granados Mendoza; CB-2016-01/286249). 
2. Support Program for Research Projects and Technological Innovation (PAPIIT) of UNAM 

(PAPIIT-junior, PI: Granados Mendoza; IA202319). 
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