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Including Elleanthus, Epilyna, Sertifera, and Sobralia, Sobralieae (Orchidaceae) 

have over 200 species and are a major constituent of the Neotropical flora.  However, 

little is known of the phylogenetic relationships within the group.  Therefore, one nuclear 

(nrITS) and five plastid loci (matK, rpl16, trnL-F, trnS-G, and ycf1) were sequenced to 

elucidate the phylogeny of this group.  Phylogenetic analysis of these data sets reveals 

that Elleanthus, Epilyna, and Sertifera are monophyletic, but that Sobralia is 

polyphyletic.  This polyphyly is centered on Sobralia sect. Sobralia, which itself is not 

monophyletic.   

Sobralieae have an exclusively Neotropical distribution.  However, according to 

the phylogenetic data, the plesiomorphic geographic region is South America, indicating 

a South American origin of the tribe, with more widespread crown groups.  These data 

were analyzed in ultrametric analyses to determine temporal correlation of those two 

crown groups (Sobralia and Elleanthus) and to estimate the actual date of these 

phylogenetic events.  These data support that these two crown clades diversified and 
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expanded their ranges at about the same time, and possibly during or somewhat before 

the closing of the Isthmus of Panama. 

It has long been recognized that there are bee- and hummingbird-pollinated taxa 

within Sobralieae.  However, it is not clear how these conditions have evolved, or 

whether the mechanisms are by deceit or reward (including composition of rewards).  

To understand the evolution of pollination within Sobralieae, nectar volume and 

composition were measured, as well as nectary structure and composition.  Also, I 

mapped the known and inferred pollinators of this group onto cladograms.  At least four 

independent evolutionary events have led to hummingbird pollination and bee 

pollination is probably plesiomorphic within the clade.  Also, nectar is primarily produced 

in bird-pollinated taxa (especially Elleanthus), whereas deceit is the primary mechanism 

in bee-pollinated taxa (Sobralia, in part). 

The vegetative anatomy has been poorly examined within this tribe.  In order to 

better understand vegetative anatomical variation, leaves, stems and roots were 

sectioned and compared using light microscopy.  In combination, these data, interpreted 

phylogenetically, lend a better understanding of this diverse group of orchids. 
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CHAPTER 1 
INTRODUCTION 

Background 

With over 20,000 species (Dressler, 1993a), Orchidaceae represent ~5% of the 

total diversity of all seed plant species (Govaerts, 2001; Scotland and Wortley, 2003).  

Orchids form the second largest family of flowering plants, exceeded by, or perhaps 

equal to, the sunflower family (Asteraceae).  Orchids have filled many ecological niches, 

from temperate areas to the tropics, in deserts to rainforests, and from sea-level to high-

elevation páramo.  The family is most diverse in the tropics, where epiphytism is the 

dominant habit of growth. 

Additionally, orchids are an over 100-million-dollar horticultural industry because of 

their appeal to hobbyist growers and because of the cut-flower industry (Griesbach, 

2002).  Furthermore, orchids are the subjects of multiple popular magazines because of 

their horticultural appeal. 

Virtually all kinds of biological investigations require the understanding of 

relationships in order to better understand evolution.  Because there are so many 

species of orchids, understanding relationships is even more crucial because the 

increased number of species increases the complexity of possible relationships.  For 

these reasons, study of the species-rich orchid family is important, especially in a 

species-level evolutionary context.  This dissertation focuses on one tribe of orchids, the 

Sobralieae. Orchids, and in particular Sobralieae, are a poorly understood group of 

plants.  The goals of this study are 1) to produce a robust phylogenetic hypothesis of 

relationships within Sobralieae; 2) to clarify taxonomic problems; 3) to elucidate patterns 

of geographic distributions; 4) to describe the patterns of vegetative and floral anatomy 
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in a phylogenetic context; and 5) to clarify evolutionary patterns of pollination-related 

traits.  

Phylogenetics and Classification of Sobralieae 

The large number of species of Orchidaceae has hindered our understanding of 

phylogenetic relationships within the family.  Studies that included family-wide sampling 

of taxa (Cameron, 2001, 2004; Gorniak, Paun, and Chase, 2010) have clarified 

relationships among subfamilies and tribes.  Phylogenetic studies reveal a large 

paraphyletic grade of many tribes within Epidendroideae that share plesiomorphic 

features (relative to other tribes within the subfamily) such as a generally terrestrial 

habit, a lack of pseudobulbs, and floral features such as the lack of a true viscidium and 

the lack of a stipe in the pollinarium.  These tribes include, but are not restricted to, the 

Neottieae, Nervilieae, Tropidieae, Sobralieae, Arethuseae, and Epidendreae.  

Unfortunately, relationships among these tribes are still relatively poorly known (Fig. 1-

1). 

In the course of the past several hundred years, general orchid classification has 

changed drastically.  Very few tropical orchids were known to science until the mid-

1800s when botanists such as Lindley, Reichenbach, and others started to describe a 

very large number of genera and species.  This greater knowledge of diversity fostered 

higher-level classifications within Orchidaceae.  Most recently, taxonomists have 

followed a classification of orchids that includes five subfamilies (i.e., Apostasioideae, 

Vanilloideae, Cypripedioideae, Orchidoideae, and Epidendroideae).  As defined by this 

classification, Epidendroideae are the most species-rich and include Sobralieae.  In 

general, members of Sobralieae have been associated with other “basal” groups of 

subfamily Epidendroideae, based on the above-mentioned plesiomorphic characters.  
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More recent and objective phylogenetic analyses using DNA data have demonstrated 

that Sobralieae are closely related to genera such as Tropidia and Corymborkis 

(Cameron et al., 1999; Cameron, 2001, 2004; Neubig et al., 2009b).  A phylogenetic 

focus on “basal” Epidendroideae revealed a similar topology (Rothacker, 2007). 

The classification of the clade that includes Sobralia and related genera has varied 

considerably during the last 150 years; differences in taxonomic treatment depended 

upon which morphological characters were emphasized.  Sobralieae, described by 

Pfitzer in 1887, have long been recognized as a natural group, at least in part.  For 

much of its nomenclatural history, it has been known as subtribe Sobraliinae (although 

placed in several different tribes).  Schlechter (1915) placed Elleanthus, Sertifera, and 

Sobralia in subtribe Sobraliinae, which he in turn placed in a very large tribe 

Polychondreae, an artificial group now including various Orchidoideae, Vanilloideae, 

and Epidendroideae, based on soft pollinia.  Dressler (1981) placed his subtribe 

Sobraliinae in tribe Arethuseae based on symplesiomorphies, such as presence of 

corms, plicate leaves, and eight soft pollinia (although he also included aberrant genera 

such as Arpophyllum and Xerorchis).  Dressler (1993a) later placed subtribe Sobraliinae 

in tribe Epidendreae based on the distinctive velamen and seed morphology.  All these 

previous classifications recognized a natural Sobralieae, but its relationship to other 

groups was not clear.  Because this group is not closely related to other taxa in tribes 

Epidendreae and Arethuseae, currently accepted classifications elevate the former 

subtribe Sobraliinae to the rank of tribe (Pridgeon et al., 2005).   

Consisting of ca. 200 species in four genera, Sobralieae are a poorly known group 

of plants in terms of generic limits and species-level taxonomy.  Sobralieae, as 
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circumscribed in this treatise, consist of only four genera of unequal species richness.  

Two genera, Elleanthus C. Presl. and Sobralia Ruiz & Pav., each consist of about 100 

species.  The other two genera, Epilyna Schltr. and Sertifera Lindl. & Rchb.f., each have 

fewer than 10 species.  However, some recent works have subsumed Epilyna into 

Elleanthus because of the vegetative similarity to Elleanthus sect. Chloidelyna 

(Pridgeon et al., 2005).  Some other alternative genera also have been described for 

these same taxa.  For example, some workers place Sobralia callosa in Lindsayella (as 

L. amabilis) and Sobralia amabilis in Fregea (as Fregea amabilis) (Brieger, 1983).   

Taxonomic study of Sobralieae has been hindered by the poor quality of most 

herbarium specimens (Dressler, 2009, 2011).  These problems are related to the 

ephemeral nature of the flowers.  Many species of Sobralia produce very short-lived, 

delicate flowers that deliquesce, usually at the end of a single day. The flowers require 

special effort to press, dry, and mount to prevent them from either deliquescing in the 

press or becoming stuck to the pressing paper. Consequently, the herbarium record 

mostly consists of flowers that have been very poorly preserved over time.  In 

combination with the large flower size, the net result is a herbarium specimen that has 

very brittle and thin flowers whose three-dimensional structure and internal color 

patterns are obscured. 

Geography 

The tribe is widely distributed in tropical America and is a common element in 

Neotropical communities in mid-elevations of the Andes (1000-2000 m), but some 

members can deviate greatly from that range.  Many species proliferate in highly 

disturbed habitats and are therefore commonly encountered on roadsides.  Sertifera is 

restricted to relatively high elevations in the northern Andes.  Epilyna is found in 
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southern Central America and northern South America.  Elleanthus is distributed 

throughout tropical America, and Sobralia is similar in distribution except for the notable 

absence in the West Indies. 

The tribe has an interesting biogeographic pattern with some groups being 

restricted to South America, whereas other groups are distributed throughout the 

Neotropics.  A closer inspection of the distribution shows that widespread clades are 

correlated with high species richness in Elleanthus and Sobralia.  However, no study 

has ever incorporated phylogenetics and distributional data (in a study of historical 

biogeography).  Phylogenetic data are essential to address the patterns of distribution 

among taxa in the tribe.  This can be accomplished by various methods, including 

ancestral character-state reconstruction and ultrametric analysis of the phylogenetic 

data, to correlate patterns of timing and geographic distribution. 

General Vegetative Morphology and Anatomy 

Sobralieae are mostly terrestrial (Dunsterville, 1979; Pridgeon et al., 2005), but 

can be epiphytic (Fig. 1-2), with many species equally suited to both habits.  The 

vegetative morphology has been well characterized in various floristic treatments 

(Dressler, 1993b; Dressler, 2003a).  The tribe is easily recognizable with a typically 

bamboo-like growth architecture, most commonly with multiple thin, vertical stems 

emerging from rhizomes (or sometimes corms) with no pseudobulbs (Fig. 1-3).  

Although many species in the tribe are an average height of two meters, some species 

can be much smaller (10 cm) or very tall (up to 13.4 m).  In fact, one species, Sobralia 

altissima, is the tallest orchid known (13.4 m) (Bennett and Christenson, 1999; 

Collantes and Leon, 1999). There are also some closely related species of Sobralia (as 

well as Elleanthus) that are almost as tall (Dunsterville and Dunsterville, 1982). 
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The leaves are usually very thin, and the mode of photosynthetic metabolism is 

always C3, whereas many more “advanced” epidendroid taxa have developed 

thickened and succulent leaves that are associated with CAM metabolism (Silvera, 

Santiago, and Winter, 2005; Silvera et al., 2010a).  The leaves can be plicate to rarely 

conduplicate. 

Roots can be very thick, sometimes over 1 cm in diameter, with a very thick 

velamen (outer cell layers), but with few discernable and unique features.  Little is 

known of vegetative anatomical variation in Sobralieae, even though anatomy can 

provide useful (though cryptic) characters for phylogenetic analysis and identification.  

Some species of Sobralia and Elleanthus have been examined within broad orchid 

comparisons (Solereder and Meyer, 1930; Benzing, Ott, and Friedman, 1982; Pridgeon, 

Stern, and Benzing, 1983; Moreira and Isaias, 2008), but Sobralieae have not been 

intensely sampled, and these features have never been considered in a phylogenetic 

context. 

General Floral Morphology and Pollination 

Floral presentation varies due to the position and form of the inflorescence.  

Inflorescences are racemes, panicles, or capitate and may be terminal or axillary, or 

very rarely a short scape-like inflorescence is produced from the base of the plant (Fig. 

1-4 & 1-5).  The flowers are spirally arranged or distichous.  

Flowers of Sobralieae have many of the typical features of orchids (Fig. 1-6).  

Sobralia, for example, bears a striking resemblance to other orchids such as Vanilla 

Mill., Epistephium Kunth, and Cattleya Lindl.  They are zygomorphic, both structurally 

and in color pattern.  The flowers may be resupinate or non-resupinate and range 

drastically in size (less than 1 cm across to more than 20 cm).  The color of the flowers 
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ranges from white, yellow, orange, magenta, to purple, all in a wide variety of 

combinations. 

The three sepals are similar to each other, with two laterals and one dorsal.  The 

three petals are differentiated, with two laterals and one ventral, the latter always 

differentiated into a labellum (lip).  As with many other orchids, the lip can have calli, 

which consist of raised tissue on the adaxial surface (such structures are not 

homologous across orchids).  In Sobralieae, the calli are paired structures that have 

differentiated into various shapes, sizes, and cellular compositions.  The calli are 

important in pollination because their function can be in nectar secretion.  Lips can be 

additionally ornamented with keels, the ridged structures running longitudinally along 

the middle of the lip (Fig. 1-7). 

As in all orchids, the reproductive parts (androecium and gynoecium) are fused, 

forming a compound structure called the column (Figs. 1-8 & 1-9).  The column in 

Sobralieae is similar to that of many other Epidendroideae in having only a single fertile 

anther that is dorsally disposed with two wings that are commonly described as 

staminodes.  The stigma is ventral to the anther in orientation within the column, 

sometimes with an infrastigmatic ligule.  In Sobralia, there is often a rostellum consisting 

of an elastic flap, which is distal to the stigma.  In Elleanthus, the stigma is forward-

facing, with no rostellar flap.  The column form can also be very useful in species 

identification, especially within Sobralia (Fig. 1-9). 

The pollinia range from approximately 1-10 mm in width (Fig. 1-10).  Their texture 

and size can be either relatively hard and small, or mealy and large.  Also, the color can 

be bluish-purple or whitish-yellow; the darker colors occur in hummingbird-pollinated 
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taxa and are hypothesized to reduce loss of pollinia from birds grooming their beaks 

(Dressler, 1971). 

Although pollination in Sobralia and Elleanthus has not received significant 

attention, some aspects of pollination are known.  The general morphology of the 

flowers is very well known; because of their showy flowers, many species have been 

very well illustrated.  Flowers of Sobralia are typically bee-pollinated and can have red, 

pink, orange, yellow, purple, or white perianths that have distinct nectar guides on the 

lip that are contrasting in color, with very few species producing nectar.  Elleanthus and 

Sertifera are typically hummingbird-pollinated and all have relatively reduced flowers 

that are often brightly colored (magenta, yellow, orange, or white), with a thick callus 

that produces copious nectar.  The pollination of Epilyna is still unknown.  Whereas 

many angiosperm flowers produce nectar via nectaries supplied by phloem, most 

Sobralieae that secrete nectar do so via starch-filled calli on the lip that rapidly convert 

starch to sugars. This research attempts to elucidate the patterns of nectar secretion, 

nectar composition, floral anatomy, and the evolution of pollination systems. 

Fruits range greatly in size (Fig. 1-11) from 1 cm (especially in Elleanthus, Epilyna, 

and Sertifera) to over 15 cm (only in Sobralia) in length.  The fruits are often strongly 

ribbed and dehisce along six valves.  Seeds are usually fusiform especially in Sobralia, 

and are of the “Bletia type,” whereas species of Elleanthus have the “Elleanthus type” 

seeds that are more similar to Laeliinae (Dressler, 1993a; Prutsch, Schardt, and Schill, 

2000). 

Why Study Sobralieae? 

Orchids, and in particular Sobralieae, are still a poorly understood group of plants.  

This study aims to provide phylogenetic patterns, tackle taxonomic problems, elucidate 
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patterns of geographic distribution, describe vegetative and floral anatomy, and clarify 

patterns in the evolution of pollination syndromes. 
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Figure 1-1.  Phylogenetic consensus tree of broad relationships in Orchidaceae based 

on previously published phylogenetic papers (Chase et al., 2003; Neubig et 
al., 2009b; Gorniak, Paun, and Chase, 2010).  Note that, although the 
relationships among subfamilies are well resolved, the relationships among 
the many tribes of subfamily Epidendroideae are still largely unresolved. The 
study focus, Sobralieae is bolded; asterisks indicate tribes sampled in this 
study. 
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Figure 1-2.  Epiphytic habit.  A) Sobralia crocea growing on a recently cleared road side.  

Though not explicitly epiphytic, many epiphytes like this species are found on 
cleared roadsides.  B) Elleanthus graminifolius on the side of a tree.  C) 
Elleanthus fractiflexus growing within a matrix of mosses and other epiphytes 
on a lateral branch of a tree.  Photos by K. M. Neubig. 
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Figure 1-3.  Vegetative features found in Sobralieae.  A) Sobralia powellii, showing 

mottling common on sheaths; B) Sobralia atropubescens, showing simple 
pubescence; C) Elleanthus caravatus, showing simple pubescence; D) 
Sobralia yauaperyensis, showing purple leaf undersides; E) Sobralia callosa, 
showing large brown irregularly stellate hairs and a plicate leaf.  Photos by W. 
M. Whitten and K. M. Neubig. 
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Figure 1-4.  Inflorescence structure and position. A) Elleanthus fractiflexus with a 

distichous, terminal, and fractiflex raceme; B) E. lancifolius with a distichous, 
terminal, and fractiflex raceme that grows perpendicular to the axis of the 
stem; C-D) E. aff. lateralis showing whole plant and the short scape-like 
inflorescence that is borne at the base of the plant; E) Mark Whitten holding 
E. aurantiacus with a characteristic branching habit, with multiple terminal 
inflorescences and spirally arranged flowers; F-G) E. capitatus with capitate 
inflorescences and spirally arranged flowers, from the side and top, 
respectively (note the mucilage secreted within the inflorescence). Photos by 
K. M. Neubig. 
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Figure 1-5.  Inflorescence structure and position.  A) Elleanthus oliganthus, with terminal 

spiral racemes; B) Epilyna hirtzii, with terminal distichous racemes; C) 
Sertifera sp., with axillary secund racemes; D) Lorena Endara photographing 
Sobralia dorbignyana, with terminal panicles; E) Sobralia ciliata, with axillary 
racemes; F) J. Richard Abbot holding Sobralia caloglossa (left), with axillary 
racemes, and S. mandonii (right), with axillary panicles; G-J) terminal and 
imbricate inflorescences (referred to as “claw-like” in text); G) Sobralia recta; 
H) Sobralia macrantha; I) Sobralia chrysostoma; J) Sobralia lancea.  Photos 
by R. Arevalo, C. H. Dodson, W. M. Whitten, and K. M. Neubig. 
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Figure 1-6.  General floral features.  A) Elleanthus cynarocephalus, longitudinal section; 

B) Sobralia macrophylla, S. mucronata, and S. citrea, from left to right, 
showing a portion of the range of flower sizes; C) Sobralia warszewiczii, 
longitudinal section; D) Sobralia macrophylla, cross section at base of 
perianth.  Scale bars = 1 cm.  Photos by W. M. Whitten and K. M. Neubig. 
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Figure 1-7.  Lip morphology demonstrating the various ornamentations.  A) Elleanthus 

sp., with a single bulbous and fused callus; B) Elleanthus caravatus, with two 
bulbous scrotiform calli; C) Elleanthus longibracteatus, with two bulbous 
scrotiform calli; D) Elleanthus cynarocephalus, with two bulbous scrotiform 
calli; E) Sobralia mandonii, with two bulbous scrotiform calli; F) Sobralia 
macrantha, with two raised ridge-like calli; G) Sobralia warszewiczii, with two 
raised ridge-like calli; H) Sobralia sp., with two raised ridge-like calli; I) 
Sobralia caloglossa, with irregular finger-like projections; J) Sobralia 
mucronata, with raised and undulating keels; K) Sobralia callosa, with a single 
raised undulating keel; L) Sobralia bouchei, with the lip in side view showing 
highly undulate margin and recurved apex.  Photos by W. M. Whitten and K. 
M. Neubig. 
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Figure 1-8.  Floral columns, general morphology.  A,B) Elleanthus sp., side and ventral 

surfaces, respectively; C) Elleanthus sodiroi; D) Sobralia ciliata; E) Sobralia 
caloglossa; F) Sobralia mandonii; G) Sobralia rosea; H) Sobralia sp., with 
anther intact; I) Sobralia sp., with anther removed; J) Sobralia sp., side view.  
Photos by W. M. Whitten and K. M. Neubig. 
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Figure 1-9.  Floral columns within the short-lived group of Sobralia, showing variation in 

shape and color as a utility for species-level identification.  A,B) S. andreae; 
C) S. bouchei; D) S. callosa; E) S. chrysostoma; F) S. citrea; G) S. crocea; H) 
S. decora; I) S. ecuadorana; J) S. exigua; K) S. klotzscheana; L) S. 
kruskayae; M) S. lacerata; N) S. lindleyana; O) S. macrantha; P) S. 
macrophylla; Q) S. mucronata; R) S. powellii; S) S. rarae-avis; T) S. recta; U) 
S. theobromina; V) S. violacea; W,X) S. warszewiczii; and Y) S. sp.  Photos 
by W. M. Whitten and K. M. Neubig. 
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Figure 1-10.  Pollinia showing different sizes, textures, and colors.  A,B) note the 

relatively small size, hardened texture, and purple color of hummingbird-
pollinated taxa: A) Elleanthus caravatus; B) Sobralia callosa; C-G) Note the 
relatively large, mealy, and yellowish-white color: C) Sobralia bouchei; D,E) 
Sobralia warszewiczii, dorsal view and side view, respectively; F) Sobralia 
sp.; G) Sobralia caloglossa.  Scale bars = 1 mm.  Photos by W. M. Whitten 
and K. M. Neubig. 
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Figure 1-11.  Fruit and seed structures. A-C) Infructescences with every flower setting 

fruit.  A) Elleanthus sp.; B) E. lancifolius; C) E. capitatus; D-F) Sobralia 
bouchei; D) Fruit showing dehiscence, scale bare = 1 cm; E) close-up of 
placental surface with seeds attached; F) fusiform seeds, scale bar = 1 mm. 
G) Seeds of S. citrea with the seed coat removed, showing the embryo, SEM, 
scale bar = 0.5 mm; H) Seeds of S. gloriana, SEM, scale bar = 0.5 mm.  
Photos by K. M. Neubig.  
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CHAPTER 2 
PHYLOGENETICS AND TAXONOMY OF SOBRALIEAE 

Background 

The purposes of this chapter are to utilize a molecular-based phylogenetic 

hypothesis to resolve taxonomic problems, to analyze patterns of morphological 

diversification, shifts in pollination syndrome, changes in geographic ranges over time, 

and to demonstrate the evolution of this rich and variable clade.  

Although this study is aimed at creating a phylogenetic framework of the tribe, a 

secondary goal is to examine taxonomic circumscriptions at the generic, sectional, and 

specific level.  Therefore, taxonomy at these levels is discussed within the context of 

phylogenetic relationships.  Some morphological characters, such as inflorescence 

position and architecture, are analyzed through character-state reconstruction and are 

discussed because of taxonomic relevance. 

Relationships within the tribe have been poorly assessed to date.  Szlachetko et 

al. (2009) used nrITS to reconstruct the phylogeny of the tribe.  They sampled 

Elleanthus, Sertifera, and Sobralia, but did not sample Epilyna.  However, most of their 

samples were unidentified species, demonstrating generic relationships, but not 

interspecific relationships.  Szlachetko et al. (2009) also showed the polyphyly of 

Sobralia, at least partially.  Neubig (2011) demonstrated a phylogenetic hypothesis of 

the tribe with complete generic sampling, but only used three loci (nrITS and two plastid 

loci, ycf1 and trnS-G).  That phylogeny was also limited by the number of species 

sampled, with only 42 species of Sobralieae.  They demonstrated the placement of 

Epilyna as sister to Elleanthus and also showed the polyphyly of Sobralia. 



 

41 

Despite these previous efforts to create a phylogenetic framework of Sobralieae, 

much could be done to improve the resolution of relationships and the taxon sampling.  

Therefore, the objective of this study is to reconstruct the phylogeny of the tribe using 

additional DNA data and to outline species sampled and unsampled per clade, 

especially for the polyphyletic genus Sobralia. 

Materials and Methods 

Taxon Sampling 

Specimens were obtained from wild-collected and cultivated plants (Table 1). 

Sampling of Elleanthus, Epilyna, Sertifera, and Sobralia included 150 accessions in 84 

identified species (some identifications are preceded by “aff.” or “cf.” to denote 

uncertainty).  Outgroups (five spp.) included three other genera of basal Epidendroid 

tribes: Neottieae (Palmorchis and Epipactis), Arethuseae (Bletilla), and Tropidieae 

(Tropidia).  Outgroups were chosen based on phylogenetic placement of Sobralia and 

Elleanthus in previous works (Cameron et al., 1999; Whitten, Williams, and Chase, 

2000; Chase et al., 2003; Cameron, 2004).  Photographs of representative vouchers are 

presented in Figs. 2-1 through 2-8. 

Types and Nomenclature 

Given that most plant type specimens are too old to provide DNA sequences, it is 

rare for type specimens to have published molecular data.  For some species, I was 

lucky enough to receive tissue directly from type specimens by way of the collector or 

the describing author, such as Sobralia quinanta (Pupulin et al. 3644), Sobralia maduroi 

(Maduro and Olmos 206), Sobralia nutans (Maduro and Olmos 236), Sobralia sanfelicis 

(Maduro and Olmos 269), Sobralia citrea (Dressler 6338), and Sobralia sororcula 

(Dressler 6415). 
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The advantage of sequencing type specimens is obvious, in that the sequence 

data are unambiguously linked to the species, except as it relates to synonymy.  The 

second less obvious advantage is that, by making sequences of type specimens 

available through major public DNA data resources such as GenBank, DNA sequences 

can be used as a tool for identification of unknown or sterile specimens. 

Many species of Sobralieae described by R. Dressler in the past 15 years have 

come from greenhouse material cultivated at the Florida Museum of Natural History in 

Gainesville.  For many of these taxa, although I did not sequence the actual holotype, 

my vouchers are often from cultivated specimens from which the holotype was made 

(i.e., clonotypes).  Examples include: Elleanthus capitatellus, Sobralia chrysostoma, 

Sobralia crispissima, Sobralia exigua, Sobralia gloriana, Sobralia kruskayae, Sobralia 

recta, and Sobralia theobromina. 

Because of the taxonomic nature of this study, I also include many excerpts from 

diagnoses or descriptions at various taxonomic levels.  These items are in quotation 

marks to denote them.  These are mostly in English for the ease of the reader, though 

sometimes translated, especially from Latin. 

Extractions, Amplification, and Sequencing 

All freshly collected material was preserved in silica gel (Chase and Hills, 1991). 

Genomic DNA was extracted using a modified cetyl trimethylammonium bromide 

(CTAB) technique (Doyle and Doyle, 1987), scaled to a 1-mL volume reaction. 

Approximately 10 mg of dried tissue were ground in 1-mL of CTAB 2X buffer and either 

8 μL of β-mercaptoethanol or 10 μL of proteinase-K. Some total DNAs were then 

cleaned with Qiagen QIAquick PCR purification columns to remove any inhibitory 

secondary compounds. Amplifications were performed using a Biometra Tgradient or an 
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Eppendorf Mastercycler EP Gradient S thermocycler and Sigma brand reagents in 25-

μL volumes with the following reaction components for ITS: 0.5-1.0 μL template DNA 

(~10-100 ng), 11 μL water, 6.5 μL 5M Betaine, 2.5 μL 10X buffer, 3 μL MgCl2 (25 mM), 

0.5 μL of 10 μM dNTPs, 0.5 μL each of 10 μM primers, and 0.5 units Taq. For the 

plastid regions the following reaction components were used: 0.5-1.0 μL template DNA 

(~10-100 ng), 16-17.5 μL water, 2.5 μL 10X buffer, 2-3 μL MgCl2 (25 mM), 0.5 μL of 10 

μM dNTPs, 0.5 μL each of 10 μM primers, and 0.5 units Taq.  Sequenced regions 

included one nuclear (nrITS) and five plastid regions. 

nrITS (ITS 1 + 5.8S rDNA+ ITS 2) – This region was amplified with a touchdown 

protocol using the parameters 94°C, 2 min; 15X (94°C, 1 min; 76°C, 1 min, reducing 

1°C per cycle; 72°C, 1 min); 21X (94°C, 1 min; 59°C, 1 min; 72°C, 1 min); 72°C, 3 min 

with the primers 17SE (ACG AAT TCA TGG TCC GGT GAA GTG TTC G) and 26SE 

(TAG AAT TCC CCG GTT CGC TCG CCG TTA C) from Sun et al. (1994). 

matK-trnK – This region includes the matK gene and the spacer between the 3’ 

end of matK and 3’ portion of trnK. It was amplified using a “touchdown” protocol with 

the parameters 94°C, 3 min; 8X (94°C, 30 sec; 60-51°C, 1 min; 72°C, 3 min); 30X 

(94°C, 30 sec; 50°C, 1 min; 72°C, 3 min); 72°C, 3 min, with the primers -19F (CGT TCT 

GAC CAT ATT GCA CTA TG) from Molvray, Kores, and Chase (2000) and trnK2R 

(ACC TAG TCG GAT GGA GTA G) from Johnson and Soltis (1994).  Additional primers 

intF (TGA GCG AAC ACA TTT CTA TGG) and intR (ATA AGG TTG AAA CCA AAA 

GTG) from Neubig et al. (2012) were used for sequencing to attain adequate coverage 

for overlap of data. 
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rpl16 – This region includes an intron in the rpl16 gene and was amplified using a 

protocol with the parameters 94°C, 3 min; 33X (94°C, 30 sec; 52°C, 30 sec; 72°C, 2 

min); 72°C, 3 min, with the primers 71F (GCT ATG CTT AGT GTG TGA CTC GTT G) 

and 1661R (CGT ACC CAT ATT TTT CCA CCA CGA C) from Jordan, Courtney, and 

Neigel (1996). 

trnL-F – This region includes the trnL intron as well as the trnL-F intergenic spacer 

and was amplified as a single amplicon using a “touchdown” protocol with the 

parameters 94°C, 3 min; 30X (94°C, 30 sec; 56°C, 30 sec; 72°C, 1 min); 72°C, 3 min, 

with the primers C (CGA AAT CGG TAG ACG CTA CG) and F (ATT TGA ACT GGT 

GAC ACG AG) from Taberlet et al. (1991). 

trnSGCU-trnGUCC – This intergenic spacer region was amplified with the parameters 

94°C, 3 min; 33X (94°C, 30 sec; 50°C, 30 sec; 72°C, 2 min); 72°C, 3 min, with the 

primers trnSGCU (AGA TAG GGA TTC GAA CCC TCG GT) and 3'trnGUUC (GTA GCG 

GGA ATC GAA CCC GCA TC) from Shaw et al. (2005). 

ycf1 – An approximately 1500 base-pair (bp) portion from the 3’ end of this plastid 

gene was sequenced (Neubig et al., 2009b).  It was amplified with the same program as 

matK, with primers 3720F (TAC GTA TGT AAT GAA CGA ATG G) and 5500R (GCT 

GTT ATT GGC ATC AAA CCA ATA GCG). Additional internal primers intF (GAT CTG 

GAC CAA TGC ACA TAT T) and intR (TTT GAT TGG GAT GAT CCA AGG) were also 

required for sequencing. 

PCR products were cleaned with Microclean™ (The Gel Company, San Francisco, 

CA, USA) following the manufacturer’s protocols, eluted with 50 μL of 10 mM Tris-HCl 

(pH 8.5), and stored at 4°C.  Purified PCR products were then cycle-sequenced using 
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the parameters 96°C, 10 sec; 25X (96°C, 10 sec; 50°C, 5 sec; 60°C, 4 min), with a mix 

of 3 μL water, 1 μL fluorescent Big Dye dideoxy terminator, 2 μL Better Buffer™ (The 

Gel Company), 1 μL template, and 0.5 μL primer.  Cycle sequencing products were 

cleaned using ExoSAP™ (USB Corporation, OH, USA) following the manufacturer’s 

protocols.  Purified cycle sequencing products were directly sequenced on an ABI 377, 

3100, or 3130 automated sequencer according to the manufacturer’s protocols (Applied 

Biosystems, Foster City, CA, USA).  Electropherograms were edited and assembled 

using Sequencher 4.9™ (GeneCodes, Ann Arbor, MI, USA). All sequences were 

deposited in GenBank (Table 2-1). 

Data Analysis 

Sequence data were manually aligned using Se-Al v2.0a11 (Rambaut, 1996).  

Indels (insertions/deletions) were not coded as characters. Analyses were performed 

using PAUP*4.0b10 (Swofford, 1999). Fitch parsimony [unordered characters with equal 

weights; (Fitch, 1971)] analyses used a heuristic search strategy which consisted of 

branch swapping by tree bisection reconnection (TBR), Deltran character optimization, 

stepwise addition with 1000 random-addition replicates holding 5 trees at each step, 

and saving multiple trees (MulTrees).  Levels of support were assessed using the 

bootstrap (Felsenstein, 1985). Bootstrap percentages under parsimony were estimated 

with 1000 bootstrap replicates, using TBR swapping for 50 random-addition replicates 

per bootstrap replicate. For maximum likelihood (ML), Modeltest (Posada and Crandall, 

1998) was used to determine the appropriate model for analysis using all combined 

data under the Akaike Information Criterion.  Maximum likelihood analyses were 

performed using a TrN+I+Γ model for the ITS data set, a K81uf+I+Γ model for the 

combined plastid data set, and TIM+I+Γ model for the combined three-gene data set.  
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Bootstrap percentages under ML were estimated with 100 bootstrap replicates, using 

TBR swapping for one random-addition replicate per bootstrap replicate. 

All data were included in these analyses, except in trnL-F, where bps 345-862 

were deleted because of indels that were difficult to align with any certainty.  All 

analyses were performed for data sets including ITS only, plastid only, and all data 

combined.  Data congruence was tested using the partition homogeneity test (ILD) in 

PAUP*4.0b10 (Swofford, 1999) as described by Johnson and Soltis (1998). Heuristic 

searches for the ILD tests were performed using 100 replicates and TBR branch-

swapping. Probability values lower than 0.05 were used to identify data sets that were 

significantly different from one another.  Ancestral character-state reconstructions were 

implemented in Mesquite (Maddison and Maddison, 2005) using likelihood character 

reconstruction for inflorescence characters on the single most likely tree from the 

combined 6-locus analysis (see Fig. 2-19). 

Results 

Phylogenetic Information 

The aligned length of the ITS data set was 902 bp.  Of these, 323 were parsimony-

informative (35.8%).  Fitch parsimony analysis of the ITS region found 100 equally 

parsimonious trees (Figs. 2-9 and 2-10) of 1202 steps (consistency index (CI) = 0.525, 

retention index (RI) = 0.878).  Maximum likelihood analysis of ITS only (-lnL = 8156.9; 

Figs. 2-11 and 2-12) yielded trees similar in topology to parsimony analyses.  Bootstrap 

support for all nodes was similar to that from parsimony. 

The aligned length of the combined plastid data set (matK, rpl16, trnL-F, trnS-G, 

and ycf1) data set was 7738 bp.  Of these, 926 were parsimony-informative (8.4%).  

Fitch parsimony analysis of the combined plastid data set found 100 equally 
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parsimonious trees (Figs. 2-13 and 2-14) of 3331 steps (CI = 0.678, RI = 0.878).  

Maximum likelihood analysis of plastid data only (-lnL = 34151.4; Figs. 2-15 and 2-16) 

yielded trees similar in topology to parsimony analyses.  Bootstrap support for all nodes 

was similar to that from parsimony. 

The aligned length of the total combined (six DNA regions) data set was 8640 bp.  

Of these, 1249 were parsimony-informative (14.5%).  Parsimony analysis of all six DNA 

regions found 100 equally parsimonious trees (Figs. 2-17 and 2-18) of 4603 steps (CI = 

0.629, RI = 0.873).  Maximum likelihood analysis of all six regions (-lnL = 43555.8; Figs. 

2-19 and 2-20) yielded trees similar in topology to parsimony analyses.  Bootstrap 

support for all nodes was similar to that from parsimony. 

Partition homogeneity (ILD) tests showed mixed results for congruence among the 

different partitions of these data.  Because all plastid loci are inherited together on a 

single molecule, they were treated as a single locus for the purpose of congruence tests 

[those examined were not significantly different (Neubig et al., 2011)].  However, the 

test comparing ITS and the combined plastid data showed significant incongruence 

compared with random partitions of the same size (P=0.01, α=0.05).  A visual 

comparison of phylograms and bootstrap percentages between the different trees 

indicates that there are only a few examples of strong incongruence.  For example, 

Sobralia ciliata is sister to the “core” group of Sobralia according to ITS but is sister to 

the rest of the tribe in the plastid data set.  Other incongruences can be found in the 

relative positions of S. dorbignyana, S. portillae, S. mandonii, S. dichotoma, and 

Sertifera colombiana.  All data were combined because the partition homogeneity test 

has been demonstrated to be overly sensitive (Graham et al., 1998; Reeves et al., 
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2001) and because a total evidence approach yields highly resolved and relatively 

strongly supported topology.  Additionally, many of those relationships in ITS that differ 

from plastid relationships are not well supported. 

With limited outgroup taxon sampling, relationships among the basal 

Epidendroideae tribes Neottieae (Palmorchis), Tropidieae (Tropidia), Arethuseae 

(Bletilla), and Sobralieae remain unclear. However, Sobralieae are monophyletic in all 

data sets.  Within Sobralieae, there are many consistent features among different data 

sets.  The “core” group of Sobralia (see Fig. 2-21), Elleanthus, Epilyna, and Sertifera 

are all consistently monophyletic.  Incongruent features of phylogenetic topology are 

centered on Sobralia species within section Sobralia: S. dichotoma, S. ciliata, S. 

dorbignyana, S. mandonii, and S. portillae.  These species have “basal” positions within 

the trees; however, their position relative to each other varies among different data sets. 

Sequence Divergence Heterogeneity 

These data consistently show heterogeneity in sequence divergence among taxa 

(Fig. 2-22).  Although this phenomenon is more pronounced in the ITS data set, it is 

also evident within the plastid data set.  This inconsistency lies between the two main 

clades of the tribe: one including the “core Sobralia” and the other including most of 

Sobralia sect. Sobralia, Sertifera, Epilyna, and Elleanthus.  The latter clade shows a 

much higher level of sequence divergence than the former with the net result that the 

relationships among the “core Sobralia” are relatively poorly supported.  Unfortunately, 

this is the root cause of the poor ability to differentiate material at the species-level 

within this clade on the basis of sequence data alone (although there is extensive 

morphological differentiation).  Additionally, the effect of the non-“clock-like” 

phylogenetic pattern on the normalization of this tree in an ultrametric analysis will be 



 

49 

discussed in more detail within the context of biogeography and geologic timing (see 

chapter 3). 

Discussion 

Phylogenetic Relationships 

Molecular data provide strong support for the monophyly of Sobralieae.  However, 

the outgroups and/or the DNA loci sampled in this study were not sufficient to identify 

the closest relative of Sobralieae among the many tribes of “basal” Epidendroideae.  

This chapter’s discussion will focus on morphology as it relates to diagnosing of 

particular taxonomic groups.  For a more detailed evaluation on the evolution of 

morphology and anatomy, both floral and vegetative, see chapters 4 and 5. 

Within Sobralieae, the monophyly of all genera is demonstrated, except for 

Sobralia, which has nomenclatural problems that hinder its disintegration.  The 

artificiality of Sobralia has long been recognized (Reichenbach, 1853), and each of the 

subclades within “Sobralia” is readily diagnosable, but Sobralia s.l. has never been split 

taxonomically.  Although the eventual goal is to describe new genera for the small 

groups within what is now considered a polyphyletic “sect. Sobralia,” it is premature to 

do so now because of the limited taxon sampling in this phylogenetic investigation and 

because of the delay in a nomenclatural vote at the next International Botanical 

Conference (IBC, in 2017).  This relates to the proposal to conserve the name Sobralia 

with a conserved type (Dressler et al., 2011), which essentially asks permission to 

redesignate the type species for Sobralia so as to preserve the largest monophyletic 

group as Sobralia s.s. (referred to as “core Sobralia” in this study).  Therefore, a generic 

reclassification is not presented in this dissertation (see chapter 6), but generic and 

subgeneric relationships are presented as they are currently circumscribed.  
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Unfortunately, both Sobralia and Elleanthus have non-monophyletic sections, which 

also require recircumscription, but these changes also will be delayed until further 

phylogenetic study can be made.  

Broad Taxonomic Implications 

Species of Sobralieae have been described over a long period.  Although many 

species have been described from throughout its Neotropical range, Robert Dressler 

has described the most species in recent years, especially from Central America.  

Therefore, the relatively high number of species from Central America (especially in the 

genus Sobralia) represents the focus of study, rather than an accurate representation of 

overall diversity.  In light of this Central American diversity, and because the general 

trend in orchids is to have the greatest diversity in the Andes, many species probably 

remain to be discovered in South America, where there has been considerably less 

collecting in the last 30 years. 

A group of Polish botanists (Dudek and Tukallo, 2007; Dudek and Szlachetko, 

2010) has published treatments splitting Sobralieae into two subtribes: Elleanthinae and 

Sobraliinae.  However, both subtribes are non-monophyletic according to my analyses.  

Sobraliinae (Dudek and Tukallo, 2007) consists of only one genus, Sobralia, which is 

demonstrated to be polyphyletic according to the analyses here presented and previous 

publications (Szlachetko et al., 2009; Neubig et al., 2011).  Elleanthinae (Dudek and 

Szlachetko, 2010) consists of 5 genera, based on the occurrence of relatively small 

flowers: Elleanthus, Epilyna, Evelyna, Adeneleuterophora, and Sertifera.  Unfortunately, 

the recognition of Evelyna (= Elleanthus sect. Cephalelyna) and Adeneleuterophora (= 

Elleanthus sect. Chloidelyna) makes Elleanthus polyphyletic.  Because of the non-
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monophyletic circumscriptions, these treatments are not here recognized (i.e., if 

Evelyna is synonymized with Elleanthus, Elleanthus is monophyletic). 

Taxonomy of Elleanthus 

Many species of this group did not start their taxonomic journey in Elleanthus. 

Although Elleanthus was described in 1827, and Evelyna in 1835, many species of what 

is now recognized as Elleanthus were described as species of Evelyna until 1862, when 

Reichenbach (1862) published his treatment of the genus Elleanthus, including Evelyna.  

Following Reichenbach, subsequent floristic and taxonomic treatments included 

Evelyna within Elleanthus.  For a synopsis of subgeneric classification schemes of 

Elleanthus see Table 2-2.  The first subgeneric classification was outlined in 

Reichenbach (1862).  He described two subgenera, Calelyna (with a lip depressed at 

the base) and Euevelyna (with a paired callus at the base of the lip), the latter with two 

sections, Cephalelyna (with capitate inflorescences) and Stachydelyna (with spicate 

inflorescences, mentum small or none, and stems simple or branched).  Section 

Stachydelyna was then further subdivided into subsection Chloidelyna (with mentum 

narrow and leaves linear) and a series of other undiagnosed, informal groups that 

appear to be artificial in light of recent phylogenetic data: Kermesinae, Furfuraceae, 

Oliganthae, and Ensatae.  Sectional classification within Elleanthus s.l. was later put 

forth by Garay (1978) and soon after by Brieger (1983) (see Table 2-2 for details).  

Unfortunately, Brieger does not seem to have noticed the sections that Garay described 

five years earlier.  Although it is clear that Brieger was converging on the same general 

idea in relation to some of the groups that Garay described, he chose different type 

species.  In so doing, Brieger created a classification scheme that more finely dissects 

the genus into sections.  Therefore, my treatment (below) follows a 10-section 
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classification scheme of Elleanthus that mostly follows Garay (1978a), but also 

incorporates the work of Brieger (1983), for the sake of completeness. 

Elleanthus sect. Elleanthus and sect. Chloidelyna 

Garay (1969) originally described sect. Virgatae for what is now recognized as 

sect. Elleanthus (lectotypified with E. lancifolius).  Section Elleanthus is similar to sect. 

Chloidelyna in having relatively small plants with fractiflex and distichous inflorescences.  

However, sect. Elleanthus differs in having plicate leaves, larger bracts with mottled 

coloration, and although some species such as E. lancifolius and E. condorensis have 

white flowers, other species have brightly colored flowers.  Additional species in this 

section include E. virgatus, E. ampliflorus, E. confusus, and E. formosus, all with 

perianths of various shades of red and similar vegetative morphologies.  The species-

level taxonomy of these red-flowered species is likely dubious.  In particular, E. virgatus 

was originally described as Sertifera virgata, but it has terminal inflorescences (differing 

from the typical axillary inflorescences seen in Sertifera; see later discussion); it was 

transferred by Schweinfurth (1938) to Elleanthus, but the muriculate leaf sheaths typical 

of Sertifera makes the placement of this species uncertain.  Another species, E. bifarius, 

has brightly colored, distichous, and tightly imbricate bracts that place it in sect. 

Elleanthus, but it is morphologically distinct from all other species in the section.  This 

study sampled E. lancifolius and E. ampliflorus only, but strongly supports the 

monophyly of sect. Elleanthus. 

Reichenbach described sect. Chloidelyna with E. graminifolia as the type.  This 

group is diagnosed by having conduplicate and narrow leaves (usually less than 5 mm 

wide), small white flowers, and distichous inflorescences that can be either loosely 

fractiflex or tightly imbricate.  The flowers are always inconspicuous and white, with 
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yellow pollinia.  In addition to the type species, this section includes E. fractiflexus, E. 

ligularis, E. linifolius, E. muscicola, E. poiformis, E. stolonifer, and E. tillandsioides.  This 

study includes E. fractiflexus, E. graminifolius, E. poiformis, and E. stolonifer.  This 

section is perhaps the best studied within Elleanthus with regard to species delimitation, 

probably due to its relative abundance (both in herbaria and in the field, pers. obs.) 

compared to other groups of Elleanthus (Fig. 2-21) (Løjtnant, 1976; Barringer, 1985; 

Dressler and Bogarin, 2007b).  These results weakly support the sister relationship of 

sect. Chloidelyna and sect. Elleanthus, especially according to plastid data, but they are 

also consistent with inflorescence architecture. 

Elleanthus sect. Cephalelyna 

Garay described sect. Cephalelyna (with E. casapensis as the type) for the group 

of species with strongly capitate inflorescences.  Although other species groups in 

Elleanthus can have inflorescences almost as strongly capitate, this is the only section 

with inflorescences that secrete copious mucilage (jelly).  The jelly is secreted by floral 

bracts and encases the entire inflorescence, and the flowers protrude through the jelly 

at anthesis.  Similar jelly-encased inflorescences are found in some bromeliads (also in 

extremely wet forests) and are hypothesized to protect the buds and developing fruits 

from herbivory. 

Other species in this section include E. brasiliensis, E. capitatus, E. cephalophora, 

E. cephalotus, E. cynarocephalus, E. glomera, E. hookerianus, E. killipii, E. sodiroi, E. 

sphaerocephalus, and E. zamorensis (Garay, 1978a).  But some of these species are 

dubiously recognized.  For example, in Ecuador, E. capitatus, E. sodiroi, E. 

sphaerocephalus are accepted names, but E. casapensis, E. cephalophora, and E. 

zamorensis are treated as synonyms of E. capitatus (Dodson and Luer, 2010).  Nir 
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(2000) also treated E. cephalotus as a synonym of E. capitatus.  Alternatively, E. 

capitatus is replaced entirely by E. cynarocephalus in Central America (Dressler, 

2003a).  Clearly, much taxonomic work at the species-level is needed for this group. 

This study included E. cephalotus, E. cynarocephalus, and E. sodiroi with only one 

sample per species, so species delimitation is not assessed in these data.  However, 

the relatively strong sequence divergence among these samples indicates that further 

phylogenetic work would support some level of species distinctiveness among members 

of this section.  Nonetheless, these data support a monophyletic sect. Cephalelyna. 

Elleanthus sect. Stachydelyna 

Garay described sect. Stachydelyna with E. lindenii as the type (however, E. 

lindenii is frequently recognized as a synonym of E. aurantiacus).  This section, as 

defined by Garay (1978a), is polymorphic and not surprisingly, polyphyletic (Fig. 2-21).  

These phylogenetic results indicate that there are at least two groups that correspond to 

the following list and that are not each other’s closest relatives.  One group consists of 

species most like the type, with short inflorescences and highly branching stems that 

are recumbent.  Garay included the following species fitting that description: E. 

phorcophyllus, E. hallii, E. petrogeiton, and E. aurantiacus.  However, the widespread 

and variable E. aurantiacus has been frequently divided into numerous species, e.g., E. 

lindenii, E. cajamarcae, E. bractescens, E. gallipanensis, E. hallii, E. hoppii, E. 

pallidiflorus, and E. pallidiflavus (Dodson and Luer, 2010).  Elleanthus phorcophyllus 

also has a branching habit (Fig. 1-4e), branching inflorescences (Fig. 2-3a, b, & c), and 

orange flowers identical to those of E. aurantiacus, and differs only in its slightly 

narrower leaves; E. phorcophyllus grows on rock faces, so its narrow leaves may be an 

adaptation to its xeric habitat.  Elleanthus flavescens also shares the branching habit 
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and inflorescence structure of E. aurantiacus, but has a yellowish flower color.  This 

study includes four samples of what is called E. aurantiacus, two of which had yellow 

flowers and two with orange flowers, and all of which fit the broad vegetative 

morphological spectrum discussed above.  These phylogenetic analyses do not 

consistently group color forms.  And, because color form is the only discernible and 

discreet difference among these different “species” (i.e., the vegetative morphology is a 

continuum of size and shape), I opt for a broadly defined E. aurantiacus, which includes 

all of the previously mentioned species, except for E. petrogeiton.  Elleanthus 

petrogeiton is reported to have greenish-white flowers, but is sympatric with E. 

aurantiacus (type: Pichincha, Ecuador).  It might be based on an inaccurate description 

of a plant of E. aurantiacus with immature flowers, so its status is unclear. 

The other group that Garay included within sect. Stachydelyna has relatively erect 

stems that often branch near the apex (Dodson and Luer, 2010) and inflorescences that 

bend downwards, regardless of stem position (Fig. 2-2 c, d, e, and f).  He included the 

following species that fit this description: E. asplundii, E. maculatus, E. lupulinus, E. 

aristatus, E. xanthocomos, E. amethystinoides, E. tovarensis, E. rhodolepis, E. gracilis, 

E. gastrochilus, E. magnicallosus, E. scopula, E. ventricosus, and E. reichenbachianus.  

Other species likely fall within this group, but because inflorescence recurvature has not 

been emphasized in species descriptions and often is not preserved in herbarium 

specimens, those species cannot be attributed at this time.  This study included E. 

amethystinoides, E. ensatus, E. gracilis, E. longibracteatus, and E. maculatus.  Species 

identifications in this group are very challenging because of the number of species 

described, and their apparent morphological plasticity, so the names attributed are 



 

56 

provisional at this point, except for E. longibracteatus, which differs in its cream-colored 

flowers. 

Elleanthus steyermarkii is aberrant within this group because of its very narrow 

conduplicate leaves, which more resemble those of sect. Chloidelyna (Barringer, 1987).  

Its floral morphology is not similar to either of these previously mentioned groups. 

Elleanthus sect. Hymenophora and sect. Elongatae  

Garay (1978a) described sect. Hymenophora (with E. hymenophorus as the type).  

This group is diagnosed by having racemose inflorescences with spirally arranged 

flowers.  Garay also included E. vitellinus, E. ecuadorensis, E. curtii, E. discolor, E. 

ruizii, and E. oliganthus. 

Brieger (1983) separated sect. Elongatae (with E. oliganthus as the type) from 

Garay’s sect. Hymenophora.  He differentiated this section from others by its having 

elongate inflorescences.  This section was treated as monotypic by Brieger, but 

because he did not even mention Garay’s sectional classification (Garay, 1978a), it is 

likely that he was unaware of it.  It is diagnosed by having relatively long internodes and 

small filiform bracts. 

From these two sections, this study sampled E. oliganthus, E. hymenophorus, and 

E. discolor.  Because E. oliganthus is sister to sect. Hymenophora, sect. Elongatae 

does not make any other section nonmonophyletic; therefore, this group is probably 

best treated as a single section because they share many features and are poorly 

differentiated from each other.  In addition to the relatively elongate racemes with 

spirally arranged flowers, these two sections also tend to have erect inflorescences that 

are particularly distinct because the internodes are relatively long and the rachis 

relatively gracile (as compared to sect. Calelyna, which has the most similar 
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inflorescences).  If these two sections were merged, the name sect. Hymenophora 

should be applied because of priority. 

Elleanthus sect. Calelyna and sect. Strobilifera  

Reichenbach described sect. Calelyna (with the type as E. myrosmatis).  Garay 

(1978a) also included E. robustus, E. aureus, E. arpophyllostachys, E. vernicosus, E. 

conifer, E. weberbaurianus, E. smithii, and E. caravata.  However, E. caravata does not 

morphologically fit within this group, nor do these phylogenetic data (Fig. 2-20) support 

its inclusion.  In the strict sense (i.e., excluding E. caravata), this section is monophyletic 

and is readily identified by the larger size of the plants, long spiral racemes, and lips 

with a large spot that appears rusty (probably due to a concentration of carotenoids 

filling papillose epidermal cells).  This group is remarkably variable in morphology, and 

has flowers that frequently change color as they age, making species-level identification 

problematic because flower color is emphasized in species identification.  Other species 

that morphologically fit within this group are E. bradeorum, E. columnaris, E. 

glaucophyllus, E. norae, E. strobilifer, and E. wageneri (Dunsterville and Garay, 1979; 

Dressler, 2003a; Dodson and Luer, 2010). 

When Brieger (1983) described sect. Strobilifera, he designated the type as E. 

caravata and also included E. crinipes, a Brazilian taxon.  Garay (1978a) considered 

this species to be in sect. Calelyna.  Although E. caravata and E. crinipes are sister, my 

data (Fig. 2-20) support the separation of sect. Strobilifera because those two species 

are not most closely related to the rest of sect. Calelyna (sensu Garay).  Because of this 

and despite the overlap in the original sense of sect. Calelyna, both sections should be 

recognized.  Section Strobilifera is easily identifiable by the deeply lacerate lips, dense 

hairs that cover the plant, small stature (<1m), and floral bracts that are relatively 
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cartilaginous.  Only E. caravatus and E. crinipes are unquestionably placed within the 

section.  But Barringer (1987) described E. hirsutus, citing material that Dodson and 

Luer (2010) called E. caravata.  This seems to be a misidentification of that particular 

specimen by Barringer, and E. hirsutus is a distinct species, but with unclear 

phylogenetic affinities. 

Elleanthus sect. Otiophora  

Garay (1978a) described sect. Otiophora (with E. carolii as the type).  He also 

included E. auriculatus and E. blatteus (Garay, 1978b).  The original description of this 

section is somewhat vague, with plants having terminal and spicate inflorescences, 

flowers on all sides, lateral sepals more or less connate, infrastigmatic ligules angled, 

and the clinandrium biauriculate.  These are not particularly meaningful characters 

within Elleanthus.  I attribute the group that includes E. caricoides, E. tonduzii, and E. 

tricallosus to this section based on the similarity to previously mentioned species, but 

this is only preliminary.  However, another species that is distantly related, E. 

capitatellus, is morphologically similar in having subcapitate inflorescences and broad 

and somewhat lacerate lips.  At this moment, the placement of E. capitatellus is 

uncertain. 

Elleanthus sect. Laterales 

Garay (1978) described sect. Laterales with E. lateralis as the type, and also 

included E. rhizomatosus.  Barringer (1987) described an additional species from Peru, 

E. hirsutus (see previous discussion of sect. Stachydelyna), which conforms to the 

unusual inflorescence position of this section.  In the description of this section, Garay 

mentioned the diagnostic feature of lateral inflorescences.  His description is cryptic and 

unclear, and does not refer to axillary inflorescences, but rather scapose inflorescences 
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that are closely appressed to the ground (See Fig. 1-4 c and d).  However, Barringer 

(1987) dismantled the small sect. Laterales because of the lack of consistency in 

inflorescence position (both “terminal” and “lateral”).  Although E. hirsutus and E. 

lateralis share lateral inflorescences, they also have the floral morphology of sect. 

Otiophora (a mesochile with a single transverse ridge and an unwinged column with a 

slight infrastigmatic ligule).  The other species, E. rhizomatosus, shares more floral 

similarities (a mesochile with a pair of transverse ridges and a winged column with no 

infrastigmatic ligule) to the polymorphic sect. Stachydelyna (Brieger, 1987).  

Unfortunately, I did not sample any members of this section, so I cannot assess either 

its monophyly or phylogenetic affinity. 

Taxonomy of Epilyna 

Epilyna consists of only three described species.  Epilyna is sometimes treated as 

a member of the genus Elleanthus, because they share many features, such as 

reduced flowers and conduplicate leaves, as in Elleanthus sect. Chloidelyna (Dressler, 

2003a).  However, as Epilyna is sister to Elleanthus, and because the vegetative 

features used to unite these two genera are homoplasious, it is kept separate in this 

treatment, but either treatment is justified on the basis of their reciprocal monophyly.  

Only two species were sampled in this study, E. jimenezii, from Central America, and E. 

hirtzii, from Ecuador.  The only other species described is E. embreei from Ecuador, 

which is distinguished by a much larger and less branched habit and an erose rather 

than lacerate lip margin. 

Taxonomy of Sertifera 

Sertifera includes only six species.  Although this genus has small flowers that are 

similar to Elleanthus, this similarity is obviously due to convergence (see Chapter 4 
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regarding floral convergence).  When Reichenbach and Lindley described the genus 

Sertifera (Reichenbach, 1877), they described two new species, S. purpurea and S. 

virgata, the former with lateral corymbose inflorescences and the latter with terminal 

racemes.  Schweinfurth (1938) transferred S. virgata to Elleanthus (based on the 

terminal racemes; see previous discussion of E. virgatus in sect. Elleanthus).  Sertifera 

is diagnosed by having leaf sheaths with tubercles, lateral and secund inflorescences 

(often with flowers clustered on a long, flattened peduncle), flowers comparable in size 

to Elleanthus, magenta and white tepals (mostly), and a saccate lip (Fig. 1-5c).  The 

species recognized are: S. aurantiaca, S. colombiana, S. grandifolia, S. major, S. 

parviflora, and S. purpurea. 

One taxonomically aberrant species, Sertifera lehmanniana (Kraenzl.) Garay, was 

originally described in the genus Diothonea Lindl., but then later placed in Epidendrum 

[E. lehmannianum (Kraenzl.) Hágsater & Dodson (H gsater, 1992)].  Nonetheless, the 

Sertifera combination for this taxon has been applied in Ecuadorian treatments. 

In reviewing type specimens of Sobralieae and identification of material used in 

this study, one aberrant species, Sobralia rigidissima, seems to fit better with Sertifera 

based on morphology, although it has never been attributed to that genus.  It was 

originally described as having “vaginae supremae adhuc muriculatae,” “flores parvi rosei 

labello albo,” and the type specimen has lateral inflorescences, all features that in 

combination are unique to Sertifera.  Garay (1978) adds that this species has secund 

flowers with a compressed peduncle, further supporting the placement of this species 

within Sertifera.  However, the type of Sobralia rigidissima bears a strong resemblance 

to Sobralia ciliata because they share small reddish flowers (but larger, and with longer 
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sepals and petals, than the typical Sertifera) and axillary inflorescences.  Unfortunately, 

this species was not sampled in this study, so phylogenetic affinities based on DNA 

data are not known.  Finally, although it was possible to identify two samples used in 

this study as Sertifera by vegetative characters, it was not possible to make positive 

species-level identification; therefore, the two Ecuadorian samples are denoted as 

“Sertifera sp.” 

Taxonomy of Sobralia 

Sobralia is a species-rich genus with a long and tumultuous history, some species 

having been shuffled around in many different genera.  Although the first species were 

accurately attributed to what is now known as Sobralia, some unrelated taxa were 

originally described as Sobralia based on floral convergence (e.g., Prosthechea citrina 

(La Llave & Lex.) W.E. Higgins).  Conversely, Sobralia proper has been described in 

other genera.  The genus Cyathoglottis Poepp. & Endl. was described in 1836 for just 

two species, S. candida and S. crocea, based on their smaller flowers.  Often, species 

or groups of species with different pollination syndromes have been traditionally placed 

in different genera because of their strikingly different morphology.  This historical 

tendency to recognize genera because of variation in gross floral morphology has been 

demonstrated to conflict with phylogenetic relationships due to homoplasy in pollination-

related floral characters.  The emphasis on gross floral traits also tends to result in the 

creation of paraphyletic groups that express the plesiomorphic floral condition.  This 

bias is particularly apparent within Sobralia in the case of S. callosa, which has been 

segregated as Lindsayella Ames & C.Schweinf. because of its distinctive hummingbird-

floral syndrome, as opposed to the typical bee-floral syndrome that is characteristic of 

most species of Sobralia.  However, the recognition of Lindsayella would exacerbate the 
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polyphyly in Sobralia.  The floral morphology is misleading in this example because 

“distinctiveness” does not connote reciprocal monophyly.  Another similar situation can 

be found in the case of Sobralia amabilis.  This hummingbird-pollinated species is 

sometimes segregated as Fregea Rchb.f. because of the distinct, diminutive magenta 

flowers.  See chapter 4 for a more detailed discussion on floral morphology as it relates 

to pollination biology. 

Subgeneric classifications within Sobralia have changed over time (Table 2-3).  

Reichenbach (1853) first proposed an unranked infrageneric classification,  which he 

called Eusobralia and Brasolia, the former referring to the group here designated as 

“core Sobralia” and the latter referring to a group with axillary inflorescences (referred to 

as sect. Sobralia).  He placed S. dichotoma as the only species of Brasolia.   

Lindley (1854) proposed some very informal infrageneric groups, in which he 

agreed with Reichenbach, recognizing Brasolia, which was diagnosed by “flowers in a 

naked flexuose raceme” and “bracts very short,” and including the species S. dichotoma 

and S. stenophylla.  But then Lindley listed a series of groups denoted by numbers, 

letters, and asterisks, which are difficult to convey.  The first group, other than Brasolia, 

was diagnosed by “flowers in a flexuose raceme, with distant cymbiform foliaceous 

bracts,” and included S. rosea, S. chrysantha, and S. paradisiaca.  This refers to what 

would later be named as sect. Racemosae by Brieger (1983).  The last group included 

all species with “flowers in a cone-like head, or naked,” which was then divided based 

on presence of hairs and venation of the lip.  These further subdivisions are artificial, so 

are not enumerated in detail here.  However, in this overarching group, he included 

many species, e.g., S. bletiae, S. candida, S. chlorantha, S. crocea, S. decora, S. 
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fenzliana, S. fimbriata, S. fragrans, S. galeottiana, S. klotzscheana, S. labiata, S. 

lindleyana, S. liliastrum, S. macrantha, S. macrophylla, S. sessilis, S. setigera, S. 

violacea, and S. warszewiczii.  All these species that were sampled form a clade in our 

analyses, with the exception of S. liliastrum, which differs in having an elongate raceme 

instead of a condensed “cone.” 

The next to define sections within Sobralia was Brieger (1983).  He recognized 

sect. Sobralia (for Brasolia) with lateral and elongate inflorescences, predicated on the 

typification of Sobralia by Angely (1973).  Next, he described sect. Racemosae, for 

species with terminal and racemose inflorescences.  He also described sect. 

Intermediae for species having an elongate basal internode of the inflorescence, 

condensed internodes above and with small flowers; sect. Abbreviatae for species with 

very short and condensed inflorescences and ephemeral flowers; and lastly, sect. 

Globosae in synonymy with Cyathoglottis, to include S. candida and S. crocea, but his 

diagnosis does not differentiate this section from sects. Abbreviatae or Intermediae.  

Dressler (2002), in his assessment of the sections of Sobralia, largely agreed with 

Brieger.  Because these two treatments of infrageneric classification are the most 

recent, and because they divide the genus most finely, these will be the focus of the 

following discussion. 

Sobralia sect. Sobralia 

The most taxonomically complex of these sections is the paraphyletic sect. 

Sobralia, diagnosed by axillary and/or elongate inflorescences and with relatively 

coriaceous, long-lived flowers (vs. deliquescent flowers lasting a single day).  The 

genus was typified by Angely (1973) by S. dichotoma, which by default is also the type 

species for sect. Sobralia.  When Ruiz and Pavon first described the genus in 1794, 
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they did not designate a type species, nor did they even describe any species at all.  It 

was not until four years later that they described three species, the first of which was S. 

dichotoma, which is presumably why Angely (1973) chose that species.  Most species 

of Sobralia are not members of sect. Sobralia, and members of sect. Sobralia are not 

commonly collected.  Because one goal of taxonomic research is to create a 

classification system that reflects monophyly yet maintains stability, collaborators and I 

submitted a proposal to conserve Sobralia using S. biflora, a member of the core 

Sobralia, as type of the genus (Dressler et al., 2011).  Because of nomenclatural rules 

under the International Code of Nomenclature of Algae, Fungi and Plants, it will be 

some years before a stable and phylogenetically based nomenclatural system can be 

established for what is now called “Sobralia” (see the more extensively discussed 

proposed nomenclatural changes in chapter 6).  However, our proposed nomenclatural 

conservation is recommended based on the Nomenclature Committee for Vascular 

Plants (Applequist, 2012); voting will occur in 2017. 

My sampling of sect. Sobralia included S. caloglossa, S. ciliata, S. dichotoma, S. 

dorbignyana, S. mandonii, S. portillae, and S. roezlii.  Species in sect. Sobralia not 

sampled include S. altissima, S. boliviensis, S. cattleya, S. hirtzii, S. kermesina, S. 

rigidissima (see previous discussion of Sertifera), S. scopulorum, S. sobralioides, S. 

speciosa, S. stenophylla, S. uribei, and S. weberbauriana.  However, the exact 

placement of these unsampled species is a major unanswered question in this study, as 

their relationships are relatively important for redefining generic limits in the tribe. 

Sobralia ciliata, like most other sect. Sobralia, has axillary inflorescences.  

However, it is the only member of that section that has magenta flowers that are 
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relatively small (perianth less than 2 cm long) with a thickened pad-like callus on the lip 

with numerous ridges on the lip distal to that callus.  It is the only putatively 

hummingbird-pollinated member of sect. Sobralia (see chapter 4 for details of pollination 

biology).  This taxon is the source of the most distinct incongruence between data sets.  

ITS sequence data place it sister to core Sobralia, whereas plastid data place it one 

node back, sister to the rest of the tribe.  The combined analysis (Fig. 2-20) agrees with 

the plastid data (Fig. 2-16), probably because that data set has more characters, thus 

outweighing the ITS data (Fig. 2-12).  Regardless of the position, its unique morphology 

and phylogenetic isolation suggest that it deserves generic segregation and could be 

monotypic.  However, S. alstromerioides, S. boliviensis, S. kermesina, S. rigidissima, 

and S. scopulorum may be closely related to S. ciliata because of floral similarity in size 

and color, but this has proven to be a homoplasious feature and so may very well be 

misleading (Christenson and Moretz, 2003). 

Most species of sect. Sobralia belong to a morphologically cohesive group that 

resembles Sobralia dichotoma, but the species do not form a clade.  Two clades are 

paraphyletic relative to Sertifera, Sobralia dorbignyana, Elleanthus, and Epilyna.  One 

clade includes at least S. portillae and S. roezlii, and the other includes at least S. 

dichotoma, S. caloglossa, and S. mandonii.  Although S. portillae and S. roezlii are 

strongly supported as sister taxa, they differ greatly in inflorescence architecture, 

making the separation of this paraphyletic part of sect. Sobralia even more complex.  

Sobralia portillae has terminal racemes, such as the distantly related S. liliastrum 

(Christenson, 2003).  Sobralia roezlii only has axillary inflorescences (and they are even 

paniculate), which makes it morphologically more akin to the clade including S. 
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dichotoma, S. caloglossa, and S. mandonii (Christenson, 2002).  However, the floral 

morphology of S. portillae is remarkably similar to that of S. mandonii (Christenson, 

2003).  Thus, these two groups of sect. Sobralia are difficult to delimit.  Finding discrete 

morphological characters that clearly distinguish these groups and specifying the group 

to which the remaining unplaced species should be placed are difficult to determine.  It 

is likely that the unplaced species such as S. altissima, S. cattleya, S. hirtzii, S. 

speciosa, S. uribei, and S. weberbauriana would belong to one or the other of these two 

clades. 

Sobralia dorbignyana is sister to Epilyna and Elleanthus.  Because of its 

phylogenetic isolation and unique morphology, it is readily recognizable and probably 

deserves generic segregation. Garay (1978) transferred Chloraea sobralioides to 

Sobralia, and in so doing, he did not recognize the similarity in his treatment of S. 

sobralioides to S. dorbignyana.  Schlechter described Sobralia kalbeyeri almost 

concurrently with Kraenzlin, when the latter described Chloraea sobralioides.  

Puzzlingly, Schlechter noted the perfect similarity of S. dorbignyana to S. kalbeyeri, yet 

still decided to describe the new species.  Because of this, S. sobralioides and S. 

kalbeyeri seem to be clear synonyms of S. dorbignyana; they differ only in subtle 

differences in flower color.  All these share a terminal paniculate inflorescence structure, 

which is not found in any other known species within the tribe. 

Sobralia stenophylla, endemic to Venezuela and Guyana, is the most enigmatic 

member of sect. Sobralia because its floral morphology is Pleione-like (i.e., flower 

texture delicate, with numerous fimbriae on the central portion of lip) and it has narrow, 

coriaceous leaves that are unlike those of any other member of Sobralieae.  Its axillary 
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inflorescences are a symplesiomorphy that indicates its placement in sect. Sobralia.  It 

was not sampled in this study, but it is a crucial taxon that, given the rampant polyphyly 

of other members of sect. Sobralia, is likely to be an isolated lineage and might deserve 

generic segregation.  Without molecular data, I regard it as uncertainly placed. 

Core Sobralia (including sect. Racemosae) 

This clade of Sobralia has terminal inflorescences (racemose or with a condensed 

cone) and usually relatively large flowers.  Sobralia liliastrum is sister to the remainder 

of core Sobralia.  It has rather simple, usually unbranched terminal racemes, which 

would probably place it within the general concept of sect. Racemosae, but it lacks the 

large foliaceous bracts so common to that group of species.  As mentioned previously, 

Brieger placed this species within sect. Abbreviatae, which is highly discordant with its 

inflorescence architecture.  Sobralia liliastrum shares a similar terminal raceme and 

floral morphology (large white flowers with yellow keels on the lip) with the putatively 

closely related S. elizabethae, although I did not sample the latter species.  If sectional 

classifications are to be maintained, this species, along with S. elizabethae, should be 

placed in a new separate section. 

Sobralia sect. Racemosae is a group of species with fractiflex, elongate 

inflorescences and relatively large, boat-shaped bracts.  Based upon the four species 

sampled (Sobralia lindenii, S. luerorum, S. pulcherrima, S. rosea), the section is 

monophyletic.  Other species in this section (not sampled) include S. gloriosa, S. 

tamboana, S. ruckeri, and S. paradisiaca.  Molecular data show that S. pulcherrima and 

S. lindenii are phylogenetically embedded within S. rosea; therefore, I lump these two 

species into a more widely circumscribed S. rosea.  The floral morphology of S. 

pulcherrima, S. lindenii, and S. rosea grade into each other and differ primarily in flower 
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color (ranging from white to very pink) and in overall vegetative size (from <1 m to >4 

m); see chapter 4 for further detail.  Sobralia ruckeri has long been synonymized with S. 

rosea.  However, S. ruckeri has floral morphology that does not match the continuum 

previously discussed for S. rosea.  Sobralia ruckeri and S. gloriosa were not sampled in 

this study, but they are more similar to each other in overall vegetative morphology and 

in floral coloration patterns to each other (mostly white or pinkish perianth with a dark 

maroon distal margin of the lip and a yellow throat) than they are to S. rosea.  Whatever 

the case, they likely belong within the clade that includes S. rosea and S. luerorum. 

The other sections of core Sobralia are sects. Abbreviatae, Intermediae, and 

Globosae.  Collectively, they form a monophyletic group defined by cone-like 

inflorescences (highly reduced terminal racemes that produce only one or two flowers at 

a time).  However, each of these morphologically diagnosed sections has various 

degrees problems regarding non-monophyly.  Unfortunately, these sections were poorly 

defined by Brieger, with overlapping characters, and each had very few species directly 

attributed to them when described.  For these sections, he mostly listed only the type 

species and vague diagnoses, such that it is very difficult to understand his intentions 

without detailed lists of species for each section: sect. Abbreviatae (S. fimbriata as 

type), sect. Intermediae (S. fragrans as type), and sect. Globosae (S. candida as type 

and S. crocea as a species additionally included).  Section Intermediae is particularly 

hard to understand and because Dressler (2002) has taken a broad definition of sect. 

Abbreviatae, including virtually everything in the cone-like inflorescence group of taxa 

(except for sect. Globosae), I follow Dressler’s circumscription.  It should be mentioned 
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that recognizing either sect. Globosae or sect. Intermediae, by any author’s definition, 

makes sect. Abbreviatae non-monophyletic. 

Section Globosae has been defined differently over time.  Brieger (1983) included 

only two species when he described this section: S. candida and S. crocea.  He 

diagnosed it with “inflorescences the shortest, with bracts very short, making 1-2 

flowers.”  If one takes a conservative approach to assigning species to these sections, 

sect. Globosae does appear to be monophyletic, including S. candida, S. lancea, S. 

nutans, and S. quinata, sampled in this study.  Dressler’s circumscription is 

monophyletic when only including the extremely minute-bract group (see Fig. 1-5j), 

although he also included S. pardalina, not sampled in this study (Dressler, 2002, 

2003b).  However, because Brieger (1983) included S. crocea in this section, the 

section is non-monophyletic. 

Section Intermediae was described with only a single species, S. fragrans.  It is 

diagnosed by having “an elongated basal internode of the inflorescence, with highly 

condensed internodes above, and few-flowered.”  It is difficult to assign other species to 

sect. Intermediae, other than the type, because of the unique inflorescence features, so 

this study will take a conservative approach and only assign S. fragrans (sensu Brieger) 

to this group.  However, Dressler indicated his interpretations of Brieger’s classification 

by adding the species S. bletiae, S. mariannae, S. mucronata, and S. crocea (Dressler, 

2002, 2003b).  This phylogeny sampled only S. mucronata and S. crocea.  It is clear 

that the circumscriptions of these two sections are problematic because of their closely 

intertwined evolutionary history.  They share relatively small flowers that are usually 

whitish (S. crocea is the exception with orange flowers).  At the heart of these sectional 
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discrepancies is S. crocea, a widespread and common species found throughout the 

Andes.  Garay described S. persimilis, which I consider to be a synonym of S. crocea.  

It differs only in subtle differences of lip size and shape, but shares the short stature and 

bright orange, tubular flowers, probably pollinated by hummingbirds (see chapter 4). 

Section Abbreviatae was defined by Brieger (1983) as having “the shortest 

inflorescences, with condensed internodes, imbricate bracts, the leaf sheaths inflated 

above, and with 1-2 flowers.”  Dressler (2002) treats most species of the core Sobralia 

as members of section Abbreviatae.  It is clear that all of those sectional delimitations 

are variations on a theme, and they have probably been overly split regarding 

inflorescence structure.  Therefore, for the sake of simplicity and because of the 

consistent cone-like inflorescence type throughout this group, I suggest a very broadly 

defined group, sect. Abbreviatae sensu latissimo, with sects. Globosae and Intermediae 

as synonyms.  A broad discussion of this morphologically variable group is most 

meaningful in the context of phylogenetic groupings, so some distinct morphological and 

phylogenetic informal groups are discussed below. 

Recta complex. Plants in this clade are usually large (1-2 m), flowers are usually 

nodding and somewhat campanulate, with a white perianth and dark wine-red lips.  The 

only two species known to this group are S. recta and S. helleri.  Although this study 

only has a single accession of S. helleri, the three accessions of S. recta are 

monophyletic.   

Macrantha complex. The flowers of this clade, as the name suggests, are 

relatively large, but are particularly remarkable in the size of the lip, which can be more 

than 10 cm long.  The two species in this group that were sampled, S. macrantha and 
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S. sanderiana, are sister taxa.  One species that fits morphologically with these is S. 

labiata, but is not closely related.  A species that is likely to be in this complex, S. 

rogersiana, differs from S. macrantha only by a subtle difference in the coloration 

pattern on the lip. 

Undatocarinata complex. This complex is diagnosed by having an extremely 

undulate lip margin, with multiple parallel crests running longitudinally within the center 

of the lip, which are usually strongly raised and also undulating, and broad columns with 

wings that are splayed out and much longer than other Sobralia groups.  This study 

included S. maduroi, S. sanfelicis, and S. undatocarinata.  Dressler (2004b) described 

this complex in detail and described a species, S. dissimilis, in this group as well as a 

number of other undescribed morphological entities.  These analyses (Fig. 2-20) 

indicate that the complex is monophyletic. 

Leucoxantha complex. Historically, many white-flowered species of Sobralia 

were attributed to S. leucoxantha but are not closely related (Dressler, 2001).  The 

clade is characterized by “slender shoots and medium-sized white flowers,” but also has 

swept-back lateral sepals and small trumpet-shaped lips.  Other species in this complex 

include S. kruskayae, S. sotoana, S. blancoi, S. pendula, and S. aspera (Dressler, 

2005; Dressler and Pupulin, 2008; Dressler and Bogarin, 2010).  This study included 

only S. kruskayae and S. leucoxantha, and with this sampling, the group is 

monophyletic (Fig. 2-20). 

Lindleyana complex. Dressler (2007) described a group of Sobralia species that 

have inflated, tubular bracts.  These species include S. crispissima, S. infundibuligera, 

S. lindleyana, S. macrophylla, S. madisonii, S. rarae-avis, and S. sororcula (Dressler, 
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2007).  This grouping as a whole is polyphyletic, according to these DNA data.  

However, a subset of these species, S. crispissima, S. lindleyana, and S. sororcula do 

form a clade, which is here referred to as the “Lindleyana complex.”  They are 

diagnosed by being relatively small plants (usually less than 40-50 cm tall), with open, 

cup-shaped, leafy inflorescence bracts.  This bract character is obviously homoplasious 

as it is extremely similar to S. macrophylla (Dressler, 2007). 

Bouchei complex. This clade is diagnosed by having a magenta perianth, lip with 

fimbriate margins and a thickened pad-like callus, forward-facing, slit-like stigmas, and 

large globose, shiny anther caps.  Also in this group are S. triandra and S. sanderae, 

although these are likely synonyms of S. bouchei (Dressler, 2003a).  Dressler (2003a) 

has attributed S. wilsoniana to this group; however, that species does not show any 

close morphological affinity to these species.  In the course of this study, material 

belonging to this group was obtained from Colombia (Orquideas del Valle, vendor), 

labeled as S. rosea.  This material is obviously not closely related to S. rosea, and it is 

likely an undescribed species of Sobralia, sister to the Central American material of S. 

bouchei (see S. cf. bouchei in trees), but it is not formally described here because of a 

paucity of herbarium material. 

The Big Odious Group of Unresolved Species (“BOGUS”). This clade is so 

named because it is a species-rich group with little sequence divergence among the 

members, yet there is huge variation in plant size, flower size, flower color, and flower 

shape.  Because of the lack of resolution, little can be said of the relationships.  

However, despite this lack of resolution, some informative aspects can be discussed.  

Sobralia andreae is unusual in having bright magenta flowers, but with a tubular gullet 
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(Dressler, 2006).  These data do not support its monophyly, even though the source of 

all specimen material in Colombia (Orquideas del Valle, vendor) was the same.  

Another two species, S. setigera and S. virginalis form a clade, although with poor 

support; both are found in South America and have white flowers (but differ in lip 

morphology).  Sobralia gloriana, when originally described, was hypothesized as a 

possible natural hybrid between S. atropubescens and some unknown species 

(Dressler, 2002); these data somewhat support that hypothesis, because none of the 

three samples are each other’s closest relatives (McDade, 1995).  Several complexes 

are present within the BOGUS group, and these make some morphological sense. 

Warszewiczii complex. This group of species is taxonomically problematic, as 

emphasized by Dressler (2011).  Within this complex, there are some species that have 

purple flowers, such as S. warszewiczii, S. bradeorum, S. violacea, and S. amparoae.  

These are possibly distinct, despite overall similarity and general flower color.  This is 

especially true of S. violacea, which is not a part of this complex, despite having 

extremely similar floral morphology (but note the differences in column structure 

detailed in Fig. 1-9). Within this mix there are white-flowered entities that differ subtly, 

including a white form of S. warszewiczii and species that are “always” white, including 

S. chrysostoma and S. theobromina.  Although these latter two species are very similar 

morphologically, they are phylogenetically distinct from each other.  All these taxa have 

similar column structure and shape, which unites them (note hourglass shape in Fig. 1-

9e, u, w, and x). 

Decora complex. This complex is widespread from Mexico to Brazil, and species 

limits within it are undoubtedly poorly defined.  There are many included species, e.g., 
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S. decora, S. sessilis, S. yauaperyensis, S. galleotiana, S. macdougallii, and S. 

fenzliana (Dressler, 2012).  Dressler treated some species, such as S. panamensis, S. 

neglecta, and S. fenzliana, as synonyms of S. decora (Dressler, 2003a), but separated 

S. fenzliana again based on column wing length and perianth color (Dressler, 2012).  

This study sampled S. decora, S. fenzliana, S. sessilis, and S. yauaperyensis, which 

collectively form a clade, but species monophyly is not known.  The flower color seems 

to be a subtle gradation across the geographic range, ranging from white to dark purple.  

This complex is united by a propensity for the vegetative growths to form “keikis.”  This 

means that in the region of the inflorescence, the stem will flop over and a new 

vegetative growth will emerge from a leaf axil, effectively functioning as a stolon.  The 

flowers range in color from whitish to light pink to dark purple.  Many of these species 

also have a relatively strong floral fragrance that is likely coumarin. 

Remaining species. Some additional species of core Sobralia have been treated 

as different genera.  Sobralia callosa has been placed alternatively as Lindsayella 

amabilis, and S. amabilis, as Fregea amabilis.  Both of these examples have 

convergent morphologies to hummingbird pollination syndromes with reduced flower 

size, bright magenta flowers, column reduction, stigma re-orientation, and pollinia that 

are reduced, condensed, and purple.  All these features are homoplasious and are 

mechanistically related to pollination by and attraction of hummingbirds.  Despite the 

similarity of these two species, i.e., S. callosa and S. amabilis, they are not each other’s 

closest relatives.  However, this homoplasy illustrates the remarkable forces that 

selection plays on the morphology of flowers. 
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Inflorescence Position, Flower Size, and Why Sobralieae Taxonomy Is Bad? 

I used ancestral character-state reconstruction to demonstrate the evolutionary 

patterns of inflorescence position and structure.  Inflorescences in Sobralieae may be 

axillary or terminal.  Terminal inflorescences are formed at the apex of a shoot, and 

axillary inflorescences are borne from axillary buds, basal to the shoot terminus.  The 

distinction between these two positions can be blurred in some plant groups, but in 

Sobralieae, the difference is usually clear (see Fig. 2-23 for variation in inflorescence 

structure).  However, in a few species (e.g., Sobralia dorbignyana), both terminal and 

axillary inflorescences are produced, because the inflorescence is a compound panicle 

with multiple leafy bracts intermingled. 

Inflorescences also have bracts (leaf-derived structures), and these can vary in 

size and shape.  Furthermore, the axis of an inflorescence (i.e., the rachis) may be 

highly condensed (capitate in some species of Elleanthus) or elongate, branched or 

unbranched, erect or (less commonly) nodding, and may have either spiral or distichous 

phyllotaxy. In a few species of Elleanthus, specialized short shoots with reduced leaves 

bear the (terminal) inflorescences (i.e., a scape), whereas the taller, leafy shoots do not 

produce inflorescences at all. 

In Sobralieae, most of these inflorescence structural variants exist in some 

combination.  These differences are presented in simplified illustrations (Fig. 2-23).  As 

delimited in Figure 2-23, the core Sobralia is a group distinguished by two main types of 

inflorescence morphology.  Both types are terminal, but in species such as S. rosea and 

S. luerorum (sect. Racemosae), the floral displays are strongly distichous and the rachis 

is relatively elongate and fractiflex (“zig-zag”), with relatively large bracts. Sobralia 

liliastrum also has an elongate inflorescence morphology, but it is not fractiflex, and the 
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bracts are much reduced.  In the remainder of core Sobralia, the inflorescence rachis is 

highly condensed, such that the internodes of the rachis are extremely short (often 1-2 

mm). The resulting morphology appears acaulescent, usually with relatively large bracts 

(except in sect. Globosae, sensu Dressler).  This condensed inflorescence is present in 

many Sobralia species with ephemeral flowers. 

In the combined analysis (Figs. 2-17 through 2-20), Sobralia ciliata is sister to all 

other Sobralieae, whereas other members of sect. Sobralia (S. caloglossa, S. 

dichotoma, S. dorbignyana, S. mandonii, S. portillae, and S. roezlii) form a paraphyletic 

grade relative to the remainder of the tribe.  In addition to the genus Sertifera, all these 

species have axillary inflorescences that may or may not branch to form panicles and 

have relatively small inflorescence bracts, except for S. dorbignyana and S. portillae, 

which have terminal inflorescences.  Terminal inflorescences are shared with virtually all 

species of Epilyna and Elleanthus.  Elleanthus has the most variable inflorescences in 

the whole tribe, being distichous or spirally arranged, capitate to loosely racemose, and 

can be oriented downwards, upwards, or even horizontally (parallel to the ground).  

Epilyna, although similar to Elleanthus, has the unique combination of conditions: 

conduplicate leaves (shared with Elleanthus sect. Chloidelyna) and non-fractiflex, 

terminal racemes.  Sertifera is small in stature (almost always <1 m) and has secund, 

axillary inflorescences. 

The evolutionary trends within Sobralieae demonstrate the plesiomorphic condition 

of axillary inflorescences and relatively large flowers (Fig. 2-24).  This apparently 

symplesiomorphic grade across both major clades is represented by some taxa of 

sects. Sobralia and Sertifera.  There has been independent convergence to terminal 



 

77 

inflorescences across both large clades in Sobralieae.  Terminal inflorescences are 

even more homoplasious with the inclusion of S. portillae.  There has also been 

independent reduction of internodes within the inflorescence to capitate inflorescences, 

although with very different floral presentation strategies.  Core Sobralia uses these 

reduced inflorescences to present a single flower (or two), whereas Elleanthus presents 

many flowers at a time. 

The relative reduction of flower size also seems to have played a role in the 

evolution of Sobralieae.  Because Sobralia is a paraphyletic group relative to Epilyna, 

Elleanthus, and Sertifera, its morphology is relatively plesiomorphic (Fig 2-25).  The 

relatively large flower of Sobralia, a plesiomorphic condition, as compared to the much-

reduced flowers of the other three genera, stands in stark contrast.  It is this large flower 

size that has misled taxonomists, causing them to recognize Sobralia, despite its 

obvious artificial and polymorphic nature.  Thus Sobralia, delimited on the basis of its 

large flower, in combination with variable inflorescence architecture, is not surprisingly 

polyphyletic, even though its large flowers are visually striking.  
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Figure 2-1.  Photos of plants used in this study:  A) Tropidia polystachya, an outgroup, 

Whitten 2830; B) Bletilla striata, an outgroup, Neubig 192; C) Sobralia ciliata, 
Whitten 2529; D) Norris Williams with S. dorbignyana, Blanco 3129; E) S. 
dorbignyana, Blanco 3129; F) S. roezlii, no voucher; G) S. portillae, Whitten 
2433; H) S. aff. dichotoma, Trujillo 330;  I) S. mandonii, Whitten 3530; J) S. 
caloglossa, Whitten 3531.  Photos by M. Blanco, D. Trujillo, W. M. Whitten, 
and K. Neubig. 
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Figure 2-2.  Additional photos of plants used in this study:  A) Elleanthus tricallosus, 

Blanco 2961; B) E. sodiroi, Neubig 246; C) E. longibracteatus, Whitten 99205; 
D) E. amethystinoides, Trujillo 321; E) E. sp., Trujillo 328; F) E. maculatus, 
Trujillo 391; G) E. lancifolius, Whitten 1575; H) E. ampliflorus, Blanco 2949; I) 
E. caravata, Neubig 202; J) E. oliganthus, Whitten 2861.  Photos by M. 
Blanco, D. Trujillo, W. M. Whitten, and K. Neubig. 
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Figure 2-3.  Additional photos of plants used in this study:  A) Elleanthus aurantiacus 

(yellow form), Trujillo 308; B) E. aurantiacus (yellow form), Whitten 1610; C) 
E. aurantiacus (orange form), Whitten 1611; D) E. sp., Neubig 203; E) E. 
conifer, Whitten 1740; F) E. conifer, Whitten 2899; G) E. robustus, Trujillo 
331; H) E. robustus, Trujillo 341; I) E. robustus, Trujillo 367; J) E. robustus, 
Trujillo 377; K) E. robustus, Whitten 3546.  Photos by M. Blanco, D. Trujillo, 
W. M. Whitten, and K. Neubig. 
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Figure 2-4.  Additional photos of plants used in this study:  A) Sobralia liliastrum; B) S. 

rosea, Whitten 531; C) S. rosea (= S. pulcherrima), Neubig 215; D) S. callosa, 
Neubig 224; E) S. callosa, Blanco 3021; F) S. cf. bouchei, Neubig 208; G) S. 
bouchei, Blanco 3009; H) S. bouchei, Blanco 3000; I) S. amabilis, Blanco 
2960; J) S. exigua, Whitten 3003.  Photos by M. Blanco, D. Trujillo, W. M. 
Whitten, and K. Neubig. 
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Figure 2-5.  Additional photos of plants used in this study:  A) Sobralia leucoxantha, 

Blanco 2914; B) S. macrantha, Whitten 3533; C) S. recta, Neubig 207; D) S. 
recta, Whitten 2851; E) S. recta, Blanco 2840; F) S. macrophylla, Blanco 
3022; G) S. cf. mucronata, Neubig 228; H) S. mucronata, Neubig 210; I) S. 
mucronata, Blanco 2971; J) S. crocea, Neubig 206; K) S. quinata, Whitten 
2869.  Photos by M. Blanco, D. Trujillo, W. M. Whitten, and K. Neubig. 

 



 

83 

 
Figure 2-6.  Additional photos of plants used in this study:  A) Sobralia warscewiczii 

(white form), Blanco 2689; B) S. warscewiczii (purple form), Neubig 211; C) 
S. chrysostoma, Neubig 213; D) S. warscewiczii (white form), Blanco 2676; E) 
S. warscewiczii (purple form), Whitten 2831; F) S. theobromina, Blanco 2679; 
G) S. theobromina, Whitten 2989; H) S. violacea, Neubig 218; I) S. citrea, 
Whitten 2977; J) S. gloriana, Blanco 2678.  Photos by M. Blanco, D. Trujillo, 
W. M. Whitten, and K. Neubig. 
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Figure 2-7.  Additional photos of plants used in this study:  A) Sobralia yauaperyensis, 

Blanco 3023; B) S. decora, Whitten 2862; C) S. virginalis, Whitten 2853; D) S. 
virginalis, Whitten 1589; E) S. andreae, Neubig 221; F) S. kerryae, Blanco 
2943; G) S. ecuadorana, Whitten 2850; H) S. gentryi, Whitten 2852.  Photos 
by M. Blanco, D. Trujillo, W. M. Whitten, and K. Neubig. 
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Figure 2-8.  Additional photos of plants used in this study:  A) Sobralia atropubescens, 

Blanco 3031; B) S. sp., Whitten 2863; C) S. aff. chrysostoma, Blanco 2926; 
D) S. lacerata, Neubig 209; E) S. powellii, Whitten 3257; F) S. sp., Neubig 
205; G) S. aff. andreae, Neubig 219; H) S. klotzscheana, Blanco 3011.  
Photos by M. Blanco, D. Trujillo, W. M. Whitten, and K. Neubig. 
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Figure 2-9.  Phylogram of one of >2000 most parsimonious trees generated from the 

analysis of ITS data set.  Nodes that collapse in the strict consensus are 
indicated by red arrows. 



 

87 

 
Figure 2-10.  Bootstrap consensus tree from the parsimony analysis of ITS data set. 
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Figure 2-11.  Phylogram of the single most likely tree generated from the analysis of ITS 

data set. 
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Figure 2-12.  Bootstrap consensus tree from the likelihood analysis of ITS data set. 
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Figure 2-13.  Phylogram of one of >2000 most parsimonious trees generated from the 

analysis of combined plastid (5-locus) data set.  Nodes that collapse in the 
strict consensus are indicated by red arrows. 
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Figure 2-14.  Bootstrap consensus tree from the parsimony analysis of combined plastid 

(5-locus) data set. 
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Figure 2-15.  Phylogram of the single most likely tree generated from the analysis of 

combined plastid (5-locus) data set. 



 

93 

 
Figure 2-16.  Bootstrap consensus tree from the likelihood analysis of combined plastid 

(5-locus) data set. 
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Figure 2-17.  Phylogram of one of >2000 most parsimonious trees generated from the 

analysis of total combined (6-locus) data set.  Nodes that collapse in the strict 
consensus are indicated by red arrows. 
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Figure 2-18.  Bootstrap consensus tree from the parsimony analysis of total combined 

(6-locus) data set. 
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Figure 2-19.  Phylogram of the single most likely tree generated from the analysis of 

total combined (6-locus) data set. 
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Figure 2-20.  Bootstrap consensus tree from the likelihood analysis of total combined (6-

locus) data set. 
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Figure 2-21.  Simplified bootstrap consensus cladogram (bootstrap values not shown) 

from the likelihood analysis of total combined (6-locus) data set, showing 
taxonomy at various levels as discussed in this chapter.  Asterisks indicate 
non-monophyletic taxa. 
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Figure 2-22.  Phylograms from maximum likelihood analyses of A) nrITS and B) 

combined plastid data sets.  Note the heterogeneity of sequence divergence 
among the various clades within the tribe. 
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Figure 2-23.  Simplified bootstrap consensus cladogram (bootstrap values not shown) 

from the likelihood analysis of total combined (6-locus) data set, showing 
Illustrations of major inflorescence types in Sobralieae, although not all types 
are shown. A) Axillary racemes or panicles (sect. Sobralia), B) terminal, spiral 
and erect raceme (various Elleanthus), C) terminal panicle (Sobralia 
dorbignyana), D-E) terminal, fractiflex and/or tightly imbricate raceme 
(Elleanthus sect. Elleanthus and sect. Chloidelyna), F) terminal, fractiflex 
large-bracted raceme (Sobralia sect. Racemosae), and G) terminal, “cone-
like” raceme (majority of core Sobralia). 
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Figure 2-24.  Ancestral character-state reconstruction of axillary versus terminal 

inflorescence position, based on the 6-region maximum likelihood tree in Fig. 
2-19.  A) All portions of the tree, except for core Sobralia.  B) All of core 
Sobralia. 
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Figure 2-25.  Ancestral character-state reconstruction of flower size, based on the 6-

region maximum likelihood tree in Fig. 2-19.  “Small” flowers are less that 2 
cm in length, “large” flowers are more than 4 cm in length.  A) All portions of 
the tree, except for core Sobralia.  B) All of core Sobralia. 
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 Table 2-1.  Species names, DNA number (usually an abbreviated form of the voucher number used in these trees, Figs. 
2-9 through 2-21) voucher information, herbarium of deposition, and country of origin (where known) for all 
material sequenced in this study.  Some sequences were deposited in GenBank for previous studies; otherwise, 
“Y” and “N” denote successful generation of sequences or failures, respectively.  

SPECIES 
DNA 

NUMBER VOUCHER Herbarium Origin ITS trnS-G rpl16 3'ycf1 trnL-F matK 

Bletilla striata (Thunb.) Rchb. 
f. KN192 Neubig 1-2006 FLAS unknown Y Y Y EU490723 Y EU490679 

Elleanthus aff. gracilis (Rchb. 
f.) Rchb. f. W3552 Whitten 3552 FLAS Peru Y Y Y Y Y Y 
Elleanthus amethystinoides 
Garay DT321 Trujillo 321 HURP Peru Y Y Y Y N Y 

Elleanthus ampliflorus Schltr. B2949 Blanco 2949 FLAS Panama EU490663 Y Y EU490732 Y EU490682 

Elleanthus aurantiacus 
(Lindl.) Rchb. f. W1610 Whitten 1610 FLAS Ecuador Y Y Y Y Y Y 

Elleanthus aurantiacus 
(Lindl.) Rchb. f. W1611 Whitten 1611 FLAS Ecuador EU490664 Y Y EU490733 Y EU490683 

Elleanthus aurantiacus 
(Lindl.) Rchb. f. W2355 Whitten 2355 FLAS Ecuador Y Y Y Y Y Y 

Elleanthus aurantiacus 
(Lindl.) Rchb. f. DT308 Trujillo 308 HURP Peru Y Y Y Y N Y 
Elleanthus capitatellus 
Dressler KN201 Neubig 201 FLAS Panama Y Y Y Y Y Y 
Elleanthus caravata (Aubl.) 
Rchb. f. KN202 Neubig 202 FLAS unknown Y Y Y Y Y Y 

Elleanthus caricoides Nash B3055 Blanco 3055 FLAS Panama Y Y Y Y Y Y 

Elleanthus caricoides Nash B3106 Blanco 3106 FLAS Panama EU490665 Y Y EU490734 Y EU490684 

Elleanthus cephalotus Garay 
& H.R.Sweet N282 Ackerman 3292  NA unknown Y Y Y Y Y Y 

Elleanthus cf sodiroi Schltr. KN246 Neubig 246 FLAS Colombia Y N Y N N Y 

Elleanthus conifer (Rchb. f. & 
Warsz.) Rchb. f. B2527 Blanco 2527 FLAS Ecuador EU490666 Y Y EU490735 Y EU490685 

Elleanthus conifer (Rchb. f. & 
Warsz.) Rchb. f. W1740 Whitten 1740 FLAS Ecuador Y Y Y Y Y Y 

Elleanthus conifer (Rchb. f. & 
Warsz.) Rchb. f. W2899 Whitten 2899 FLAS Ecuador Y Y Y Y Y Y 

Elleanthus crinipes Rchb. f. SB36   ESA Brazil Y Y Y Y Y Y 

Elleanthus cynarocephalus 
Rchb.f. B3105 Blanco 3105 FLAS Panama Y Y Y EU490736 Y EU490686 

Elleanthus discolor (Rchb. f. & 
Warsz.) Rchb. f. KN231 Neubig 231 FLAS unknown Y Y Y Y Y Y 
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Table 2-1.  Continued.   

SPECIES 
DNA 

NUMBER VOUCHER Herbarium Origin ITS trnS-G rpl16 3'ycf1 trnL-F matK 

Elleanthus discolor (Rchb. f. 
& Warsz.) Rchb. f. KN232 Neubig 232 FLAS Colombia Y Y Y Y Y Y 
Elleanthus ensatus (Lindl.) 
Rchb. f. W3555 Whitten 3555 FLAS Ecuador Y Y Y Y N Y 
Elleanthus ensatus (Lindl.) 
Rchb. f. DT423 Trujillo 423 HURP Peru Y Y Y Y Y Y 

Elleanthus fractiflexus Schltr. W1517 Whitten 1517 FLAS Ecuador Y Y Y Y Y Y 

Elleanthus fractiflexus Schltr. W1594 Whitten 1594 FLAS Ecuador Y Y Y Y Y Y 

Elleanthus graminifolius 
(Barb. Rodr.) Løjtnant W1542 Whitten 1542 FLAS Ecuador Y Y Y Y N Y 

Elleanthus hymenophorus 
(Rchb. f.) Rchb. f. N563 

Maduro & Olmos 
245  NA Panama Y Y Y Y Y Y 

Elleanthus lancifolius C. 
Presl B2918 Blanco 2918 FLAS Panama Y Y Y Y Y Y 

Elleanthus lancifolius C. 
Presl W1575 Whitten 1575 FLAS Ecuador EU490667 Y Y EU490737 Y EU490687 

Elleanthus longibracteatus 
(Lindl. ex Griseb.) Fawc. N399 Whitten 99205 FLAS Jamaica? Y Y Y Y Y Y 
Elleanthus maculatus (Lindl.) 
Rchb. f. DT328 Trujillo 328 HURP Peru Y Y Y Y Y Y 

Elleanthus oliganthus 
(Poepp. & Endl.) Rchb. f. B2528 Blanco 2528 FLAS Ecuador Y Y Y Y Y Y 

Elleanthus oliganthus 
(Poepp. & Endl.) Rchb. f. W1502 Whitten 1502 FLAS Ecuador EU490668 Y Y EU490738 Y EU490688 

Elleanthus oliganthus 
(Poepp. & Endl.) Rchb. f. W2861 Whitten 2861 FLAS Ecuador Y Y Y Y Y Y 

Elleanthus poiformis Schltr. B3075 Blanco 3075 FLAS Panama EU490669 Y Y EU490739 Y EU490689 
Elleanthus robustus (Rchb. 
f.) Rchb. f. W3539 Whitten 3539 FLAS Ecuador Y Y Y Y Y Y 
Elleanthus robustus (Rchb. 
f.) Rchb. f. W3546 Whitten 3546 FLAS Ecuador Y Y Y Y Y Y 
Elleanthus robustus (Rchb. 
f.) Rchb. f. DT331 Trujillo 331 HURP Peru Y Y Y Y Y Y 
Elleanthus robustus (Rchb. 
f.) Rchb. f. DT341 Trujillo 341 HURP Peru Y Y Y Y Y Y 
Elleanthus robustus (Rchb. 
f.) Rchb. f. DT367 Trujillo 367 HURP Peru Y N Y Y Y Y 
Elleanthus robustus (Rchb. 
f.) Rchb. f. DT377 Trujillo 377 HURP Peru Y Y Y Y Y Y 

Elleanthus sp. KN203 Neubig 203 FLAS unknown Y Y Y Y Y Y 

Elleanthus sp. W3538 Whitten 3538 FLAS Ecuador Y Y Y Y Y Y 
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Table 2-1.  Continued. 

SPECIES 
DNA 

NUMBER VOUCHER Herbarium Origin ITS trnS-G rpl16 3'ycf1 trnL-F matK 

Elleanthus sp. DT391 Trujillo 391 HURP Peru Y Y Y Y Y Y 
Elleanthus stolonifer 
Barringer B2934 Blanco 2934 FLAS Panama Y Y Y Y Y Y 

Elleanthus tonduzii Schltr. N564 
Maduro & Olmos 
246  NA Panama Y Y Y Y Y Y 

Elleanthus tricallosus Ames 
& C. Schweinf. B2961 Blanco 2961 FLAS Panama EU490670 Y Y EU490740 Y EU490690 

Elleanthus tricallosus Ames 
& C. Schweinf. N565 

Maduro & Olmos 
247  NA Panama Y Y Y Y Y Y 

Epilyna hirtzii Dodson N526 Hirtz 1741  NA Ecuador Y Y Y Y Y Y 

Epilyna hirtzii Dodson W2938  Whitten 2938  FLAS Ecuador Y Y Y Y Y Y 

Epilyna jimenezii Schltr. B0869 Blanco 869 USJ 
Costa 
Rica Y Y Y Y Y Y 

Epilyna jimenezii Schltr. B2997 Blanco 2997 FLAS Panama Y Y Y Y Y Y 

Epipactis helleborine (L.) 
Crantz W3326 Whiiten 3326 FLAS USA Y Y Y EU490742 Y EU490692 

Palmorchis powellii (Ames) 
C. Schweinf. & Correll V2115 Vargas 2115  NA unknown Y Y Y EU490757 Y EU490697 
Palmorchis trilobulata L.O. 
Williams W3628 Whitten 3628 FLAS Colombia Y N Y Y Y Y 

Sertifera sp. N546 Hirtz 7160  NA Ecuador Y Y Y Y Y Y 

Sertifera sp. W2937  Whitten 2937  FLAS Ecuador Y Y Y Y Y Y 
Sobralia aff. andreae 
Dressler KN219 Neubig 219 FLAS Colombia Y Y Y Y Y Y 

Sobralia aff. bouchei Ames & 
C. Schweinf. KN208 Neubig 208 FLAS Colombia Y Y Y Y Y Y 
Sobralia aff. chrysostoma 
Dressler B2926 Blanco 2926 FLAS Panama Y Y Y Y Y Y 
Sobralia aff. dichotoma Ruiz 
& Pav. DT330 Trujillo 330 HURP Peru Y Y Y Y Y Y 

Sobralia aff. maduroi 
Dressler M&O601 

Maduro & Olmos 
601  NA Panama Y N Y Y Y Y 

Sobralia allenii L.O. Williams W2834 
Whitten 2834, 
Whitten 3281 FLAS Panama Y Y Y Y Y Y 

Sobralia amabilis (Rchb. f.) 
L.O. Williams B2960 Blanco 2960 FLAS Panama Y Y Y Y Y Y 

Sobralia andreae Dressler KN221 Neubig 221 FLAS Colombia Y Y Y Y Y Y 

Sobralia atropubescens 
Ames & C. Schweinf. B3031 Blanco 3031 FLAS Panama Y Y Y Y Y Y 

Sobralia bouchei Ames & C. 
Schweinf. B3000 Blanco 3000 FLAS Panama EU490671 Y Y EU490781 Y EU490708 
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Table 2-1.  Continued. 

SPECIES 
DNA 

NUMBER VOUCHER Herbarium Origin ITS trnS-G rpl16 3'ycf1 trnL-F matK 

Sobralia bouchei Ames & C. 
Schweinf. B3009  Blanco 3009  FLAS Panama Y Y Y Y Y Y 

Sobralia callosa L.O. 
Williams B3021 

Blanco 3021, 
Whitten 3275 FLAS Panama Y Y Y Y Y Y 

Sobralia callosa L.O. 
Williams KN224 Neubig 224 FLAS unknown Y Y Y Y Y Y 

Sobralia caloglossa Schltr. W3248 Whitten 3248 FLAS Peru Y Y Y Y Y Y 

Sobralia caloglossa Schltr. W3531 Whitten 3531 FLAS Peru Y Y Y Y Y Y 

Sobralia candida (Poepp. & 
Endl.) Rchb. f. RLD13555 Dressler 13555  NA unknown Y N Y Y Y Y 

Sobralia cf. mucronata Ames 
& C. Schweinf. KN228 Neubig 228 FLAS Colombia Y Y Y Y Y Y 

Sobralia cf. withneri D.E. 
Benn. & Christenson W3249 no voucher FLAS Peru Y Y Y Y Y Y 
Sobralia chrysostoma 
Dressler KN213 Neubig 213 FLAS 

Costa 
Rica Y Y Y Y Y Y 

Sobralia ciliata (C. Presl) C. 
Schweinf. & Foldats W3529 Whitten 3529 FLAS Venezuela Y Y Y Y Y Y 

Sobralia citrea Dressler B3030 Blanco 3030 FLAS Panama Y Y Y Y Y Y 

Sobralia citrea Dressler W2977  Whitten 2977  FLAS Panama Y Y Y Y Y Y 

Sobralia citrea Dressler RLD6338 
Dressler 6338 
(type)  NA Panama Y N Y Y Y N 

Sobralia crispissima Dressler KN196  Neubig 5-2006 FLAS Panama Y Y Y Y Y Y 

Sobralia crocea (Poepp. & 
Endl.) Rchb. f. KN206 Neubig 206 FLAS unknown Y Y Y Y Y Y 

Sobralia crocea (Poepp. & 
Endl.) Rchb. f. W0533 no voucher  NA Ecuador Y Y Y Y Y Y 

Sobralia crocea (Poepp. & 
Endl.) Rchb. f. W1578 Whitten 1578 FLAS Ecuador EU490672 Y Y EU490782 Y EU490709 

Sobralia decora Bateman W2862 Whitten 2862 FLAS Panama Y Y Y Y Y Y 
Sobralia dichotoma Ruiz & 
Pav. W3532 Whitten 3532 FLAS Peru Y Y Y Y N Y 
Sobralia dorbignyana Rchb. 
f. B3129 Blanco 3129 FLAS Ecuador Y Y Y Y Y Y 
Sobralia dorbignyana Rchb. 
f. DT276 Trujillo 276 HURP Peru Y Y Y Y Y Y 

Sobralia doremiliae Dressler B2973 Blanco 2973 FLAS Panama Y Y Y Y Y Y 

Sobralia ecuadorana Dodson W2850 Whitten 2850 FLAS Ecuador Y Y Y Y Y Y 

Sobralia exigua Dressler W3003  Whitten 3003  FLAS Panama Y Y Y Y Y Y 

Sobralia fenzliana Rchb. f. KN212 Neubig 212 FLAS Panama Y Y Y Y Y Y 
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Table 2-1.  Continued. 

SPECIES 
DNA 

NUMBER VOUCHER Herbarium Origin ITS trnS-G rpl16 3'ycf1 trnL-F matK 

Sobralia gentryi Dodson W2852 Whitten 2852 FLAS Ecuador Y Y Y Y Y Y 

Sobralia gloriana Dressler B2678 
Blanco 2678, 
Whitten 3307 FLAS Panama Y Y Y Y Y Y 

Sobralia gloriana Dressler B3029 Blanco 3029 FLAS Panama Y Y Y Y Y Y 

Sobralia gloriana Dressler KN200 Neubig 200 FLAS Panama Y Y Y Y Y Y 

Sobralia helleri A.D. Hawkes B2840 Blanco 2840 FLAS Panama Y Y Y Y Y Y 

Sobralia kerryae Dressler B2943 Blanco 2943 FLAS Panama Y Y Y Y Y Y 
Sobralia klotzscheana Rchb. 
f. B3011  Blanco 3011  FLAS Ecuador Y Y Y Y Y Y 

Sobralia kruskayae Dressler B2675  Blanco 2675  FLAS 
Costa 
Rica Y Y Y Y Y Y 

Sobralia kruskayae Dressler B3020  Blanco 3020  FLAS Panama Y Y Y Y Y Y 
Sobralia labiata Warsz. & 
Rchb. f. W2832  Whitten 2832  FLAS Panama Y Y Y Y Y Y 
Sobralia lacerata Dressler & 
Pupulin KN209 

Neubig 209, 
Whitten 3570 FLAS Colombia Y Y Y Y Y Y 

Sobralia lancea Garay W2869 Whitten 2869 FLAS Ecuador Y Y Y Y Y Y 

Sobralia leucoxantha Rchb. f. B2681 Blanco 2681 FLAS Panama Y Y Y Y Y Y 

Sobralia leucoxantha Rchb. f. B2914 Blanco 2914 FLAS Panama Y Y Y Y Y Y 

Sobralia liliastrum Lindl. FS01418 FS01418  NA Brazil Y Y Y Y Y Y 

Sobralia liliastrum Lindl. SB10 Koehler 34146 ESA Brazil Y Y Y Y Y Y 

Sobralia lindleyana Rchb. f. N573 
Maduro & Olmos 
223  NA Panama Y Y Y Y Y Y 

Sobralia lindleyana Rchb. f. W2973  Whitten 2973  FLAS Panama Y Y Y Y Y Y 

Sobralia luerorum Dodson W2729 Whitten 2729 FLAS Ecuador Y Y Y Y Y Y 

Sobralia macrantha Lindl. W3533 Whitten 3533 FLAS Mexico Y Y Y Y Y Y 

Sobralia macrophylla Rchb. f. B3022 
Blanco 3022, 
Whitten 3266 FLAS Panama Y Y Y Y Y Y 

Sobralia macrophylla Rchb. f. SB07   ESA Brazil Y N Y Y Y Y 

Sobralia madisonii Dodson W2854 Whitten 2854 FLAS Ecuador Y Y Y Y Y Y 

Sobralia maduroi Dressler M&O206 
Maduro & Olmos 
206 (type)  NA Panama Y Y Y Y N Y 

Sobralia mandonii Rchb. f. W3247 Whitten 3247 FLAS Peru Y Y Y Y Y Y 

Sobralia mandonii Rchb. f. W3530 Whitten 3530 FLAS Peru Y Y Y Y Y Y 

Sobralia mucronata Ames & 
C. Schweinf. B2971 Blanco 2971 FLAS Panama Y Y Y Y Y Y 

Sobralia mucronata Ames & 
C. Schweinf. KN210 Neubig 210 FLAS unknown Y Y Y Y Y Y 
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Table 2-1.  Continued. 

SPECIES 
DNA 

NUMBER VOUCHER Herbarium Origin ITS trnS-G rpl16 3'ycf1 trnL-F matK 

Sobralia nutans Dressler N575 
Maduro & Olmos 
236 (type)  NA Panama Y Y Y Y Y Y 

Sobralia portillae Christenson W2433 Whitten 2433 FLAS Ecuador Y Y Y Y Y Y 

Sobralia powellii Schltr. W3257 
Whitten 3257, 
Neubig 227 FLAS Ecuador Y Y Y Y Y Y 

Sobralia quinata Dressler FP3644 Pupulin 3644 (type) USJ 
Costa 
Rica Y Y Y Y Y Y 

Sobralia recta Dressler B3010  Blanco 3010  FLAS Panama Y Y Y Y Y Y 

Sobralia recta Dressler KN207 Neubig 207 FLAS Panama Y Y Y Y Y Y 

Sobralia recta Dressler W2851 Whitten 2851 FLAS Panama Y Y Y Y Y Y 

Sobralia roezlii Rchb. f. KN226 no voucher FLAS Colombia Y Y Y Y Y Y 
Sobralia rosea Poepp. & 
Endl. KN215 Neubig 215 FLAS unknown Y Y Y Y Y Y 
Sobralia rosea Poepp. & 
Endl. W0531 no voucher  NA Ecuador Y Y Y Y Y Y 
Sobralia rosea Poepp. & 
Endl. W1507 Whitten 1507 FLAS Ecuador Y Y Y Y Y Y 
Sobralia rosea Poepp. & 
Endl. DT280 Trujillo 280 HURP Peru Y Y Y Y Y Y 
Sobralia rosea Poepp. & 
Endl. DT314 Trujillo 314 HURP Peru Y Y Y Y Y Y 

Sobralia sanderiana Rolfe W3258  Whitten 3258  FLAS unknown Y Y Y Y Y Y 

Sobralia sanfelicis Dressler M&O269 
Maduro & Olmos 
269 (type)  NA Panama Y N Y Y Y Y 

Sobralia sessilis Lindl. SB05   ESA Brazil Y Y Y Y Y Y 
Sobralia setigera Poepp. & 
Endl. DT296 Trujillo 296 HURP Peru Y Y Y Y Y Y 

Sobralia sororcula Dressler RLD6415 
Dressler 6415 
(type)  NA Panama Y Y Y Y Y Y 

Sobralia sp. KN205 Neubig 205 FLAS Colombia Y Y Y Y Y Y 

Sobralia sp. W2863 Whitten 2863 FLAS unknown Y Y Y Y Y Y 
Sobralia theobromina 
Dressler B2679  Blanco 2679  FLAS Panama Y Y Y Y Y Y 
Sobralia theobromina 
Dressler W2989 Whitten 2989 FLAS Panama Y Y Y Y Y Y 
Sobralia turkeliae 
Christenson KN225 no voucher FLAS unknown Y Y Y Y Y Y 

Sobralia undatocarinata C. 
Schweinf. M&O227 

Maduro & Olmos 
227  NA unknown Y Y Y Y N Y 

Sobralia violacea Linden ex 
Lindl. KN218 Neubig 218 FLAS unknown Y Y Y Y Y Y 
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Table 2-1.  Continued. 

SPECIES 
DNA 

NUMBER VOUCHER Herbarium Origin ITS trnS-G rpl16 3'ycf1 trnL-F matK 

Sobralia virginalis F. Peeters 
& Cogn. W1589 Whitten 1589 FLAS Ecuador Y Y Y Y Y Y 
Sobralia virginalis F. Peeters 
& Cogn. W2853 Whitten 2853 FLAS Ecuador Y Y Y Y Y Y 

Sobralia warszewiczii Rchb. 
f. B2676 

Blanco 2676, 
Blanco 2686 FLAS 

Costa 
Rica EU490673 Y Y EU490783 Y EU490710 

Sobralia warszewiczii Rchb. 
f. W2831 

Blanco 2677, 
Whitten 2831 FLAS 

Costa 
Rica Y Y Y Y Y Y 

Sobralia warszewiczii Rchb. 
f. B2689 

Blanco 2689, 
Dressler 3198 FLAS 

Costa 
Rica Y Y Y Y Y Y 

Sobralia warszewiczii Rchb. 
f. KN211 Neubig 211 FLAS 

Costa 
Rica Y Y Y Y Y Y 

Sobralia warszewiczii Rchb. 
f. N596 Dressler 6287  NA unknown Y Y Y Y Y Y 
Sobralia warszewiczii Rchb. 
f. N597 Dressler 6181  NA unknown Y Y Y Y Y Y 
Sobralia yauaperyensis Barb. 
Rodr. B3023 Blanco 3023 FLAS Ecuador Y Y Y Y Y Y 

Tropidia polystachya (Sw.) 
Ames W2830  Whitten 2830  FLAS Ecuador EU490674 Y Y EU490793 Y EU490714 
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Table 2-2.  Subgeneric/sectional classification schemes for Elleanthus. 

Reichenbach (1862) Garay (1978) Brieger (1983) 

Subgen. Calelyna 
Subgen. Euevelyna 
  Sect. Cephalelyna 
  Sect. Stachydelyna 
    Subsect. Chloidelyna 
    “series” Kermesinae 
    “series” Furfuraceae 
    “series” Oliganthae 
    “series” Ensatae 

Sect. Calelyna 
Sect. Cephalelyna 
Sect. Stachydelyna 
Sect. Elleanthus 
Sect. Chloidelyna 
Sect. Laterales 
Sect. Hymenophora 
Sect. Otiophora 

Gen. Evelyna 
Gen. Pseudelleanthus 
Gen. Elleanthus 
  Sect. Elleanthus 
  Sect. Elongatae 
  Sect. Strobilfera 
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Table 2-3.  Subgeneric/sectional classification schemes for all taxa currently referred to 
as Sobralia in this text.  Note that Lindley (1854) did not give formal names for 
groupings, but rather used letters, numbers, and asterisks for delimitation, so 
details of key morphological characters for each group or key taxa included 
are shown for clarity. 

Reichenbach (1853) Lindley (1854) Brieger (1983) 

“unranked” Brasolia 
“unranked” Eusobralia 
   
 

“A” (Brasolia) 
“B” (S. rosea, etc.) 
“C” (other core Sobralia) 
  “1” (lip with crests) 
    “*” (glabrous) 
    “**” (hispid) 
  “2” (lip without crests) 
    “*” (hispid) 
    “**” (glabrous) 

Gen. Sobralia 
  Sect. Sobralia 
  Sect. Racemosae 
  Sect. Abbreviatae  
  Sect. Intermediae 
  Sect. Globosae 
Gen. Lindsayella 
Gen. Fregea 
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CHAPTER 3 
BIOGEOGRAPHY OF SOBRALIEAE: ORIGINS IN SOUTH AMERICA AND 

DIVERSIFICATION IN CROSSING THE ISTHMUS OF PANAMA 

Background 

Using phylogenetic relationships within Sobralieae presented in Chapter 2, this 

chapter addresses biogeographic patterns, including geographic distributions of clades, 

geologic history of the Neotropics, and phylogenetic structure over time within the tribe. 

The current distributions of plant taxa reflect a complex interplay between their 

evolutionary history and the geologic history of the landmasses they inhabit.  Present-

day distributions arise by various processes including vicariance and dispersal.  

Vicariance is the process by which populations are isolated from one another, often by 

means of a geological event, which may lead to genetic divergence over time and 

possible speciation.  Dispersal is a different mechanism by which a lineage can be split 

and where populations are separated by range expansion or crossing of barriers to 

colonize new habitats.  Both vicariance and dispersal may result in the genetic isolation 

of lineages and the possibility of speciation.  Both processes likely influence the 

distribution of orchid species, but the relative contribution of each may be difficult to 

determine. 

One clear pattern of biogeography is by isolation over time.  Isolation has the 

effect of allowing a lineage to diverge phylogenetically, potentially allowing for niche 

specialization.  Theoretically, if an island, or some other effectively isolated area, drifted 

geologically and came in contact with another landmass, that lineage of plants could 

further explore new niches and more area in the novel landmass.  Such is the 

geological history of South America, home to many groups of endemic plants, relative to 

Central America.  
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As all the major landmasses of Gondwana split, Africa and South America 

remained together until ~130 Ma (Fitzgerald, 2002; Macdonald et al., 2003).  South 

America was isolated from other continents since it split from Gondwana, although it 

may have temporarily come in contact with various Caribbean landmasses over that 

time (Briggs, 1994).  The geologic history of the Caribbean landmasses is complex 

(Hedges, 1982; Hedges, Hass, and Maxson, 1992; Hedges, 1996; Graham, 2003), and 

although important in many plant groups, seems to be irrelevant in Sobralieae (see later 

discussion). 

In South America the orogeny of the Andes has been a long and complex 

geological process starting ~90 Ma (Cardona et al., 2010) and is still occurring today 

(Husson, Conrad, and Faccenna, 2008).  The process of subduction and crustal 

thickening has repeated over this period (Haschke et al., 2002a; Haschke et al., 2002b), 

creating topological variation.  Through their orogeny, the Andes have changed 

drainage patterns in South America and have likely played a large role in the generation 

of biodiversity (Hoorn et al., 1995; Antonelli et al., 2009; Hoorn et al., 2010).  The 

dynamic nature of these events may have led to historically significant periods of 

disjunct landmasses and variation in elevation in montane areas. 

There is geological evidence that Central and South America have not always 

been connected as they are today.  The narrow Isthmus of Panama is supposed to 

have closed the oceanic gap connecting the Pacific Ocean and the Caribbean Sea 

around 3-5 Ma through a very complicated series of events (Briggs, 1994). This closure 

is supported by various marine biological lines of evidence (Lessios, 1981; Briggs, 

1984; Coates et al., 1992; Jackson et al., 1993) and marine salinity (Burton, Ling, and 
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O'Nions, 1997).  However, there is both biological evidence (Knowlton et al., 1993; 

Knowlton and Weigt, 1998; Dick, Herrera-Cubilla, and Jackson, 2003) and geological 

evidence (Montes et al., 2012) that the closing of isthmus may have occurred earlier. 

This geological event is well documented through the “Great Faunal Exchange,” in 

which there is fossil evidence that many animals suddenly began to move from North 

America and Central America to South America and vice versa (Marshall et al., 1979; 

Webb, 1991; Dacosta and Klicka, 2008).  In the same way that animals began to move 

freely between these two large continental masses, some plants did the same.  

Undoubtedly, this complex geological process of the isolation of the South American 

continent (after its breakup from Gondwana) explains at least some endemic groups to 

the New World.  

Because South America is no longer disjunct from other landmasses, one would 

expect those taxa that evolved there to have migrated into the Caribbean, Central 

America, and even North America.  If one were to suppose that a group diversified over 

time on the South American continent, the phylogenetic signal might represent a 

paraphyletic grade of taxa that are still only known from South America and crown 

clades that have moved into Central America either exclusively (thereby forming a clade 

that is endemic to Central America) or mixed (thereby dispersing back and forth among 

Central and South America).  Examples that clearly demonstrate this South American 

origin hypothesis based on phylogenetic data are Opuntia in Cactaceae (Majure et al., 

2012), Bromeliaceae (Givnish et al., 2007; Sass and Specht, 2010), Siparuna in 

Siparunaceae (Renner and Won, 2001), and various orchid groups such as those of 

tribe Cymbidieae, including Zygopetalinae (Whitten et al., 2005; Neubig et al., 2009a), 
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Maxillariinae (Whitten et al., 2007; Kirby, 2011), among many others (Lia et al., 2001; 

Kron and Luteyn, 2005; Levin and Miller, 2005; Simpson, Tate, and Weeks, 2005; 

Erkens et al., 2007; Saslis-Lagoudakis et al., 2008; Yuan and Olmstead, 2008; Endara, 

Williams, and Whitten, 2011; Symmank et al., 2011; Gardner et al., 2012).  Many other 

potential New World endemic examples have been enumerated (Gentry, 1982; 

Burnham and Graham, 1999), but many have no conclusive phylogenetic data to 

address biogeographic origins.  Conversely, the invasion of North American/Central 

American plant taxa such as in Lupinus (Fabaceae) (Hughes and Eastwood, 2006) and 

Sideroxylon (Sapotaceae) (Smedmark and Anderberg, 2007) into South America has 

occurred.  But when did such migration events take place? 

Estimating the age of Orchidaceae is necessary to corroborate geologic events 

with phylogenetic events.  Unfortunately, orchids have a very incomplete fossil record.  

The most convincing orchid fossils include some fossil leaves putatively belonging to 

the genera Dendrobium and Earina (Conran, Bannister, and Lee, 2009) and pollinia 

attributed to subtribe Goodyerinae (Ramirez et al., 2007).  Phylogenies incorporating 

these fossils yield an estimate for the crown clade of Epidendroideae diverging around 

51 Ma, which is directly relevant to early-diverging groups of that subfamily, including 

Sobralieae (Ramirez et al., 2007). 

Sobralieae are an exclusively Neotropical group of plants, although the most 

closely related tribes are typically present in both the New and Old World (e.g., 

Arethuseae, Neottieae, Triphoreae, Tropidieae, etc.).  The distributions of Elleanthus 

and one subclade of core Sobralia are both widespread throughout the Neotropics.  The 

two other minor genera are Epilyna, which is found only in northern South America and 
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southern Central America, and Sertifera, which is only found in the northern Andes of 

South America.  The distribution of Sobralia is complicated by its non-monophyly.  

Sobralia sect. Sobralia is exclusively found in South America.  A paraphyletic grade of 

taxa within core Sobralia (see chapter 2 for details) is exclusively South American, 

including Sobralia liliastrum, S. luerorum, and S. rosea (among other species in sect. 

Racemosae).  No species of Epilyna, Sertifera, or Sobralia occur in the Caribbean.  

Only Elleanthus is present in the Caribbean, with only five species (Nir, 2000), three of 

which are widespread in Central and South America (E. cephalotus, E. caravata, and E. 

longibracteatus) and the other two of which are endemic (E. cordidactylus and E. 

dussii).  These latter two species belong to sects. Chloidelyna and Calelyna, 

respectively, and if they are in fact distinct species, they are very recently diverged 

phylogenetically.  This assemblage of species in the Caribbean indicates that the 

presence of Elleanthus in the Caribbean is a relatively recently derived condition.  

Because the Caribbean islands do not represent any significant cladogenesis within 

Sobralieae and because of the low level of endemism, this study will not focus on the 

Caribbean, except in the context of geologic history. 

Materials and Methods 

Distribution Maps 

To understand the distribution of Sobralieae, specimen data were downloaded 

from the Global Biodiversity Information Facility (GBIF), including digitized locality 

information from 8,492 collections (from 77 herbaria) in Sobralieae.  The 5,601 

specimens with coordinate data were used to map distributions of taxonomic groups in 

Sobralieae using ArcGISTM.  Taxonomy associated with the accessions was modified for 
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consistency with generic and species-level circumscriptions outlined in chapter 2 of this 

dissertation. 

Mesquite and R8s Analyses 

The total evidence tree using six DNA regions generated from a RAxML 

(Stamatakis, Ludwig, and Meier, 2005) maximum likelihood analysis from chapter 2 was 

used to reconstruct ancestral areas through Mesquite (Maddison and Maddison, 2005).  

Geographic character-states were coded as either Eurasia (outgroups only), Central 

America, South America, or both. 

This 6-region likelihood tree was also used to create an ultrametric tree of 

Sobralieae using r8s ver. 1.7.1 (Sanderson, 2003) based on penalized likelihood 

(Sanderson, 2002) with a TN algorithm.  Estimates of the crown ages of Epidendroideae 

from Ramirez et al. (2007) was used to designate the root age of the tree (i.e., 51 Ma 

and 61 Ma, along with ranges in error).  Cross-validation determined an optimal 

smoothing parameter of 3.2 with penalized likelihood analyses (Sanderson, 2003).  

Results 

Maps of all groups had distributions that were exclusively found in South America, 

except for Elleanthus, Epilyna, and a portion of core Sobralia (Figs. 3-1 through 3-6).  

Elevation for these same specimens can be seen in histograms (Figs. 3-1 through 3-6).  

To understand the influence of sample density as it relates to species richness, number 

of specimens and number of species (richness) were plotted independently in polygons 

across the range for all specimen data plotted in figures 3-1 through 3-6 (Fig. 3-7). 

When reconstructed on a phylogenetic tree, a South American distribution is 

plesiomorphic and a Central American distribution is derived (Fig. 3-8).  The 

reconstruction shows relatively frequent interchange between South America and 
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Central America.  The cladogenetic origins of Elleanthus and the subclade of core 

Sobralia coincide relatively close in time, around 10 Ma for a root fixed at 61 Ma and 

around 8 Ma for a root fixed at 51 Ma (Figs. 3-9 & 3-10; Table 3-1), but the subsequent 

introduction of Epilyna jimenezii into Central America occurred much later, around 2 Ma 

(regardless of root age).  However, the range in dates for these nodes differs drastically 

because of the range in estimated dates for the origin of the crown clade of 

Epidendroideae as previously defined (Ramirez et al., 2007).  The age of the crown 

clade of Sobralieae is estimated at 15.7-29.7 Ma.  The crown ages of the Elleanthus 

clade and the subclade of core Sobralia are similar: 6.6-11.5 Ma and 6.7-14.6 Ma, 

respectively.  The crown age of Epilyna is much younger, at 1.6-2.6 Ma. 

Discussion 

Limiting Factors of Distribution? 

Geographic distributions can be biologically and phylogenetically informative, but 

aspects that do not reflect evolutionary history may bias current distributions, and thus 

confound phylogenetic interpretations.  A variety of abiotic, biotic, and anthropogenic 

forces determine species distributions.  Thus, geographic specimen collection bias 

could be the limiting factor in our understanding of distribution.  These specimen data 

show very high species richness for areas within Costa Rica.  But does this represent 

an area of higher species richness, or an artifact of more extensive collection here than 

elsewhere?  This phenomenon might best be explained by high collecting activity and 

many recent species descriptions focused on Sobralia, especially within Costa Rica and 

Panama (Dressler, 1995, 2001, 2002, 2003b, a, 2004b, a, 2005, 2006, 2007; Dressler 

and Bogarin, 2007a; Dressler and Pupulin, 2008; Dressler, 2009; Dressler and Bogarin, 

2010; Dressler and Pupulin, 2010; Dressler, 2011, 2012).  In addition, areas with larger 
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numbers of collections generally have more species represented (Fig. 3-7), perhaps 

indicating a sampling bias.  This phenomenon of apparent higher species richness has 

been noted in Ecuador, also because of higher collection activity (Jørgensen and León-

Yánez, 1999).  Nonetheless, these data indicate that Costa Rica and Ecuador have the 

highest species richness (Fig. 3-7b), reflecting high species numbers in floristic 

treatments of those areas compared to the remainder of the Neotropics.  The 

significance of the collection bias is unimportant for overall estimations of geographic 

origin and movement across geographic barriers over time.  However, this taxonomic 

bias for the relatively well-studied countries of Costa Rica and Ecuador makes it such 

that performing analyses of “diversification” (Rabosky and Lovette, 2008) is probably 

premature given the taxon sampling of this phylogenetic component, especially 

considering the taxon sampling within this phylogenetic study.  Therefore, in the context 

of the discussion of diversification, it is meant here as a relative increase in species 

richness.  

Recently, the importance of mycorrhizal associations with plants has been 

examined as a major limiting factor of orchid distributions (Rasmussen, 2002; 

Dearnaley, 2007).  The importance of mycorrhizae in the growth and function of orchids 

and other plants has long been acknowledged.  However, this specificity of this plant-

fungus relationship can differ among species, among seedlings versus adults 

(Těšitelova et al., 2012), and among terrestrial versus epiphytic habits (Martos et al., in 

press).  Edaphic qualities may also limit fungal presence and therefore the presence of 

the associated plant (McCormick et al., 2012).   Furthermore, ecological specialization 

and mycorrhizae rarity seem to be the major limiting factor in the distribution of some 
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orchids (Swarts et al., 2010).  Sobralieae-mycorrhizal associations are completely 

unknown.  Nonetheless, because Sobralieae grow in a variety of areas, both terrestrial 

and epiphytic, which would have very different soil types, it is likely that the fungal 

associates are varied and ubiquitous.  Although mycorrhizae may determine local 

establishment of Sobralieae, there is no reason to suspect mycorrhizal 

presence/absence has affected continent-level movements. 

Sobralieae species are most diverse in the montane Neotropics (e.g., the 

cordilleras of Central America, the Andes, the Guyanan shield), and the major clades 

display differences in their elevational ranges.  Elevational differences among genera or 

groups within Sobralieae might be indicative of a bias that has led to present-day 

distributions.  Epilyna (1250 m), Sobralia sect. Racemosae (950 m), and the subclade of 

core Sobralia (950 m), all have modest average elevations.  Some Elleanthus live at 

high elevations, but most are found at modest elevations (1650 m).  Perhaps most 

remarkable is Sertifera, which grows at the highest elevations on average (2450 m).  

Furthermore, Sobralia sect. Sobralia grows at high elevations (1950 m). 

Non-geological forces may largely influence some distributional aspects, such as 

elevation.  Distributions of organisms that may play intimate roles in the life history of 

Sobralieae (i.e., pollinators) can greatly affect their geography by limiting their 

reproductive capacity.  For example, taxa such as Elleanthus and Sertifera live on 

average at higher elevations than Epilyna or most groups of Sobralia.  Elleanthus and 

Sertifera are both primarily pollinated by hummingbirds, whereas Sobralia is primarily 

pollinated by bees and the pollinators of Epilyna are unknown (see chapter 4 for a more 

detailed discussion of pollination and the elevational differences likely driven by 
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pollinator specificity; Fig. 4-23).  Hummingbird diversity and density matches the 

elevational preferences of Elleanthus and Sertifera, from sea-level to ~3000 m 

(Feinsinger et al., 1979; Bleiweiss, 1998b; Stiles, 2004); likewise, the diversity and 

density of bees (especially Euglossini) matches that of Sobralia of sea-level to 1600 m 

(Dressler, 1982).  This association of plants overlapping the distribution of pollinators 

probably also at least partially explains the absence of Sobralia in the Caribbean; that 

is, there are also no euglossine bees in the Greater and Lesser Antilles, except for one 

species in Jamaica. 

However, elevational preference by pollinators for groups within Sobralieae does 

not adequately explain current overall distribution throughout the Neotropics, nor the 

patterns of diversification within Elleanthus and core Sobralia.  Indeed, both Elleanthus 

and core Sobralia take advantage of a wide range of elevations (Figs. 3-1 & 3-6).  The 

subclade of core Sobralia (Fig. 3-6) and sect. Racemosae (Fig. 3-5) both have an 

average elevation of 950 m, yet the former is widespread and the latter is restricted to 

South America.  Sertifera, with an average of 2450 m in elevation, represents the 

highest average for any group in the tribe.  Likewise, sect. Sobralia occurs at an 

average of 1950 m, which is relatively high for the tribe, and sect. Sobralia is restricted 

to South America.  Any quantitative differences in highest elevation among Central and 

South America do not explain the distribution bias in South America, because 

Sobralieae does not utilize the highest elevations available in either area.  Therefore, 

neither high- nor low-elevation niches could be the limiting factor to explain why certain 

phylogenetic groups are present in South America, but not in Central America.  This 
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lack of limitation is also true for pollinator availability, because both bees and 

hummingbirds are present in Central and South America.  

Diversification within the core group of Sobralia may be associated with the 

exploitation of a lower-elevation niche.  The subclade of core Sobralia that has 

repeatedly crossed the Isthmus of Panama can be found at much lower elevations 

(often <500 m) across its distribution (Fig. 3-6).  Overall, elevation has likely played a 

role in the evolution of Sobralieae because of elevational preferences of pollinating bees 

and hummingbirds, but has not been a restricting factor in its migration across the 

Isthmus of Panama.  The phylogenetic significance of this is in homoplasy, because 

pollinator class has shifted multiple times within the tribe (see chapter 4 for a detailed 

discussion of pollination within a phylogenetic context).  

Geographic Origin 

The phylogenetic and distributional data are most consistent with a South 

American origin for Sobralieae.  To estimate at which point within the phylogeny 

dispersal to Central America occurred, ancestral character-state reconstruction was 

implemented of geographic character-states [either Eurasia, South America, or Central 

America; ML and MP, in Mesquite (Maddison and Maddison, 2005)].  This was done on 

a “per specimen” basis for an ML reconstruction, where the exact locality of the 

specimen was used, and on a “per species” basis for a MP reconstruction, where the 

range of a species was coded for an individual.  These strategies outline the bias of 

sampling per geographic range in the former and emphasized the ambiguity per species 

in the latter.  Nonetheless, the latter is emphasized because it errs on the side of 

conservative estimates overall.  The selection of three clades (Elleanthus, Epilyna, and 
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the subclade of core Sobralia) demonstrates the most inclusive groups where 

widespread distributions are likely to have occurred evolutionarily. 

Phylogenetic patterns as they relate to geographic structure have been dissected 

in various ways.  However, they do not tell us much of general phylogenetic/geographic 

correlations with major geological events.  By comparing published phylogenetic 

hypotheses as they relate to geographic patterns across the Isthmus of Panama, we 

might better understand the complex manifestations of migration.  In Fig. 3-12, I outline 

some discrete phylogenetic situations that represent a South American origin for groups 

that have diversified into Central and North America.  These patterns can be simple, or 

if found in combination, are likely variable because of the many biotic (e.g., pollination, 

fruit dispersal, and mycorrhizal associations) and abiotic (e.g., geologic events and 

climatic fluctuations) reasons for current patterns of distribution. 

Nonetheless, the ancestral state within the Sobralieae is South America (Figs. 3-8 

and 3-9), so its diversification into Central America must be derived.  There are two 

clades that include the majority of species (i.e., Elleanthus and a subclade of core 

Sobralia).  However, that pattern of radiation into Central America is somewhat 

stochastic; that is, there have been many different migrations between South and 

Central America based on character-state reconstructions.  This pattern of structured 

randomness fits one of the models of evolution proposed here of short-distance 

dispersal, with frequent interchange between ancestral and derived distributional states. 

Dating in Sobralieae 

The age of Orchidaceae has been difficult to estimate due to scarcity of fossils.  

Recent publications include convincing fossil leaves putatively belonging to the genera 

Dendrobium and Earina (Conran, Bannister, and Lee, 2009).  An orchid pollinium 
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attached to the back of a bee was recently described from amber (Ramirez et al., 2007).  

That fossil is definitively placed as a member of subtribe Goodyerinae in subfamily 

Orchidoideae.  The dates of the Dendrobium and Earina fossils are congruent with the 

pollinium fossil (Conran, Bannister, and Lee, 2009), so therefore support the hypothesis 

of the dates proposed by Ramirez et al. (2007).  These fossils were incorporated within 

a combined ultrametric analysis (Guo et al., 2012).  Unfortunately, they did not explicitly 

describe the taxon sampling within Epidendroideae for their analysis, so relative dates 

as they apply to various taxa are unclear and therefore not usable in this study.  The 

impact of using various calibrations on dating a phylogeny has been explored 

extensively (Sauquet et al., 2012). 

The age of Sobralieae and clades within were estimated using a range of crown 

age estimates of Epidendroideae from Ramirez et al. (2007) in order to provide an 

estimate of error (Table 3-1).  Two primary hypotheses of ages of the crown clade of 

Epidendroideae were presented in that paper: 51 and 61 Ma (Figs. 3-10 & 3-11).  

However, because they gave a more conservative estimate using penalized likelihood 

with a root age of 51 Ma for Epidendroideae, this discussion will focus on that age 

despite the associated range in error.  These analyses indicate that the crown group of 

Sobralieae began to diverge around 23.4 Ma.  Also, the species-rich clades of 

Elleanthus and the subclade of core Sobralia diverged at about the same time, 9.3 (6.6-

11.5) and 10.7 (6.7-14.6) Ma, respectively. 

These ultrametric analyses indicate that Sobralieae did not phylogenetically 

diversify for more than 20 myr since its split from its closest relatives, including 

Tropidieae and Arethuseae, at approximately 40 Ma (Fig. 3-10).  The isolation of 
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Sobralieae in South America relatively long ago explains the deep divergence among 

this tribe and any of its closest relatives, although its origin by dispersal or vicariance is 

unclear.  Relationships among the tribes of “basal Epidendroideae” also are not clear, 

probably due to a rapid radiation, so accurately dating their divergence dates is 

problematic.  Nonetheless, based on the previous study of fossil dating for the whole 

family (Ramirez et al., 2007; Guo et al., 2012), it is highly unlikely that Epidendroideae 

orchids began to diversify before the K/T boundary 65 million years ago. 

The influence of geological processes in South America might explain patterns of 

phylogenetic divergence.  Species richness in many Neotropical plant groups, including 

orchids, is relatively high in the Andes (Young et al., 2002).  The uplift of the Andes is 

hypothesized to have played a major role in the diversification of these orchids.  The 

majority of species of Sobralieae in South America are found in the Andes and other 

montane areas of the Neotropics, but only the members of Sobralia sect. Sobralia, sect. 

Racemosae, and Sertifera are restricted to South America.  The formation of the Andes 

has been a complex process, with multiple periods of uplift.  The orogeny of the 

northern Andes (especially with high elevations) likely predates the phylogenetic origin 

of groups in Sobralieae that are now endemic to that area, making the estimates of the 

age of these Andean-endemic taxa (e.g., Sobralia sect. Sobralia and Sertifera) highly 

plausible.  That is, endemic taxa may have originated in the current area of endemism, 

but this is most likely if the geological process pre-dates or is concurrent with the origin 

of the organism. 

Species from the Guyanan shield or in southeastern Brazil (e.g., Sobralia ciliata 

and S. liliastrum) diverged ~18 and 11 Ma, respectively (Fig. 3-10) and so may 
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represent an eastern, relictual, pre-Andean distribution.  This hypothesis is consistent 

with the presence of the Pebas system of waterways that created a disjunction between 

eastern and western South America between 10 and 23 Ma (Hoorn et al., 2010).   

Therefore, the Pebas system may also have been a barrier to dispersal from eastern to 

western South America.  This hypothesis is also consistent with the diversification of 

Andean taxa such as Sobralia sect. Sobralia and Sertifera starting at ~13 Ma and 

Sobralia sect. Racemosae at ~9 Ma (Fig. 3-10) with the dissipation of the Pebas 

waterways (Hoorn et al., 2010). 

I hypothesize that three geographically widespread clades (Elleanthus, Epilyna, 

and the subclade of core Sobralia) diverged in response to the closing of the Isthmus of 

Panama.  The dates of these three clades are of particular interest.  Their relative ages 

and absolute ages were inferred using a fossil pollinarium for calibration of ML trees.  All 

estimates, including the range of errors, are older than the classic estimate of the 

closing of the isthmus at 3.5 Ma.  However, various studies have shown that the 

estimation of ~3.5 Ma for the closing of the isthmus may be too recent and that this 

uncertainty may range into 3-9 Ma, or even 18 Ma supported by both biological 

evidence (Knowlton et al., 1993; Knowlton and Weigt, 1998; Dick, Herrera-Cubilla, and 

Jackson, 2003) and geological evidence (Montes et al., 2012) that the closing of 

isthmus may have occurred earlier than 3 Ma., which is congruent with the estimates of 

this study.  Moreover, many previous studies concerning the biogeography around the 

isthmus have centered on land fauna, which probably have rather stringent 

requirements of land connection for dispersal.  Nonetheless, despite the evidence of the 
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Great American Interchange, some mammals such as peccaries may have migrated 

into Panama as much as 19 Ma (MacFadden et al., 2010).  

Sobralieae have small, wind-dispersed seeds (Fig. 1-11) and might have 

dispersed to Central America across an oceanic gap prior to closure of the isthmus. 

Long-distance dispersal events from Africa to the New World (a much greater distance) 

are hypothesized for other orchid taxa (e.g., Bulbophyllum, Campylocentrum, 

Dendrophylax, Polystachya, Tropidia), so this mechanism of dispersal over large bodies 

of water, although rare, might explain the relatively old dates for dispersal from South 

America into Central America.  The ability of Sobralieae to traverse bodies of water is 

also evidenced by the presence of Elleanthus throughout the Caribbean.  A more 

densely sampled and better-resolved phylogeny and a fine-scale understanding of 

speciation patterns as they relate to geography may lead to a better picture of dating 

events. 

These estimated ages of Sobralieae are consistent with estimated ages of their 

pollinators.  Ramirez et al. (2010) used a molecular phylogeny of Euglossini and 

molecular clock methods to estimate that the bees evolved ca. 27-42 Ma.  The fossil 

record of hummingbirds is poor, but molecular phylogenetic work and fossil calibrations 

of hummingbirds show that they diversified at ~18 Ma, but that their stem lineage is ~58 

Ma (Bleiweiss, 1998a).  All of these dates sufficiently pre-date the diversification of 

Sobralieae and so do not contradict the dates estimated within Sobralieae.  
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Figure 3-1.  Distributional map of Elleanthus, based on 3,214 specimen data points.  

Arrows indicate countries where Elleanthus is present, but no coordinate 
specimen data were available.  Clade in tree to which map refers is 
referenced in red.  Histogram represents minimum elevation recorded for 
same specimens used to create map.   
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Figure 3-2.  Distributional map of Epilyna, based on 61 specimen data points.  Clade in 

tree to which map refers is referenced in red.  Histogram represents minimum 
elevation recorded for same specimens used to create map.  
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Figure 3-3.  Distributional map of Sertifera, based on 33 specimen data points.  Clade in 

tree to which map refers is referenced in red.  Histogram represents minimum 
elevation recorded for same specimens used to create map.  
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Figure 3-4.  Distributional map of Sobralia sect. Sobralia, based on 55 specimen data 

points.  Grade in tree to which map refers is referenced in red.  Histogram 
represents minimum elevation recorded for same specimens used to create 
map.  
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Figure 3-5.  Distributional map of Sobralia sect. Racemosae, based on 120 specimen 

data points.  Grade in tree to which map refers is referenced in red.  
Histogram represents minimum elevation recorded for same specimens used 
to create map.  
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Figure 3-6.  Distributional map of core Sobralia (excluding sect. Racemosae), based on 

2,112 specimen data points.  Clade in tree to which map refers is referenced 
in red.  Histogram represents minimum elevation recorded for same 
specimens used to create map.  
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Figure 3-7.  All data presented in figures 3-1 through 3-6 are represented in these 

maps.  A) An overlay of number of specimen collections per polygon.  B) An 
overlay of number of species per polygon.  
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Figure 3-8.  Ancestral characters state (ML) reconstruction of Sobralieae based on 

geographic distribution using the total evidence tree of the 6-DNA-region 
maximum likelihood analysis.  This tree emphasizes the importance of node 
selection to represent portions of the tree that represent the expansion of taxa 
from South America to Central America.  
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Figure 3-9.  Ancestral characters state (MP) reconstruction of Sobralieae based on 

geographic distribution using the total evidence tree of the 6-DNA-region 
maximum likelihood analysis.  This tree emphasizes the importance of node 
selection to represent portions of the tree that represent the expansion of taxa 
from South America to Central America, as indicated by arrows.  
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Figure 3-10.  Chronogram of the 6-DNA-region maximum likelihood tree based on a root age of 51 Ma.  Scale bar 

represents millions of years.  Arrows indicate the nodes that represent the expansion of taxa from South 
America to Central America, as indicated by arrows.  
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Figure 3-11.  Chronogram of the 6-DNA-region maximum likelihood tree based on a root age of 61 Ma.  Scale bar 

represents millions of years.  Arrows indicate the nodes that represent the expansion of taxa from South 
America to Central America, as indicated by arrows. 
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Figure 3-12.  Theoretical phylogenetic patterns for biogeographic interactions with a South American origin.  A) A 

stochastic model of distribution with no clear origin.  B) A short-distance dispersal model of taxa originating in 
South America (new locality is close enough that it freely interchanges between plesiomorphic and derived 
localities).  C) A long-distance model of taxa originating in South America (new locality is far enough that it 
diversifies with little to no interchange).   
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Table 3-1. Clade age estimates in millions of years using r8s based on the same 6-
DNA-region maximum likelihood tree.  The root of the tree was fixed at 
various ages to estimate the range in error for the age of the crown 
Epidendroideae (Ramirez et al, 2007).  A smoothing parameter of 3.2 with a 
TN algorithm under penalized likelihood was used for all analyses.  The range 
for two dates (plus their maximum/minimum error ranges) is given that 
represents A) the oldest (61±8 Ma) and B) youngest (51±7 Ma) scenarios for 
Epidendroideae (see Ramirez et al., 2007 for details).  Ages are rounded to 
nearest decimal.  

A 

 oldest scenario  

Estimated root age from fossil 53.0 61.0 73.0 
Ramirez et al. 
(2007) 

Sobralieae (crown age) 19.6 23.4 29.7 this study 

Epilyna + Elleanthus (crown age) 9.6 11.2 13.9 this study 

Epilyna (crown age) 1.9 2.2 2.6 this study 

Elleanthus (crown age) 8.0 9.3 11.5 this study 
"core" Sobralia subclade (crown 
age) 8.7 10.7 14.6 this study 

 
B 

 
youngest 
scenario  

Estimated root age from fossil 44.0 51.0 58.0 
Ramirez et al. 
(2007) 

Sobralieae (crown age) 15.7 18.7 21.9 this study 

Epilyna + Elleanthus (crown age) 7.9 9.2 10.6 this study 

Epilyna (crown age) 1.6 1.8 2.0 this study 

Elleanthus (crown age) 6.6 7.7 8.8 this study 
"core" Sobralia subclade (crown 
age) 6.7 8.2 9.9 this study 
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CHAPTER 4 
REWARD AND DECEIT POLLINATION IN SOBRALIA AND ELLEANTHUS: A 

COMPARISON OF NECTAR PRODUCTION AND ADAPTATION THROUGH FLORAL 
ANATOMY 

Background 

The objectives of this study are to document pollination-related traits including 

flower size, color, morphology, nectary structure, nectar production, and floral 

phenology, in Sobralia and Elleanthus, and to analyze these traits in a phylogenetic 

context.  Plant-pollinator interactions are dynamic, based on many different interactions 

and stimuli specific to pollinators.  Evolutionary adaptations to various pollen vectors 

can lead to the evolution of novel pollination systems within groups.  While foraging 

bees are attracted to many different colors, fragrances, nectar guides, and nectar 

rewards, birds are attracted to bright, contrasting colors in flowers and/or bracts, with 

nectar, but no fragrances.  At the core of the attraction is the promise of reward. 

Floral rewards in Orchidaceae are extremely diverse (van der Pijl and Dodson, 

1966; van der Cingel, 2001) and include nectar, oils, fragrances, and resin or wax; in 

contrast to many angiosperms, pollen is never offered as a legitimate reward.  Some 

orchids (subtribe Oncidiinae) offer oil as a reward to Centris bees, but have close 

relatives that deceive oil reward (Silvera, 2002; Alisconi et al., 2009; Neubig et al., 

2012).  Another exotic mode of deceit is pseudocopulation, in which the male pollinator 

is deceived into copulating with the flower, which is disguised as a female.  

Pseudocopulation has evolved many times in orchids, on different continents and in 

different subfamilies (e.g., Ophrys, Tolumnia henekenii, Telipogon, Lepanthes, and 

Chiloglottis) (van der Cingel, 2001; Blanco and Barboza, 2005; Devey et al., 2008; 

Neubig et al., 2012).  Many orchids are nectar reward mimics with “gullet flowers” that 
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produce no nectar (e.g., Cattleya, Sobralia, and Cochleanthes Raf.).  It is estimated that 

one third of all species of orchids are deceitful (Cozzolino and Widmer, 2005).  This high 

percentage gives direct evidence that pollination by deceit is a successful strategy.  But 

deceit is a form of mimicry, at least as defined by some.  There are two forms of 

mimicry: Müllerian, where two or more species benefit, and Batesian, where one or 

more species benefit from a model (Johnson et al., 2003; Jersáková, Johnson, and 

Kindlmann, 2006).  Flowers can “mimic” generalized nectar rewarding colors, patterns, 

and morphologies, and thus be deceitful but without any specific model to mimic. 

Despite the frequency of deceit in orchids, many orchids do reward their 

pollinators.  Some orchids give food bodies, such as hairs on the labellum (Whitten et 

al., 2007; Davies and Stpiczynska, 2008b), and many Oncidiinae secrete oil that is 

collected by female bees and used to provision nests.  About 650 species of Neotropical 

orchids (e.g.,Zygopetalinae, Stanhopeinae, Catasetinae) are pollinated by male 

euglossine bees (Apidae: Euglossini) that collect fragrances from the orchids.  The 

fragrances are hypothesized to be involved in courtship behavior and mate attraction 

(Roubik and Hanson, 2004).  But by far, the most common reward is nectar, which is 

presented by varying morphologies to many different pollinators: Diptera (flies), 

Hymenoptera (bees and wasps), Lepidoptera (moths and butterflies), Trochilidae 

(hummingbirds) in the New World (van der Pijl and Dodson, 1966; van der Cingel, 

2001), and sunbirds in the Old World (Johnson, Linder, and Steiner, 1998). 

In Sobralieae, pollination vectors include various bees and hummingbirds.  Some 

species produce nectar rewards, whereas others produce no apparent reward (deceit 

flowers).  Although the pollination biology of Sobralia is poorly studied, most species are 
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reported to be pollinated by a variety of large solitary bees, especially by euglossine 

bees (van der Pijl and Dodson, 1966).  Sobralia species pollinated by bees have a 

typical gullet type morphology, often with yellow streaks (nectar guides) in the throat 

and comparatively large pollinia (Fig. 4-1).  The core Sobralia (primarily bee-pollinated) 

exhibit gregarious flowering, a phenology that is rare in Orchidaceae.  In species with 

gregarious flowering, nearly all individuals within a population flower simultaneously, 

resulting in hundreds or thousands of flowers available (open and receptive) to 

pollinators for a single day. After this one day of floral maturity, all flower parts undergo 

rapid deliquescence in which the perianth shrivels rapidly; unpollinated flowers are 

abscised from the plant within another day or two.  Each flowering stem of an individual 

often produces flowers simultaneously, but not continuously and constantly throughout 

the months of flowering for the plant (i.e., gregarious flowering).  This is accomplished 

by having many flower buds within an inflorescence develop to near maturity and then 

pause; the trigger for synchronous flowering is unclear, but might be an environmental 

cue, such as a change in temperature, often associated with rainfall.  Synchronous 

flowering has not been studied in detail in Sobralia, but experiments with the 

synchronous-flowering Dendrobium crumenatum Sw. have demonstrated that a drop in 

temperature triggers flowering (Seifriz, 1923).  Further synchrony has been documented 

in Psilochilus Barb. Rodr. (Pansarin and Amaral, 2008).  It may be a relatively strong 

mechanism of maintaining “species” integrity, promoting outcrossing, and increasing 

pollen efficiency for plants rare in the landscape (Jersáková, Johnson, and Kindlmann, 

2006). 
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A few species such as S. macrantha and S. turkeliae have reverted to having 

longer-lived flowers, but only for several days (Rogers, 2007).  Other species of 

Sobralia, such as those of Sobralia sect. Racemosae (e.g., S. rosea) and sect. Sobralia 

(e.g., S. caloglossa, S. dichotoma, and S. mandonii) have long-lived flowers (of more 

than several days).  These flowers are presented sequentially and continuously for 

many weeks or months and are all bee-pollinated. 

Hummingbird-pollination occurs in Elleanthus, Sertifera, and a few Sobralia 

species (e.g., S. amabilis and S. callosa) (Dressler, 2002).  Elleanthus flowers are much 

smaller than those of Sobralia with a typical gestalt for hummingbird-type pollination 

with white, pink, purple, red, or orange flowers and bracts (Fig. 4-2).  The brightly 

colored species of Elleanthus produce copious nectar, and like Sobralia callosa and S. 

amabilis, have cryptic pollinia.  Dressler (1971) noted that various hummingbird-

pollinated orchids often have pollinia that are dark bluish-gray, and pollinia are often 

smaller than in related bee-pollinated taxa. Both traits (dark color and reduced size) are 

hypothesized to make the pollinia less visible to the hummingbird vector, and therefore 

less likely to be groomed off the tip of the bird’s beak.  

Nectar concentration and volume are two traits that are thought to be linked to the 

class of pollinator (Baker and Baker, 1983).  Hummingbird-pollinated flowers are 

hypothesized to produce relatively larger volumes of dilute nectar, whereas bee-

pollinated taxa produce comparatively smaller volumes of more concentrated nectar 

(Bolten and Feinsinger, 1978).  The characteristics of the nectar and nectaries in 

Sobralia flowers have never been reported.  The first to describe the nectary structure of 

Elleanthus was Darwin (1862), who described them a large “balls.”  Because nectar 
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concentration and volume have been a used as indicators of putative pollinator classes, 

I measured these traits in all available Sobralieae species.  Also, nectary structure was 

examined across all Sobralia and Elleanthus. 

Flower size varies extensively in Sobralieae.  Species of Elleanthus, Epilyna, and 

Sertifera have relatively small flowers compared to the flowers of Sobralia.  Variation in 

floral size is likely a consequence of shifts in pollination mode.  The large flowers of 

Sobralia are mostly pollinated by large bees (e.g. Eulaema).  The small flowers of 

Elleanthus and Sertifera are usually pollinated by hummingbirds.  However, pollinators 

of Epilyna and those of smaller, white-flowered species of Elleanthus, are unknown.  

Floral anatomy may also play a role in pollination.  Veyret (1981) reported that 

Sobralia sessilis flowers have two channels that run along the lateral sepals where the 

perianth is adnate to the ovary, here called a “double cuniculus.”  A “normal” cuniculus 

is a single tube that runs within the perianth, and often into the ovary region, providing a 

nectary and is found in subtribe Laeliinae (Dressler, 1993a).  The double cuniculus 

probably serves as a pair of tubular false nectaries for long-tongued bees [especially 

including Apidae (Danforth et al., 2006)].  I surveyed the presence of these structures 

across species of Sobralia to understand the distribution of this morphological character 

in a phylogenetic context and to evaluate the association of cuniculi with other 

pollination-related traits.  Overall, I used anatomical and morphological data to 

investigate the mechanics of pollination, the propensity of deceit and reward, and the 

physical floral properties of secretion within the context of known pollinators to better 

understand the evolution of pollination in a phylogenetic context.  
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Materials and Methods 

Nectar Volume and Quantity 

Flowers (mostly cultivated; some in the field) were examined for nectar 

presence/absence.  If nectar was found, measurements were made of both volume and 

sucrose concentration.  Sucrose concentration was measured with a 0-53 brix Atago 

refractometer at various times of the day (Corbet, 2003).  Concentrations are presented 

in brix units (g sucrose per 100 g water) rather than weight per volume, because it is a 

common unit used in nectar and food science (Bolten et al., 1979; Corbet, 2003).  

Nectar was pipetted and measured with a 0.5-20 μL Rainin micropipetter.  Minor nectar 

constituents, such as amino acids (Gottsberger, Schrauwen, and Linskens, 1984), were 

not examined in this study.  

Floral Anatomy 

Flowers of selected species were fixed in FAA (70% ethanol: glacial acetic acid: 

commercial formalin, 9.0:0.5:0.5) for several days, and then stored in 70% ethanol until 

prepared for sectioning.  Flowers were dehydrated in series until in 100% ethanol, and 

then transferred to mineral oil, then embedded of paraffin.  Embedded tissues were then 

sectioned with a rotary microtome at 10 μm.  Sections were stained in Heidenhain’s 

iron-alum hematoxylin and counter-stained with safranin.  Observations and 

photographs were taken with a PixeraPro 150es digital camera attached to a Zeiss 

Axioskop 40 microscope.  Additional hand sections were made of various species of 

Sobralia and Elleanthus to demonstrate variation and presence of the double cuniculus.  

Entire flowers were cleared and then stained with Lugol’s solution (I2KI: iodine - 

potassium iodide) to test for presence of starch.  Labella were also hand sectioned in 

the morning, at noon, and evening for mature flowers and also stained with I2KI.  
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Floral Fragrances 

Gas chromatography mass spectrometry (GC/MS) analyses were outside the 

scope of this study.  However, because of the importance of fragrances in some 

pollination syndromes, it is important to note the presence and provisional identification 

of fragrances.  The experienced noses of Mark Whitten and Norris Williams (noted 

authorities of fragrances involved in euglossine pollination) were used to help identify 

major notes within fragrant flowers.  These identifications were partially confirmed by 

smell through a reference library of fragrances. 

Elevational Variation by Pollination Syndrome 

To understand empirical distribution of Sobralieae by pollination syndrome, the 

specimen data from chapter 3 were used, including digitized locality information from 

8,492 collections from GBIF.  Of those, only 5,601 had coordinate data associated.  And 

of those, only 5,256 specimens had species-level identifications with which pollination 

syndrome could be associated.  These data were used to create histograms to show 

trends in elevational variation among pollination syndromes. 

Reconstruction of Pollination Related Characters 

To reconstruct the evolution of pollination systems, the total 6-region combined 

DNA maximum likelihood tree from chapter 2 was used to map this character pollination 

using Mesquite, ver. 2.75 (Maddison and Maddison, 2005). Three character-states were 

used: one for bee pollination, a second for hummingbird pollination, and a third for the 

unknown pollinator system of the small white-flowered species of Elleanthus and 

Epilyna. 
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Results 

Overall Floral Syndrome 

Many species of core Sobralia show a gullet shape floral shape for bee pollination.  

Taxon sampling was based on broad phylogenetic sampling across the tribe and 

included some species that give no reward, but do have a false nectary: S. decora (Fig. 

4-3), S. warszewiczii (Fig. 4-4), and S. chrysostoma (Fig. 4-5).  Some species are bee-

pollinated but offer a nectar reward: S. macrophylla (Fig. 4-6), S. rosea (Fig. 4-7), and 

S. bouchei (Fig. 4-8).  Two species of core Sobralia have a hummingbird-pollination 

syndrome and provide nectar: S. callosa (Fig. 4-9) and S. amabilis (Fig. 4-10).  One 

species of Sobralia is putatively hummingbird-pollinated without nectar: S. crocea (Fig. 

4-11).  And one species of Sobralia has a putative sphingophilous syndrome: S. rarae-

avis (Fig. 4-12).  Elleanthus has a predominantly hummingbird-pollination syndrome: E. 

caravata (Fig. 4-13) and E. sodiroi (Fig. 4-14).  Section Sobralia was represented by two 

clades, one including the putatively hummingbird-pollinated S. ciliata (Fig. 4-15) and the 

other including the bee-pollinated S. caloglossa (Fig. 4-16) and S. mandonii (Fig. 4-17).  

Callus Structure 

The callus of a labellum is probably not homologous across Orchidaceae.  

However, there is little doubt that the callus in the Sobralieae is homologous.  In 

Elleanthus, the callus consists of two relatively large globose balls that sit at the base of 

the lip.  Most, if not all, species of Elleanthus produce nectar from these large stores of 

starch in the callus.  The typical callus of Sobralia also consists of two distinct 

structures; however, they are not the globose structures found in Elleanthus.  Sobralia 

calli are raised ridges that have migrated a small distance up to the sides of the 

labellum, such that they are borne opposite each other along the sides.  When seen at 
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the distal end of the labellum, the space between the calli forms a small tube (Fig. 1-3C 

& D), which may guide the tongue of the visiting bee, channeling it to the double 

cuniculus.  The calli of S. bouchei and S. callosa differ from either of the previously 

mentioned types.  They are fused and expanded to form a pad at the median portion of 

the base of the labellum. 

Starch 

All species stained with I2KI produced at least some starch.  However, the density 

of starch and thickness of the tissue containing the starch varied.  In all of the nectar-

secreting species, a rich store of starch can be found in the pad-like or globose callus, 

depending on the genus.  In species that produced no nectar (i.e., most species of 

Sobralia), the starch was less extensive, often restricted to the epidermis of the callus 

and any hairs that are present.  Sections of the callus were made with a rotary 

microtome.  These sections show starch grains that fluoresce as a typical cross-shape 

under polarized light (see Fig 4-14F, starch grains/amyloplasts). 

Double Cuniculus 

This unique structure of having a paired, tubular, false nectary was surveyed and 

found in S. chrysostoma (Neubig 213), S. decora (Whitten 3280), S. gloriana (Blanco 

2678, Whitten 3307), S. macrophylla (Blanco 3022, Whitten 3266), S. helleri (Neubig 

207), S. klotzscheana (Blanco 3011), S. powellii (Whitten 3257), S. warszewiczii 

(Blanco 2676, 2677, 2686, 2689, Whitten 2831), and S. sp. (Neubig 205).  Species 

lacking a double cuniculus include S. bouchei (Blanco 3009), S. callosa (Blanco 3021, 

Whitten 3275), S. crocea (Neubig 206), and S. rosea (Neubig 214).  No species of 

Elleanthus, Epilyna, or Sertifera observed has this double cuniculus.  
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Nectary and Nectar 

Nectar concentration (brix) and volume (μL) were measured in four species of 

Sobralia (S. bouchei, S. callosa, S. macrophylla, and S. rosea; Table 4-2; Fig. 4-18) and 

four species of Elleanthus (E. aurantiacus, E. caravata, E. cynarocephalus, and E. 

sodiroi; Table 4-2; Fig. 4-19).  The following species were observed to produce nectar, 

but the amounts were too small to be measured: S. ciliata, E. lancifolius, E. 

graminifolius, E. fractiflexus, and E. robustus.  The following species have been 

observed that do not produce nectar: S. andreae, S. atropubescens, S. caloglossa, S. 

chrysostoma (Fig. 4-5), S. citrea, S. crispissima, S. crocea (Fig. 4-11), S. decora (Fig. 4-

3), S. dichotoma, S. doremiliae, S. exigua, S. gloriana, S. helleri, S. kerryae, S. lacerata, 

S. leucoxantha, S. lindleyana, S. macrantha, S. mandonii, S. mucronata, S. quinata, S. 

recta, S. theobromina, S. violacea, S. warscewiczii (Fig. 4-4), and S. yauaperyensis.  All 

these species were examined in cultivation, except for S. rosea and E. aurantiacus, 

where plants were measured from multiple populations, in situ, across Ecuador in 

February, 2009.  The only other species of Sobralia reported to produce nectar, S. 

amabilis, was not observed in this study.  Its flowers are similar in size and shape to 

those of Sobralia callosa, so it could also be similar in other aspects of floral anatomy.  

Fragrance Production 

Fragrance is absent in all species of Elleanthus and Sertifera and some species of 

Sobralia.  Fragrant species often produced starch in the callus of the lip, even though 

they did not produce nectar (Fig. 4-24).  However, many species of Sobralia are subtly 

to highly fragrant.  I observed a very strong fragrance of coumarin in multiple members 

of the Sobralia decora complex (S. decora, S. fenzliana, and S. yauaperynesis).  

Multiple populations of Sobralia rosea were observed to have vanillin (same population 
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sampling in Ecuador measured for nectar).  Sobralia bouchei has an unidentifiable 

fragrance that can only be described as acrid.  Sobralia rarae-avis has a strong 

fragrance of sunscreen that is present at night only [i.e., “white-floral” scent as 

described in detail by Kaiser (1993)].  No floral fragrances have ever been published for 

Sobralieae.  One species has been analyzed using GCMS for floral fragrances: Sobralia 

virginalis has benzyl alcohol (17%) and phenyl ethyl alcohol (83%), both strong 

attractants of male euglossine bees (unvouchered specimen “90164” from Ecuador; 

Whitten, unpublished data).  

Elevational Maps 

When separated by putative pollinator, specimen data of the different groups of 

Sobralieae show clear affinities to the elevational preference of pollinators (Fig. 4-23).  

Discussion 

Evolutionary forces on flower morphology and functionality are, at least in part, a 

function of selection through pollination.  Because effective pollination is dependent 

upon a complex suite of features and interactions, it is necessary to study multiple 

qualities of both plant and pollinator.   

In orchids, an integral part of the pollination process is the effective transfer of 

pollinia to the pollinator and the reciprocal transfer of pollinia to the receptive stigma.  

Unfortunately, during the course of this dissertation, it was not possible to observe a 

diverse sampling of species for precise placement of pollinia and the mechanisms of 

such events.  Nonetheless, observations were made of the flowers directly, with 

implications for pollinator attraction and interaction, if not on the efficiency of pollinia 

transfer.  Such traits are often referred to constituting floral syndrome.  The usage of 

floral syndromes has received criticism for lack of accuracy (or “leakiness”) across 
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different pollinators.  However, this faithfulness of pollinators towards floral syndromes 

is much greater when considered within functional groups of pollinators (“guilds”) 

(Fenster et al., 2004).  

Because nectaries and false nectaries play an integral role in reward and deceit, 

they are discussed here in the context of adaptation to pollination systems.  Also, the 

role of nectar volume and sugar concentration is examined in light of putative 

pollinators.  The total pollination syndrome, using all of these morphological and 

anatomical data, along with published accounts of pollinators of these plants is 

discussed in a phylogenetic context.  

The Callus 

Staining of floral parts submerged in Lugol’s solution (I2KI) revealed the 

distribution of starch within floral tissues (Figs. 4-8D & E; 4-9C, D & G; 4-13C) and with 

polarized light under a light microscope (Fig. 4-14F).  In all species in the tribe, there are 

two calli at the base of the lip, but with various shapes, sizes, degrees of fusion, and 

quantity of starch produced.  Although the flowers are relatively small compared to 

Sobralia, the calli of Elleanthus are large relative to the flower (approximately 2-3 mm 

long, each) and packed with starch prior to anthesis (Figs. 4-13 & 4-14).  However, 

Sobralia is more variable.  Some Sobralia species that produce nectar (e.g., S. bouchei, 

S. callosa, S. macrophylla, and S. rosea) have the two calli fused into a thickened pad, 

which has relatively densely packed starch at an early stage of anthesis (Figs. 4-6, 4-7, 

4-8, & 4-9).  This starch is no longer present late in the day (Fig. 4-9C & D), presumably 

lost through metabolism in the production of nectar.  But most species of Sobralia differ 

from this model by deceiving the pollinator in several ways: 1) there is no nectar 

produced; and 2) the callus is ridged and contorts to form a tube that serves as a funnel 
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for pollinators to channel the proboscis deeper into the “double cuniculus” within the 

ovary (Figs. 4-3, 4-4, & 4-5; see later discussion).  

Presence of starch in the callus is a consistent feature among all flowers in the 

Sobralieae.  The density and quantity of the starch is variable, however.  Even species 

of Sobralia that do not secrete nectar nonetheless accumulate a minimal amount of 

starch (Fig 4-21), although this likely serves in another function in pollination, such as 

fragrance production (see later discussion of osmophores). Those species with the 

thickest accumulation of starch relative to flower size do produce nectar.  

I conclude that the callus is the nectariferous tissue of Sobralieae because of the 

following three factors: 1) It is on the callus and only the callus that, if observed early in 

floral maturity, there is nectar deposition.  Early in the life of the flower, droplets of 

nectar can be seen to form directly on the surface of the callus (Fig. 4-7E).  2) All calli 

observed for taxa with nectar secretion have starch early in the life of the flower, and by 

the time the flower senesces, the starch is largely exhausted.  3) Although no stomata 

or trichomes that might be associated with the epidermis of some flowers are present in 

any discernible quantity, these calli have a dense cellular structure that is consistent 

with cells that “pump” nectar directly though the cell wall.  

In some sections of floral tissue, the epidermis was slightly ruptured, which might 

indicate secretion by lysogeny.  However, this is believed to be an artifact of the lab 

processes in combination with the extremely delicate nature of the flowers themselves. 

A nectariferous callus has been reported in other orchids, but the frequency and 

distribution throughout the family is poorly understood.  A callus that secretes nectar 

has been demonstrated in Maxillaria anceps Ames & C. Schweinf. (Davies, 



 

154 

Stpiczynska, and Gregg, 2005), Stenorrhynchos Rich. ex Spreng. (Galetto, Bernardello, 

and Rivera, 1997), and in many other orchid groups (Davies and Stpiczynska, 2008b). 

In orchids, the callus is simply a term given to any unusual, raised, or ornamented 

portion at the base of the lip.  And although the callus is not likely homologous in 

orchids, the ability to produce thickened tissue (i.e., a callus) may be an exaptation for 

secreting large amounts of “material,” whether it is nectar, oils, or fragrances.  In the 

case of Sobralia and Elleanthus, it is nectar.   

Orchids are known to accumulate starch for various pollination secretion activities.  

Starch accumulation, followed by reduction associated with nectar secretion also has 

been found in some other orchids such as Hexisea Lindl. (Stpiczynska, Davies, and 

Gregg, 2005), Acianthera Scheidw. (de Melo, Borba, and Sousa Paiva, 2010), 

Limodorum L. (Figueiredo and Pais, 1992), Epipactis Zinn (Pais and Figueiredo, 1994), 

in multiple species in subfamily Orchidoideae (Galetto, Bernardello, and Rivera, 1997; 

Stpiczynska et al., 2005), and among other plant families (Durkee, 1983).  From this 

widespread occurrence, the advantage of having a fixed reservoir of carbohydrates, 

such as starch, is evident.  It allows for rapid dissemination of secretions, and in the 

case of Sobralia and Elleanthus, nectar, especially in species with short-lived flowers. 

The ultrastructure of nectaries in flowers is, in general, fairly well understood 

(Fahn, 1979; Vassilyev, 2010) as well as the general manner of conveyance and 

secretion (Pacini and Nepi, 2007).  In orchids, floral reward anatomy (including 

nectaries, osmophores, resin-secreting structures, and elaiophores) have been studied 

in a handful of species throughout the orchids (Stpiczynska, 2003; Stpiczynska, Davies, 

and Gregg, 2003; Davies, Stpiczynska, and Gregg, 2005; Stpiczynska, Davies, and 
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Gregg, 2005; Davies and Stpiczynska, 2008b; Davies and Stpiczynska, 2008a; 

Stpiczynska, Davies, and Kaminska, 2010).  With these works in mind, floral secretions 

are made by a vast array of anatomical processes.  In general, “pre-nectar” sugars are 

transported from cell to cell in a nectary via the symplast (the interconnected membrane 

system allowing for transport of solutes from cell to cell via plasmodesmata), allowing 

for sugars to migrate freely through a nectary (Fahn, 1979).  However, the secretion 

process in particular can be achieved in three main ways.  The first is to have stomata 

on the surface of the nectary.  The second is to have glandular hairs through which the 

nectar is secreted.  Lastly, nectar can be secreted through no discernible structures, but 

simply through the cell walls of the epidermis.  It is the last that seems apparent from 

SEM of Sobralieae, because there are virtually no stomata or hairs on the nectar-

secreting tissue of the callus (Figs. 4-6C & D, 4-8C, and 4-9E & F).  Also, except for S. 

bouchei, the epidermis of the other species examined is highly papillose (with no 

intercellular spaces), so as to provide additional surface area through which secretion 

can occur.  In S. bouchei, the callus surface is relatively smooth with brick-shaped cells 

and large intercellular gaps as seen from above (Fig. 4-8C).  

Some orchids (Aerangis Rchb.f. and Platanthera Rich.) and non-orchids (Brassica 

napus L.) have the ability to reabsorb the sugars secreted in nectar (Burquez and 

Corbet, 1991; Koopowitz and Marchant, 1998; Stpiczynska, 2003).  There is no 

evidence whether or not Sobralieae reabsorb nectar.  However, because the nectary 

structure in Sobralieae is by starch accumulation rather than direct vascularization 

(transfer from the phloem) and because the flowers are so short-lived, it is unlikely that 

they reabsorb nectar. 
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The Double Cuniculus 

Orchids have a plethora of structures for conveying nectar to pollinators, especially 

long-tongued insects.  Some members of tribe Vandeae (especially Angraecum Bory) 

have long tubular spurs (formed from an inundation of the lip) that are associated with 

hawk moth pollination (van der Cingel, 2001).  In some orchids, a cuniculus is formed 

through the fusion of a hypanthium-like structure, as in the Laeliinae (e.g., Brassavola 

R.Br.), and forms a single tube serving much the same function as in Angraecum 

(Stpiczynska, Davies, and Kaminska, 2010).  Although all of these various structures 

are obviously not homologous due to being distantly related taxa, they all converge 

upon a similar function to facilitate pollination, either by deceit or through legitimate 

nectar reward. 

The double cuniculus is unusual among orchids and is probably unique to a 

portion of the core group of Sobralia.  It is formed from an open air space between the 

lateral sepals and the ovary and can extend for up to several centimeters through the 

ovary region (Figs. 4-3, 4-4, & 4-5).  Perhaps the most significant aspect of the double 

cuniculus is that it runs deeply into the ovary.  All flowers examined in this study with 

this structure offer no nectar reward, neither in the typical callus position of other 

Sobralieae nor within this cunicular region deep within the ovary.  Because Sobralia 

usually has a typical gullet-shaped flower (zygomorphic, with a tubular lip and nectar 

guides) and because there is no nectar produced, this “double cuniculus” is interpreted 

as being a paired false nectary, and probably adds to the effectiveness of deceit in bee-

pollinated species of Sobralia.  This interpretation is supported by the fact that the width 

of the double cunicular tubes exceeds the width of the tongues of bees (e.g., 

euglossines).  I hypothesize that the function of the double cuniculus is as a false 
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nectary and to bring the bee further into the throat of the flower to give a higher 

likelihood of effective pollination (Nilsson, 1988).  Because the long-tongued bees of 

tribe Euglossini are the most common observed pollinators of Sobralia (Table 4-1, Fig. 

4-22), this length-mediated deceit is likely a significant adaptation. 

Unfortunately, the sampling of the double cuniculus is not complete relative to the 

species sampled in the phylogenetic analysis.  This is largely due to the difficulty of 

obtaining material of these ephemeral flowers.  However, there is a general trend of 

small flowers lacking the cuniculus, and larger flowers having the cuniculus.  Moreover, 

the double cuniculus is prominent within the ephemeral-flowered clade of core Sobralia 

(Fig. 4-24). 

Nectar Quantification 

Sugar composition in nectar has been studied extensively in various flowering 

groups, but not in Sobralieae.  Many studies have demonstrated that there are 

differences between various nectars for different pollinators.  For example, the range of 

sucrose concentrations for solitary bee nectar is 16-50% whereas the range for 

hummingbirds is 13-30% (Baker, 1975; Baker and Baker, 1983).  This trend has a large 

overlap and the immediate difference is only in the upper range of concentrations for 

bees.  The largest difference among pollinators is the relative proportion of sucrose to 

glucose and fructose, but this also overlaps extensively.  Hummingbird-pollinated 

flowers “never” have high proportions of glucose and fructose (i.e., relatively high 

sucrose concentrations) in the nectar (Baker and Baker, 1983). 

Nectar in hummingbird-pollinated flowers is frequently reported as more dilute 

(Hainsworth and Wolf, 1972, 1976; Bolten and Feinsinger, 1978; Pyke and Waser, 

1981).  However, a relatively high proportion of sucrose was found in a broad sampling 
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of hummingbird-pollinated plants in Costa Rica (Stiles and Freeman, 1993).  Therefore, 

there is a large overlap between the nectar concentrations in flowers assessed of these 

different pollinators.  To address this difference in concentration, it has been questioned 

whether hummingbirds select for flowers in this range.  As hummingbird pollination is 

generally a derived condition, usually within insect-pollinated groups (Beardsley, Yen, 

and Olmstead, 2003; Kay et al., 2005), it is reasonable to assume that hummingbirds 

select for a specific type of nectar.  However, this hypothesis of nectar preferences in 

hummingbirds has unraveled since the early works from the 1980’s and earlier 

(Johnson and Nicolson, 2007).  Likewise, there are similar trends of sugar ratios as they 

relate to pollinators of Ipomoea (Galetto and Bernardello, 2004), and in other plant 

groups (Galetto, Bernardello, and Sosa, 1998; Burke et al., 2000), in which no 

significant differences occur among nectars of plants served by different pollinators.  

Other surveys across many unrelated plant taxa have shown variable nectar 

concentrations for hummingbird-pollinated taxa (McDade and Weeks, 2004). 

Indeed, nectar concentration in Sobralieae is inconsistent and is not particularly 

correlated with pollination syndrome (Table 4-2 & Fig. 4-20).  Unfortunately, I was not 

able to quantify the different sugars (sucrose, glucose, and fructose) among these 

species.  Nonetheless, there are some features prevalent within these data.  Many of 

the hummingbird-pollinated species produced smaller volumes (perhaps owing to the 

smaller flowers), usually with about 6 μL per flower (except in E. sodiroi, which ranged 

higher to 32 μL).  The bee pollinated flowers, such as S. bouchei and S. rosea, which 

produced an average crop of 8.4-14.1 μL, seem to have higher volumes.  The 

aberrantly low volume of S. macrophylla can probably be explained by its inconsistency.  
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It is a very poor nectar producer, and although approximately 50 flowers were examined 

over this study from several different plants, only rarely was nectar observed (n=6).  

The nectar of some euglossine bee-pollinated non-orchids has been studied in 

relation to its viscosity and the length of the bee’s tongue (Borrell, 2005, 2006).  

However, the bee-pollinated taxa that produce rewards have relatively low-viscosity 

nectar (i.e., S. bouchei, S. macrophylla, and S. rosea), and the deceitful species of 

Sobralia have no nectar; thus, a large sampling of species that are bee-pollinated and 

produce nectar within Sobralia is impossible. 

The energetic cost of nectar as a reward has been explored.  In some plants, 

nectar production can represent 37% of the total available energy (Pyke, 1991).  

Removal of nectar can cause plants to produce net higher nectar secretion, with even 

greater costs to the plant (Pyke, 1991).  As noted, nectar is secreted by the callus, 

which accumulates starch in Sobralieae.  This starch appears to be the total sum of 

carbohydrates allocated for nectar per flower because, after the nectar is removed, no 

further nectar is secreted.  

Extra-floral nectar of Sobralia has been described (Baskin and Bliss, 1969; Jeffrey, 

Arditti, and Koopowitz, 1970).  However, in the course of this study, many hundreds of 

plants across many species sampled in all genera were observed, and no extra-floral 

nectaries were ever found thus raising questions about the accuracy of these accounts.  

Unfortunately, there are some potential sources of error in the measurements of 

sugars.  The first, although minor, is in the refractometer used.  Because a sucrose 

refractometer was used, three potential problems may have occurred; the first is a 

deviation from 20°C, although all measurements were made as close as possible to that 
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temperature.  The second potential source of error is relative humidity (Bertsch, 1983; 

Corbet, 2003), although measurements were made as quickly as possible, so that 

equilibration with the ambient environment would not occur.  And third, although most 

plants were cultivated and so not available to insects or other potential pollinators to 

remove nectar, all plants of Sobralia rosea and Elleanthus aurantiacus were sampled in 

the wild.  These plants could have been visited by pollinators that removed nectar 

(modifying volume), or been rained upon (modifying volume and concentration).  

However, except for visitation by pollinators, these factors were controlled for by careful 

inspection.  

Fragrances 

Fragrances are a common feature of bee-pollinated taxa.  In some orchids, such 

as those pollinated by male euglossine bees, the fragrance is a legitimate reward in 

itself (Dodson et al., 1969; Roubik and Hanson, 2004).  In other plant groups, 

fragrances can simply be attractants for many different bees.  Many species of Sobralia 

produce fragrances, but male-euglossine brushing behavior (androeuglossophily) has 

never been observed.  Therefore, the visitation of euglossines on Sobralia is likely 

nectar-foraging behavior, and the fragrances might simply add to the attractive quality of 

the flowers. 

However, there is still the question of where the fragrances are produced.  As with 

many other orchids, fragrance production is also associated with the accumulation of 

starch at the site of secretion (i.e., the osmophore).  Starch accumulation for fragrance 

secretion in osmophores is known from Stanhopea Frost ex Hook. and relatives (Curry 

et al., 1991), Scaphosepalum (Pridgeon and Stern, 1985), and Acianthera (de Melo, 

Borba, and Sousa Paiva, 2010).  Many species of Sobralia produce fragrances and 



 

161 

accumulate starch in the epidermis (and sometimes a few cell layers below, but never 

forming a thick pad such as in the nectary) of the callus.  Therefore, the callus is likely a 

multifunctional organ and probably serves as an osmophore as well as a nectary.  The 

structure of this putative osmophore differs from the nectary by usually having a hairier 

texture (Fig. 4-3B, 4-21).  This argument is further supported by the dissection of 

flowers and smelling their individual parts; the lip is the most fragrant (pers. obs.).  

However, species can both produce nectar and be fragrant (e.g., S. bouchei and S. 

rosea), so the callus might have a dual function.  In fact, for both S. bouchei and S. 

rosea, the basal part of the callus is nectariferous, and the more distal end is still rich in 

starch, but does not have nectar (Figs. 4-7E, 4-8D).  This distal callus region may be 

involved in fragrance production, but further testing is required to support this 

hypothesis. 

Although I was not able to directly quantify or qualify the fragrances of other 

species with GCMS, some fragrances were identified by nose.  Many unidentifiable and 

faint odors were produced by the various species of core Sobralia, but one of the more 

distinct fragrances identified was vanillin in Sobralia rosea.  This is a common attractant 

to euglossines (Williams and Whitten, 1983).  Species in the S. decora complex (see 

chapter 2 for details) commonly produce coumarin.  Although when baited with 

coumarin, euglossines are not attracted (Bennett, 1972), it may still play a role in 

attracting other groups of bees.  Sobralia recta produces a sharp, resinous (terpinoid?) 

odor.  The inference is that although an androeuglossophilous pollination syndrome is 

not out of the question, it seems unlikely.  Both male and female bees have been 

observed to visit Sobralia flowers, but likely for nectar (Dodson, 1966).  Other orchid 
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groups, such as Cattleya (Kaiser, 1993) and Cochleanthes (Ackerman, 1983), are 

known to have deceptive nectar-foraging morphology, pollinated by euglossine bees, 

and produce androeuglossophilous fragrances.  

Only one species (S. rarae-avis) was observed to produce fragrance at night. 

Flowers of most species senesce and deliquesce in the late evening, and therefore 

could not be fragrant, much less pollinated, at night. 

Floral Structure as It Relates to Pollination 

Pollinia in subfamilies Orchidoideae, Vanilloideae, and “basal” Epidendroideae are 

soft and mealy (Harder and Johnson, 2008).  The presence of this type of pollinia in 

many Sobralia is a symplesiomorphy.  The derived condition of having slightly 

hardened, but especially non-mealy textures, such as in Elleanthus, Sobralia callosa, 

and S. amabilis, is derived.  However, because it is common among hummingbird-

pollinated orchids, it is likely an adaptation to that syndrome.  Additionally, pollinia of 

hummingbird-pollinated orchids are darkened, an adaptation that has been known for 

many groups of Neotropical orchids (Dressler, 1971).  These derived, hummingbird-

associated features of pollinia have a morphology that seems to be somewhat labile, 

considering the number of orchid lineages that have converged upon the same suite of 

characteristics (see later discussion). 

In most species of Sobralia, there is a typical gullet-type, resupinate flower with 

yellow or red nectar guides (Figs. 4-1, 4-3 through 4-8).  Flowers of this type are visited 

and effectively pollinated by bees of all types, but especially by euglossine bees (van 

der Pijl and Dodson, 1966).  Bees are drawn in with the probable interest of nectar 

foraging based on these features.  Because the lip is presented on the lower surface 

and the column on the upper, the likelihood of pollinia deposition on the dorsal surface 
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of the bee is extremely high.  Species of Sobralia associated with the aforementioned 

floral morphology also have a downward-facing stigma and an elastic rostellar flap, 

secreting a sticky fluid that binds to the pollinia.  This rostellar flap can only function 

properly as the bee is exiting a flower, walking in reverse (posteriorly) because there is 

insufficient room within the narrow tubular confines of the labellar entry to turn around.  

The pollinia are deposited on the scutellum (a posterior and dorsal thoracic segment) of 

the bee because it is the first segment of the bee of sufficient size and shape to 

effectively contort the rostellar flap (Fig. 4-22).  That is, because the rostellar flap faces 

inwards within the flower, its function of spreading a sticky secretion onto the pollinator 

can only occur as the insect exits.  Pollination would therefore occur in a different flower 

as the bee makes the same series of movements; the rostellar flap serves its second 

function of scraping the pollinia off and depositing them on the stigmatic surface, which 

is adjacent to the rostellum.  It is extremely plausible that a second pollinial mass could 

be deposited on the same bee simultaneously with this pollination event.  Finally, the 

pollinial mass in bee-pollinated flowers seems to be relatively large (~1-10 mm wide), 

mealy in texture, and white to yellow in color.  A large pollen mass maximizes the 

number of pollen grains delivered and might be adaptive for maximizing the number of 

seeds produced per capsule.  Anecdotal evidence of a positive correlation between 

pollinial size and fruit size support this argument (see later discussion). 

If the function of the double cuniculus is a false nectary, it is likely to serve the 

function of fooling long-tongued bees into deeply probing the flowers.  Conversely, 

when a bee probes the depth of a flower, never finding nectar, and has not gone deep 

enough to remove the pollinia, then pollination will not occur.  It is therefore likely that 
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species that produce nectar (in the callus rather than the double cuniculus, which is 

always a deceitful mechanism) must have adaptations of length to effectively fool the 

bees.  For example, Sobralia rosea has very large flowers with a particularly long 

tubular throat (~5 cm), at the base of which is the true nectary. 

Another nectar-producing species, S. bouchei, is much smaller than S. rosea and 

has a different conformation of the column.  In S. bouchei, the stigma is slit-like, 

forward-facing, and lacks an elastic rostellum (Fig. 4-8) such that a pollinator would 

deposit the pollinia into the stigma upon entry of a flower.  With that change, the 

positioning of the pollinia would have to be on the front of the head (frons) or the front of 

the thorax (pronotum), depending on the size and shape of the bee.  It is not clear why 

this elaborate structural change has occurred in S. bouchei when the plesiomorphic 

condition of column structure previously discussed seems well suited to bee-pollination. 

Pollinia transfer by hummingbirds appears to be a very different process from that 

in a typical bee-pollinated flower, with multiple floral morphological changes (Fig. 2).  In 

Sobralia callosa, S. amabilis, and Elleanthus, the lip is modified to form a small cup-like 

structure in which the nectar collects in a reservoir.  The cup that results is enclosed by 

a notch in the lip, which is constricted, and by the column where the lower edge of the 

stigmatic rim comes in contact with the lip.  The stigma is forward-facing and the large 

rostellar flap is absent.  Specifically for Sobralia callosa, the two lateral lobes on the 

stigma would center the bill of the hummingbird so that deposition of the pollinia would 

be on the upper surface.  In some species of Elleanthus, the presentation of the flowers 

is likely non-resupinate, so that the pollinia would be deposited on the lower bill.  The 

pollinia in hummingbird-pollinated species share the common features of being 
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relatively reduced in size, relatively hard in texture, and usually bluish-gray in color.  

This syndrome differs in the pollination event, because the forward-facing stigmas 

would require that the pollinia be deposited on the stigma as the bill is being pushed into 

a flower.  In this sense, it is the lower lobes of the stigma (as in Sobralia callosa) or the 

infrastigmatic ligule (as in Elleanthus) that provide a rigid structure to force the pollinia 

already on the bill of the bird into the stigma.  The pollinia of the same flower could then 

be removed and deposited on the bill of the hummingbird as it is removed from the 

flower.  This functional difference of pollination, as manifested in the stigmatic 

orientation, is probably important to pollination success. 

One species of Sobralia, S. crocea, appears to be hummingbird-pollinated (L. 

Endara, pers. comm.).  It has small tubular flowers that are orange to orange-red and 

are pendant (Fig. 4-11).  It is common in the Andes in wet montane forests where it is 

sympatric with various hummingbird-pollinated taxa with similar floral size, shape, color, 

and pendant orientation. However, although the pollinia are highly reduced (~2 mm in 

width), they are white.  Furthermore, the flowers produce no nectar, and if pollinated by 

hummingbirds, this is the only known species to be deceitful.  Because S. crocea lies 

within the core group of Sobralia, where virtually all of the species give no nectar 

reward, it is simply a retained symplesiomorphy for this species to use deceit.  The 

column structure and pollinia deposition mechanism of S. crocea, however, are more 

similar to those of bee-pollinated flowers. 

There is some evidence that Elleanthus flowers undergo protandrous activity, at 

least in Elleanthus brasiliensis (Singer, 2003).  This evidence is apparently based on the 

conformation of the column within the flower.  As the flower first opens, the anther is 
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presented at a lower position relative to the lip, perhaps making the likelihood of pollinia 

removal higher.  Later in the development of the flower, the anther rotates towards a 

more dorsal position within the flower, exposing the stigma in a more forward-facing 

orientation.  This subtle difference in column orientation may have a significant effect on 

outcrossing, but that was not assessed in Singer’s study, nor was the variation in stigma 

receptivity.  However, during the course of this study, some observations of other 

species of Elleanthus (e.g., E. sodiroi, E. caravatus, and E. cynarocephalus) in a 

greenhouse setting showed that this putative protandry might be relatively common in 

the genus.  Protandry has never been observed in Sobralia, nor is it likely because of 

the ephemeral nature of the flowers (i.e., protandry in Elleanthus is a process that 

occurs over several or more days). 

In virtually all species of Elleanthus, the flowers are non-resupinate with respect to 

the axis of the inflorescence.  However, inflorescences are presented in a wide variety 

of orientations.  Some groups have inflorescences that point down (either by direct 

growth downwards, such as in the E. longibracteatus clade of sect. Stachydelyna, or by 

being so heavy that the inflorescence cannot be supported by the stem, such as in E. 

capitatus of sect. Cephalelyna), and therefore have a resupinate orientation as it relates 

to gravity.  Other groups of Elleanthus have vertically held inflorescences with flowers in 

the non-resupinate orientation (such as sect. Calelyna, sect. Hymenophora s.l., and E. 

aurantiacus).  The significance of this is the likely consequence of positioning of pollinia 

as they are deposited on the hummingbirds.  A resupinate flower would likely place the 

pollinia on the upper surface of the bill, whereas the non-resupinate flower would likely 

place the pollinia on the lower surface.  The advantage of color, size, texture, and 
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position of pollinia was proposed decades ago (Dressler, 1971) based on the preening 

behavior by birds, but it has never been tested.  The obvious conclusion is that a 

pollinium placed on the lower surface of the bill would have a greater fitness because 

the bird could not see it and remove it.  This aspect of positioning was not observed in 

this study, so cannot be tested.  However, the point may largely be moot in comparing 

taxa that are resupinate versus non-resupinate (either quantified by species richness or 

by fruit set); fruit set is extremely high among many Elleanthus species, regardless of 

floral orientation (pers. obs., and see Fig. 1-11).  And although exact species numbers 

as they apply to these floral orientations cannot be estimated easily, the resupinate 

position seems to be much more common.  Furthermore, the resupinate position in 

other groups of hummingbird-pollinated orchids is much more common (e.g., Ada Lindl., 

Broughtonia R. Br., Camaridium Lindl., Coccineorchis Schltr., Cochlioda Lindl., 

Cyrtochilum Kunth, Domingoa Schltr., Fernandezia Ruiz & Pav., Guarianthe Dressler & 

W.E. Higgins, Prosthechea (Lindl.) W.E. Higgins, Hexisea Lindl., Isabelia Barb. Rodr., 

Isochilus R.Br., Odontoglossum Kunth, Sacoila Raf., Ornithidium Salisb. ex R.Br., 

Sertifera, Sobralia, Sophronitis Lindl., Stenorrhynchos Rich. ex Spreng., among others) 

versus non-resupinate (e.g., Arpophyllum LaLlave & Lexara and Elleanthus, in part).  

For an illustrative description of Sobralieae pollinated by hummingbirds see Siegel 

(2011).  The apparent conclusion is that pollinia color, commonly darkened in 

hummingbird-pollinated orchids, especially in the taxa above (Dressler, 1971), is more 

important than its positioning on the bill.  Whatever the case, pollinia size reduction is 

obviously adaptive to fitting the bill and is a consistent feature among hummingbird-

pollinated taxa in Sobralieae and across Orchidaceae. 
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According to the phylogenetic relationships within the tribe, long-lived flowers (2-7 

days) are relatively plesiomorphic.  Most species of Sobralia, as indicated by the clade 

“core Sobralia,” have ephemeral flowers, lasting only a single day.  These ephemeral-

flowered species of Sobralia tend to flower gregariously, having populations that 

simultaneously present a single flower per inflorescence at a time, and then wither, and 

after a varying amount of time, they will repeat the process for a season.  Because the 

flowers of Sobralia are ephemeral, we infer that it is physiologically important to localize 

starch in early flower development for rapid nectar or fragrance production.  

Mimicry and Deceit 

Mimicry is the process by which species evolve shared perceived similarities that 

confer some evolutionary advantage.  Mimicry is divided into two broad categories: 

Batesian and Müllerian.  In pollination biology, Müllerian mimicry is the presence of two 

or more rewarding species that share a common morphology to access a pollination 

niche, mutually benefitting by providing resources to pollinators.  Conversely, in 

Batesian mimicry, one or more species is deceitful, and with no reward, it is effectively 

taking advantage of another species, without having to produce an investment in energy 

(i.e., nectar).  This latter case is the only observable interaction known from Sobralieae, 

so further discussion of “mimicry” will be in the form of Batesian persuasion.  However, 

mimicry is a complex topic that involves a wide array of biological processes and 

interactions.  To keep this discussion concise, I will address food mimicry, as that is 

likely the only process at work.  The supposition of mimicry is based on the presence of 

deceit within Sobralia.  Although there may exist examples of specific interactions of 

Sobralia species taking advantage of rewarding species in their local environs, Sobralia, 

like many food-deceitful orchids, probably takes advantage of a general gestalt that is 
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attractive to a wide variety of pollinators.  This is termed generalized food deception 

(Jersáková, Johnson, and Kindlmann, 2006), and the mechanism is apparently frequent 

and sometimes referred to as naiveté (Ackerman, 1986).  Sobralia can have many bee 

pollinators (Table 1), which accords with them being generalized food-deceiving.  

Although many species of pollinators are not necessary for this deceit to be successful, 

it is reasonable to assume that these generalized features are attractive to many 

different species of bees and that many species lend a higher likelihood of pollination 

success, in general.  Furthermore, generalized food deception based on generalized 

foraging behavior has been demonstrated in many orchids; see Jersáková, Johnson, 

and Kindlmann (2006) for a detailed list of such groups.  Some take a very strict 

definition of mimicry (i.e., a one-to-one sense) and discount the generalized forms of 

“guilds” (Roy and Widmer, 1999).  However, strong one-to-one pollinator-to-plant 

relationships can exist (Schiestl and Schluter, 2009), although it is not known in any 

pollination system in Sobralieae. 

The lack of floral rewards might benefit the deceptive Sobralia by promoting 

outcrossing, as the lack of nectar might drive the pollinators to visit more plants 

(Jersáková and Johnson, 2006).  Of course, the co-occurrence of “magnet species” 

within the landscape of deceitful ones enhances their likelihood of being pollinated 

(Feinsinger, 1978; Johnson et al., 2003). 

One common measure of success of pollination is fruit set.  Nearly all Sobralieae 

are self-compatible and outcrossing; autogamy is frequent in only one species, Sobralia 

madisonii.  In many orchids that “self” freely, the stipe of the pollinia recurves to deposit 

the pollinia into the stigma of the same flower or there is some environmental mediator, 
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such as rain (Catling, 1980).  This structural constraint makes it virtually impossible in 

Sobralieae to self-pollinate because the stipe does not exist and the pollinia sit naked 

within the clinandrium, making it very difficult to be repositioned into the stigma without 

external forces.  However, autogamy is known in several species: Sobralia exigua, 

which is cleistogamous (Dressler, 2005), and S. madisonii, in which the mechanism is 

unknown (Whitten, pers. comm.).  Nectar rewards are associated with higher pollination 

success, and thus higher fruit set, in various orchids (Neiland and Wilcock, 1998).  This 

also seems to be true in Elleanthus versus Sobralia.  Although the evidence is largely 

anecdotal, rather than quantitative, Elleanthus observed in the wild exhibit high fruit set, 

with nearly every flower within an inflorescence setting fruit (Fig. 1-11A, B, & C); plants 

in cultivation (without pollinators) rarely set fruit.  This prodigious fruit set is contrasted 

with many species of Sobralia, which exhibit lower fruit set (usually less than 20%).  The 

net seed produced is likely offset, because these different rates of fruiting are inversely 

proportional to fruit size.  Elleanthus has relatively small fruits, whereas Sobralia has 

relatively large (usually >10 cm in Sobralia and usually <2 cm in Elleanthus).  I was not 

able to quantify the differences in number of seeds produced per fruit for practical 

reasons, but there is probably a strong difference in the number of seeds within each 

fruit.  Likewise, the pollinia of Sobralia are larger than Elleanthus and may convey a 

larger quantity of pollen that can effectively fertilize more ovules, making more viable 

seeds.  The cost/benefit of fruit production versus nectar reward may be evident in fruit 

size.  If pollination of deceitful species (i.e., most of Sobralia) is indeed more rare than 

those of rewarding species (i.e., Elleanthus), then it seems reasonable that fruit size is 

an adaptive response to this shortcoming. 
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The architecture of inflorescences can have a large effect on the presentation to 

pollinators.  As previously discussed in chapter 2, many members of Sobralia sect. 

Sobralia have axillary inflorescences that are displayed for a season, and then die.  The 

stems are long-lived and continue to grow for multiple seasons.  However, most species 

in the tribe have terminal inflorescences.  More importantly, the number of flowers 

produced and the structure of presentation differ greatly.  Elleanthus inflorescences 

typically produce many flowers simultaneously, often with 5-50 open at the same time 

and lasting at least several days.  But these inflorescences undergo anthesis 

sequentially (i.e., they are indeterminate) so that they may produce flowers for many 

weeks or even months.  Because of these factors, a high rate of geitonogamy 

(fertilization from another flower on the same plant) in rewarding species such as in 

Elleanthus is probable.  This argument is supported in the case of artificial nectar 

additions in deceptive species of Orchis L., where higher rates of geitonogamy were 

observed (Johnson and Nilsson, 1999).  However, Smithson (2006) found no difference 

in inbreeding depression between a group of rewarding and deceitful species in Barlia 

Parl. and Anacamptis Rich.  This result, of course, must be examined on a case-by-

case basis.  After all, deceptive species of Sobralia generally produce only a single 

flower at any given time per inflorescence, but there can be multiple inflorescences per 

plant.  If ephemeral flowers are adapted for outcrossing in the context of deceit, then 

this explains much of the diversity and success of Sobralia, because this combination of 

traits is predominant within the genus.  Synchrony may enhance the likelihood of 

pollination success in Myrmecophila (Parra-Tabla and Vargas, 2007), but those 

inflorescences have multiple flowers, so the dynamics of plant-pollinator interactions is 
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likely different.  Deceptive species may be more variable than rewarding species 

(Ackerman, Cuevas, and Hof, 2011), but it is not clear that higher variation translates 

into a function of floral recognition (or lack thereof) and thus higher rates of pollination.  

However, this concept of floral density is complex.  Floral density affects the gene flow 

by a function of distance (Knight, 2003).  Rare flowering species may be at a 

disadvantage (Kunin and Iwasa, 1996).  Synchronous flowering probably increases 

effective population size and probably increases gene flow by reducing distance [i.e., 

similar to “bonanza” presentations (Feinsinger, 1978)].  And, if individuals of Sobralia 

are naturally rare in the landscape, but flower synchronously, the large distances 

between plants may be compensated by the ability of euglossines to travel very long 

distances regularly (Janzen, 1971).  Because of the different kinds of pollinators and 

floral diversity, Sobralieae presents a great model system for studying the effect of 

inflorescence architecture and floral presentation on pollination.  

Sphingophily 

One species has such unusual features that it should be mentioned, even if there 

is no firm evidence regarding its pollinators.  Sobralia rarae-avis has a strong “white-

floral” smell emitted at night, with a white and green floral presentation, and a long 

tubular portion of the perianth, similar to the hawk moth-pollinated (sphingophilous) 

flowers of Angraecum (Kaiser, 1993) or Brassavola (Roebuck and Steinhart, 1978; 

Williams, 1981).  This species has an atypical column structure where the anther is 

presented more towards the dorsal surface, making room for a very broad and rigid 

clinandrium and broad, downward-curving column wings that create an inverted U-

shaped opening between the column and the lip (Fig. 4-12).  The result is a small 

tubular opening that is extremely difficult to open and therefore most likely to be probed 
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by a long-tongued insect.  Because of this long tubular structure in combination with 

nocturnal fragrance, this taxon is likely pollinated by moths (especially Sphingidae) with 

pollinia deposition on or near the tongue (Maad and Nilsson, 2004); other possibilities 

include nocturnal beetles, or ptiloglossine bees that are active after dusk and before 

dawn.  Nectar was not observed because of the paucity of floral material (only a single 

flower was observed), a problem that plagued the describer of this species (Dressler, 

2007).  Also, even though this plant was carefully watched during its flowering time, it 

was not suspected of having anthesis at night until several flowers had already expired.  

Field observations of pollination are needed to determine the pollinator for this unusual 

species. 

Elevation and Pollinators 

In montane areas, such as those of Central and South America, elevation can play 

an integral role in plant and pollinator distributions (see chapter 2 for a detailed 

discussion of elevation and biogeography).  In a reciprocal sense, elevation can 

differentiate the pollinator guilds among plant groups and can be used as an additional 

line of evidence to support plant-pollinator interactions. 

But where are the pollinators of Sobralieae found?  Hummingbird diversity ranges 

from sea-level to well over 4000 m, but the highest abundance is between 2500 and 

3500 m (Feinsinger et al., 1979; Bleiweiss, 1998b; Stiles, 2004).  Likewise, the diversity 

of bees (especially Euglossini) primarily ranges from sea-level to 1600 m (Dressler, 

1982), but mostly from sea-level to 900 m (Ramirez et al., 2010).  Other insects such as 

moths, although diverse at high elevations, have the highest diversities at less than 

2000 m (Beck, Brehm, and Fiedler, 2011).  Although these metrics are not censuses of 
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the exact pollinators of Sobralieae, they do represent general trends of where the major 

groups of known pollinators are found.  

Elevations within the groups of Sobralieae differ greatly, depending on the 

assessed pollination syndrome (Fig. 4-23).  For some Elleanthus and Epilyna, species 

that are putatively pollinated by an unknown insect have a relatively low average 

elevation (950 m), compared to those Elleanthus species pollinated by hummingbirds 

(1800 m).  Within core Sobralia, species that are primarily pollinated by bees have a 

lower average elevation (850 m) compared to those pollinated by hummingbirds (1800 

m).  And in Sobralia sect. Sobralia, along with Sertifera, species pollinated by bees have 

a relatively low elevation on average (1850 m) compared to those pollinated by 

hummingbirds (2300 m).  With these ranges and averages in elevations in mind, the 

elevational differences among the different groups of Sobralieae are consistent with 

those of their putative pollinators. 

One of the greatest inconsistencies within these data is the relatively high 

elevational preference of Sobralia sect. Sobralia, even though it is bee-pollinated.  This 

is most likely explained by the group using a different group of bees than euglossine 

bees, which prefer relatively low elevations.  However, little is known of the pollination in 

this group, so this is merely speculation. 

Evolution of Pollination Syndromes 

Within a phylogenetic context, many hypotheses relating to the evolution of 

pollination can be addressed, either through a study of morphological change in the 

plants (or even the pollinators) or of the syndrome itself.  Hummingbird pollination has 

evolved many times from groups that use different pollinators, usually various kinds of 

bees.  Among these many taxa, Aquilegia L. shows bee, moth and hummingbird 
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adaptations (Whittall and Hodges, 2007).  A larger review paper (Thomson and Wilson, 

2008) also discussed the evolutionary histories of Costus L., Ipomoea L., Mimulus L., 

Penstemon Schmidel, and Silene L.  The overarching pollinator shifts are correlated 

with change in color, corolla shape, and floral orientation.  More importantly, 

evolutionary shifts in pollinator class are directional, usually transitioning from bee 

pollination to hummingbird pollination and not vice versa.  The phylogenetic and 

pollination data of Sobralieae indicate that there have been six independent origins of 

hummingbird pollination in the tribe. 

It has been suggested that hummingbirds drive speciation (Schmidt-Lebuhn, 

Kessler, and Hensen, 2007), and in some cases (e.g., Tillandsia L.) with sister clades of 

bee and hummingbird-pollinated species, the clade with hummingbird pollination has 

significantly higher species richness.  This is indeed consistent with Sobralieae in the 

case of Elleanthus, which is sister to the single species, Sobralia dorbignyana, but that 

is not the case for Sobralia callosa, S. amabilis, S. crocea, S. ciliata, or Sertifera.  The 

latter examples are independent origins of hummingbird pollination (Figs. 4-24 & 4-25).  

However, S. amabilis, S. callosa, and S. crocea are all species with recently derived 

hummingbird-pollinated systems that have not had as much time to diversify as has 

Elleanthus (see Chapter 3 for temporally calibrated cladograms, Figs 3-9 & 3-10).  This 

may explain the relative difference in species richness among the independent origins 

of hummingbird-pollinated taxa.  However, sister clade comparisons of species richness 

in the case of Sobralieae is probably not fair because of the number of independent 

origins of hummingbird pollination and the subsequent number of sister clades that 

include heterogeneous mixtures of pollination syndromes. 
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Molecular phylogenetic studies of the Sobralieae (Fig. 4-25) show that Sobralia 

callosa, S. ciliata, and S. amabilis are not very closely related, despite having very 

similar flowers (Figs. 4-9, 4-10, & 4-15).  According to these data, S. callosa is more 

closely related to S. bouchei, while it is unclear which species is the closest relative of 

S. amabilis.  More enigmatic is S. ciliata, which has unclear relationships (see chapter 2 

for ambiguity between nuclear and plastid data sets). 

The classic visual cues of flowers include color and nectar guides (Jersáková, 

Johnson, and Kindlmann, 2006).  Although it is widely held that hummingbirds prefer 

red as a visual cue, this is an oversimplification (Healy and Hurly, 2001).  Despite the 

fact that some hummingbirds avoid yellow feeders (Lyerly, Riess, and Ross, 1950), 

some hummingbird-pollinated species of Elleanthus have yellow flowers (e.g., E. 

caravata).  Yellow, magenta, orange, purple, and white are among the colors found in 

Elleanthus and Sobralia that are attractive to hummingbirds.  Because these colors are 

used in combination, it could be the stark contrast that is the primary attractant of these 

birds.  Furthermore, the ability of hummingbirds to learn color and reward association 

may be the best advantage to the plants (Healy and Hurly, 2001) and might explain the 

labile nature of shifts to hummingbird pollinators. 

Color, as we recognize it, may not be as clear-cut to pollinators.  It is now widely 

known that vision in bees takes advantage of the ultraviolet wavelengths (Peitsch et al., 

1992).  However, vision in the ultraviolet spectrum is also present in hummingbirds, but 

to a lesser degree (Goldsmith, 1980).  The importance of ultraviolet vision may be 

overemphasized relative to normal color vision (Kevan, Chittka, and Dyer, 2001).  

Indeed, similar colors in the visual range of humans can have a highly divergent UV 
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reflectance and so attract bees and hummingbirds differently (Lunau et al., 2011).  Red 

may be a poor attractant to bees, but it is nonetheless still found in putatively bee-

pollinated flowers (e.g., S. helleri and S. recta).  Regardless of color vision, the most 

plausible explanation for the changes of visual cues among different pollinators may be 

their cognitive preferences and learned behaviors (Nilsson, 1992). 

According to Endress (1994), “classic” hummingbird flowers are solitary or loosely 

clustered in a pendant position; Elleanthus and Sobralia do not fit this model.  However, 

the character suites associated with this syndrome in orchids are somewhat different 

from those of other angiosperm groups.  They include diurnal anthesis, weak 

zygomorphy, tubular flowers, vivid colors, no fragrances, abundant nectar, no nectar 

guide, horizontal or pendant orientation, and coriaceous flowers (van der Pijl and 

Dodson, 1966).  Having some, but not all, of these characters is obviously sufficient to 

attract hummingbirds successfully. 

Among the six independent evolutionary transitions of hummingbird pollination is 

Sertifera (Fig. 4-25), although there are no definitive observations of hummingbird 

pollination in this genus.  Interestingly, these plants grow at relatively high elevations 

(2200-3150 m) in the Andes and are frequently sympatric with other hummingbird-

pollinated families such as Ericaceae (e.g., Cavendishia Lindl., which often has the 

same contrasting colors of pink or purple and white).  Sertifera may mimic (i.e., by 

Müllerian mimicry) other species that attract birds.  It is not clear if Sertifera has cryptic 

pollinia or if the flowers produce nectar.  It was not possible to get floral material of this 

genus during the course of this study.  However, from descriptions, the lips do produce 
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a cupule structure, which is similar to Elleanthus and Sobralia callosa, in which nectar 

might be secreted and stored.  

The largest “unknown” in the evolution of pollination systems in Sobralieae is that 

of the small white-flowered species in Elleanthus and Epilyna (Fig. 4-25, labeled as 

“unknown insect” pollinator).  These species include E. lancifolius (sect. Elleanthus), all 

of sect. Chloidelyna (e.g., E. fractiflexus, E. graminifolius, E. linifolius, E. poiformis, and 

E. stolonifer), E. caricoides, and all of Epilyna.  Although in combination with the rest of 

Elleanthus they all form a group with reduced flowers, these flowers are even smaller 

than the typical hummingbird-pollinated species and have no bright colors.  It is highly 

unlikely that these species could be pollinated effectively by hummingbirds because of 

their size, nor is it likely that hummingbirds would be attracted to them.  Moreover, these 

species have yellow pollinia and very small quantities of nectar (<1 μL).  Small nectar-

seeking moths (e.g, Noctuidae) have been hypothesized as pollinators (C. Dodson, 

pers. comm.). 

Future Directions 

When Darwin wrote his seminal book on orchid pollination, he outlined many 

remarkable behavioral and morphological features in orchids that are still significant.  

His only observation of pollination in Sobralieae was second-hand account of a British 

bumblebee on Sobralia macrantha in a greenhouse (Darwin, 1862).  Upon exiting the 

flower, the bee was described as being clumsy and confused.  This observation of 

intoxication was reflected a century later in another landmark orchid pollination book, 

but on Sobralia rosea and S. violacea in Ecuador (van der Pijl and Dodson, 1966).  

However, as discussed elsewhere, of those species, only S. rosea actually produces 

nectar.  If this “intoxication” behavior is significant and mediated by the plants, then the 
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cause is not likely to be nectar, as the presence of nectar is inconsistent among the 

species of Sobralia. 

Although these floral anatomical, morphological, and pollinator observations are 

indicative of clear pollination shifts, more data are needed.  The most glaring gaps in 

knowledge are with species-level plant-pollinator relationships, especially for the white-

flowered species of Elleanthus sect. Elleanthus, sect. Chloidelyna, and Epilyna.  

Verification of hummingbird pollination in other taxa, such as Sertifera, Sobralia ciliata, 

S. callosa, and S. crocea, is also critical for accurate interpretations of the number of 

changes to this derived pollination syndrome.  And perhaps even more intriguing is S. 

rarae-avis (and the putatively closely related S. madisonii and S. infundibuligera, neither 

of which was examined morphologically in this study).  If these species are 

sphingophilous, then it would be evidence for a more complex array of floral evolution 

within Sobralieae than previously thought.  It may never be practical to observe the 

ephemeral-flowering species of Sobralia and thus to extensively study many different 

species.  However, the advent of relatively cheap digital video cameras might prove to 

be a useful tool for documenting pollinators. 
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Figure 4-1.  Sobralia warscewiczii (Blanco 2676) showing the various morphological 

aspects of flowers associated with large bee pollination.  A) Front view of 
relatively large flower, showing the entry point of the pollinator in yellow, in 
between the lip and the column, scale bar = 5 cm.  B) Flower from the side 
view, emphasizing the depth of gullet morphology, scale bar = 5 cm.  C) 
Ventral side of the column (which faces the lip) with distal end to the right, 
scale bar = 1 cm.  Note the stigma, rostellar flap (rostellum) and anther.  D) 
Pollinia (mass of pollen) showing the relatively large size, the pale yellowish 
color, and the mealy texture, scale bar = 1 mm.  
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Figure 4-2.  Elleanthus sp. (Neubig 203) showing the various morphological aspects of 

flowers associated with hummingbird pollination.  A) Front view of relatively 
small flowers grouped into a spiral inflorescence, showing the visual target as 
a brown spot, in between the lip and the column, scale bar = 1 cm.  B) A 
longitudinal section of the flower from the side view, emphasizing the saccate 
labellar morphology, and the median ridge of the column forming a puncture-
resistant “pocket” with the lip, scale bar = 0.5 cm.  C) Adaxial surface of lip 
showing the relatively large globose calli that secrete nectar, scale bar = 0.5 
cm.  D) Pollinia (mass of pollen) showing the relatively small size, the purple 
color, and the hardened texture, scale bar = 1 mm.  
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Figure 4-3.  Sobralia decora (Whitten 3280) flower; a bee-pollinated flower with no 

nectar reward.  All blue surfaces are stained with methylene blue.  A) General 
floral morphology, scale bar = 1 cm.  B) A longitudinal section of the flower, 
scale bar = 1 cm.  Note the long ridged callus.  C-H) Serial transverse 
sections of the pedicel, ovary, and perianth, scale bar = 1 mm.  Note the two 
vacant spaces (paired cuniculi) present between the sepals and the column 
fused to the lip; these form a pair of false nectar spurs. 
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Figure 4-4.  Sobralia warscewiczii (Blanco 2677) flower, a bee pollinated flower with no 

nectar reward.  All blue surfaces are stained with methylene blue.  A) A 
longitudinal section of the flower, scale bar = 1 cm.  Note the long ridged 
callus and that the pollinaria have been deposited within the stigmatic cavity.  
B-G) Serial transverse sections of the pedicel, ovary, and perianth, scale bar 
= 1 mm.  Note the two vacant spaces (cuniculi) present between the sepals 
and the column fused to the lip.  

 



 

184 

 
Figure 4-5.  Sobralia chrysostoma (Neubig 213) flower, a bee pollinated flower with no 

nectar reward.  All blue surfaces are stained with methylene blue.  A) General 
floral morphology, scale bar = 1 cm.  B-G) Serial transverse sections of the 
pedicel, ovary, and perianth, scale bar = 1 mm.  Note the two vacant spaces 
(cuniculi) present between the sepals and the column fused to the lip.  
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Figure 4-6.  Sobralia macrophylla (Blanco 3022) a bee pollinated flower with a nectar 

reward.  A) General floral morphology, scale bar = 1 cm.  B) Light microscopy 
of callus showing dense cellular arrangement at surface, the secretory area of 
nectar, scale bar = 0.5 cm.  C) SEM of callus surface, scale bar = 1 mm.  D) 
SEM of callus surface, scale bar = 100 μm.  
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Figure 4-7.  Flowers of Sobralia rosea, a bee-pollinated flower that produces nectar 

rewards.  A-D) Flowers across a population in Ecuador, showing the range of 
variation in color, scale bars = 1 cm.  This color difference is the primary 
morphological difference S. rosea and S. pulcherrima, supporting the 
taxonomic circumscription of a larger, more broadly defined species (i.e., S. 
rosea s.l.).  E) The callus of the lip of one of these flowers, showing the local 
secretion of nectar upon the callus, scale bar = 1 cm. 
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Figure 4-8.  Flower of Sobralia bouchei (Blanco 3009), a bee-pollinated flower that 

produces nectar rewards.  A) Frontal view of this flower, scale bar = 1 cm.  B) 
Ventral surface of the column, scale bar = 1 cm.  Note the highly differentiated 
stigmatic orientation of front-facing surface which would require very different 
mechanical deposition during the pollination process; the pollinia would be 
scraped off during entry of the flower, and thus deposited in the stigma.  C) 
SEM of the surface of the callus, showing very different cellular surface 
texture compared to other Sobralia species, scale bar = 1 mm.  Note the 
pores (intercellular spaces), which probably serve to increase surface area for 
nectar secretion.  D) Basal portion of young lip, stained with potassium iodide 
to indicate starch, precisely outlining the callus, scale bar = 1 cm.  This starch 
is the putative carbohydrate source for the nectar.  E) Transverse section of 
lip, showing the same callus staining the starch black, scale bar = 0.5 cm.  
This thick pad represents the fusion of the two distinct calli seen in most other 
members of the tribe.  
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Figure 4-9.  Flower of Sobralia callosa (Blanco 3021), a hummingbird-pollinated flower 

that produces nectar rewards.  A) Frontal view of this flower, scale bar = 1 
cm.  B) Oblique view of ventral surface of the column, scale bar = 0.5 cm.  
Note the highly differentiated stigmatic orientation of front-facing surface 
which would require very different mechanical deposition during the 
pollination process; the pollinia would be scraped off during entry of the 
flower, and thus deposited in the stigma.  C-D) Transverse sections of the lip 
and stained with Lugol’s solution for starch detection in a young flower 
(morning) and an old flower (evening), respectively, showing the gradual 
reduction in starch over time, scale bar = 1 mm.  E) SEM of the whole callus, 
scale bar = 1 mm.  F) Surface of the callus, showing very different cellular 
surface texture from S. bouchei (Fig. 4-8), scale bar = 100 μm.  Note the 
extremely papillose surface texture which probably serves to increase surface 
area for nectar secretion.  G) Basal portion of young lip, cleared, then stained 
with Lugol’s solution to indicate starch, precisely outlining the callus, scale bar 
= 1 mm.  H) Transverse section of lip showing detail of cellular structure, 
scale bar = 100 μm.  
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Figure 4-10.  Floral morphology of Sobralia amabilis, a hummingbird-pollinated species 

that probably produces nectar.  Photo by R. Hoyer.  
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Figure 4-11.  Flower of Sobralia crocea (Neubig 206), a nectar deceit species with 

putatively hummingbird-pollination.  A) Plant in situ, scale bar = 5 cm.  B) 
Flower from side, showing tubular, orange perianths, scale bar = 1 cm.  C) 
Flower from front, scale bar = 1 cm.  D) Distal end of lip showing dark red 
striations on the low-raised keels, scale bar = 1 cm.  E) Basal end of lip, 
showing two-ridged callus type (with no nectar), characteristic of the core 
Sobralia, scale bar = 1 cm.  F) Ventral surface of column, scale bar = 1 cm.  
G) Oblique view of column with anther moved to show the cream color, scale 
bar = 1 cm.  
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Figure 4-12.  Floral morphology of S. rarae-avis (Blanco 870).  A) Front view of flower.  

B) Side view of flower.  C) Close-up of throat of flower, note the expanded 
clinandrium and pair of column wings that forms a rigid structure that fills a 
large portion of the throat, except for a narrow tubular opening.  D) Top view 
of lip.  E) Side view of lip.  F) Side view of column.  G) Ventral view of column.  
Scale bars = 1 cm.  
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Figure 4-13.  Flowers of Elleanthus caravata (Neubig 202), a hummingbird-pollinated 

flower that produces nectar rewards.  A) Inflorescence showing the bright 
color contrast of bract and flower, typical of bird pollination, scale bar = 1 cm.  
B) Flower showing saccate base where nectar is secreted and stored, scale 
bar = 1 cm.  C) The callus of the lip in a young flower, stained with potassium 
iodide indicating the presence of starch, scale bar = 1 mm.  D) Pollinia 
showing relatively small size, dark color, and hard texture, scale bar = 1 mm.  
E) Longitudinal section of callus, scale bar = 1 mm. F) Transverse section of 
callus, scale bar = 1mm.  
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Figure 4-14.  Flowers of Elleanthus sodiroi (Neubig 246) a hummingbird-pollinated 

flower that produces nectar rewards.  A) Dense capitate inflorescence, scale 
bar = 1 cm.  B) Frontal view of flower showing the entrance point for the 
pollinator, scale bar = 0.5 cm.  C) Oblique view of ventral surface of the 
column, scale bar = 0.5 cm.  Note the median ridge of the column which 
would help form a “pocket” with the lip.  D) Lip of flower showing the two ball-
like calli at the base, scale bar = 1 cm.  E) Transverse section of one callus, 
scale bar = 1 mm.  F) Transverse section of callus under polarized light, scale 
bar = 10 μm.  Note the birefringent granules within each cell indicating the 
presence of starch.  
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Figure 4-15.  Flowers of Sobralia ciliata (Whitten 3529), a flower that produces nectar 

rewards and putatively hummingbird-pollinated.  A) Frontal view of flower, 
scale bar = 1 cm.  B) Oblique view of ventral surface of the column, scale bar 
= 0.5 cm.  Note the similar structure of the elastic rostellar flap with a similar 
mechanical interaction of pollination as the core group of Sobralia.  C-D) Lip 
of flower from side and from the top, respectively, scale bar = 1 cm.  Note the 
nectar secreted on the surface of the thickened pad-like callus at the base as 
indicated by arrow.  
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Figure 4-16.  Flowers of Sobralia caloglossa (Whitten 3530), a flower that produces no 

nectar reward and is bee-pollinated.  A) Whole flower, scale bar = 1 cm.  B) 
Ventral side of column, showing rostellar flap, scale bar = 1 cm.  C) Pollinia, 
scale bar = 2 mm.  D) Vaguely scrotiform callus, scale bar = 0.5 cm.  E) 
Cross-section of callus, scale bar = 1 mm.  
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Figure 4-17.  Flowers of Sobralia mandonii (Whitten 3531), a flower that produces no 

nectar rewards and is bee-pollinated.   A) Whole flower, scale bar = 1 cm.  B) 
Ventral side of column, showing rostellar flap, scale bar = 1 cm.  C) Pollinia, 
scale bar = 1 mm.  D) Vaguely scrotiform callus, scale bar = 1 cm.  E) Cross-
section of callus, scale bar = 1 mm.  F) Cross section of callus, scale bar = 
0.5 mm.  

 



 

197 

 
Figure 4-18.  Graphs with lines of regression of nectar volume (in μL) and sucrose 

concentration (in brix) for four species of Sobralia. Each data point is a 
measurement from a single flower per inflorescence per day, on first day of 
anthesis.  
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Figure 4-19.  Graphs with lines of regression of nectar volume (in μL) and sucrose 

concentration (in brix) for four species of Elleanthus.  
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Figure 4-20.  Graphs with lines of regression of nectar volume (in μL) and sucrose 

concentration (in brix) comparing putatively hummingbird-pollinated (blue 
diamonds) and bee-pollinated (red squares) nectar observed data in this 
study.  
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Figure 4-21.  Lips of Sobralia showing putative osmophore.  A) Sobralia powellii 

(Whitten 3257); lip is cut longitudinally down center and stained with I2KI to 
show presence of starch, scale bar = 1 cm.  Note mealy (papillose) and hairy 
texture.  B-C) Sobralia decora (Whitten 3280); B) lip in cross-section stained 
with bromophenol blue (to show general cellular structure and vasculature) 
and I2KI, note that only starch accumulation is shallow within the tissue, scale 
bar = 1 cm; C) cross-section of callus stained with safranin and hematoxylin 
showing mealy texture of hairs indicated by arrow, scale bar = 1 mm.  D) 
Sobralia recta (Blanco 3010); cross-section of callus stained with safranin and 
hematoxylin showing mealy texture of hairs indicated by arrow, scale bar = 1 
mm.  
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Figure 4-22.  Sobralia visitation by euglossines.  A) Euglossa sp. at a member of the S. 

decora complex.  B-F) Sobralia pollinia on various euglossine bee pollinators; 
note that the positioning is always on the scutellum of the thorax, despite size 
of bee and pollinia.  A) Eulaema bombiformis, male.  B) Eulaema nigrita, 
male.  C) Eulaema sororia, male.  D) Eufriesea surinamensis, female.  E) 
Euglossa hansoni, male.  Scale bars = 1 cm.  Photos by Norris H. Williams, 
W. Mark Whitten and K. Neubig.  
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Figure 4-23.  Elevational differences of among groups within Sobralieae, separated by 

assessed pollinator.  A-B) Elleanthus and Epilyna, with those species 
pollinated by an unknown insect vs. those species pollinated by 
hummingbirds, respectively.  C-D) Core Sobralia, with those species 
pollinated by bees vs. those pollinated by hummingbirds, respectively.  E-F) 
Sertifera and Sobralia sect. Sobralia, with those species pollinated by bees 
vs. those species pollinated by hummingbirds, respectively.  Note the 
difference of elevational preferences among pollination guilds. 
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Figure 4-24.  Phylogenetic tree based on 6-region maximum likelihood analysis (from 

chapter two) modified to show characteristics of nectary structure, nectar 
presence, pollinia color, flower longevity, double cuniculus, and pollination 
syndrome.  
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Figure 4-25.  Phylogenetic tree based on 6-region maximum likelihood analysis (from 

chapter two) with the character of pollination syndrome, as outlined in this 
study, mapped on the tree using likelihood reconstruction as implemented in 
Mesquite.  Note that S. rarae-avis was not sampled in the phylogenetic study, 
so the putative sphingophyly is not is not mapped here.  Some taxa are, such 
as Elleanthus sects. Elleanthus and Chloidelyna, have an unknown 
syndrome, so are noted as syndrome “unknown insect.”  
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Table 4-1. Previously published accounts of floral visitors and pollinators in Sobralieae; 
compiled based on the following resources (Ducke, 1902; Dodson, 1962, 
1965; van der Pijl and Dodson, 1966; Dressler, 1971, 1976; Braga, 1977; 
Roubik and Ackerman, 1987; Roubik, 2000; Dziedzioch, Stevens, and 
Gottsberger, 2003; Singer, 2003; Fogden and Fogden, 2006). 

Orchid Pollinator/visitor Higher taxon Literature cited 

Sobralia amabilis Razisea spicata Trochilidae (bird) Fogden & Fogden (2006) 

  Pantrope insignis  Trochilidae (bird) Dodson (1965) 

Sobralia decora Euglossa viridissima Apidae, Euglossini (bee) 
Van der Pijl & Dodson 
(1966) 

Sobralia leucoxantha Eulaema speciosa Apidae, Euglossini (bee) Dodson (1965) 

Sobralia macrophylla Euglossa cf. ignita Apidae, Euglossini (bee) Braga (1977) 

Sobralia rosea Bombus morio Apidae, Bombini (bee) Dodson (1965) 

 Eulaema polyzona Apidae, Euglossini (bee) Dodson (1965) 

 Eufriesea ornata Apidae, Euglossini (bee) Dodson (1965) 

Sobralia sessilis Euglossa cordata Apidae, Euglossini (bee) Ducke (1902) 

Sobralia violacea Bombus morio Apidae, Bombini (bee) Dodson (1965) 

 
Bombus hortulans var. 
robusta Apidae, Bombini (bee) 

Van der Pijl & Dodson 
(1966) 

 Xylocopa frontalis Apidae, Xylocopini (bee) Dodson (1962) 

 Xylocopa cf. transitoria Apidae, Xylocopini (bee) Dodson (1965) 

 Eufriesea surinamensis Apidae, Euglossini (bee) Dodson (1962) 

 Eulaema cingulata Apidae, Euglossini (bee) Dodson (1962) 

 Eulaema polychroma Apidae, Euglossini (bee) Dodson (1962) 

 Eulaema speciosa Apidae, Euglossini (bee) Dodson (1965) 

 Epicharis rustica Apidae, Centridini (bee) Dodson (1965) 

Sobralia aff. 
weberbaueriana Eulaema polychroma Apidae, Euglossini (bee) 

Van der Pijl & Dodson 
(1966) 

Sobralia sp. 
(unidentified) Euglossa championi Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Euglossa cybelia Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Euglossa deceptrix Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Euglossa despecta Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Euglossa dissimula Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Euglossa dressleri Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Euglossa variabilis Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Eulaema bombiformis Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Eulaema meriana Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Eulaema nigrita Apidae, Euglossini (bee) 
Roubik & Ackerman (1987), 
Dressler (1976)  

 Exaerete frontalis Apidae, Euglossini (bee) Roubik & Ackerman (1987) 

 Plebeia minima Apidae, Meliponini (bee) Roubik (2000) 

Elleanthus 
amethystinoides Doryfera ludovicae Trochilidae (bird) Dziedzioch et al., 2003 

 Colibris thalassinus Trochilidae (bird) Dziedzioch et al., 2003 

 Adelomyia melanogenys Trochilidae (bird) Dziedzioch et al., 2003 

 Coeligena coeligena Trochilidae (bird) Dziedzioch et al., 2003 

 
Heliangelus 
amethysticollis Trochilidae (bird) Dziedzioch et al., 2003 

 
Ocreatus underwoodii 
peruanus Trochilidae (bird) Dziedzioch et al., 2003 

Elleanthus 
arpophyllostachys Ocreatus underwoodii Trochilidae (bird) Dodson (1965) 

Elleanthus aureus unknown hummingbird Trochilidae (bird) Dodson (1962) 
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Table 4-1.  Continued. 
Orchid Pollinator/visitor Higher taxon Literature cited 

Elleanthus 
aurantiacus unknown hummingbird Trochilidae (bird) Dodson (1962) 

Elleanthus 
aurantiacus (as E. 
hallii) unknown hummingbird Trochilidae (bird) Dodson (1965) 

Elleanthus bifarius 
Ocreatus underwoodii 
peruanus Trochilidae (bird) Dziedzioch et al., 2003 

Elleanthus capitatus unknown hummingbird Trochilidae (bird) Dressler (1971) 

 unknown hummingbird Trochilidae (bird) Dodson (1962) 
Elleanthus 
brasiliensis Phaethornis petrei Trochilidae (bird) Singer (2003) 

Elleanthus 
glaucophyllus Colibri thalassinus Trochilidae (bird) Fogden & Fogden (2006) 

 Colibri delphinae Trochilidae (bird) Fogden & Fogden (2006) 

 Selasphorus scintilla Trochilidae (bird) Fogden & Fogden (2006) 

Elleanthus 
hymenophorus Lampornis calolaema Trochilidae (bird) Fogden & Fogden (2006) 

 Amazalia tzacatl Trochilidae (bird) Dodson (1965) 

Elleanthus lentii  Colibri thalassinus Trochilidae (bird) Fogden & Fogden (2006) 
Elleanthus 
maculatus Doryfera ludovicae Trochilidae (bird) Dziedzioch et al., 2003 

 Colibris thalassinus Trochilidae (bird) Dziedzioch et al., 2003 

 Coeligena coeligena Trochilidae (bird) Dziedzioch et al., 2003 

 Coeligena torquata Trochilidae (bird) Dziedzioch et al., 2003 

 
Heliangelus 
amethysticollis Trochilidae (bird) Dziedzioch et al., 2003 

 Haplophaedia aureliae Trochilidae (bird) Dziedzioch et al., 2003 

 
Ocreatus underwoodii 
peruanus Trochilidae (bird) Dziedzioch et al., 2003 

Elleanthus rosea unknown hummingbird Trochilidae (bird) Dodson (1965) 

Elleanthus sp. 
(unidentified) 

Heliangelus 
amethysticollis Trochilidae (bird) Dziedzioch et al., 2003 

 Haplophaedia aureliae Trochilidae (bird) Dziedzioch et al., 2003 

 
Ocreatus underwoodii 
peruanus Trochilidae (bird) Dziedzioch et al., 2003 

  unknown hummingbird Trochilidae (bird) Dziedzioch et al., 2003 
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Table 4-2. Observations of nectar secretion in this study.  Although some species were observed and confirmed to have 
nectar, not all had measurable amounts of nectar. 

Species 

sample 
size, 

flowers (n) 
mean 
(avg)  

standard 
deviation 

(σ) range Vouchers Syndrome 

Elleanthus 
aurantiacus 5       

none (population 
sampling) hummingbird 

    volume (μL)  4.4 1.8 2 to 7   
    concentration 
(brix)   22.8 1.9 21 to 26     

E. caravata 52       Neubig 202 hummingbird 

    volume (μL)  5.7 2.4 2 to 10.1   
    concentration 
(brix)   24.3 6.9 12 to 40     

E. cynarocephalus 5       Neubig 247 hummingbird 

    volume (μL)  6 3.1 2 to 10   
    concentration 
(brix)   9.2 6.6 5 to 21     

E. sodiroi 46       Neubig 246 hummingbird 

    volume (μL)  13.6 6.5 4 to 31.5   
    concentration 
(brix)   15.9 6.4 7 to 25     

Sobralia bouchei 52       
Blanco 3009, Neubig 
208 bee 

    volume (μL)  14.1 7.9 2 to 43   
    concentration 
(brix)   21.2 3.3 12 to 28     

S. callosa 27       
Blanco 3021, Neubig 
224 hummingbird 

    volume (μL)  6.3 2.4 1.5 to 12   
    concentration 
(brix)   16.3 2 

12 to 
19.5     
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Table 4-2.  Continued. 

Species 

sample 
size, 

flowers (n) 
mean 
(avg)  

standard 
deviation 

(σ) range Vouchers Syndrome 

S. macrophylla 6       Blanco 3022 bee 

    volume (μL)  4.9 2.4 1 to 8   
    concentration 
(brix)   20.6 1.4 18 to 22     

S. rosea 46       
none (population 
sampling) bee 

    volume (μL)  8.4 8.6 3 to 35   
    concentration 
(brix)   13.8 3.1 5 to 19.5     
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Table 4-3. Floral characters as they relate to pollination syndromes in groups within Sobralieae.  Data are mostly from 
personal observations, but also from literature. 

  
diurnal 
anthesis 

strong or 
weak 
zygomorphy 

tubular 
perianth 

nectar 
"pocket" 

double 
cuniculus nectar 

nectar 
guide 

horizontal 
or 
pendant color fragrant gullet resupinate? syndrome 

Sobralia sect. 
Sobralia                           

   Sobralia ciliata yes strong no no  no yes yes horizontal vivid no no resupinate hummingbird? 

   all other species yes strong no no  no no yes horizontal 
vivid or 
dull unknown yes resupinate bee 

core Sobralia                           

   Sobralia amabilis yes strong no unknown no probable yes horizontal vivid no no resupinate hummingbird 

   Sobralia callosa yes strong no yes no yes yes horizontal vivid no no resupinate hummingbird? 

   Sobralia crocea yes weak yes no no no yes pendant vivid no no resupinate hummingbird? 

   Sobralia bouchei yes strong no no yes yes yes horizontal 
vivid or 
dull mixed yes resupinate bee 

   Sobralia 
macrophylla yes strong no no yes yes yes horizontal 

vivid or 
dull mixed yes resupinate bee 

   Sobralia rosea yes strong no no yes yes yes horizontal 
vivid or 
dull mixed yes resupinate bee 

   Sobralia rarae-
avis no strong yes* no  no unknown no horizontal whitish yes no resupinate hawk moth? 

   all other species yes strong mixed no yes no yes horizontal 
vivid or 
dull mixed yes resupinate bee 

Sertifera yes strong yes yes no unknown no horizontal vivid no no resupinate hummingbird? 

Epilyna yes weak yes yes no unknown no horizontal whitish no no 
non-
resupinate unknown 

Elleanthus                           
   Elleanthus 
lancifolius yes weak yes yes no yes no horizontal whitish no no mixed unknown 

   sect. Chloidelyna yes weak yes yes no yes no horizontal whitish no no mixed unknown 

   all other species yes weak yes yes no yes mixed mixed vivid no no mixed hummingbird 
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CHAPTER 5 
DESCRIPTIVE VEGETATIVE ANATOMY IN SOBRALIEAE 

Background  

This chapter describes the variation in vegetative anatomy for exemplar taxa of 

Sobralieae.  The purpose of this study is to provide additional structural characters that 

help diagnose clades of Sobralieae and to improve our understanding of anatomical 

evolution within Sobralieae.  Although general vegetative morphology has been 

discussed as it relates to taxonomy (Chapter 2) and floral morphology and anatomy 

have been discussed as they relate to pollination (Chapter 4), little is known of the 

variation in vegetative anatomy across Sobralieae, as only a few anatomical studies 

have included any representatives of Sobralieae (Solereder and Meyer, 1930; Benzing, 

Ott, and Friedman, 1982; Arevalo, Figueroa, and Madrinan, 2011).  Characters from 

vegetative anatomy have been used systematically for over 150 years (Judd et al., 

2008), and whereas most structural characters show varying levels of homoplasy, 

anatomical characters are some of the most phylogenetically informative structural 

characters in higher-order phylogenetics of angiosperms (Carlquist, 1961; Barthlott et 

al., 1998) as well as orchids (Freudenstein and Rasmussen, 1999; Stern and Judd, 

1999; Stern and Whitten, 1999; Stern and Judd, 2000; Stern and Carlsward, 2006, 

2008). 

Vegetative anatomical adaptations make many orchids uniquely suited for 

ecological adaptations such as epiphytism.  Leaf succulence, thickened roots, velamen, 

and pseudobulbs are common features in orchids that help in water conservation and 

foster evolution of epiphytism.  Leaf succulence in combination with growth at low 

elevations is correlated in orchids with crassulacean acid metabolism, a photosynthetic 
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pathway that conserves water through stomate closure during the day (Silvera, 

Santiago, and Winter, 2005; Silvera et al., 2010a).  Although frequently epiphytic, 

Sobralieae never have pseudobulbs or succulent leaves, which is consistent with the C3 

photosynthetic pathway found in this group (Silvera, Santiago, and Winter, 2005; Silvera 

et al., 2010a).  Sobralieae are part of a paraphyletic grade of “terrestrial” taxa that 

includes Apostasioideae, Orchidoideae, Cypripedioideae, and other “basal” 

Epidendroideae (e.g., Neottieae, Nervilieae, and Triphoreae).  Despite the propensity of 

the epiphytic habit within the family, many major lineages are plesiomorphically 

terrestrial.  The transitions between terrestrial and epiphytic habits within Sobralieae 

have not been studied extensively because of the ambiguity in character-states and 

because small plant size is more likely to be a predictor of epiphytism than is 

phylogenetic relationship (Benzing and Ott, 1981). 

Although some vegetative traits are useful for identifying species or monophyletic 

groups of species within Sobralieae, there is homoplasy in vegetative anatomical and 

morphological characters, and thus distantly related taxa are often similar due to 

reversals or parallelisms in these characters.  Sobralieae are largely uniform in their 

vegetative gestalt because of their large (often >1 m), pseudobulbless stems with 

plicate, wide (often >5 cm) leaves, and thick roots (often >0.5 cm).  Some notable 

exceptions are species of Epilyna and Elleanthus sect. Chloidelyna, which have highly 

reduced morphology and conduplicate, narrow (often <0.5 cm) leaves.  Generic 

delimitation has been based on relatively few gross floral characters, especially size 

(Chapters 2 and 4).  Because characters derived from vegetative anatomy have often 

been found to be more predictive of phylogenetic relationships than morphology 
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(Freudenstein and Rasmussen, 1999), I sampled the tribe with an emphasis on major 

clades as revealed by molecular data.  

Materials and Methods  

Fresh material for this study was obtained primarily from greenhouse-cultivated 

plants, although some wild-collected specimens were also used.  All vouchers were 

deposited at the University of Florida herbarium (FLAS, Table 5-1) and in nearly all 

cases represent the same vouchered specimens used in the molecular phylogenetic 

study (Chapter 2).  Plant parts available for study were preserved in FAA (9 parts 70% 

ethanol, 0.5 part 37% commercial formalin, and 0.5 part glacial acetic acid) for at least 

48 hours, and then stored in 70% ethanol.  

Transverse sections (TS) of leaves, stems, and roots were made with a sliding 

microtome at a thickness of 60-90 μm.  Sections were stained with Heidenhain’s iron-

alum hematoxylin and safranin (Carlsward et al., 1997).  Differentiation and dehydration 

of stained sections were carried out in a graduated ethanol series followed by clearing 

in limonene (Citrisolv, Fisher Scientific Company).  Sections were then mounted on 

microscope slides with Canada balsam and photographed with a Zeiss Axioscope 40 

compound microscope attached to a Pixera Pro 150ES digital camera.  Cuticular peels 

to view epidermal surfaces were made using clear nail polish, which was painted on, 

allowed to dry, then removed using clear tape.  To study foliar trichomes, hand sections 

of fresh leaf tissue were stained with toluidine blue. 

Descriptions of the anatomical features are organized phylogenetically, based on 

results in Chapter 2.  The terms “small” and “large” are used in reference to cell or 

space sizes relative to the size of the surrounding cells of a plant organ.  Only 

consistent anatomical features were used for phylogenetic analyses.  
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Sixteen vegetative features of anatomy and morphology (Table 5-2) were used to 

construct a character matrix (Table 5-3).  The larger phylogenetic sampling of six DNA 

loci from chapter 2 was reduced to include only the accessions sampled for anatomy.  

Because the maximum likelihood (ML) analysis with reduced taxon sampling yielded a 

tree that was incongruent with the ML analysis of greater taxon sampling (see chapter 2 

regarding incongruent placement of Sobralia ciliata), a maximum parsimony (MP) tree 

showing a similar topology to the large ML topology was used to reconstruct character-

states.  Characters were mapped onto the MP phylogeny using a likelihood-based 

analysis of ancestral character-state reconstruction as implemented in Mesquite 

(Maddison and Maddison, 2005). 

Results  

The following features of vegetative anatomy in Sobralieae are shown: leaf 

development (Fig. 5-1), leaf sheath (Fig. 5-2), leaf margins (Fig. 5-3), leaf mesophyll 

composition (Figs. 5-4 and 5-5), leaf epidermis and stomata (Figs. 5-6 and 5-7), leaf 

bulliform cells (Fig. 5-8), leaf veins (Fig. 5-9), leaf plastids (Fig. 5-10), raphides (Fig. 5-

11), lysogenic trichomes (Fig. 5-12), stem shape (Fig. 5-13), stem general anatomy 

(Fig. 5-14), stem epidermis (Fig. 5-15), stem vascular bundle (Fig. 5-16), root vascular 

cylinder (Fig. 5-17), root cortex (Fig. 5-18), root velamina (Fig. 5-19), and tilosomes (Fig. 

5-20).  In addition to those anatomical characters, I used two morphological characters: 

leaf “ligule” and abscission layer between sheath and the blade (Fig. 5-21).  Character-

state reconstructions of all characters (Tables 5-2 and 5-3) are shown for tilosome 

shape (Fig. 5-22), presence/absence of sclerified idioblasts in root cortex (Fig. 5-23), 

pith cell wall variation (Fig. 5-24), stem shape (Fig. 5-25), presence/absence of sheath 

tubercles (Fig. 5-26), presence/absence of sheath fiber bundles (Fig. 5-27), 
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presence/absence of sheath air spaces (Fig. 5-28), presence/absence of idioblasts with 

raphides (Fig. 5-29), mesophyll composition (Fig. 5-30), leaf vernation (Fig. 5-31), leaf 

margin shape (Fig. 5-32), midrib exsertion (Fig. 5-33), sclerification around bundle caps 

(Fig. 5-34), presence of subepidermal parenchyma around midrib (Fig. 5-35), 

presence/absence of abscission layer between leaf and sheath (Fig. 5-36), and 

presence/absence of “ligule” at apex of sheath (Fig. 5-37). 

Anatomical descriptions of the tribe, as well as each of the major lineages within 

Sobralieae, are presented here.  Uniform features throughout the tribe are included in 

the description of Sobralieae and omitted from each generic description. 

Sobralieae 

Leaf sheath.  Abscission layer between sheath and blade present.  Abaxial 

glandular tubercles absent.  MESOPHYLL homogeneous.  FIBER BUNDLES 

sometimes present between collateral vascular bundles in the mesophyll.  Air spaces 

present in larger leaves or absent in smaller leaves. 

Leaf blade.  STOMATA abaxial and tetracytic.  Outer ledges thin, inner ledges 

thick and short.  Substomatal chambers small to large, irregularly shaped, especially 

when present with palisade.  EPIDERMAL CELLS rectangular, periclinally oriented to 

isodiametric in TS.  Bulliform cells frequent on both abaxial and adaxial surfaces, rarely 

restricted to the adaxial surface above the midrib.  FIBER BUNDLES absent.  

MESOPHYLL homogeneous.  VASCULAR BUNDLES collateral, in one row.  

Sclerenchyma associated with both xylem and phloem poles.  Bundle sheath distinct. 

Stem.  EPIDERMIS papillose, covered by a thick cuticle.  CORTEX 2-10 cells 

thick.  CAULINE SCLERENCHYMATOUS BAND composed of thick-walled cells, 
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sometimes extending into ground tissue, between vascular bundles.  GROUND TISSUE 

of thick-walled and/or thin-walled parenchyma. 

Root.  VELAMEN 2-6 cells thick.  TILOSOMES present, scrotiform.  EXODERMAL 

CELLS ∩-thickened, walls tapering in thickness near the inner tangential surface.  

CORTEX homogeneous.  ENDODERMAL CELLS o-thickened.  PERICYCLE cells thin-

walled opposite xylem and thick-walled opposite phloem.  VASCULAR CYLINDER 6- to 

40-arch.  PITH heterogeneous or homogeneous, sclerenchymatous and/or 

parenchymatous towards center. 

Sobralia Sensu Stricto (Core Sobralia) 

Leaf sheath.  FIBER BUNDLES present in S. crispissima, S. rosea, S. 

theobromina, and S. warszewiczii.  Air spaces present. 

Leaf blade.  MESOPHYLL heterogeneous in S. bouchei, S. callosa, S. 

crispissima, and S. lindleyana. 

Stem.  CORTEX 2-4 cells thick.  GROUND TISSUE of thick-walled or thin-walled 

parenchyma.   

Root.  VELAMEN 2-4 (typically 3) cells thick.  CORTEX homogeneous; 

heterogeneous with sclerified idioblasts scattered in S. gloriana.  VASCULAR 

CYLINDER 14- to 24-arch.  PITH heterogeneous, sclerenchymatous outside, grading 

into a distinct parenchymatous center. 

Sobralia ciliata 

Leaf sheath.  FIBER BUNDLES present, occurring in groups of two or three 

between vascular bundles. 

Leaf blade.  MESOPHYLL heterogeneous. 
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Stem.  CORTEX 3 cells thick.  CAULINE SCLERENCHYMATOUS BAND not 

extending into ground tissue.  GROUND TISSUE of thin-walled parenchyma. 

Root.  VELAMEN 4-6 cells thick.  CORTEX heterogeneous, with sclerified 

idioblasts scattered.  VASCULAR CYLINDER approximately 40-arch.  PITH 

homogeneous and parenchymatous. 

Sobralia dichotoma Clade (S. caloglossa + S. dichotoma + S. mandonii) 

Leaf sheath.  FIBER BUNDLES present, alternating with vascular bundles. 

Leaf blade.  EPIDERMAL CELLS with bulliform cells frequent and on both abaxial 

and adaxial surfaces.  MESOPHYLL heterogeneous; homogeneous in S. dichotoma. 

Stem.  CORTEX 3-4 cells thick.  CAULINE SCLERENCHYMATOUS BAND not 

extending into ground tissue.  GROUND TISSUE of thin-walled parenchyma. 

Root.  VELAMEN 3-5 cells thick.  VASCULAR CYLINDER 20- to 30-arch.  PITH 

heterogeneous; sclerenchymatous on outside, gradually becoming more 

parenchymatous towards center. 

Sobralia portillae 

Leaf sheath.  Not sampled. 

Stem.  Not sampled. 

Root.  VELAMEN 3 cells thick.  TILOSOMES scrotiform, short.  VASCULAR 

CYLINDER 8-arch.  PITH homogeneous and sclerenchymatous. 

Sertifera 

Leaf sheath.  Abaxial glandular tubercles present.  FIBER BUNDLES present, 

alternating with vascular bundles. 

Leaf blade.  MESOPHYLL heterogeneous. 
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Stem.  CORTEX 3 cells thick.  CAULINE SCLERENCHYMATOUS BAND not 

extending into ground tissue.  GROUND TISSUE of thin-walled parenchyma. 

Root.  Not sampled. 

Epilyna 

Leaf sheath.  Abscission layer absent.  FIBER BUNDLES present, alternating with 

vascular bundles. 

Leaf blade.  EPIDERMAL CELLS bulliform only above the midrib. 

Stem.  CORTEX 2-10 cells thick.  CAULINE SCLERENCHYMATOUS BAND not 

extending into ground tissue.  GROUND TISSUE of thick-walled parenchyma. 

Root.  VELAMEN 2 cells thick.  TILOSOMES flattened.  CORTEX heterogeneous, 

with scattered sclerified idioblasts.  VASCULAR CYLINDER 6-arch.  PITH 

homogeneous and sclerenchymatous. 

Elleanthus 

Leaf sheath. FIBER BUNDLES minute, alternating between vascular bundles. 

Leaf blade.  EPIDERMIS with bulliform cells frequent on both abaxial and adaxial 

surfaces, except in E. stolonifer, where those cells are only above the midrib.  

MESOPHYLL homogeneous; heterogeneous in E. ensatus and E. stolonifer. 

Stem.  CORTEX 2-4 cells thick. 

Root. VELAMEN 2-3 (rarely 4) cells thick.  TILOSOMES scrotiform; flattened in E. 

sp. (Neubig 203 and Whitten 3538) and E. caravata.  CORTEX usually heterogeneous, 

with sclerified idioblasts scattered; homogeneous in E. gracilis, E. ensatus, and E. 

longibracteatus.  VASCULAR CYLINDER 8- to 30-arch. 
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Discussion  

Character Evolution 

Some anatomical characters that have been of utility in previous orchid anatomical 

phylogenetic analyses (Stern and Judd, 1999; Carlsward, 2004) were examined in this 

study but were either invariable or the variation was incompatible with phylogenetic 

analysis of Sobralieae.  Among those characters, root endodermal cell wall thickenings 

were always o-thickened.  Similarly, the root exodermal cell wall thickenings were ∩-

thickened and tapering [not as distinctly thickened as in Vandeae (Carlsward, 2004)].  

Root pith cells were homogeneous (i.e., with no distinct banding) or heterogeneous, but 

the distinction between these two conditions was difficult to code in some taxa.  Leaf 

sheath fiber bundle orientation (whether closer to the adaxial or abaxial surfaces) was 

difficult to code because of the paucity of fibers within each bundle.  Indeed, fiber 

bundles in the sheaths were generally located closer to the abaxial surface.  Bulliform 

cells in the foliar epidermis were always present in the taxa sampled, but their size and 

number differed drastically and showed a continuum of variation with respect to 

distribution.  Likewise, leaf epidermal cell shape differed in size, but not discretely, and 

was more or less rectangular shape throughout.  Silica bodies (Carlsward, 2004; 

Prychid, Rudall, and Gregory, 2004) were not seen in tribe Sobralieae, but were present 

and conical in the outgroup, Bletilla.  Overall, very few anatomical characters are 

synapomorphic and therefore useful for generic delimitation.  In particular, the disparate 

clades that make up polyphyletic sect. Sobralia are not strongly distinguished by unique 

anatomical characters, although they vary in combination of some characters.  Further 

sampling of species and more individuals from each species, epecially the 
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phylogenetically interesting S. dorbignyana and S. stenophylla, is needed before 

definitive statements of character evolution can be asserted. 

Although several anatomical characters were phylogenetically uninformative, 

several showed distinct and phylogenetically informative variation within Sobralieae.  All 

Sobralieae have leaves that appear to develop in a duplicate fashion, with the leaf 

margins in direct contact during development (Dressler, 1993a).  However, Sobralieae 

vary in the folding pattern of the blade.  Most Sobralieae are plicate (folded upon 

multiple planes), while some taxa are conduplicate (folded only once at the midrib).  

Conduplication has evolved independently in Epilyna and Elleanthus sect. Chloidelyna 

and is a synapomorphy for each of those clades (Fig. 5-31).  In both cases, this 

character-state is associated with extreme vegetative reduction. 

Leaf sheath tubercles are an autapomorphy for Sertifera (Figs. 5-2 & 5-26).  These 

tubercles are glandular (i.e., raised portions of the epidermis that are topped by a 

glandular hair).  In addition to Sertifera, Sobralia rigidissima also has tubercles on the 

leaf sheath (pers. obs.).  Additional anatomical material would be needed to determine 

the homology of this character across taxa of Sobralieae.  Many Sobralieae also have 

furcate, secretory hairs on the abaxial blade and sheath surface, which likely contain 

mucilage that lubricates leaves during elongation [(Pridgeon, 1981), Fig. 5-12].  

Frequently, these furcate hairs are ephemeral, lysogenic, and no longer present at 

maturity (except in Sobralia atropubescens, S. callosa, and Elleanthus caravata).  The 

basal cell, which appears glandular because of its rounded outline, is usually the only 

part of the hair left at maturity (stained light blue in Fig. 5-12 A & B).  Although these 
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remnant basal cells are common, their presence is homoplasious and phylogenetically 

scattered throughout Sobralieae. 

Leaf sheath fiber bundles were commonly present between the vascular bundles 

in the mesophyll.  Their presence was only coded when consistently found between 

most of the vascular bundles within the sheath.  The presence of fiber bundles was 

homoplasious (Fig. 5-27) and seemed to be more prevalent in species with medium to 

large plants.  The multiple evolutionary occurrences of plant size reduction in Sobralia 

and Elleanthus likely explains the homoplasious nature of fiber bundle presence. 

Leaf sheath air spaces were common throughout the Sobralieae and the outgroup, 

Bletilla.  Their loss is unique to Epilyna and Elleanthus sect. Chloidelyna and is likely an 

evolutionary consequence of extreme vegetative reduction (Fig. 5-28). 

Leaf idioblasts with raphides were common in Sobralieae and were absent in two 

species of distantly related Sobralia (i.e., S. kruskayae and S. portillae, Fig. 5-29).  The 

lack of raphides is probably an artifact of inadequate sampling, as these structures are 

common in orchids. 

Heterogeneous foliar mesophyll refers to the differentiation of palisade and spongy 

mesophyll, while a homogeneous mesophyll (the common condition in many monocots) 

is composed of uniform, isodiametric cells.  The effect of light on leaf anatomy has been 

well-studied (Yano and Terashima, 2001).  Frequently, high light levels induce 

production of a thicker mesophyll with a thicker palisade (Lichtenthaler et al., 1981; 

Eschrich, Burchardt, and Essiamah, 1989; Yano and Terashima, 2001).  Although high 

light intensity induces more layers of palisade, the differentiation of palisade and spongy 

parenchyma does not seem to be affected by light intensity.  Most of the plants used in 
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this study were grown under uniform greenhouse conditions, so the anatomical variation 

cannot be correlated with different light levels.  Mesophyll differentiation is 

homoplasious (Fig. 5-30), so the basis for variation in anatomy does not seem to be 

under tight evolutionary constraint. 

Leaf margin shape refers to the appearance of the margin in TS, with respect to 

the length of the abaxial and adaxial surfaces.  This trait is also homoplasious (Fig. 5-

32) and may be strongly influenced by leaf folding during development because of 

compression within the sheath of the subtending leaf and the number of plications. 

Sclerified cells extending from the bundle caps may completely encircle the midrib, 

or the bundle caps may be distinct and only at the xylem and phloem poles.  This 

character is homoplasious (Fig. 5-34), and these sclerified bundles do not seem to be 

associated with any other anatomical trait.  The propensity of equivocal states within the 

deeper nodes of the reconstruction illustrates the extreme homoplasy in this character. 

Leaf mesophyll parenchyma between the midrib vascular bundle and epidermis 

can be found at either the abaxial or adaxial surface, but is most common on the abaxial 

surface in Sobralieae.  The exsertion of the midrib from the abaxial surface is an 

anatomical synapomorphy for Epilyna (Fig. 5-33). 

The leaf “ligule” is a morphological synapomorphy of Epilyna (Figs. 5-21 & 5-37).  

Although the ligule is unique within the Sobralieae, similar structures at the same 

position within the leaf occur in Pityphyllum, a member of the distantly related 

Cymbidieae (Blanco et al., 2007).  However, this structure is clearly not homologous to 

the ligule found in other monocot groups, such as grasses or gingers.  Also 

synapomorphic for the species of Epilyna is the absence of an abscission layer between 
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the blade and leaf sheath (Figs. 5-21 & 5-36).  This is a unique feature of Epilyna within 

Sobralieae, but it can be found in other groups of orchids, including species of Dichaea 

(Neubig et al., 2009a).  The function of this abscission layer loss is not known for any 

group. 

Stem shape in TS is elliptic and is largely uniform within the tribe.  Epilyna has a 

synapomorphy of flattened stems in TS (Fig. 5-25).  This flattening is caused by a 

proliferation of parenchymatous cells between the epidermis and the sclerified ring 

surrounding the vascular bundles (Fig. 5-13E).  The epidermis may be smooth or 

crenate in TS, but this variation is not uniform and is difficult to diagnose (Fig. 5-13). 

Sclerified idioblasts can be found in the root cortex, surrounded by large areas of 

parenchyma (Fig. 5-18).  The presence of sclerified idioblasts is homoplasious, but such 

cells are common in Elleanthus, Epilyna, Sobralia gloriana, and S. ciliata (Fig. 5-23). 

Root pith cell walls can vary distinctly in thickness (Fig. 5-17).  Thickened cell walls 

(at least in the center-most portion of the pith) were relatively rare in Sobralieae 

(restricted to some species of Elleanthus, Epilyna, and Sobralia sect. Sobralia) but their 

presence is homoplasious (Fig. 5-24). 

The velamen is a multilayered epidermis of many orchid roots (Engard, 1944; 

Porembski and Barthlott, 1988).  Tilosomes, which are also common in orchids, are 

distinctively branched or coralloid masses of cellulosic/lignic material of the innermost 

velamen layer occurring over the passage cells of the exodermis.  They are 

hypothesized to increase surface area for transport of materials across the passage 

cells. In Sobralia, they have been classified as “spongy” because of their webbed 

texture (Pridgeon, Stern, and Benzing, 1983).  The variation I have observed within 
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Sobralieae indicates that two shapes of “spongy” tilosomes exist: large globose bodies 

(scrotiform) and flattened bodies.  The presence of tilosomes is a synapomorphy of 

Sobralieae, and most members have scrotiform-shaped tilosomes.  Flattened tilosomes 

are less common and might be a synapomorphy for Epilyna and Elleanthus. Within 

Elleanthus (sect. Stachydelyna with pendant-inflorescences), reversals to the scrotiform 

type (such as in members of Sobralia) have occurred (Fig. 5-22). 

Anatomy and Morphology as They Relate to Epiphytism 

Epiphytism has long been believed to be a driving force in the evolution of 

vegetative morphology and anatomy of orchids (Benzing, 1990).  Atwood (1986) stated 

that all species of Sobralia and Elleanthus are epiphytes, but that Sertifera is terrestrial.  

However, this is an oversimplification.  Many species of Sobralia and Elleanthus are 

obligate epiphytes.  Therefore, a great deal of intermediacy exists between the states of 

obligate terrestrials and obligate epiphytes. 

The plasticity of epiphytism and the loose constraints by which many orchids can 

move between terrestrial and epiphytic habits mean that discussing these as discrete 

character-states in a phylogenetic context is an overly simplistic approach to 

understanding the evolution of epiphytism.  However, given that some Sobralieae are 

strongly terrestrial or strongly epiphytic, some qualitative differences can be discussed 

in order to ascertain consistent features at the ends of this spectrum of variation.  

Epiphytic species are generally reduced in size, which is a common trend in orchids 

(Benzing and Ott, 1981).  For example, members of Elleanthus sect. Chloidelyna, 

Epilyna, Sobralia callosa, and S. amabilis are all small in stature (usually <30cm).  The 

vegetative reduction is even more extreme in Elleanthus sect. Chloidelyna and in 

Epilyna with narrow leaves (i.e., usually less than 5 mm).  On the other hand, typical 
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terrestrial species tend to be larger plants.  These larger plants can rarely become 

epiphytic, and when they are epiphytic, they rarely attain the same stature as their 

terrestrial conspecifics. 

Orchids that are strongly adapted to the epiphytic habit usually show succulence in 

the stem (e.g., pseudobulbs) and/or leaf (Arevalo, Figueroa, and Madrinan, 2011), 

which is associated with CAM photosynthesis.  The metabolic requirements of being a 

successful epiphyte in the hottest and driest communities often also require the use of 

CAM to conserve water (Silvera et al., 2010b).  Although there are notable exceptions to 

these structural adaptations, they do represent consistent trends in most 

Epidendroideae.  Because no member of Sobralieae has pseudobulbs or leaf 

succulence (only Epilyna comes close to having succulent leaves), it is not surprising 

that C3 is the only photosynthetic pathway reported for Sobralieae (Silvera et al., 

2010a).  Their lack of succulence and CAM photosynthesis is consistent with the fact 

that Sobralieae are successful epiphytes mostly in wet montane forests. 

Pridgeon (1981) described foliar hairs in pleurothallid orchids that are similar in 

morphology to those of Sobralieae.  These hairs are multicellular and rupture at 

maturity, leaving a brown residue.  This lysogenic activity is consistent with observations 

in Sobralieae and is not likely to represent water absorption such as is found in the 

multicellular scale-like trichomes of Tillandsia (Pridgeon, 1981).  The mucilage secretion 

activity of these lysogenic hairs is evidenced in all taxa as brown mucilage and is 

particularly exaggerated in Elleanthus sect. Cephalelyna where mucilage is copious 

within the inflorescence.  However, this mucilage secretion does not appear to be 

related to epiphytism, and these lysogenic cells do not seem to be water absorbing. 
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The velamen is also frequently well-developed and multiseriate in epiphytes.  

Given that the velamen is prevalent in all orchids, but epiphytism is mostly present in 

the more “advanced” Epidendroideae, velamen represents an exaptation for epiphytism.  

That exaptation is probably why epiphytism has evolved so many times in orchids 

(Atwood, 1986).  Studies based on water conductivity indicate that the velamen may 

play a minimal physiological role in water relations, while cortical thickness might 

influence water conduction more effectively (Rieger and Litvin, 1999).  Comparatively, 

epiphytes can often have thinner roots compared to larger terrestrials (Moreira and 

Isaias, 2008), presumably to decrease water loss by decreasing the surface area to 

volume ratio.  That finding is consistent in Sobralieae, where the largest roots are found 

in the terrestrial members of sect. Sobralia.  The thickest velamina of Sobralieae are 

also found in sect. Sobralia, so a thicker velamen is not an identifiable aspect of 

epiphytism. 

Clearly, there is a complex suite of traits that function in combination to yield 

epiphytism in orchids.  Many of those epiphytic traits, like CAM photosynthesis, leaf 

succulence, and pseudobulb presence, are absent in the primarily terrestrial Sobralieae.  

Through reduction of the overall body size (i.e., shorter plants and narrower leaves), 

some species have transitioned to a strictly epiphytic habit.  This reduction in plant size 

likely also reduces the hydrological severity of periodic drought, a perennial problem in 

epiphytes. 
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Figure 5-1.  TS of leaf sheath and developing leaf blade of two adjacent nodes (Sobralia 

lacerate, Neubig 209).  Note that the developing leaf blade is plicate (folded) 
and that the sheath supports the growth of this young leaf.  Scale bars = 100 
μm.   
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Figure 5-2.  TS of leaf sheaths.  A) Epilyna jimenezii, Blanco 2997.  B) Sobralia callosa, 

Blanco 3021. C) Elleanthus ensatus, Whitten 3555.  D) Sertifera sp., Whitten 
2937 (arrow indicates glandular tubercle).  Scale bars = 100 μm. 
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Figure 5-3.  TS of leaf blades at the margins. A) Epilyna hirtzii, Whitten 2938. B) 

Sobralia mucronata, Neubig 210. C) Sobralia portillae, Whitten 2433. D) 
Elleanthus aff. gracilis, Whitten 3552. E) Sobralia bouchei, Blanco 3009. F) 
Sobralia recta, Blanco 3010. G) Sobralia fenzliana, Neubig 212. H) Elleanthus 
ensatus, Whitten 3555.  Scale bars = 100 μm. 
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Figure 5-4.  TS of leaf blade demonstrating isodiametric cells within the mesophyll.  A) 

Sobralia lancea, Whitten 2869. B) Sobralia rosea, Whitten 531. C) Sobralia 
recta, Blanco 3010. D) Sobralia portillae, Whitten 2433. E) Sobralia fenzliana, 
Neubig 212.  Scale bars = 100 μm. 
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Figure 5-5.  TS of leaf blade demonstrating palisade cells within the mesophyll.  A) 

Elleanthus aff. gracilis, Whitten 3552. B) Elleanthus ensatus, Whitten 3555. 
C) Sertifera colombiana, Whitten 2937. D) Sobralia callosa, Blanco 3021.  
Scale bars = 100 μm. 
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Figure 5-6.  Cuticular peels of abaxial epidermis.  A) Elleanthus sodiroi, Neubig 246. B) 

Sobralia macrophylla, Blanco 3022. C) Sobralia bouchei, Blanco 3009. D) 
Sobralia recta, Neubig 207. E) Elleanthus longibracteatus, Whitten 99205. F) 
Sobralia roezlii, no voucher.  Scale bars = 100 μm. 
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Figure 5-7.  TS of leaf mesophyll and abaxial leaf surface, with focus on stomata.  Note 

the open spaces of the spongy mesophyll proximal to the stomata, allowing 
for gas exchange.  A) Sobralia fenzliana, Neubig 212.  B) Sobralia rosea, 
Whitten 531.  C) Sobralia bouchei, Blanco 3009 (SC = substomatal cavity; 
arrow indicates a single guard cell of a stomate).  Scale bars = 100 μm. 
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Figure 5-8.  TS of leaves showing bulliform cells of the epidermis.  A) Sobralia 

dichotoma, Whitten 3532. B) Sobralia lancea, Whitten 2869. C) Elleanthus 
caravata, Neubig 202.  Scale bars = 100 μm.  Arrows indicate clusters of 
bulliform cells. 
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Figure 5-9.  TS of leaves showing details of primary veins.  A) Sobralia bouchei, Blanco 

3009. B) Sobralia mandonii, Whitten 3530. C) Abaxially exserted midrib in 
Epilyna jimenezii, Blanco 2997. D) Sobralia callosa, Blanco 3021. E) Sobralia 
warscewiczii, Blanco 2677.  Scale bars = 100 μm. 
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Figure 5-10.  TS of leaf mesophyll showing the dense presence of plastids, Epilyna 

hirtzii, Whitten 2938.  Scale bars = 100 μm.  Arrow indicates a single plastid 
among many. 
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Figure 5-11.  Raphide crystals.  A-E) TS of leaves showing the presence of raphides 

and/or the characteristic circular idioblast with raphides.  A) Sobralia 
macrophylla, Blanco 3022.  B) Sobralia rosea, Whitten 531.  C) Epilyna hirtzii, 
Whitten 2938.  D) Sobralia macrophylla, Blanco 3022 (IR = idioblast that 
contained raphides that washed away during slide preparation).  E) 
Elleanthus caravata, Neubig 202.  F) TS of root showing raphide crystal, 
Sobralia klotzscheana, Blanco 3011.  Scale bars = 100 μm.  Arrows indicate 
raphide crystals. 
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Figure 5-12.  Lysogenic, irregularly furcated trichomes in Sobralieae.  A,B) Sobralia 

warscewiczii, leaf abaxial surface, Blanco 2676.  C) Sobralia callosa, Blanco 
3021, leaf abaxial surface.  D) Elleanthus caravata, Neubig 202, abaxial 
sheath surface.  Scale bars = 100 μm. 
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Figure 5-13.  TS of whole mature stems.  A) Elleanthus longibracteatus, Whitten 99205.  

B) Elleanthus caravata, Neubig 202.  C) Sobralia mucronata, Neubig 210.  D) 
Sobralia callosa, Blanco 3021.  E) Epilyna jimenezii, Blanco 2997.  Scale bars 
= 100 μm. 
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Figure 5-14.  TS of partial mature stems.  A) Elleanthus ensatus, Whitten 3555. B) 

Elleanthus capitatellus, Neubig 201.  Scale bars = 100 μm. 
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Figure 5-15.  TS of mature stem at the epidermis.  A) Sobralia ciliata, Whitten 3529.  B) 

Sobralia mandonii, Whitten 3530.  Scale bars = 100 μm. 
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Figure 5-16.  TS of stem showing detail of individual vascular bundles.  A) Sobralia 

ciliata, Whitten 3529. B) Sobralia rosea, Whitten 531.  Scale bars = 100 μm. 
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Figure 5-18.  TS of roots showing variation in cortex.  Note that A-C have homogeneous 

cortices and that D-E have sclerified idioblasts intermixed within parenchyma.  
A) Sobralia callosa, Blanco 3021.  B) Sobralia recta, Blanco 3010.  C) 
Sobralia mandonii, Whitten 3547.  D) Elleanthus sp., Whitten 3538.  E) 
Elleanthus capitatellus, Neubig 201.  Scale bars = 100 μm.  Arrows indicate 
sclerified cells within cortex. 
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Figure 5-19.  TS of roots showing details of velamen.  A) Epilyna hirtzii, Whitten 2938.  

B) Sobralia portillae, Whitten 2433.  C) Sobralia ciliata, Whitten 3529.  D) 
Sobralia fenzliana, Neubig 212.  E) Elleanthus ensatus, Whitten 3555.  Scale 
bars = 100 μm. 
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Figure 5-20.  TS of roots showing the details of the tilosomes.  A) Sobralia bouchei, 

Blanco 3009. B) Elleanthus aff. gracilis, Whitten 3552.  C) Elleanthus 
caravata, Neubig 202.  Scale bars = 100 μm.  Arrows indicate tilosomes. 
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Figure 5-21.  Pressed specimen of Epilyna hirtzii (Whitten 2938) showing some 

synapomorphies for the genus, including apiculate leaf apices, a lack of 
abscission layer in the leaves between the sheath and the blade, and a 
“ligule” at the apex of the sheath, opposite the blade. 
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Figure 5-22.  Ancestral character-state reconstruction of root tilosome anatomy 

(character 1). 
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Figure 5-23.  Ancestral character-state reconstruction of root sclerified idioblasts 

(character 2). 
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Figure 5-24.  Ancestral character-state reconstruction of root pith cell wall thickness 

(character 3). 
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Figure 5-25.  Ancestral character-state reconstruction of stem shape (character 4). 
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Figure 5-26.  Ancestral character-state reconstruction of leaf sheath tubercles 

(character 5). 
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Figure 5-27.  Ancestral character-state reconstruction of leaf sheath fiber bundle 

presence (character 6). 
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Figure 5-28.  Ancestral character-state reconstruction of leaf sheath air space presence 

(character 7). 
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Figure 5-29.  Ancestral character-state reconstruction of leaf idioblasts with raphides 

(character 8). 
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Figure 5-30.  Ancestral character-state reconstruction of mesophyll composition 

(character 9). 
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Figure 5-31.  Ancestral character-state reconstruction of leaf vernation (character 10). 
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Figure 5-32.  Ancestral character-state reconstruction of leaf margin shape (character 

11). 
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Figure 5-33.  Ancestral character-state reconstruction of midrib exsertion (character 12). 

 



 

259 

 
Figure 5-34.  Ancestral character-state reconstruction of leaf bundle caps on midribs 

(character 13). 
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Figure 5-35.  Ancestral character-state reconstruction of leaf subepidermal parenchyma 

(character 14). 
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Figure 5-36.  Ancestral character-state reconstruction of leaf abscission layer presence 

between sheath and blade (character 15). 
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Figure 5-37.  Ancestral character-state reconstruction of leaf “ligule” presence 

(character 16). 
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Table 5-1. List of species used in this study, voucher numbers, and parts sectioned.  All 
specimens were deposited in the University of Florida herbarium (FLAS).  
Asterisks indicate individuals that were not sequenced in this study; similar 
taxa were chosen as phylogenetic placeholders.  L = leaf; Sh = leaf sheath; St 
= stem; R = root. 

Voucher  Taxon 
Parts 

collected 

Neubig 1-2006 
Bletilla striata 
(Thunb.) Rchb. f. L, Sh, St, R 

Whitten 3552 

Elleanthus aff. 
gracilis (Rchb. f.) 
Rchb. f. L, Sh, St, R 

Neubig 201 
Elleanthus 
capitatellus Dressler L, Sh, St, R 

Neubig 202 
Elleanthus caravata 
(Aubl.) Rchb. f. L, Sh, St, R 

Whitten 3555 
Elleanthus ensatus 
(Lindl.) Rchb. f. L, Sh, St, R 

Whitten 99205 

Elleanthus 
longibracteatus 
(Lindl. ex Griesb.) 
Fawc. L, Sh, St, R 

Whitten 3546 
Elleanthus robustus 
(Rchb. f.) Rchb. f. L, Sh, St 

Neubig 203 Elleanthus sp. L, Sh, St, R 

Whitten 3538 Elleanthus sp. L, Sh, St, R 

Blanco 2934 
Elleanthus stolonifer 
Barringer L, Sh, St 

Whitten 2938 
Epilyna hirtzii 
Dodson L, Sh, St, R 

Blanco 2997 
Epilyna jimenezii 
Schltr. L, Sh, St, R 

Whitten 2937 Sertifera sp. L, Sh, St 

Blanco 3009  

Sobralia bouchei 
Ames & C. 
Schweinf. L, Sh, St, R 

Blanco 3021, Whitten 3275 
Sobralia callosa L.O. 
Williams L, Sh, St, R 

Whitten 3531 
Sobralia caloglossa 
Schltr. L, Sh, St, R 

Whitten 3529 

Sobralia ciliata (C. 
Presl) C. Schweinf. 
& Foldats L, Sh, St, R 

Neubig 5-2006 
Sobralia crispissima 
Dressler L, Sh, St 

Whitten 3532 
Sobralia dichotoma 
Ruiz & Pav. L, R 

Neubig 212 
Sobralia fenzliana 
Rchb. f. L, Sh, St, R 

Blanco 2678, Whitten 3307 
Sobralia gloriana 
Dressler L, Sh, St, R 

Blanco 3011 

Sobralia 
klotzscheana Rchb. 
f. L, St, R 
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Table 5-1. Continued. 

Voucher  Taxon 
Parts 

collected 

 

Blanco 3020  
Sobralia kruskayae 
Dressler L, St 

Whitten 2941* 
Sobralia kruskayae 
Dressler L, Sh, St, R 

Neubig 209 
Sobralia lacerata 
Dressler & Pupulin L, Sh, St 

Whitten 2869 
Sobralia lancea 
Garay L, Sh, St 

Blanco 2681 
Sobralia 
leucoxantha Rchb. f. L, R 

Whitten 3547, Whitten 
93211* 

Sobralia lindleyana 
Rchb. f. L, Sh, St, R 

Blanco 3022, Whitten 3266 
Sobralia 
macrophylla Rchb. f. L, Sh, St, R 

Whitten 3530 
Sobralia mandonii 
Rchb. f. L, Sh, St, R 

Neubig 210 

Sobralia mucronata 
Ames & C. 
Schweinf. L, St 

Whitten 2433 
Sobralia portillae 
Christenson L, R 

Blanco 3010  
Sobralia recta 
Dressler L, St, R 

Whitten 0531 
Sobralia rosea 
Poepp. & Endl. L, Sh, St 

Blanco 2679  

Sobralia 
theobromina 
Dressler L, Sh, St, R 

Blanco 2677, Whitten 2831 

Sobralia 
warszewiczii Rchb. 
f. L, Sh, St, R 
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Table 5-2. List of vegetative anatomical characters and character-states used in 
phylogenetic reconstruction.  Character-states are ordered so that the 
plesiomorphic state is “0.” 

Character number Anatomical or morphological character/ character-state  

1 ROOT, TILOSOME: absent (0), flattened-hat shape (1), scrotiform 
(2) 

2 ROOT, SCLERIFIED IDIOBLASTS IN CORTEX: absent (0), 
present (1) 

3 ROOT, PITH CELL WALLS: thin (0), thick (1) 
4 STEM, SHAPE: rounded (0), dorsiventrally flattened and winged 

(1) 
5 SHEATH, TUBERCLES: absent (0), present (1) 
6 SHEATH, FIBER BUNDLES: absent (0), present (1) 
7 SHEATH, AIR SPACES: present (0), absent (1) 
8 LEAF, IDIOBLASTS WITH RAPHIDES: absent (0), present (1) 
9 LEAF, MESOPHYLL: homogeneous (0), heterogeneous (1) 
10 LEAF, VERNATION: plicate (0), conduplicate (1) 
11 LEAF, MARGIN SHAPE: abaxially longer (0), isodiametric (1), 

adaxially longer (2) 
12 LEAF, MIDRIB: within mesophyll (0), abaxially exserted (1) 
13 LEAF, BUNDLE CAPS OF MIDRIB: extensive thick-walled cells 

associated with midrib (0), thick-walled cells restricted to phloem 
and xylem poles (1) 

14 LEAF, SUBEPIDERMAL PARENCHYMA BETWEEN MIDRIB 
VASCULAR BUNDLE AND EPIDERMIS: present (0), absent (1) 

15 LEAF, ABSCISSION LAYER BETWEEN LEAF AND SHEATH: 
present (0), absent (1) 

16 LEAF, “LIGULE” AT APEX OF SHEATH: absent (0), present (1) 
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Table 5-3.  Character-states for taxa used in ancestral character reconstruction 
analyses of Sobralieae. 

Taxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Bletilla striata 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 

Elleanthus aff. 
gracilis 2 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 

Elleanthus 
capitatellus 1 1 1 0 0 0 0 1 0 0 2 0 1 1 0 0 

Elleanthus caravata 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 0 

Elleanthus ensatus 2 0 0 0 0 1 0 1 1 0 2 0 1 0 0 0 

Elleanthus 
longibracteatus 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Elleanthus robustus ? ? ? 0 0 1 0 1 0 0 ? 0 0 0 0 0 

Elleanthus sp. 
(Neubig 203) 1 1 1 0 0 1 0 1 0 0 0 0 1 0 0 0 

Elleanthus sp. 
(Whitten 3538) 1 1 0 0 0 1 0 1 0 0 ? 0 1 0 0 0 

Elleanthus stolonifer ? ? ? 0 0 1 1 1 1 1 1 0 0 0 0 0 

Epilyna hirtzii 1 0 1 1 0 1 1 1 0 1 0 1 0 0 1 1 

Epilyna jimenezii 1 1 0 1 0 0 1 1 0 1 0 1 0 0 1 1 

Sertifera sp. ? ? ? 0 1 0 0 1 1 0 0 0 1 0 0 0 

Sobralia bouchei 2 0 0 0 0 0 0 1 1 0 ? 0 1 0 0 0 

Sobralia callosa 2 0 0 0 0 0 0 1 1 0 2 0 1 0 0 0 

Sobralia caloglossa 2 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 

Sobralia ciliata 2 1 0 0 0 1 0 1 1 0 2 0 0 1 0 0 

Sobralia crispissima ? ? ? 0 0 1 0 1 1 0 0 0 0 0 0 0 

Sobralia dichotoma 2 0 0 ? ? ? ? 1 0 0 0 0 0 0 0 0 

Sobralia fenzliana 2 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 

Sobralia gloriana 2 1 0 0 0 0 0 1 0 0 2 0 0 0 0 0 

Sobralia 
klotzscheana 2 0 0 0 ? ? ? 1 0 0 2 0 0 1 0 0 

Sobralia kruskayae 
(Blanco 3020) ? ? ? 0 ? ? ? 0 0 0 ? 0 1 0 0 0 

Sobralia kruskayae 
(Whitten 2941) 2 0 0 0 0 0 0 1 0 0 ? 0 1 0 0 0 

Sobralia lacerata ? ? ? 0 0 0 0 1 0 0 ? 0 1 0 0 0 

Sobralia lancea ? ? ? 0 0 0 0 1 0 0 2 0 0 0 0 0 

Sobralia 
leucoxantha 2 0 0 ? ? ? ? 1 0 0 2 0 1 0 0 0 

Sobralia lindleyana 2 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 

Sobralia 
macrophylla 2 0 0 0 0 0 0 1 0 0 ? 0 0 0 0 0 

Sobralia mandonii 2 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 
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Table 5-3.  Continued 

Taxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Sobralia mucronata ? ? ? 0 ? ? ? 1 0 0 ? 0 0 1 0 0 

Sobralia portillae 2 0 1 ? ? ? ? 0 0 0 2 0 1 0 0 0 

Sobralia recta 2 0 0 0 ? ? ? 1 0 0 0 0 1 0 0 0 

Sobralia rosea ? ? ? 0 0 1 0 1 0 0 1 0 1 0 0 0 

Sobralia 
theobromina 

2 0 0 0 0 1 0 1 0 0 2 0 1 0 0 0 

Sobralia 
warszewiczii 

2 0 0 0 0 1 0 1 0 0 2 0 1 0 0 0 
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CHAPTER 6 
CONCLUSIONS 

Discussion 

The objectives of my dissertation were to understand pollination syndromes and 

vegetative features of Sobralieae within a phylogenetic framework.  I inferred 

phylogenetic relationships using DNA data from nrITS and various plastid loci.  I then 

documented the floral anatomy, nectar volume and concentration, and the anatomical 

structures associated with nectar secretion.  These data were combined with published 

accounts of pollinators to hypothesize the evolution of pollination syndromes.  These 

data support the conclusion of multiple origins of hummingbird pollination within the 

tribe.  Bee pollination is likely the plesiomorphic condition for this group, but the 

pollinator(s) of the small-flowered species of Elleanthus and Epilyna is still a mystery.  

These anatomical data reveal the presence of false nectaries and deceit pollination 

within many species of Sobralia.  The species of this tribe that do secrete nectar do so 

by rapidly converting starch stored in the expanded callus within the lip into sugars. 

I also examined evolutionary patterns in vegetative anatomy and morphology 

across the DNA-based phylogeny of Sobralieae.  Most vegetative anatomical characters 

were homoplasious, and many features of the stem were invariant, but a few vegetative 

anatomical features were informative.  Epilyna is defined by conduplicate leaves with 

ligules and a lack of leaf abscission layer, and Sertifera has tubercles on the leaf 

sheaths.  Inflorescence architecture within the Sobralieae is plesiomorphically axillary, 

with independently derived terminal inflorescences in Elleanthus plus Epilyna and in the 

core Sobralia.  Many sections of Elleanthus are readily identified by inflorescence 

structure (i.e., distichous versus spirally arranged, capitate versus racemose, etc.).  
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Unfortunately, although Sobralia sect. Sobralia is readily distinguished from the core 

Sobralia based on axillary inflorescences, sect. Sobralia is not monophyletic, and 

inflorescence variation within that section does not separate the group more finely. 

Species distribution data were combined with phylogenetic data to infer 

biogeographic, temporal, and diversification patterns.  These data show a South 

American origin for the tribe, with two major lineages (i.e., Elleanthus and a subclade of 

core Sobralia) that have diversified as they radiated into Central America.  Analysis 

reveals that these two movements into Central America were contemporaneous and 

resulted in increases in the rate of diversification. 

A final objective is to reconcile the generic classification of the tribe with 

phylogenetic data, resulting in monophyletic genera; the data show that Sobralia is not 

monophyletic.  One nomenclatural solution is to lump all members of the tribe into a 

single genus, for which Sobralia would have priority.  However, inflorescence 

architecture and flower size are largely correlated with the generic concepts Elleanthus, 

Epilyna, and Sertifera; nomenclatural stability favors retention of these generic 

concepts.  Retention of these genera will necessitate the division of Sobralia into 

several monophyletic groups.  However, the vast majority of species of Sobralia are not 

found in the same clade as the type species, S. dichotoma.  Because the goal of 

taxonomy is to provide a usage of names that is as consistent as possible with 

phylogeny, collaborators and I have proposed a change of type species for Sobralia 

(Dressler et al., 2011) that would minimize nomenclatural changes as the smaller 

groups of Sobralia sect. Sobralia are recognized at the generic level.  Any proposed 

generic recircumscriptions will be delayed until this proposed change of type is ruled 
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upon at the next International Botanical Congress in 2017.  Taxon sampling for 

molecular analyses needs to be expanded to clarify what species belong to each clade 

before generic recircumscriptions are finalized.  Using current taxon sampling, an 

informal, new generic classification based upon this work is proposed here (Fig. 6-1). 

The broader implications of these phylogenetic, biogeographic, morphological, and 

anatomical data are the increase of basic knowledge of this yet poorly understood group 

of orchids.  With this work, we move towards the goal of better understanding in species 

diversity.  A more stable classification system provides a better context by which other 

scientific endeavors can be applied.  Because of this, a key to the proposed 

classification system is presented.  Note that two new genera (i.e., new genera 4 and 

5), although phylogenetically distinct according to the DNA data, cannot be 

morphologically separated at this time. 

Key to the Proposed Genera of Sobralieae: 

1. Flowers less than 1 cm wide, and less than 2 cm long…………………………..…….2. 

2. Inflorescences axillary………………………………………….…………..…..Sertifera. 

2. Inflorescences terminal, sometimes appearing axillary because of highly branching 

stem………………………………………………………………...…………………….….3. 

3. Leaves plicate, plants often relatively large (stems usually >20 cm), flowers 

spirally arranged, flowers and/or bracts usually with vivid 

colors…………………………………………………………..…..…Elleanthus, in part. 

3. Leaves conduplicate, usually small plants (stems usually <20 cm), flowers 

distichously arranged, flowers white, bracts with green, white or brown 

colors…………………………………………………...……………….…………….…4. 
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4. Inflorescence held erect (and vaguely fractiflex), bracts much shorter than 

flowers and scarcely surpassing the ovaries………...................………..Epilyna. 

4. Inflorescence usually held horizontally, projected perpendicular to the axis of 

the stem (and strongly fractiflex), bracts barely shorter than the flower and 

surpassing the ovaries…………………………...….Elleanthus sect. Cloidelyna. 

1. Flowers more than 1 cm wide, and more than 3 cm long (usually much 

larger)…………………………………………………….…….…....5 (Sobralia, sensu lato). 

5. Inflorescences terminal, produced once, and only in one flowering 

season………………….…………………………………………………………………….6. 

6. Inflorescences simple, fractiflex, or condensed racemes (with densely 

overlapping bracts and very short internodes), with white, purple, magenta, red, 

brownish or rarely yellow flowers…....….Sobralia, sensu stricto (type = S. biflora). 

6. Inflorescences panicles, with pale to bright yellow flowers……………….………… 

………………………………….………...….….new genus 1 (Sobralia dorbignyana). 

5. Inflorescences axillary, produced in succession with stems often lasting for several 

or more years, and with older inflorescences remaining attached below the newer 

ones………………………………………………………………………………..…………7. 

7. Leaves conduplicate, ~5 mm wide, with no prominent veins, except for the 

midrib…………………………………………….new genus 2 (Sobralia stenophylla). 

7. Leaves plicate, usually more than 5 cm wide, with many prominent 

veins………………………………………………………………………………………..8. 

8. Flowers magenta, with a bright orange spot, perianth usually less than 2 cm 

in length………………………………………...…...new genus 3 (Sobralia ciliata). 
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8. Flowers variously colored, perianth usually more than 4 cm in 

length…….............................................................................................................. 

…..…..new genera 4 & 5 (Sobralia portillae group & Sobralia dichotoma group). 
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Figure 6-1.  Phylogenetic tree from 6-locus ML analysis of DNA data, outlining generic 

circumscriptions of current genera (in black boxes) and new genera to be 
delimited (black text, to right).  
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