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This research project produced the first molecular phylogeny for one of the 

largest Andean butterfly radiations, the genus Catasticta Butler, 1870, and employed 

that phylogeny to investigate critical questions about how evolution has proceeded in 

this important but poorly studied group. DNA sequences for one mitochondrial (COI) 

and three nuclear (EF-1a, CAD and GAPDH) genes were generated for 78 species. 

This phylogeny was then used to test several hypotheses about the timing of 

diversification, ancestral area of origin and wing pattern evolution in the genus. 

The genus Catasticta was not recovered as monophyletic since C. cerberus was 

recovered as a lineage sister to Charonias and the genus Archonias was recovered 

inside Catasticta. Therefore, based on these results, I propose changes in the taxonomy 

to conserve Catasticta as monophyletic, including the synonymy of Archonias (n. syn.). 

The time calibrated phylogenetic tree indicates that the most-recent common ancestor 

occurred around 22.49 Ma and this originated in the Mesoamerican Montane region. 

Most of the speciation events at the species level have occurred between 5 to 12 Ma, 

and this period of time corresponds to the most important period of uplift of the Andes. 
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Complexity of ventral wing pattern, possibly used in camouflage of males feeding on 

river banks, increased significantly with elevation, while sexual dimorphism showed no 

clear pattern with elevation. The origin and uplift of the Andes have therefore played an 

important role in the speciation and diversification of these butterflies.  

Locality data points were compiled for all species of Catasticta and used to 

estimate the distributions of all species. By overlaying species maps, the richness of 

Catasticta was also estimated, and this showed a clear pattern of high species richness 

in the Andes and in particular on the eastern slope, where as high as 37 species can be 

found in some areas. An important factor that limits the distribution of many of the 

species is elevation.  

This research sheds new light on the origin and diversification of Catasticta, and 

suggests that revision of the species-level taxonomy in a number of cases is still 

required, using molecular methods. 
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CHAPTER 1 
INTRODUCTION 

The Neotropical Region is one of the most biologically diverse areas on the 

planet, and the major geographical features in Central America and South America 

have created conditions that support a rich variety of ecosystems. One of the most 

prominent geographical formations in South America is the Andes. This continuous 

chain of mountains along the western coast of South American continent contains 

innumerable habitats, which support an amazing diversity of flora and fauna (Myers et 

al., 2000). 

The tropical Andes contain thousands of endemic species (plants, Gentry et al., 

1987, Brako and Zarucchi, 1993; Jørgensen and León, 1999; birds, Ridgely and 

Greenfield, 2001; Hilty and Brown, 1986; Schulenberg et al., 2007; amphibians, 

Duellman, 2004, 2005, 2007; mammals, Albuja and Patterson, 1996; Eisenberg, 1989, 

1999; Ceballos and Ehrlich, 2006; insects, Erwin, 1982; Hogues, 1993), including 

butterflies, a group of insects that is also very species-rich in the Andes (Lamas, 2004). 

These high levels of biodiversity in virtually all organisms are believed to be the result of 

geological, geographical and ecological factors (Rull, 2011), which have been affecting 

organisms since the formation of the Andes and after the mountains reached their 

current altitude.  

The recent uplift of the Andes in the Miocene-Pliocene, mainly in the last 10-6 

million years (Gregory-Wodzicki, 2000; Garzione et al., 2008; Ghosh et al., 2006), is 

thought to have played an important role in the diversification of Neotropical organisms 

(Hoorn et al., 2010). The formation of this new chain of mountains isolated lowland 

organisms on either side of the mountains (Haffer, 1967; Lynch and Duellman, 1997), 
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produced the formation of new higher-elevation habitats where colonization and 

speciation could occur (Graham et al., 2004; Hughes and Eastwood, 2006), and 

changed the regionôs climate (Hartley, 2003; Ehlers and Poulsen, 2009). 

The geological characteristics of Andes and the presence of well-known 

geographical isolating barriers such as the deep and arid Inter-Andean valleys in the 

northern Andes, the Táchira Depression on the Colombia/Venezuela border, and the 

Marañon river in northern Peru, have been regarded as important in the speciation of 

both fauna and flora (Chaves and Smith, 2011; Masello et al., 2011). These barriers 

have served as boundaries between different species (Chaves and Smith, 2011), 

prevented or defined the directionality of dispersal events of organisms in colonizing 

new habitats (Masello et al., 2011), and played an important role in gene flow between 

populations, causing allopatric speciation in several taxa (Coyne and Orr, 2004).  

In addition to these factors, the geographical location of the Andes in the Tropics, 

the influence of oceanic currents such as the Humboldt and the North Equatorial, and 

the high altitude of the mountains had a significant impact on the local climate, 

especially in temperature, humidity and precipitation, resulting in climatic zones that 

often correspond closely with elevation. Variation in other environmental factors, such 

as geology, soil composition and pH, contribute to the formation of numerous different 

environments, which when experienced by geographically isolated populations, have 

been the drivers of divergence and formation of new species through ecological 

speciation (Orr and Smith, 1998; Schluter, 2001). 

The dynamic history that this region has experienced after the main period of 

uplift, including volcanic eruptions and glacial periods during Pleistocene-late Holocene, 
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have also influenced and helped to maintain the high biodiversity of these mountains 

(Simpson, 1975; Sandel et al., 2011; Brumfield and Edwards, 2007; Chaves et al., 

2007; Ribas et al., 2007; Koscinski et al., 2008). 

Finally, biotic factors have also helped to generate and maintain the Andesô 

remarkable biodiversity. Inter- and intraspecific interactions, competition, the restricted 

distribution of species to often very small and specific habitats, the tendency for 

ecological traits to remain similar over time (niche conservatism), the relationship 

between habitat age and species richness (time for speciation effect), and extinction 

rates, have also all been considered to be important elements that have contributed to 

and possibly explain the high diversity of the Andes. 

As we can see, the high diversity in the Neotropics is not the result of one factor, 

but instead is the result of complex ecological, geographical and evolutionary 

interactions. However, this mega-diversity is being threatened by human factors, 

particularly deforestation, global climate change and invasive species. Thus the Andes 

in the recent years have been identified as a global biodiversity hotspot that merits 

special attention from conservation programs (Myers et al., 2000). The study of Andean 

groups should therefore contribute not only to understanding why the Neotropics have 

so many species and why and how radiations has occur, but also creating a focus on 

conservation concerns of this fauna. 

One of the most promising groups for studying the origins and conservation of 

tropical Andean biodiversity are the butterflies, which are, perhaps, with the exception of 

birds, the best known highly diverse group of Neotropical organisms. However, despite 

the fact that the Andes have been the focus of intensive butterfly inventories during the 
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past century, and that in recent years a number of researchers have spent a significant 

amount of time surveying this area (e.g., Willmott and Hall, Viloria, Pyrcz, Lamas, 

Bollino), numerous new taxa in different families are still described every year, including 

both species and genera. In addition, there remain many genera that have been 

historically poorly studied. From a biogeographic perspective, lineages that show 

spectacular radiations within the tropical Andes offer perhaps the greatest potential for 

understanding broader patterns in the evolution of this regionôs biodiversity. One of the 

groups of butterflies that is the most diverse and abundant in Andean regions is the 

pierid tribe Pierini, whose diversity is due mainly to the presence of a single genus, 

Catasticta Butler, 1870. 

The Genus Catasticta 

Catasticta is one of the largest Andean butterfly radiations and it is restricted to 

Central and South America where its species inhabit forest from 500-3900m. Some 

Catasticta species appear to be mimics of other species and genera, even though 

relatively little is known about the natural history of the genus. The few hostplant 

records that are available for the genus (Beccaloni et al., 2008; Braby and Nishida, 

2010; Montero and Ortiz, 2013) indicate to be associated with tree-borne epiphytes and 

thus potentially of great conservation importance due to the accelerated loss of forest 

habitats. Furthermore, certain species have very restricted ranges and are confined to 

narrow elevational bands. All of these attributes suggest that Catasticta is a potentially 

valuable study group for biogeographic and conservation research. However, taxonomic 

and systematic studies, both at the species level and higher, are needed to provide the 

foundation for such broader research. The limited geographic ranges of many species, 

the inaccessibility of their Andean habitats, and the similar appearance of many species 
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have resulted in a number of species being either difficult to collect or often overlooked 

by researchers, and thus some Catasticta are very poorly represented in most 

collections. In a number of cases the species taxonomy requires closer study, 

particularly because the similar wing patterns among species make associating of 

allopatric taxa complicated. Furthermore, the use of molecular sequence data in 

phylogenetic revisions of butterflies (Peña et al., 2006; Monteiro and Pierce, 2001; 

Braby et al., 2006) has highlighted the potential value of these data sets for better 

understanding species-level relationships and to providing a foundation for evolutionary 

studies. To date, however, the genus Catasticta has not been thoroughly studied with 

the use of molecular sequence data. 

In summary, their confinement to extremely diverse montane regions, high 

species diversity, narrow distributions and potential conservation interest make 

Catasticta one of most interesting groups of butterflies in the Neotropics and one which 

could be a great study subject in various fields. However, a firm taxonomic basis and 

evolutionary hypothesis for the genus are the first priorities for future studies of the 

group. 

Scope of the Project 

In this project I examine the systematics and biogeography of Catasticta, with the 

following objectives: 

1. Generate the first species-level molecular phylogeny for this genus; 
resolve several important taxonomic problems at the species-level, testing the validity of 
subgenera and defining species groups, and studying phenotypic character evolution, 
especially in the wing pattern and sexual dimorphism.  

2. Identify dominant geographic modes of speciation in the genus. The 
phylogeny for the genus will be used to examine whether speciation tends to occur in 
sympatry or allopatry. In addition, I will examine whether speciation is associated with 
shifts in elevation, latitude or habitat. 
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3. Look for important factors limiting Catasticta distribution. I plan to identify 
where major breaks in Catasticta species/clade distributions occur and examine 
whether they correspond to geographic barriers, climatic barriers, related replacement 
species, or other factors.  

4. Finally, I will identify the determinants of species richness in Catasticta. I 
will map species richness in Catasticta by overlaying modeled distributions for all 
species, and then search for correlations between richness and potential explanatory 
climatic and historical variables. 
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CHAPTER 2 
REVIEW OF TAXONOMY AND BIOLOGY OF CATASTICTA 

Taxonomy  

The Family Pieridae 

The family Pieridae is composed of approximately 1,100 described species 

(Ackery et al., 1999; Vane-Wright, 2003). The family is divided into four subfamilies, 

Pseudopontiinae, Dismorphiinae, Coliadinae and Pierinae (Ackery et al., 1999; Vane-

Wright, 2003), of which the last three occur in the Neotropics, and is divided into 83 

genera (Braby, 2005; Braby et al., 2006). This family of butterflies are found in all parts 

of the world, and include species of major economic significance, such as the cabbage 

whites (Pieris). Although they are well represented in temperate regions, the Pieridae is 

a family that is particularly diverse in the tropics, especially in Africa and the Americas. 

A total of 339 species are known in the Neotropics (Lamas, 2004), but it is estimated 

that this number will increase, because each year new species are discovered and 

described (e.g., Miller et al., 2007; Bollino, 2008).  

The butterflies in this family have six walking legs, the tarsal claws are bifid and 

the venation is distinct from other families (Triplehorn and Johnson, 2004). Although the 

family exhibits a wide variety of wing color patterns, in most Neotropical species yellow 

and white colors predominate, with or without the presence of red or orange spots and 

black. White, yellow, orange and red colors are due to the presence of pigments of the 

pterins class (pterins, white color; xanthopterin, yellow color; chrysopterin, orange color; 

and erythropterin, red color), which are found only in this family of butterflies (Pfeiler, 

1970; Britton, 1983). A curious fact is that the English name "butterfly" likely originates 
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from a member of this family, Gonepteryx rhamni (Linnaeus, 1758), which due to its 

color was called "butter-colored fly" by the first British naturalists (Carter, 1992).  

Pieridae host plants are mainly in the Fabaceae, Caesalpiniaceae, Mimosaceae, 

Capparaceae, Cruciferae and Loranthaceae (Beccaloni et al., 2008). Some of these 

plants are known to have toxic chemicals, which may serve as oviposition cues 

(Renwick and Radke, 1988; Thompson and Pellmyr, 1991). It has also been suggested 

that some pierid species sequester and store secondary plant compounds, rendering 

adults toxic and therefore avoided by predators such as birds, reptiles, mammals and 

insects (DeVries, 1987). For example, the genus Pieris feeds on plants belonging to the 

families Brassicaceae and Capparaceae (Chew, 1979), which contain glucosinolates 

(mustard oil glucosides), compounds which act as a defence mechanisms against 

generalist herbivores (Feeny, 1977; Chew, 1988). In the past it was assumed that the 

butterflies sequester glucosinolates for defense, but new data suggest that these 

butterflies metabolize and eliminate the mustard oils in a nontoxic form (Wittstock et al., 

2004). Braby and Trueman (2006) further explored the possible relationship between 

host specialization and plant chemistry in the subfamily Pierinae, and hypothesized that 

mistletoe-feeding has conferred unpalatability and led to the evolution of aposematism. 

Mistletoe-feeders have warning coloration on the ventral wings, with the larvae being 

highly gregarious, adults advertising their warning patterns with slow, deliberate flight 

and being apparently involved in mimicry (DeVries, 1987). In contrast, the pierines 

which feed on Brassicaceae or mistletoe host trees have generally not acquired these 

attributes. However, they emphasized that the presence of secondary compounds in 
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mistletoes, and sequestration of those compounds by mistletoe-feeders, has not been 

established conclusively and further research is needed. 

Adult Pieridae feed on flower nectar, and they are some of the most commonly 

seen butterflies in gardens, along forest edges, in the forest canopy and along rivers. 

Among one of the most interesting behaviors that is widespread within Pieridae is "mud-

puddling" (Adler and Pearson, 1982) (Figure 1-5), where hundreds of individuals of 

different species may be observed feeding at mud, sand or water along roads, streams 

and river banks. Through this behavior males obtain salts and other compounds that are 

otherwise difficult to obtain in their diet and which are very important for egg fertilization 

(Boggs and Jackson, 1991; Beck et al., 1999). 

Another interesting feature of Pieridae biology is that some species have 

ultraviolet wing patterns, especially in the subfamily Coliadinae (Ronald et al., 2007). 

Species that appear to have similar color patterns to the human eye may show 

significant differences when exposed to ultraviolet light, and it is believed that such 

pattern differences are used in mate recognition as well as by males to compete for 

females (Kemp et al., 2005). 

The Subfamily Pierinae 

Butterflies in this subfamily are usually white in color, with black patterns on their 

wings, though some species have yellow and/or red patterns on the ventral hindwing. 

Their host plants belong mainly to the families Capparaceae, Brassicaceae, 

Santalaceae and Loranthaceae (Beccaloni et al., 2008). Pierinae contains 

approximately 840 species in 57 genera (Ackery et al., 1999; Braby, 2005), with 32 

genera and 217 species in the Neotropics divided between the tribes Anthocharidini and 

Pierini. 
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Braby et al. (2006) used molecular characters to reconstruct the phylogeny of the 

Pieridae. They found strong support for the monophyly of Pierinae and reclassified the 

subfamily into two tribes, Anthocharidini with 6 genera and 26 species in the Neotropics, 

and Pierini, with 23 genera and 191 species in the Neotropics (Lamas, 2004). The 

Pierini is a conspicuous group of butterflies, which occur at low, middle to high 

elevations throughout the Neotropical region. Adult size ranges from small to relatively 

large (30ï80 mm approximate wing span). The wing pattern is generally dominated by 

tones of yellow, white, red and dark grey, but the group is also rather rich in colorful 

markings varying from orange to iridescent blue. The highest proportion of Pierini 

species inhabits very humid cloud forest where their known or presumed larval 

hostplants, in the families Fabaceae, Caesalpinaceae, Mimosaceae, Capparidaceae, 

Brassicaceae and Loranthaceae (Beccaloni et al., 2008), are particularly abundant.  

The tribe Pierini was classified by Braby et al. (2006) into three subtribes, 

Appiadina, Pierina, Aporiina, with three remaining genera, Elodina, Dixeia, Belenois. 

The Aporiina are medium-sized butterflies (wingspans in the range 40ï80 mm) and are 

relatively specialized ecologically. They do not appear to disperse long distances, 

although several lowland species migrate irregularly within their broad areas of 

distribution (Braby, 2007). The Aporiina is treated as a monophyletic group with respect 

to other Neotropical Pierini based on the molecular analysis by Braby et al. (2006). 

Aporiina was a well-supported clade in that study, containing 16 genera: Cepora, 

Prioneris, Mylothris, Aporia, Coliates, Delias, Leuciacria, Melete, Oligodonta, Leodonta, 

Pereute, Neophasia, Eucheira, Catasticta, Charonias and Archonias (Braby et al., 

2007). These genera grouped into six major subclades or lineages: Cepora, Prioneris, 
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Mylothris, Aporia, Delias group, and Catasticta group. According to Braby and Nishida 

(2010), Aporiina genera also share a number of eggs, larval and pupal characteristics 

that are unique to this subtribe. The egg is barrel or bottle-shaped with numerous fine 

longitudinal ribs forming prominent protuberances or nodules at the rim of the apex, and 

it is either white, bright yellow or green. The eggs are always deposited on a leaf of the 

larval food plant in clusters, which vary in size from 7 (C. cerberus) to more than 350 (E. 

socialis) (Underwood, 1994; cited by Braby and Nishida, 2010). In the first larval instar 

the body is furnished with a pair of dorsal setae on each segment that terminate in a 

club (Melete) or simple spine (Pereute, Catasticta). Larvae of almost all of the Aporiina, 

with perhaps the exception of members of the Delias pasithoe species group from the 

Oriental region, are cryptic. The majority of species for which life histories are known 

feed as larvae on hemi-epiphytes ómistletoesô in the order Santalales. The pupae are 

fairly similar in profile, and usually furnished with an anterior projection on the head (C. 

cerberus), or a prominent óforkô-shaped projection (Leodonta, Catasticta) (Braby and 

Nishida, 2010). 

Catasticta Butler (1870) 

With its wings intricately marked with some combination of black, red, yellow, 

brown and white, the genus Catasticta is a singularly beautiful group. Catasticta is 

entirely Neotropical with 96 recognized species (Lamas, 2004; Bollino and Boyer, 2008; 

Bollino, 2008), all of which are restricted to mountain habitats from Central America 

(Mexico), to South America (northern Argentina) and with only one species (C. bithys) 

inhabiting the south east of Brazil (Lamas, 2004; DôAbrera, 1981). The greatest diversity 

of these butterflies is found in the Andes of Colombia, Ecuador, Peru and Bolivia. 

Catasticta is widely considered one of the most difficult groups for taxonomic study in 
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the neotropics (e.g., Eitschberger and Racheli, 1998; DôAbrera, 1981). This is due to the 

lack of morphological characteristics that can be easily used to separate species, 

geographic variation and rarity in collections, all of which have led different authors to 

recognize significantly different numbers of species for this genus. For example, Brown 

(1952) recognized 92 species, Eitschberger and Racheli (1998) 76 species and Lamas 

(2004) 96 species. In addition, inconsistent descriptions of new taxa have not made 

comparative studies easier. 

History of Classification 

Catasticta was described by Butler (1870) with type species Euterpe nimbice 

Boisduval 1836, a taxon whose type locality is Veracruz, Mexico (Butler, 1870). Butler 

also included C. semiramis Lucas, C. bithys Hübner and C.teutila, Lucas in the genus, 

and based his description mainly on characters of wing venation. Klots (1933) revised 

the taxon and included some genitalia characteristics to define the genus. 

The earliest named species now included in Catasticta was named Papilio 

sisamnus by Fabricius in 1793; in1824 Hübner figured a second species as Delias 

bithys. After this, several additional species were described by Swainson (1831) under 

the name Euterpe (which then included Catasticta, Archonias, Charonias, Pereute and 

Leodonta). During the following years a number of new species were described and 

added to the genus (Hewitson, 1868, 1869 and 1872). Butler (1872, 1896, 1897 and 

1901) described several new species (C. sinapina, C. reducta, C. cinerea, C. vulnerata, 

C. tricolor, and C. apaturina) from Costa Rica, Venezuela, Ecuador, Peru and Bolivia. 

Subsequently, Lathy and Rosenberg (1912) described ten further species: C. 

albofasciata, C. seitzi, C. watkinsi, C. distincta, C. leucophaea, C. lanceolata, C. 

aureomaculata, C. truncata, C. superba and C. similis, from Colombia, Venezuela, Peru 
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and Ecuador. Fassl (1915) and Joicey et al. (1915) added five new species to the 

genus: C. socorrensis, C. rosea, C. fulva, C. huancabambensis and C.grisea from 

Colombia, Ecuador, Peru and Bolivia.  

Subsequently, Brown (1932a) described C. duida from Tepui on the 

Brazil/Venezuela border, the second known species from Brazil. Shortly after, Brown 

and Goodson (1940) incorporated two additional species to the genus, C. fulva and C. 

scaeva from Colombia and Peru.  

The study of Catasticta was apparently affected during the First and Second 

World Wars because active researchers from Germany and England were unable to 

visit collections to review important material when working on this genus. After the 

Second World War, in an unpublished manuscript F. M. Brown (1952) recognized 92 

species for the genus described at that time. Baumann and Reissinger (1969) described 

two new species: C. tamsa and C. lisa. In an important work Reissinger (1972) 

published the first classification of Catasticta, in which he split the genus into several 

groups of species (see below) and in which he described a number of new species, 

including C. arborardens and C. potameoides. 

D'Abrera (1981) presented a list of best-known species with photographs, but 

also made several taxonomic mistakes (Robert, 1987). Ten year later Eitschberger and 

Racheli (1998) provided a list of 76 Catasticta species in a publication based on the 

previous work of Reissinger and Robert, including two new species C. ludovici and C. 

sella, and several new subspecies. The same year Jasiñski (1998) described a new 

species, C. thomasorum, from the Cordillera Lagunillas in southern Ecuador.  



 

27 

Bollino (2002, 2004a and 2004b), Bollino and Rodriguez (2003), described a 

number of new subspecies from Colombia and Peru, and Lamas and Bollino (2004) 

presented revisional notes on the ñamastrisò group, describing two new species, C. 

vilcabamba and C. abiseo. The most up-to-date checklist of the genus was published by 

Lamas (2004), including a total of 93 species in Catasticta.  

Following the publication of Lamaôs checklist (2004), several new species and 

subspecies have been described, including Casticta pillcopata and C. pyrczi from Peru 

by Bollino (2008) and C. poujadei condor Radford and Willmott, 2013 from Ecuador. 

Bollino and Boyer (2008) elevated C. coerulescens to species rank, increasing the total 

to 96 currently recognized species in the genus Catasticta. 

Diagnosis 

Due to the large number of species (96), subspecies (257), variation in color wing 

color pattern, and very little variation in genitalia, it is very difficult to find morphological 

synapomorphies for the entire genus. Nevertheless, some characters, particularly from 

the wing venation and wing underside pattern (Figure 1-1.), can be used to diagnose 

Catasticta and separate it from other genera in the subtribe Aporina (with some 

exceptions in some species): 

1. Presence of a long hindwing subcostal vein. 

2. Interneural yellow submarginal stripes on the ventral hindwing. 

3. Interneural yellow marginal dashes on ventral forewing (not in C. 

pharnakia). 

The genitalia have never been used to diagnose the genus or its species. I have 

dissected 50 species, and did not find any useful variation in comparison with other 

genera, and several authors (D'Abrera, 1981; Eitschberger and Racheli, 1998; Lamas 
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and Bollino, 2004) also concluded that the male genitalia are useless in the taxonomy of 

Catasticta. 

Generic Description 

The description of the genus by Butler (1870) was based mainly on the shape 

and venation of the wings:  

Front wings. Second subcostal branch emitted at end of cell; third and fourth 
forming a short fork toward apex; upper discoidal springing from subcostal at 
some distance beyond cell. Hindwings. Second and third median branches 
emitted near together. Body hairy; palpi hairy; antennae long, terminating in a 
flattened club (Butler, 1870: 43). 

 
Godman and Salvin (1889) added a general description of the genitalia: 

The secondary male sexual organs have the harpagones simple lobes, setose on 
the outer surface and rounded at the end, at the ventral edge near the base is a 
strong spine directed outwards; the tegument has a short stout terminal point. 
The bursa copulatrix of the female has an oval patch thickly set with short 
spinous papillae; edges of this patch seem to be turned inward. The female 
character seems to vary in different species: In C. sisamnus it is as we described 
it, while in C. teutila it is oval and constricted in the middle, and thus resembles 
that of Leodonta (Godman and Salvin, 1889: 65). 

 
Röber (1911, cited by Brown, unpublished manuscript) pointed out that there are 

only slight structural differences between Catasticta Butler and Archonias Hübner, but 

that the general appearances of the species in the two genera warrant their separation. 

Klots (1933), in his review of Pieridae genera, described the genus in further detail: 

Antennae fairly long, with flattened, abrupt club; palpus with third joint slender, 
more than half as long as second; both primary and secondary with discall cell 
long; primary with R1 and R2 from cell, the latter from the end, R3 and R4+R5 
long stalked with free part of R4+R5 less than half as long as distance from end 
of cell to its base. M1 stalked about a quarter to a third way from end of cell to 
fork of R3 and R4+R5, mdc and ldc about equal in length, long straight; 
secondary with humeral long, slightly turned based, often forked at tip; penis 
considerably longer than tegument-uncus, fairly slender, with basal prong, 
strongly bent from base; saccus very short and thick; tegument large and wide, 
with very small articulatory process; uncus short, pointed, free part about one-
third of its ventral length; a slight chitinization beneath anus (sub-scaphium); 
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juxta small; harpe rounded, with no armature, the dorsal margin considerably 
swollen dorsal (Klots, 1933: 231). 

Veins 

Brown (1952) found the venation to agree with Klotsô description, and, with the 

exception of the radial branches of the forewing, to show little variation, none of which 

seems to be of great taxonomic value (Figure 1-2). Dixey (1932) examined the 

morphology of the plume-scales (scent-distributor scales locate in the upper surface of 

the wings in males) of Catasticta and he found differences in size, shape and structure 

in more than 30 species. 

The wing pattern 

One of the first characteristics that one notes when is working with Catasticta is 

the intricacy of the wing pattern, especially on the ventral hindwing. In some species 

very slight changes are important in identifying taxa (Figure 1-3). 

According to Brown (1952), the pattern of the upperside can be divided into three 

zones: the dark basal area, the light discal area, which can be modified by lines of dark 

scales or so greatly expanded that little remains of the dark areas, and the dark limbal 

band. The dark limbal band can be modified by series of marginal light dots and is 

divided into two parts by a light submarginal area. In some species this division is so 

marked that the surface appears divided into three dark and two light zones. Some 

species bear a pattern so highly modified that this dark zone is almost obliterated. In the 

underside the marginal and limbal series of spots are highly modified and often present 

a zigzag pattern of contrasting colors. Differences between some of the more similarly-

appearing species are most readily seen in these general areas. At the base of the 

ventral hindwings there are pairs of red spots (Brown, 1952). 
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Genitalia 

Earlier studies have concluded that Catasticta male genitalia are almost useless 

for species separation, with the male genitalia being structurally simple and invariable 

throughout the genus (Brown, 1952; Eitschberger and Racheli, 1998). 

The valvae are simple lobes with an undulated, curved margin. The tegumen is 

heavy and wide and tapers abruptly to the slender vinculum. There is a very short 

articulatory process joining the tegumen and valves. The uncus is stubby and pointed; 

the saccus is short and heavy. The aedeagus is moderately slender and arched; it has a 

strongly bent basal prong directed caudally (Brown, 1952) (Figure 1-4). 

Because, there are so few specimens deposit in collections, there there has been 

only limited study of female genitalia. Brownôs (1952) description is as follows: 

External parts are small and densely covered with long dark hair scales. Upon 
opening the abdomen the egg stalks are found to be extensive and situated 
basal to the bursa copulatrix. The bursa seems to be constricted towards its 
connection with the ducta bursa and bears a signum of small irregular bits of 
chitin arranged something like a crescent (Brown, 1952: 34). 

 
Classification 

Catasticta is one of the Neotropical genera that was formerly included within 

Swainsonôs genus Euterpe. The current hypothesis of relationships for Aporiina genera 

is based upon the molecular phylogenetic study of Wahlberg et al. (2014). According to 

this study, Catasticta may be paraphyletic, since they found C. cerberus to be a sister 

clade to the remaining Catasticta plus the sister clades of Archonias and Charonias. 

These last two genera share a number of larval and pupal similarities with Catasticta, 

which seemingly confirm their close systematic relationship (Braby and Nishida, 2010). 

The current species taxonomy is based mainly on the wing pattern, which in 

some cases is insufficiently variable to confidently define species and thus has made 
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the taxonomy unclear in those cases (Bollino and Boyer, 2008). Therefore, the use of 

molecular characters could be of great significance in improving our understanding of 

both species-level and higher taxonomy of Catasticta, as well as providing a phylogeny 

for biogeographic studies.  

The following taxonomic arrangement follows Lamas (2004), updated with higher 

classification from Braby et al. (2006, 2007) and with additional modifications and 

additions from Bollino and Costa (2007), Bollino (2008) Bollino and Boyer (2008) and 

Radford and Willmott (2013). 

Family: Pieridae 

Subfamily: Pierinae 

Tribe: Pierini 

Subtribe: Aporiina 

Genus: Catasticta 

Catasticta, Butler 1870 

Catasticta subgenus Archonoia Reissinger, 1972 

Catasticta subgenus Pierinoia Reissinger, 1972, unavail. (ICZN, Art. 13.1) 

Catasticta subgenus Leodontoia Reissinger, 1972, unavail. (ICZN, Art. 13.1) 

Catasticta subgenus Hesperochoia Reissinger, 1972, unavail. (ICZN, Art. 13.1) 

abiseo Lamas & Bollino, 2003 

affinis Röber 1909 

a) affinis Röber, 1909 

b) giga Brown & Gabriel, 1939 

albofasciata Lathy & Rosenberg, 1912 

a) albofasciata Lathy & Rosenberg, 1912 
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b) rubroreducta Reissinger, 1972 

amastris Hewitson, 1874 

a) amastris Hewitson, 1874 

b) dentata Lathy & Rosenberg, 1912 

anaitis Hewitson, 1869 

a) anaitis Hewitson, 1869 

b) felicitas Eitschberger & Racheli, 1998 

c) sordida Butler, 1897 

d) suasella Röber, 1908 

apaturina Butler, 1901 

a) apaturina Butler, 1901 

b) citra Brown, 1939 

c) subturina Reissinger, 1972 

d) supraturina Reissinger, 1972 

arborardens Reissinger, 1972 

atahuallpa Eitschberger & Racheli, 1998 

aureomaculata Lathy & Rosenberg, 1912 

a) aureomaculata Lathy & Rosenberg, 1912 

b) gabrieli Reissinger, 1972 

c) [n. ssp.], Lamas MS 

bithys Hübner, [1831] 

cerberus Godman & Salvin, 1889 

chelidonis Hopffer, 1874 
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a) chelidonis Hopffer, 1874 

b) contrasta Reissinger, 1972 

c) igneata Reissinger, 1972 

d) jacinta Butler, 1901 

e) taminoides Eitschberger & Racheli, 1998 

chrysolopha Kollar, 1850 

a) chrysolopha Kollar, 1850 

b) adamsi Eitschberger & Racheli, 1998 

c) quiroza Brown, 1939 

d) spectrum Reissinger, 1972 

e) [n. ssp.] Lamas, MS 

f) beatrizae Bollino & Costa, 2007 

cinerea Butler, 1897 

a) cinerea Butler, 1897 

b) ariadne Reissinger, 1972 

c) hollandi Avinoff, 1926 

d) laurentina Eitschberger & Racheli, 1998 

e) rochereaui Le Cerf, 1924 

f) substituta Eitschberger & Racheli, 1998 

g) suprema Fassl, 1915 

coerulescens Eitschberger & Racheli, 1998 

colla Doubleday, 1847 

a) colla Doubleday, 1847 
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b) philomene Röber, 1908 

c) punctata Lathy & Rosenberg, 1912 

collina Brown, 1939 

a) collina Brown, 1939 

b) carpis Reissinger, 1972 

cora Lucas, 1852 

corcyra Felder & Felder, 1859 

a) corcyra Felder & Felder, 1859 

b) staudingeri Butler, 1897 

ctemene Hewitson, 1869 

a) ctemene Hewitson, 1869 

b) actinotis Butler,1872 

c) alma Hopffer, 1874 

d) grisella Eitschberger & Racheli, 1998 

e) rubricata Weymer, 1907 

f) strigosa Butler, 1896 

g) zebrella Fruhstorfer, 1912 

h) [n. ssp.] Lamas, MS 

discalba Brown & Gabriel, 1939 

distincta Lathy & Rosenberg, 1912 

duida Brown, 1932 

eurigania Hewitson, 1870 

a) eurigania Hewitson, 1870 
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b) straminea Butler, 1896 

eximia Röber, 1909 

a) eximia Röber, 1909 

b) lamasi Eitschberger & Racheli, 1998 

ferra Brown & Gabriel, 1939 

a) ferra Brown & Gabriel, 1939 

b) ferruginosa Eitschberger & Racheli, 1998 

c) orcas Eitschberger & Racheli, 1998 

d) putumayo Eitschberger, 1998 

flisa Herrich-Schäffer, [1858] 

a) flisa Herrich-Schäffer, [1858] 

b) archoflisa Eitschberger & Racheli, 1998 

c) arechiza Reakirt,1866 

d) briseis Eitschberger & Racheli, 1998 

e) dilutior Avinoff, 1926 

f) duna Eitschberger & Racheli, 1998 

g) flisandra Reissinger, 1972 

h) flisella Reissinger, 1972 

i) flisoides Eitschberger & Racheli, 1998 

j) melanisa Eitschberger & Racheli, 1998 

k) noakesi Joicey & Rosenberg, 1915 

l) postaurea Brown, 1933 

m) viloria Bollino & Costa, 2007 
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frontina Brown & Gabriel, 1939 

a) frontina Brown & Gabriel, 1939 

b) muehlei Eitschberger & Racheli, 1998 

c) zamorana Eitschberger & Racheli, 1998 

fulva Joicey & Rosenberg, 1915 

a) fulva Joicey & Rosenberg, 1915 

b) kentae Brown & Goodson, 1940 

c) [n. ssp.] Lamas, MS 

grisea Joicey & Rosenberg, 1915 

hebra Lucas, 1852 

a) hebra Lucas, 1852 

b) apollinari Fassl, 1915 

c) crowleyi Butler, 1901 

d) mariae Eitschberger & Racheli, 1998 

e) potamea Felder & Felder, 1861 

hegemon Godman & Salvin, 1889 

a) hegemon Godman & Salvin, 1889 

b) helle Röber, 1924 

c) tatae Brown & Gabriel, 1939 

huancabambensis Joicey & Rosenberg, 1915 

a) huancabambensis Joicey & Rosenberg, 1915 

b) bamba Reissinger, 1972 

huebneri Lathy & Rosenberg, 1912 
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incerta Dognin, 1888 

a) incerta Dognin, 1888 

b) concerta Eitschberger & Racheli, 1998 

lanceolata Lathy & Rosenberg, 1912 

a) lanceolata Lathy & Rosenberg, 1912 

b) alexandra Bollino & Rodríguez 2003 

leucophaea Lathy & Rosenberg, 1912 

a) leucophaea Lathy & Rosenberg, 1912 

b) lathyi Joicey & Talbot, 1918 

lisa Baumann & Reissinger, 1969 

ludovici Eitschberger & Racheli, 1998 

lycurgus Godman & Salvin, 1880 

manco Doubleday, 1848 

a) manco Doubleday, 1848 

b) capac Eitschberger & Racheli, 1998 

c) reissingeri Eitschberger & Racheli, 1998 

marcapita Röber, 1909 

a) marcapita Röber, 1909 

b) roberti Reissinger, 1972 

c) boettgeri Bollino & Lamas, 2004 

modesta Lucas, 1852 

a) modesta Lucas, 1852 

b) goodsoni Reissinger, 1972 



 

38 

c) sachapuyo Bollino & Vitale, 2003 

d) [n. ssp.] Bollino, MS 

nimbata Joicey & Talbot, 1918 

a) nimbata Joicey & Talbot, 1918 

b) philobata Eitschberger & Racheli, 1998 

c) pleione Eitschberger & Racheli, 1998 

nimbice Boisduval, 1836 

a) nimbice Boisduval, 1836 

b) bryson Godman & Salvin, 1889 

c) ligata Eitschberger & Racheli, 1998 

d) ochracea Bates, 1864 

e) [n. ssp.] Llorente, MS 

notha Doubleday, 1847 

a) notha Doubleday, 1847 

b) caucana Röber, 1908 

c) pieridoides Felder & Felder, 1865 

paucartambo Eitschberger & Racheli, 1998 

pharnakia Fruhstorfer, 1907 

a) pharnakia Fruhstorfer, 1907 

b) styx Eitschberger & Racheli,1998 

philais Felder & Felder, 1865 

a) philais Felder & Felder, 1865 

b) borgesi Eitschberger & Racheli, 1998 
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philodora Brown, 1939 

a) philodora Brown, 1939 

b) maja Reissinger, 1972 

c) zamora Reissinger, 1972 

philone Felder & Felder, 1865 

a) philone Felder & Felder, 1865 

b) ecuadora Brown, 1939 

c) florida Bollino & Vitale, 2003 

d) grossana Brown & Gabriel, 1939 

e) stabilis Eitschberger & Racheli, 1998 

f) variabilis Röber, 1924 

philoscia Felder & Felder, 1861 

a) philoscia Felder & Felder, 1861 

b) incertina Röber, 1924 

c) reyi Bollino & Costa, 2007 

philothea Felder & Felder, 1865 

pieris Hopffer, 1874 

a) pieris Hopffer, 1874 

b) innuba Röber, 1908 

c) intermedia Lathy & Rosenberg, 1912 

pillcopata Bollino, 2008 

pinava Doubleday, 1847 

a) pinava Doubleday, 1847 
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b) lucida Eitschberger & Racheli, 1998 

pluvius Tessmann, 1928  

a) pluvius Tessmann, 1928 

b) seminigra Bollino & Vitale, 2004 

potameoides Reissinger, 1972 

poujadei Dognin, 1887 

a) poujadei Dognin, 1887 

b) clara Röber, 1909 

c) condor Radford & Willmott, 2013 

prioneris Hopffer, 1874 

a) prioneris Hopffer, 1874 

b) albescens Röber, 1924 

c) araguana Eitschberger & Racheli, 1998 

d) estancia Eitschberger & Racheli, 1998 

e) peruviana Joicey & Talbot, 1918 

f) parrishi Bollino & Costa, 2007 

pyrczi Bollino, 2008 

radiata Kollar, 1850 

a) radiata Kollar, 1850 

b) julita Eitschberger & Racheli, 1998 

reducta Butler, 1896 

a) reducta Butler, 1896 

b) boliviana Butler, 1896 
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c) butleria Brown & Gabriel, 1939 

revancha Rey & Pyrcz, 1996 

rileya Brown & Gabriel, 1939 

rosea Joicey & Rosenberg, 1915 

scaeva Röber, 1909 

a) scaeva Röber, 1909 

b) restricta Brown & Goodson, 1940 

scurra Röber, 1924 

seitzi Lathy & Rosenberg, 1912 

a) seitzi Lathy & Rosenberg, 1912 

b) blanca Reissinger, 1972 

c) zana Brown, 1939 

d) clarita, Bollino & Costa, 2007 

sella Eitschberger & Racheli, 1998 

a) sella Eitschberger & Racheli, 1998 

b) dognini Eitschberger & Racheli, 1998 

semiramis Lucas, 1852 

a) semiramis Lucas, 1852 

b) belmira Bollino & Rodríguez, 2003 

c) palla Brown, 1939 

d) salomon Eitschberger, 1998 

e) willmotti Bollino & Lamas, 2004 

similis Lathy & Rosenberg, 1912 
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sinapina Butler, 1896 

a) sinapina Butler, 1896 

b) subflava Lathy & Rosenberg, 1912 

sisamnus Fabricius, 1793 

a) sisamnus Fabricius, 1793 

b) bithyna Röber, 1924 

c) merida Eitschberger & Racheli, 1998 

d) smalli Eitschberger & Racheli, 1998 

e) telasco Lucas, 1852 

f) ayanganna Bollino & Costa, 2007  

smithia Brown & Gabriel, 1939 

socorrensis Fassl, 1915 

a) socorrensis Fassl, 1915 

b) cotopaxiensis Eitschberger & Racheli, 1998 

striata Eitschberger & Racheli,1998 

a) striata Eitschberger & Racheli,1998 

b) batesi Eitschberger & Racheli, 1998 

c) jimbura Bollino & Vitale, 2002 

d) [n. ssp.] Bollino & Lamas, MS 

e) [n. ssp.] Bollino & Lamas, MS 

suadela Hopffer, 1874 

suasa Röber, 1908 

a) suasa Röber, 1908 
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b) pacis Eitschberger, 1998  

c) [n. ssp.] Lamas, MS 

superba Lathy & Rosenberg, 1912 

susiana Hopffer 1874 

a) susiana Hopffer 1874 

b) acomayo Reissinger, 1972 

c) amba Brown, Gabriel & Goodson, 1940 

d) galbinea Eitschberger & Racheli, 1998 

e) roeberi Reissinger, 1972 

f) sebundoia Eitschberger & Racheli, 1998 

g) tamboensis Joicey & Talbot, 1918 

tamsa Brown & Gabriel, 1939 

a) tamsa Brown & Gabriel, 1939 

b) yanganza Eitschberger & Racheli, 1998 

teutamis Hewitson, 1860 

a) teutamis Hewitson, 1860 

b) epimene Hewitson, 1870 

c) [n. ssp.] Lamas. MS 

teutila Doubleday, 1847 

a) teutila Doubleday, 1847 

b) flavifaciata Beutelspacher, 1986 

c) flavomaculata Lathy & Rosenberg, 1912 

d) [n. ssp.] Llorente, MS 
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e) [n. ssp.] Llorente, MS 

theresa Butler & Druce, 1874 

thomasorum Jasiñski, 1998 

toca Doubleday, 1847 

a) toca Doubleday, 1847 

b) detrita Röber, 1909 

tomyris Felder & Felder, 1865 

a) tomyris Felder & Felder, 1865 

b) barbara Reissinger, 1969 

c) myris Eitschberger & Racheli, 1998 

d) subtamina Eitschberger & Racheli, 1998 

e) subtomyris Reissinger, 1972 

f) tamina Röber, 1909 

tricolor Butler, 1897 

a) tricolor Butler, 1897 

b) rodriguezi Eitschberger & Racheli, 1998 

c) tomasi Wojtusiak & Rey, 1999 

troezene Felder & Felder, 1865 

a) troezene Felder & Felder, 1865 

b) gelba Brown & Gabriel, 1939 

c) troezenides Röber, 1908 

d) miza, Bollino & Costa, 2007 

truncata Lathy & Rosenberg, 1912 
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a) truncata Lathy & Rosenberg, 1912 

b) xanthotaenia Röber, 1924 

uricoecheae Felder & Felder, 1861 

a) uricoecheae Felder & Felder, 1861 

b) flava Krüger, 1925 

c) inopa Wojtusiak & Rey, 1999 

vilcabamba Lamas & Bollino, 2004 

vulnerata Butler, 1897 

a) vulnerata Butler, 1897 

b) koenigi Eitschberger & Racheli, 1998 

watkinsi Lathy & Rosenberg, 1912 

a) watkinsi Lathy & Rosenberg, 1912 

b) huanuco Reissinger, 1972 

c) suffusa Lathy & Rosenberg, 1912 

[n. sp.] Lamas, MS 

[n. sp.] Llorente, MS 

Biology 

The biology of the genus is little known. Schultze-Rhonhof (1935) believed that 

all of the so-called óprimitiveô pierids in South America (Catasticta, Leodonta, Archonias, 

and Charonias) fed upon mistletoes. Beccaloni et al. (2008) confirmed this; all 

confirmed hostplant records for Catasticta are mistletoes in the Santalales, with all 

records for other plants now considered to be erroneous (Beccaloni et al., 2008). Host 

plants include the Neotropical genera Truthanthus, Tripodanthus, and Gaiadendron 

(Loranthaceae), Antidaphne (Santalaceae), Dendrophthora and Phoradendron 
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(Santalaceae), all of which are hemiparasitic of trees and other plants (Braby and 

Nishida, 2010; Montero and Ortiz, 2013).  

The life histories of few Catasticta species have been published (Brown, 1932; 

DeVries, 1986, 1987; Braby and Nishida, 2010; Montero and Ortiz, 2013). Brown (1932) 

figured a pupa of C. duida, while Schultze-Rhonhof (1935) reared C. flisa through its 

last instar (Schultze-Rhonof, 1935). DeVries (1986, 1987) provided brief descriptions 

and habits of the immature stages for three species from Costa Rica. 

In 2010, Braby and Nishida published the first and most comprehensive study to 

date on the immature stage development and host plants of Catasticta species from 

Central America. This study was based on 11 years of research in Costa Rica, between 

1998 and 2009, and described the biology and immature stages for seven Catasticta 

species: C. cerberus, C. teutila, C. sisamnus, C. hegemon, C. flisa, C. ctemene and C. 

theresa. They also described the biology for species in the related genera Melete, 

Pereute and Leodonta.  

The eggs of Catasticta species are laid in clusters of 7 to 92 eggs on host plant 

leaves. Larvae feed in groups and produce large amounts of silk, particularly in the later 

stages. Last instars are often aposematically colored. In one species third and fourth 

instar larvae feed at night, and during the day rest at the base of the hostplant tree, 

building trails between foraging sites and the tree base to facilitate movement and 

communication (Braby and Nishida, 2010). 

Pupae are brightly colored and resemble epiphylls, lichens, moss or fungi 

growing on the bark of the host tree, and in two species resembled bird droppings. The 

life cycle from egg to adult was completed in approximately 2 to 3 months in the seven 
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studied species, but this can take longer for species that inhabit the higher altitude 

forests. Most species are probably multivoltine, but this needs further study (Braby and 

Nishida, 2010). 

Montero and Ortiz (2013) described the life cycle of C. semiramis semiramis, 

from Colombia. This description was highly significant because it represented the first 

life cycle of a high elevation species (3200 m), and also one of the few life cycles for an 

Andean species. The host plant of this species is a shrub, Gaiadendron punctatum 

(Ruiz and Pavón) Loranthaceae, and it is a root parasite, unlike the rest of host plants 

for the genus which are aerial parasites (Braby and Nishida, 2010). 

Natural History 

Few studies on Catasticta behavior have been published (König, 1972), and 

most of the information that we have today comes from anecdotal observations (Brown, 

1952; DeVries, 1987; Braby and Nishida, 2010). Females are typically rare in collections 

and in the field, and are most frequently encountered visiting flowers belonging to the 

families Asteraceae, Ericaceae, Liliaceae and Clusiaceae (DeVries, 1987; Bollino et al., 

2002; Braby and Nishida, 2010), or searching clumps of the larval food plant on which 

to oviposit (Braby and Nishida, 2010). DeVries (1987) noted that both sexes also feed 

on flowers of Rubiaceae. Both sexes readily descend from the canopy to feed on 

flowers of plants growing on the ground or shrub layer, including Ageratina and Senecio 

(Asteraceae), Pernettya prostrata (Ericaceae), Gaiadendron punctatum (Loranthaceae), 

Monoquitum (Melastomaceae), Fuchsia paniculata (Onagraceae) and Solanum 

(Solanaceae) (Braby and Nishida, 2010).  

Males of Catasticta are frequently found sitting on stones and sandbars in and 

along streams where they drink water, a behavior known as ñpuddlingò. One of the most 
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interesting aspects of their behavior which has not been observed in other butterfly 

genera is the habit of males flying very near the surface of rivers, streams and creeks, 

where they land on the water and may even become trapped by water and carried 

downstream. However, males manage to take flight again, and this immersion 

surprisingly does not seem to affect them (DeVries, 1987). 

As mentioned above, females are collected less frequently than males and for 

many species remain unknown. This observation might suggest that the sex ratio is not 

equal, but some authors (Brown, 1952) have suggested that the lack of females in 

collections is an artifact of the ease with which males can be captured while puddling 

along rivers, while females are thought to spend most of the time in the canopy where 

their host plants are located. During my fieldwork, I noted that adults are most active 

during the morning, around 10:00 am. The flight is relatively fast but not too swift to 

make netting difficult. Sometimes in the mid-morning on sunny days it is possible to 

collect males with forceps directly from the puddling sites.  

Information about adult predation can only be inferred from observation of beak 

marks on wings in live and prepared specimens. In Braby and Nishidaôs (2010) study 

they found several parasitoids of the immature stages, and several species of wasp 

(Eurytomidae and Chalcididae) and ceratopogonid flies were observed feeding on the 

hemolymph of prepupae; two weeks later these pupae turned brown and died (Braby 

and Nishida, 2010). Some species exhibit territorial behaviour within the breeding area 

during sunny conditions, and males may be seen perching on trees near rivers and on 

hilltops where they patrol in search of females and fight with other males (personal 

observation). 
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Several species of Catasticta show a strong and presumably mimetic 

resemblance to other butterflies (DôAbrera, 1981; DeVries, 1987; Rey and Pyrcz, 1996), 

particularly Actinote (Nymphalidae), but also to several other pierid genera such as 

Leptophobia and Pereute (Rey and Pyrcz, 1996). 

Distribution of the genus 

Catasticta is confined to the Neotropics and composed mainly of montane 

species. The genus is found throughout Mexico and Central America, and in most of the 

countries in the Andean region. The great majority of the species are restricted to the 

Andes where they are found in forests of the subtropical and temperate zones, between 

altitudes of 500-3900m, with the greatest diversity found in the middle elevations (1500-

2500m) of the eastern slopes of the Andes (DeVries, 1987; Eitschberger and Racheli, 

1998; Bollino and Rodríguez, 2003). Only eight species occur in Central America 

(DeVries, 1987; Lamas, 2004), of which three extend to southern and/or central Mexico 

(Figure 1-6). Few species are found in the lowlands, always in the vicinity of mountains, 

and some are found only in the uppermost forests. Some species are extremely local 

and may be restricted to small areas. For example, C. rosea is confined to the region of 

the Paute river basin in the southern part of Ecuador and has been recorded at only two 

known locations. 
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Figure 2-1. C. susiana acomayo wing pattern, employing terminology of Brown 

(1952). 

 

 
Figure 2-2. Ventral wing surface and venation of C. susiana, highlighting the 

characters from the wing venation and wing pattern that can be used to 
diagnose the genus (red, long hindwing subcostal vein; yellow, interneural 
submarginal stripes on the hindwing and interneural yellow marginal dashes 
on the forewing). 
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Figure 2-3. Examples of the intricacy of Catasticta ventral wing patterns. C. marcapita 

boettgeri, C. tomyris myris, C. apaturina apaturina, C. superba, C. poujadei 
clara, C. manco capac, C. toca toca, C. tomyris tomyris, C. cora, C. fulva 
fulva, C. distincta, C. chelidonis taminoides, C. ferra ferra, C. sinapina 
subflava, C. philodora philodora, C. colla punctata, C. susiana amba, C. 
reducta boliviana, C. semiramis semiramis, C. coerulescens, C. rileya, C. 
uricoecheae uricoecheae, C. vulnerata koenigi, C. albofasciata albofasciata, 
C. teutila teutila, C. ctemene actinotis, and C. pieris pieris (not to scale). 

 

   
 

Figure 2-4. Male genitalia of C. nimbice, aedeagus removed from the original position. 
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Figure 2-5. C. ctemene ctemene puddling, in a river in Ecuador (Photo by Keith 

Willmott). 

 

 
 
Figure 2-6. Distribution of the genus Catasticta in the Neotropics.
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CHAPTER 3 
MOLECULAR PHYLOGENY AND EVOLUTION OF THE GENUS CATASTICTA  

Phylogeny of Catasticta  

Historically, the taxonomy of Catasticta has been based principally on 

morphological characters such as wing pattern, but the potential status of such 

characters as synapomorphies remains to be tested by cladistic analysis. Furthermore, 

numerous previous studies have shown that morphological characteristics such as 

genitalia and wing pattern that are typically useful in other groups are of little or no help 

in resolving the remaining problems in classifying these butterflies (see chapter 2). 

Using molecular data to establish a reliable species- and genus-level taxonomy is 

therefore one of the most important goals of my study. Molecular sequence data have 

proven invaluable in better understanding species-level relationships and in providing a 

basis for evolutionary studies in many recent phylogenetic studies of butterflies (e.g. 

Monteiro and Pierce, 2001; Peña et al., 2006; Braby et al., 2006; Braby et al., 2007; 

Matos-Maraví et al., 2012; Ortíz and Willmott, 2013). However, there are no published 

species-level phylogenies of any Pierinae genus to date. In addition, molecular 

sequence data have never been used to assist in the species-level classification of 

Catasticta. Finally, for broader ecological, evolutionary, biogeographic or conservation 

studies it is essential to have a very clear taxonomy and detailed hypothesis of 

phylogeny. 

According to Braby et al. (2007), the current limited phylogenetic evidence 

suggests that Catasticta may be paraphyletic or polyphyletic; the two exemplar species 

(C. cerberus and C. teutila) included in the analyses were never recovered as a 

monophyletic clade. Nevertheless, C. cerberus was consistently recovered as a lineage 
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sister to a clade that included C. teutila, Archonias and Charonias. This suggests that 

either C. cerberus may indeed comprise a separate genus from Catasticta, or that 

Archonias or Charonias comprise subordinate taxa within Catasticta, but because few 

taxa were used in this study further work is need to clarify these results. Greatly 

increasing the number of Catasticta samples, species and geographic populations, and 

attempting to include representatives of all major wing pattern phenotypes, should 

provide a reliable hypothesis of evolutionary relationships.  

At lower levels, the only available hypothesis of species relationships was 

proposed by Reissinger (1972). Reissinger divided the genus Catasticta into five main 

subgenera (Catasticta, Archonoia, Pierinoia, Leodontoia and Hesperochoia) based on 

the resemblance of species in each group to other pierine genera (Archonias Hübner 

[1831], Pieris Schrank, 1801, Leodonta Butler, 1870 and Hesperocharis C. Felder, 

1862). Inside each of these subgenera he recognized 35 groups of varying size (in total 

157 species). A number of subsequent authors (Jasiñski, 1998; Lamas and Bollino, 

2004) have suggested that this schematic classification is unreliable. Reissinger did not 

present any diagnostic characteristics for the groups that he proposed, the groups and 

the new taxa described were based only on wing color pattern without any photographs 

or illustrations indicating putative synapomorphies, and his descriptions were based 

only on a few specimens for each species. Finally, the new subgenera that he proposed 

are nomenclaturally unavailable under the ICZN (1999) (Lamas and Bollino, 2004). 

Despite these criticisms, it must be recognized that Reissingerôs work was the first to 

treat almost all the taxa described until 1972, and was also the only attempt at 

subdivision of Catasticta into lower level taxa which could represent clades. 



 

55 

In more recent years, Lamas and Bollino (2004) presented part of a new 

schematic classification, where they provided diagnostic characteristics for a new group 

of species that included C. amastris, C. striata, C. marcapita, C. paucartambo, C. 

abiseo, C. vilcabamba, C. semiramis and C. socorrensis, which they called the 

ñamastris groupò. This grouping of species was based on sharing of similar wing color 

patterns, habitats and distribution patterns. Later, Bollino and Boyer (2008), presented 

another group of species, the ñcinerea group", that included C. cinerea and C. 

coerulescens, a grouping also based on morphological characteristics, mainly the wing 

pattern and venation. These have been the only attempts to suggest the relationships 

among species in the genus. And, although there has been great debate about the use 

of DNA sequence data in species classification (see Goldstein and DeSalle (2010) for a 

recent review), when DNA data produce monophyletic clades of taxa that coincide with 

morphological synapomorphies, one can reasonably hypothesize that these clades 

represent species. 

Colored wings are clearly a unique and highly significant feature of Lepidoptera. 

They have diverse functions, including, among others, locomotion, sexual recognition, 

communication, thermoregulation, protection, aposematic coloration and mimicry. 

Therefore, is not unexpected that wings have played an important role in the evolution 

and diversification of these insects (Grimaldi and Engel, 2005). Wing color patterns are 

involved in protection and communication (e.g., Lukhtanov et al., 2005; Oliver et al., 

2009), camouflage, mimetic resemblance to other species which are toxic or distasteful 

(e.g. King, 2006) or displaying aposematic signals, which warn potential predators of 

toxicity or distastefulness.  
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Within the subtribe Aporiina, the ventral wing pattern appears to be more 

complex in many of the species of Catasticta, and more simple or reduced in other 

genera such as Leodonta, Charonias, Neophasia, Eucheira, Archonias, Pereute and 

Melete (Figure 2-1). 

Within these intricate ventral patterns, apparently very small changes are often 

important in identifying species. Some of the synapomorphies that currently might be 

thought to separate Catasticta from other genera are also located in this part of the 

wing. But what could be the selective advantage of an elaborate or, alternatively, a 

simple wing pattern? 

Males of Catasticta are commonly found sitting on stones and moist sand in and 

along streams or rivers banks, where they drink water, a behavior knows as ñpuddlingò 

(Boggs and Jackson, 1991). I suggest that wing pattern has undergone selection within 

the genus Catasticta to provide better camouflage to individuals which are settled on 

rocks with their wings closed. The ventral wing pattern of many species is cryptically 

patterned and enables these species to blend into their surroundings when they are 

puddling; it is common, for example, to find several to many individuals on sandbanks or 

puddles along roads, where they are very difficult to see, thus presumably providing 

protection to males from predators, mainly birds, which use visual clues to find prey. 

Presumably, such increased protection from predators should increase the amount of 

nutrients that males can obtain through puddling, and thus their reproductive potential, 

providing an important advantage over other genera which donôt show similarly complex 

wing patterns.  
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There also appears to be a link between the complexity of the wing pattern, 

especially the ventral side, and elevation; lowland species (below 1500 m), tend to have 

a ñsimpleò wing pattern, unlike middle and high elevation species (above 1500 m), which 

have a more complex wing pattern (Figure 2-4). Most of the species that inhabit the 

lowlands have less elaborate wing patterns that are similar to other genera, or even to 

other Lepidoptera families. Middle elevation species (1500 to 2500 m) tend to show a 

more complex pattern which blends very well with the gravelly sandbanks on which they 

are often encountered. Several species from the highest elevations have a pattern that 

resembles lichens on tree branches. I suggest that this may be an adaptation to avoid 

predation when these butterflies are perching on vegetation at the paramo-forest 

ecotone, a habitat characterized by abundant lichen. A cryptic wing pattern may also aid 

survival when adults emerge, since it has been noted that certain species, particularly 

those from middle to high elevation habitats, spend several hours resting on vegetation 

before they are ready to fly after eclosion. For example, C. teutila from the Cordillera 

Central and Cordillera Talamanca, in Costa Rica, took about 24 h to dry its wings before 

it was ready for flight (Braby and Nishida, 2010). In summary, the main advantage of 

this trait (complexity of wing pattern) could be an increase in survivability that could 

directly translate to an increase in fitness, with individuals living longer to have more 

opportunities to mate and produce offspring. 

Therefore, the presence of a highly elaborate pattern can be considered as a 

potentially derived character, whereas the simplicity or absence can be consider an 

ancestral state. I hypothesize that this pattern evolved once from an ancestral simple 

wing pattern, such as seen in Melete, and then became further modified into more 
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distinctive patterns of the highest elevation species. It is also interesting to note that the 

other highly diverse genus in the subtribe Aporiina, the genus Delias (Drury, 1773), 

which contains more than 200 species in mountainous areas in Asia, also presents a 

complex and elaborate pattern on the ventral side of the wings, quite similar to 

Catasticta. So, this pattern could be an important factor in the diversification of both 

genera. Clearly, a phylogeny for Catasticta would enable testing of the hypothesis of an 

association between color pattern and elevation.  

In addition to ventral wing pattern complexity, several species present very 

marked sexual dimorphism, especially in the low and middle elevation species, where 

the females can show dramatically different wing patterns to males. Such sexual 

dimorphism suggests different, or maybe stronger, selection on females versus males in 

lower elevation environments, but how sexual dimorphism has evolved in these 

butterflies has never been tested before.  

The current distribution of Catasticta, from Mexico to southern Bolivia, with a 

clear concentration of majority of the species in the Andes mountains, suggests the 

importance of these mountains in the evolution and diversification of this genus. 

However, there are several species, such as C. nimbice, C. teutila, C. theresa, C. 

bithys, C. cerberus, and C. duida, which are restricted to other biogeographical regions 

outside of the Andes. Therefore, the origins of the genus are unclear. I therefore used 

my species-level phylogeny to identify the geographical region where Catasticta likely 

originated and reconstruct the biogeographic history of the genus. 
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Presented below is a species-level molecular phylogeny for Catasticta, which 

allowed to organize the genus into  species groups and to investigate their phylogenetic 

relationships and investigate geographic and wing pattern evolution within the genus. 

Materials and Methods 

Specimen Acquisition  

Tissue samples (two legs) of 94 species, representing 98% of currently 

recognized species (Lamas, 2004), were obtained from a variety of sources, particularly 

collections (see list of collections visited, Chapter 4), and to a lesser extent field trips to 

Ecuador. Samples from museum specimens came from multiple localities from many 

countries, including Mexico, Costa Rica, Panama, Colombia, Venezuela, Ecuador, 

Peru, Bolivia and Brazil, covering the majority of the distribution area of the genus in the 

Neotropics. For just 2 species (2% of the genus) I was unable to obtain any tissues 

samples, namely C. affinis and C. lygurgus; both are highly restricted species in 

Colombia, especially C. lycurgus, for which there are only 2 known specimens, one 

being the holotype collected in 1880 and the second collected by Adams in 1972 but 

unavailable for study. 

I was unable to obtain any DNA sequences for 5 species for which I have tissue 

samples, including C. coerulescens, C. pharnakia, C. pillcopata, C. potameoides, and 

C. radiata. These are all rare species with few and old specimens only available for 

analysis. I also removed some sequences from the final analyses, which were 

incomplete due to poor PCR amplification. The final matrix contained 188 specimens 

belonging to 78 species of Catasticta (81.25% of the genus), and for 73 species, two or 

more specimens, in some cases representing different subspecies, were included in the 

analyses.  
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Since one of the main objectives of this project was to test the monophyly of 

Catasticta with respect to the other Aporiina genera, species from several related 

genera (Braby et al., 2007) were included, including Leodonta, Charonias, Neophasia, 

Eucheira, Archonias and Pereute. Melete lycimnia, which was placed outside the clade 

containing the previously mentioned genera and Catasticta (Braby et al., 2007), was 

used to root the tree.  

Most of the outgroup sequences were obtained from GenBank (COI and EF-1 )́, 

except for Leodonta tellane, Archonias brassolis and Charonias eurytele, where new 

sequences were generated. GenBank accession numbers for existing sequences are 

listed in Table 2-1. 

DNA extraction and PCR amplification 

Genomic DNA was extracted from legs (in some cases DNA was extracted from 

abdomens) using the DNeasy Blood and Tissue extraction kit (Qiagen Inc.) following the 

manufactureôs protocol, with some modifications when working with old specimens from 

museum collections (most samples); the incubation period was increased from 3 hours 

to overnight (usually 16 hours), and the elution volume was reduced to100 ɛL. 

Four genes were selected, one mitochondrial, Cytochrome Oxidase subunit 1 

(COI), and three nuclear genes, Elongation factor 1-alpha (EF-1 )́, Carbamoyl-

phosphate synthetase 2, aspartate transcarbamylase, and dihydroorotase (CAD) and 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The last two nuclear genes 

were selected because they have been shown to be highly informative, robust and 

stable, in reconstructing and resolving relationships among butterflies (Wahlberg and 

Wheat, 2008). 
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Primers for these genes where obtained from publications and from the web. For 

some species where these primers proved unsuccessful, I used existing internal primers 

to amplify shorter sections of target regions, redesigning some primers after alignment 

with Catasticta sequences where necessary. Finally, obtaining sequences from old 

rehydrated and dried museum specimens, the only material available for many of the 

rarer taxa in this project required the design of new internal primers for EF-1  ́and CAD 

(Table 2-2). 

Standard PCR (Polymerase Chain Reaction) methods were used to amplify 

target genes, with the following PCR reaction mix: 13.4 ɛL of ddH2O, 2 ɛL 10x PCR 

Buffer, 0.8 MgCl2 (50mM), 0,8 ɛL 4xdNTPs (2mM), 0.4 ɛL Primer1 (10uM), 0.4 ɛL 

Primer1 (10 uM), (see Table 6 for primers and sequences), 2 ɛL of DNA, and 0.2 ɛL of 

Platinum Taq Polymerase. I used a thermocycle with different programs for each of the 

target genes. The final PCR products were stored at -20° before they were submitted for 

sequencing. 

Sequencing and Alignment 

Strands of purified DNA fragments for each gene were sequenced with the same 

primers used to amplify them. Sanger sequencing was carried out by the University of 

Floridaôs Interdisciplinary Center for Biotechnology Research (ICBR). For EF-1 ,́ both 

strands 5ô-3ô were sequenced and consensus sequences were generated from each 

reaction and edited manually using the chromatograms with BioEdit 7.2.5 (Hall, 2013), 

and then aligned by eye. Gaps were coded as missing data for the analyses. The final 

concatenated matrix contained 3300 bp, with 630 bp corresponding to COI, 1035 bp to 

EF-1 ,́ 1005 bp to CAD and 630 bp to GAPDH. 
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Phylogenetic analysis 

Phylogenetic relationships were inferred using maximum likelihood (ML) and 

Bayesian inference (BI), with analyses for individual data partitions (genes) and for the 

combined data set (3300 bp). 

ML 

Phylogenetic trees were estimated using maximum likelihood (ML) tree building 

methods for the combined data set. Model selection was determined according to the 

hierarchical likelihood ratio test as implemented in ModelTest 3.06 (Posada and 

Crandall, 1998), with the starting tree obtained by Maximum Parsimony to estimate 

model parameters. The data were analyzed with GARLI (Genetic Algorithm for Rapid 

Likelihood Inference; Zwickl, 2006), through GARLI web service (Bazinet et al., 2014). 

The GTR+G+I model of sequence evolution was selected with 1000 bootstrap 

replicates.  

BI 

Bayesian inference (BI) was also used to infer the phylogeny in MrBayes 3.2 

(Ronquist et al., 2012). I used the GTR+G+I model of sequence evolution and Markov 

chain Monte Carlo simulations from 1,250,000 generations, with tree sampling every 

100 generations (12500 generations), performed until standard deviation of split 

frequencies was below 0.01 for these data sets. Tracer v1.4 (Drummond and Rambaut, 

2007) was used to calculate the appropriate amount of burn-in to exclude (25%=3125 

generations). Bayesian topology and branch posterior probabilities was computed by 

majority rule consensus after deleting 3125 generations as burn-in. 

 FigTree (Drummond and Rambaut, 2007) was used to draw the tree topology 

from the different analyses and different gene datasets. 
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Hypothesis testing 

To test several hypotheses about the timing of diversification, ancestral areas, 

and character state evolutions, analyses were based on the Bayesian consensus tree (1 

mitochondrial and 3 nuclear genes, 3300bp). 

Divergence time estimation 

Divergence times of the nodes were estimated using the Bayesian Markov Chain 

Monte Carlo (MCMC), with the model GTR+G+I, under a relaxed clock (Uncorrelated) 

method, implemented in the program BEAST v. 1.8 (Drummond et al., 2012).  

Two independent calibration points were used. The base of the tree was 

calibrated with the age estimated by Braby et al. (2007) for the Catasticta group 

(Melete, Leodonta, Charonias, Neophasia, Eucheira, Archonias, Pereute and 

Catasticta), which was 37-32 Ma; therefore, the root age was set to 34.5 million years 

ago (Ma), with a standard deviation of 2.5 Ma. An additional calibration point based on 

the origin of aerial parasitism in Loranthaceae was used to fix the node of the origin of 

Catasticta; the age was estimated to be 28 Ma with a standard deviation of 6 Ma. (Vidal-

Russell and Nickrent, 2008). The origin of aerial parasitism during the Oligocene is 

considered to be one of the most important events in the diversification of Loranthaceae 

(Vidal-Russell and Nickrent, 2008). Currently 73 genera and 915 species are 

recognized inside this family (Nickrent et al., 2010), and most of them are aerial 

hemiparasitic plants, commonly known as 'mistletoes'. This event is likely to have been 

important for the diversification of Catasticta species since most of the host plants 

records for Catasticta are aerial hemiparasitic Loranthaceae (Braby and Nishida, 2010). 

The analysis was run for 10 million generations and sampled every 1000 

generations, with a burn-in of 1000 generations. Results were analyzed with Tracer v1.4 
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(Drummond and Rambaut, 2007). Final results were summarized using the program 

TreeAnnotator v1.8.0. (Drummond et al., 2012), and FigTree (Drummond and Rambaut, 

2007), was used to draw the tree topology. 

Ancestral area reconstruction 

For ancestral area reconstruction, Baysian Binary MCMC analysis implemented 

in RASP 2.1a (Reconstruct Ancestral State in Phylogenies) (Yu et al., 2011), was used. 

Bayesian Binary MCMC Analysis was set for 1 million generations, sampled every 100 

and with the first 1000 samples discarded as burn-in; the other parameters were kept as 

the default. 

Each taxon was coded for biogeographic region, as defined for butterflies by 

Matos-Maravi et al. (2012) (Figure 2-2), with some modifications: A) North America; B) 

Mesoamerican lowlands; C) Mesoamerican montane areas; D) North and northwestern 

South America; E) Andes, from 500 to 3500 m, western and eastern sides; F) Amazon 

basin, including both western and eastern Amazonia; and G) Chacoan region, including 

the Brazilian Cerrado and the Atlantic forests in southeastern Brazil. 

Reconstruction of ancestral wing pattern traits  

To examine the evolution of morphological characters, ancestral character state 

reconstruction as implemented in Mesquite 2.75 (Maddison and Maddison, 2011) was 

performed, focusing mainly on the sexual dimorphism in the wing color and on the 

complexity of the ventral wing pattern. Character states were scored in most of the 

cases from several specimens for each of the species on the tree. 

To reconstruct the evolution of wing pattern sexual dimorphism, the characters 

states were coded as: absence of sexual dimorphism (0), presence of sexual 

dimorphism (1) and unknown state (?), (Figure 2-3). 
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In Catasticta, the ventral wing pattern is characterized by a marginal and limbal 

series of pale markings, which are highly modified and often present a zigzag pattern of 

contrasting colors. Complexity of the wing ventral pattern was coded according the 

presence of these major pattern elements in the ventral wing pattern as: simple (0), and 

complex (1), (Figure 2-4). The BI tree of the combined genes was used for the ancestral 

state analysis.  

Finally, to test if there is a correlation between wing pattern complexity, sexual 

dimorphism and elevation, I coded the elevation of each species as binary character, 

lower elevation species (lower than 1500m) character state (0), and higher elevation 

species (more than 1500m) character state (1). The Pagel Correlation Test (1994), was 

used in Mesquite 2.75 (Maddison and Maddison, 2011). This test compares the ratio of 

likelihoods of two models: one model where the rates of change in each character are 

independent of the state of the other, and a second model where rates of change 

depend on the state of the other character (Pagel, 1994). The null hypothesis is that 

these characters have evolved independently; for this test wing pattern sexual 

dimorphism coded as unknown state (?), was coded as (0). 

Results 

Phylogenetics  

Sequences for one mitochondrial and three nuclear genes were generated for 

188 specimens, representing 78 Catasticta species, and the final concatenated matrix 

contained 3300 bp. The results from ML and BI analyses of the combined data set of 

four genes (COI, EF-1 ,́ CAD and GAPDH) are summarized in Figure 2-5. 

Overall, 67% (112 of 168) of ML and 74% (128 of 172) of BI ingroup nodes were 

recovered with high Bootstrap support values (>70%) and posterior probabilities 
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(>95%), respectively. The analysis of each of the genes separately yielded similar tree 

topologies (with small differences, especially in the support of particular nodes), to those 

obtained with the combined data set and these results are not shown. 

Monophyly of Catasticta  

The monophyly of Catasticta was not supported; instead, Catasticta was 

recovered as a polyphyletic genus and the genus Archonias was recovered inside 

Catasticta (Bootstrap values 64% and posterior probabilities 97%), where it was placed 

sister to the C. flisa group. Catasticta cerberus, an endemic high elevation Central 

American species, was recovered outside of the genus (Bootstrap values 69% and 

posterior probabilities 96%), being more closely related to the genus Charonias. To 

maintain the monophyly of the Catasticta, some changes in the taxonomy of the genus 

Archonias and in the species C. cerberus are clearly necessary. 

Species relationships 

There are five large, consistent subclades of species, which were recovered by 

both methods of phylogenetic inference used. The species within these subclades share 

some morphological and ecological characteristics. Each of these subclades contains 

several groups of species: Subclade1, amastris (C. amastris, C. marcapita, C. striata, C. 

paucartambo, C. semiramis and C. arborardens); cinerea (C. cinerea, C. socorrensis, C. 

vulnerata, C. albofasciata, C. tricolor, C. vulnerata and C. rosea); Subclade 2, 

chrysolopha (C. apaturina, C. chrysolopha, C. cora and C. truncata); poujadei (C. 

eximia, C. poujadei and C. thomasorum); toca (C. tomyris, C. atahualpa, C. superba, C. 

revancha, and C. toca); teutila (C. teutila); bithys (C. bithys); duida (C. duida); subclade 

3, anaitis (C. anaitis, C. sella, C. discalba, C. nimbata); frontina (C. frontina, C. incerta, 

C. philoscia, C. leucophaea, C. philodora); rileya (C. tamsa and C. rileya); ferra (C. ferra 
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and C. incerta); philone (C. philais, C. philothea and C. philone); lanceolata (C. 

lanceolata and C. troezene); zamora (C. ecuadora and C. zamora); colla (C. colla, C. 

distincta and C. suasa); collina (C. collina, C. pyrczi, C. suadela and C. sinapina); 

susiana (C. susiana, C. chelidonis and C. philodora); pluvius (C. pluvius); scurra (C. 

scurra); aureomaculata (C. aureomaculata and C. pinava); manco (C. manco and C. 

watkinsi); modesta (C. modesta); grisea (C. grisea and C. ludovici);  scaeva ( C. 

scaeva); fulva (C. fulva and C. seitzi); subclade 4 ctemene (C. ctemene and C. hebra) 

and teutamis (C. teutamis and C. reducta); and subclade 5 pieris (C. pieris, C. eurigania 

and C. theresa); sisamnus (C. sisamnus, and C. hegemon); notha (C. notha and C. 

prioneris), and flisa (C. flisa, C. lisa and A. brassolis). 

Species classification 

In a number of cases specimens representing different subspecies of supposedly 

the same species failed to group together, suggesting that some species-level 

taxonomic changes are needed. Such species included C. philodora, C. philone, C. 

albofasciata, C. uricoecheae and C. poujadei.  

Divergence time estimation 

The inferred divergence times by the Bayesian relaxed clock analyses in BEAST 

for each node are shown in Figure 2-7. In general, the topology of the tree inferred by 

BEAST was congruent with the one obtained by BI, all of the 5 subclades of species 

and the species groups were recovered. The age estimates for the main Catasticta 

clade was 22.49 Ma (95% HPD interval: 16.8 and 28.2 Ma), corresponding to the early 

Miocene and Late Oligocene (Cohen et al., 2012). The age estimates for the subclades 

are summarized in Table 2-4. 



 

68 

Ancestral area reconstruction 

Ancestral areas reconstructed for Catasticta inferred by Baysian Binary MCMC 

analysis in RASP are shown in Figure 2-8. The analyses suggest that the ancestor of 

Catasticta was in the Mesoamerican Montane region and that Catasticta diversified after 

a single colonization event into the Andes. Ancestral areas for the main 5 subclades 

were determined to be in South America, in the Chacoan, northwestern South America 

and in the Andes region; this last region is where most of the speciation events have 

occurred between 12 - 5 Ma, especially in the eastern slope of the Andes mountains. 

Reconstruction of ancestral states 

There is no clear general pattern in the evolution of sexual dimorphism in the 

genus, but rather the character state for the lower nodes in the tree were reconstructed 

to be absence (0), with several shifts to the derived state (1). Many lowland species are 

prone to shift to the derived state (sexual dimorphism), and most of the high elevation 

species donôt have sexual dimorphism (with some exceptions) (Figure 2-9). The Pagel 

test in Mesquite found that the probability of the observed correlation between elevation 

and sexual dimorphism being due to chance alone was 0.08, with 1000 simulations. The 

difference in log likelihoods was 1.9, which indicates weak evidence in favor of the null 

hypothesis.  

For the ventral wing pattern, there is a general correlation between complexity of 

pattern elements and increase in elevation. Two of the subclades, subclade 1 and 

subclade 2, which are restricted to high elevation habitats, have evolved from a simple 

(0) to a complex pattern (1). Clade 3, which contains most of the species in the genus, 

presents a complex pattern (1) and is distributed in middle elevations, whereas the 

simple pattern (0) appears to be linked to lowland habitats (Figure 2-9). The Pagel test 
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found that the probability of the observed correlation being due to chance alone was 

0.01, after 1000 simulations. The difference in log likelihoods was 12.8, and therefore 

the null hypothesis that wing pattern complexity and elevation are independent 

characters can be rejected. 

Discussion 

Phylogenetics 

This study represents the first species-level molecular phylogeny for the genus 

Catasticta, including 78 species and 81% of all the currently recognized species 

(Lamas, 2004; Bollino, 2008), and the most speciose molecular phylogeny for any 

Neotropical butterfly genus. The dense taxon sampling represented a significant 

improvement in the number of taxa used by previously studies (Braby et al., 2006), and 

the tree topologies were very similar regardless of the method used and the number of 

genes included. Although most of the internal nodes were well-supported, some nodes, 

particularly those involving old samples with incomplete or poor quality data, were not 

fully resolved. Nevertheless, support is sufficiently strong in several areas of the tree to 

confidently allow taxonomic changes in addition to preliminary studies of the evolution of 

the genus. 

Monophyly of Catasticta  

One of the main objectives of this study was to test the monophyly of Catasticta 

with respect to the other Aporiina genera (as defined by Braby et al., 2006). Catasticta 

was not monophyletic, with C. cerberus recovered as a lineage sister to Charonias and 

basal to the main Catasticta clade, and the genus Archonias recovered inside 

Catasticta. Therefore, based on these results, here I propose changes in the taxonomy 

to conserve Catasticta as monophyletic. 
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First, with two independent sets of sequences of C. cerberus in the phylogeny, 

one from Braby et al. (2006) and one newly generated here, which group together and 

remain in the same position in analyses excluding one sequence or the other, the 

position of C. cerberus is clearly not the result of some experimental error. Furthermore, 

analyses of individual genes also support the placement of C. cerberus as distantly 

related to remaining Catasticta. Catasticta cerberus should therefore be classified within 

a new monotypic genus, for which the name Leodontoia (which has C. cerberus as its 

type species) is unfortunately not available, since Reissinger (1972) failed to provide a 

description in words of the differentiating character(s) of his new subgenus, as is 

required by Article 13.1 ICZN, 1999, and which was already noted by Lamas and Bollino 

(2004).  

Second, the currently recognized genus Archonias should be synonymized with 

Catasticta n. syn.. The two specimens of A. brassolis included in this analysis from 

Costa Rica and Ecuador were recovered inside the Catasticta main clade (Bootstrap 

values 64% and posterior probabilities 97%), and they were sister to the flisa group, 

which includes the species C. flisa and C. lisa. 

Species relationships 

There are five large, consistent and well-differentiated major subclades, which 

were recovered by the two methods of phylogenetic inference used in this project. 

The species within these major groups share some morphological and ecological 

characteristics and each of group contains several subgroups of species: chrysolopha, 

poujadei, teutila, bithys, duida, flisa, sisamnus, notha, anaitis, ferra, lanceolata, susiana, 

collina, colla, pluvius, scurra, grisea, modesta, incerta, fulva, teutamis, amastris, 

cinerea, pieris and theresa. Some of the subgroups of species that were recovered in 
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this project (with some modifications in the species included), were previously proposed 

by other authors (Reissinger, 1972; Eitschberger and Racheli, 1998; Lamas and Bollino, 

2004 and Bolino and Boyer, 2008). Species within each subgroup often share similar 

size, color, wing pattern, and habitats, namely environmental conditions, elevation and 

vegetation. For example, all the species belonging to the chrysolopha group are 

relatively small butterflies with similar ventral markings, which inhabit high elevation 

habitats in the Andes.  

Finally, the composition of some of these subgroups remains unresolved, due to 

insufficient numbers of specimens included, the poor quality of available DNA samples, 

or from the inability of the genes used to strongly resolve rapidly radiating clades. 

Furthermore, some species that were excluded from this study because of lack of 

material also prove to be important in resolving some of the relationships between 

subclades and groups of species. 

Species classification 

Some of the historical taxonomic uncertainties inside Catasticta were resolved 

with the help of molecular data. Catasticta philodora philodora and C. philodora zamora 

have been previously treated as a single species, but the latter taxon was recovered in 

separate from the nominate subspecies the clade containing the nominate subspecies 

C. philodora philodora (Bootstrap values 75% and posterior probabilities 100%). Hence, 

C. zamora should be treated as a valid species (n. stat.). Furthermore, another 

proposed change is that C. philone ecuadora should be treated as a valid species (n. 

stat.), because it was recovered outside the C. philone clade and as sister to C. zamora 

(Bootstrap values 75% and posterior probabilities 100%), with which it is sympatric in 

central Ecuador. 
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Catasticta albofasciata rubroreducta and the nominate subspecies C. 

albofasciata albofasciata were not recovered together; instead, C. a. albofasciata was 

sister to C. uricoecheae uricoecheae. Given the allopatry of C. uricoecheae and C. 

albofasciata taxa, it seems most reasonable to treat these as a single species, C. 

uricoecheae, but samples of C. u. inopa and C. u. flava would help confirm this 

suggestion. 

The species C. poujadei has been historically recognized (Lamas, 2004) to have 

four subspecies, C. p. poujadei, C. p. clara, C. p. eximia, C. p. lamasi, plus the recently 

described C. p. condor (Radford and Willmott, 2013). However, C. p. lamasi 

(phenotypically similar to C. p. eximia) did not group with remaining C. poujadei taxa, 

suggesting that C. p. eximia should be treated as a valid species, C. eximia, with two 

subspecies C. e. eximia and C. e. lamasi (n. stat.). 

These are the proposed changes in the taxonomy of Catasticta that I can 

suggest now, but a further increase in the number of samples, especially at the 

subspecies level, of the taxonomically complex species such as C. susiana and C. 

modesta, will likely result in further changes in the taxonomy. 

Divergence time estimation 

The time calibrated phylogenetic tree indicates that the most-recent common 

ancestor of the Catasticta clade with its sister clades, Neophasia, Eucheira, Charonias, 

Leodonta, Pereute and Melete, occurred around 22.49 Ma (95% HPD interval 16.8 and 

28.2 Ma), corresponding to early Miocene and Late Oligocene (Cohen et al., 2012). This 

date predates the most intensive period of mountain-building in the northern Andes, and 

is consistent with an apparent area of origin in montane Mesoamerica (Hoorn et al., 

2010). 
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Subclade 1, 20.31 Ma (95% HPD interval 14.9 and 25.8 Ma), and Subclade 2, 

20.02 Ma (95% HPD interval 14.6 and 25.7 Ma), originated almost simultaneously 

during the Middle Miocene and Late Oligocene. These subclades according to my 

analysis originated at almost the same time. Subclade 2 contains two species, C. bithys 

and C. duida, which are restricted to montane areas in the Chacoan region and in 

northwestern South America (Guianan highlands) respectively.  

Subclade 3, Subclade 4 and Subclade 5 originated around 13.71 Ma (95% HPD 

interval 18.3 and 9.7 Ma), 11.90 Ma (95% HPD interval 15.0 - 8.8 Ma) and 12.82 Ma  

(95% HPD interval 17.1 - 8.7 Ma) respectively, during the Early Miocene ï Late 

Miocene, a time period matching major periods of uplift in the central and northern 

Andes (Gregory-Wodzicki, 2000; Ghosh et al., 2006; Garzione et al., 2008). 

Subsequently, most speciation events occurred between 12 to 5 Ma, at a time 

corresponding to late Miocene and early Pliocene, a time when the northern Andes in 

particular experienced significant changes in elevation. These major orogenic events 

have played an important role in the diversification of Neotropical organisms (Hoorn et 

al., 2010; Caro et al., 2013; Castroviejo-Fisher et al., 2013; McGuire et al., 2014.). For 

Catasticta, these events were also apparently very important, since a remarkable 

increase in speciation events occurred between these times. 

Finally, most of the subspecies originated during the Pleistocene (<2.6 Ma), a 

result highly consistent with other studies in butterflies. For example, Garzón-Orduña et 

al. (2014), found that 72% of Neotropical butterfly sister taxon speciation events 

included in their analyses occurred within the Pleistocene. 
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Areas of origin 

The ancestral area reconstruction suggested that the ancestor of Catasticta 

originated in the Mesoamerican Montane area around 22.49 Ma (95% HPD interval 16.8 

and 28.2 Ma). Subsequently, the ancestor of Catasticta colonized the Andes, the 

Chacoan and the northwestern South America region. These dates predate the closure 

of the Isthmus of Panama during the Pliocene (3.5 Ma) and are unexpected, especially 

for montane species, but some research suggests that Central America had an early 

connection with South America around 19 Ma (Kirby et al., 2008; Montes et al., 2012), 

which may have facilitated the migration of the ancestor of Catasticta to new habitats in 

the south. 

After their arrival in South America, Catasticta radiated dramatically. This 

radiation could be attributed to several factors, but mainly to the availability of new 

habitats that could be colonized after or during the uplift of the Andes (12 Ma). Another 

factor that could be important is the diversification of the main host plants of Catasticta, 

the mistletoes (order Santalales), in the Andes (Vidal-Russell and Nickrent, 2008). 

Moreover, pre-adaptation to cool temperatures (mountain areas) was an ancestral trait 

according to Braby et al. (2007) that could have been important in helping the genus to 

adapt and diversify in the Andes.  

The current distribution of few species outside of the Andes, as is the case of C. 

bithys, C. duida, C. theresa, C. teutila and other species not included in this analysis (C. 

hubneri and C. nimbice), could be the result of further dispersal events to new areas 

(such as the lowlands), after the genus colonized the Andes mountains, or their current 

distribution could reflect their ancestral area distribution, as I think is the case of C. 
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bithys and C. duida, which are restricted to montane areas in the Chacoan region and in 

northwestern South America region respectively. 

Wing pattern evolution 

The objective of ancestral character states reconstruction was to evaluate the 

evolution of morphological traits, focusing on wing pattern sexual dimorphism and the 

complexity of the ventral wing pattern in Catasticta. 

For sexual color dimorphism with the data that I currently have, there is not a 

very clear pattern. Some lowland species present sexual dimorphism (derived state), 

and most of the high elevation species donôt have sexual dimorphism, with some 

exceptions such as C. cinerea, in which the males are dorsally greyish and the females 

have a striking red band (Figure 2-3). 

An interesting result is that the complexity of the ventral wing pattern of the main 

clades of species was correlated with an increase in elevation. Two of the subclades 1 

and 2, which are restricted to high elevation habitats, have a complex pattern, character 

state (1). Subclade 3 and 4, which contain most of the species in the genus, present 

also a complex pattern, character state (1), and their species are mainly found at middle 

elevations. Finally, the simple pattern, character state (0), is present in the species of 

subclade 5, most of which inhabit lowland areas. Therefore, I propose that the 

complexity of the ventral wing pattern is an adaptation for camouflage in different 

habitats and has likely played a role in diversification, as currently reflected in subclades 

1, 2 and 3, which are the subclades with the greatest number of species. 

In summary, this study of Catasticta sheds new light on the origins and radiation 

of a diverse tropical Andean Lepidoptera lineage, and imply that a taxonomic revision of 
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the genus is needed, where molecular sequence data should be widely used to 

thoroughly test the current species taxonomy. 

Table 3-1. GenBank accession numbers for the sequences used in this study. 

Taxa COI EF-1  ́ Authors 

Archonias brassolis DQ082768.1 AY870534.1 Braby, et al., 2006 
Charonias eurytele DQ082801.1 AY870531.1 Braby, et al., 2006 
Melete lycimnia DQ082800.1 AY870530.1 Braby, et al., 2006 
Pereute charops DQ082763 AY870538.1 Braby, et al., 2006 
Leodonta tellane DQ082764.1 AY870537.1 Braby, et al., 2006 
Neophasia menapia DQ082765.1 AY870536.1 Braby, et al., 2006 
Eucheira socialis DQ082766.1 AY870535.1 Braby, et al., 2006 
Catasticta cerberus DQ082767.1 AY870533.1 Braby, et al., 2006 
Catasticta teutila AY954584.1 AY870532.1 Braby, et al., 2006 

 
Table 3-2. Primers use to amplify target genes, with those in italics newly designed. 

Gene Primer name Sequence Direction 

COI LepF1 ATTCAACCAATCATAAAGATAT f 
 LepR1 TAAACTTCTGGATGTCCAAAAA r 
 LCO_nym TTTCTACAAATCATAAAGATATTGG f 
 COI_bc_TegF3 GGATTTGGTAATTGRTTRRTYCC f 
 COI_bcTegR4X ATTGTDGTAATAAAATTAATAGCTCC r 
 COI_bc_TegF5 ATTTTTTCYYTACATTTAGCTGG f 
 HCO_nym TATCCTTCAGGATGACCAAAAAATCA r 

EF-1  ́ Ef44 GGTGAGTTTGAAGCTGGTAT f 

 EfrcM4 CAGGATGTATACAAAATTGG r 
 EF44x GCYGARCGYGARCGTGGTAT f 
 Monica CATRTTGTCKCCGTGCCARCC r 
 EF-Ŭ1_F4_Cat ATGTCGCTGGTGACTCCAAGAG f 
 EfrcM4_x ACAGCVACKGTYTGYCTCATR r 
 EF-Ŭ1_F2_Cat CCAGCTGCWGTWCCTTCGTAC f 
 EF-Ŭ1_R8 TTAGAGATTTGACCAGGGTGG r 
CAD CADm5F TGGAARGARGTNGARTAYGARGT f 
 CADm1mR ACNGCRCACCARTCRAAYTCNACNGA r 
 CAD-CatF CGGCAGAAGCTTCGAAGAAGC f 
 CAD-CatR GCGAGAACCTACYGACAAGAG r 
GAPDH HybFrigga 5' AARGCTGGRGCTGAATATGT f 
 HybBurre 5' GWTTGAATGTACTTGATRAGRTC f 

 
Table 3-3. Character states, wing pattern traits and elevation distribution in Catasticta. 

Voucher 
Specimen 

Sexual 
Dimorphism 

Complexity  
Ventral Wing Pattern 

Elevation 

A.brassolis 1 0 0 
A.b.rosaceaLEP8569 1 0 0 
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Table 3-3. Continued    

Voucher 
Specimen 

Sexual 
Dimorphism 

Complexity  
Ventral Wing Pattern 

Elevation 

C.albofasciataMB149 0 1 1 
C.a.rubroreductaLEP282 0 1 1 
C.amastrisMB88 1 1 1 
C.anaitisLEP300 1 1 1 
C.anaitisLEP3817 1 1 1 
C.a.citraLEP15527 ? 1 1 
C.a.subturinaLEP228 ? 1 1 
C.arborardensLEP15548 ? 1 1 
C.atahuallpaLEP1969 0 1 1 
C.atahualpaLEP1818 0 1 1 
C.aureomaculataMB98 0 1 1 
C.bithysLEP15598 0 0 0 
C.bithysLEP15602 0 0 0 
C.bithysLEP15603 0 0 0 
C.bithysMB145 0 0 0 
C.cerberus 0 1 1 
C.cerberusMB210 0 1 1 
C.chelidonisLEP14196 1 1 1 
C.chrysolophaLEP15525 0 1 1 
C.c.spectrumMB55 0 1 1 
C.c.supremaLEP283 1 1 1 
C.c.obsoletaMB94 ? 1 1 
C.c.philomeneLEP15607 ? 1 1 
C.c.philomeneLEP15607 ? 1 1 
C.collinaLEP15409 1 1 1 
C.collinasspMB165 1 1 1 
C.coraMB109 0 1 1 
C.coraMB126 0 1 1 
C.ctemeneLEP3710 1 0 0 
C.c.grisellaLEP1860 1 0 1 
C.c.zebrellaLEP15765 1 0 1 
C.discalbaLEP206 1 1 1 
C.discalbaLEP231 1 1 1 
C.distinctaMB63 ? 1 1 
C.distinctaMB80 ? 1 1 
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Table 3-3. Continued 

Voucher 
Specimen 

Sexual 
Dimorphism 

Complexity  
Ventral Wing Pattern 

Elevation 

C.duidaLEP15665 0 1 1 
C.duidaLEP15669 0 1 1 
C.duidaMB153 0 1 1 
C.e.stramineaLEP15378 1 1 1 
C.e.stramineaLEP1891 1 1 1 
C.e.stramineaLEP1953 1 1 1 
C.e.lamasiLEP15681 1 1 1 
C.e.lamasiMB66 1 1 1 
C.eximiansspMB162 1 1 1 
C.ferraLEP289 0 1 1 
C.f.ferruginosaMB163 0 1 1 
C.f.briseisMB50 0 0 0 
C.f.diluitorLEP3707 0 0 0 
C.f.dunaLEP14160 0 0 1 
C.f.flisoidesMB30 0 0 1 
C.f.muehleiLEP277 1 1 1 
C.fulvaLEP15503 0 1 1 
C.fulvaMB70 0 1 1 
C.griseaLEP15699 ? 1 1 
C.h.crowleyiLEP15628 0 1 1 
C.h.marinaeMB39 0 1 0 
C.h.potameaLEP15764 0 1 0 
C.h.helleMB32 0 0 1 
C.h.tataeLEP3691 0 0 0 
C.incertaLEP14195 0 1 1 
C.incertaLEP14197 0 1 1 
C.incertaMB173 0 1 1 
C.lanceolataLEP15512 1 1 1 
C.l.alexandraMB40 1 1 1 
C.leucophaeaLEP223 ? 1 1 
C.l.lathyLEP15698 ? 1 1 
C.lisaLEP15611 ? 0 0 
C.ludoviciLEP303 1 1 1 
C.mancoLEP15695 1 1 1 
C.mancosspMB89 1 1 1 
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Table 3-3. Continued 

Voucher 
Specimen 

Sexual 
Dimorphism 

Complexity  
Ventral Wing Pattern 

Elevation 

C.marcapitaMB106 0 1 1 
C.modestaLEP15487 1 1 1 
C.modestaLEP15722 1 1 1 
C.modestaMB113 1 1 1 
C.n.philobataLEP278 1 1 1 
C.nothaMB35 0 0 1 
C.n.caucanaMB34 0 0 1 
C.t.myrisLEP230 0 1 1 
C.paucartamboLEP15567 ? 1 1 
C.philaisLEP15492 ? 1 1 
C.philaisMB208 ? 1 1 
C.p.borgesiLEP15720 ? 1 1 
C.philodoraLEP270 ? 1 1 
C.p.majaLEP8549 1 1 1 
C.p.variabilisLEP190 ? 1 1 
C.philoneLEP15849 ? 1 1 
C.philoneMB150 ? 1 1 
C.p.ecuadoraLEP285 ? 1 1 
C.philosciaLEP15725 ? 1 1 
C.p.incertinaLEP199 ? 1 1 
C.philotheaMB207 ? 1 1 
C.pierisLEP1859 ? 1 1 
C.pinavaLEP15413 0 1 1 
C.pinavaLEP15705 0 1 1 
C.pinavaLEP15855 0 1 1 
C.pinavaMB97 0 1 1 
C.pluviusMB57 ? 1 1 
C.poujadeiKW7100972 0 1 1 
C.poujadeiKW7100973 0 1 1 
C.poujadeiLEP14198 0 1 1 
C.poujadeiLEP207 0 1 1 
C.poujadeiLEP208 0 1 1 
C.poujadeiLEP209 0 1 1 
C.poujadeiLEP315 0 1 1 
C.poujadeiLEP316 0 1 1 
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Table 3-3. Continued 

Voucher 
Specimen 

Sexual 
Dimorphism 

Complexity  
Ventral Wing Pattern 

Elevation 

C.p.condorLEP3879 0 1 1 
C.p.condorLEP3880 0 1 1 
C.p.condorLEP3881 0 1 1 
C.p.condorLEP3882 0 1 1 
C.p.condorLEP3883 0 1 1 
C.p.araguanaLEP15615 0 0 1 
C.pyrcziLEP15453 0 1 1 
C.reductaLEP10520 0 1 1 
C.r.butlerianaLEP15435 0 1 1 
C.revanchaLEP15792 0 1 1 
C.rileyaLEP15841 0 1 1 
C.rileyaMB155 0 1 1 
C.roseaLEP15637 ? 1 1 
C.scaevaLEP15421 1 1 1 
C.scurraLEP15498 0 1 1 
C.scurraLEP201 0 1 1 
C.seitziMB36 0 1 1 
C.s.blancaLEP274 0 1 1 
C.sellaMB157 ? 1 1 
C.s.dogniniLEP152 ? 1 1 
C.semiramisLEP1735 0 1 1 
C.semiramisLEP194 0 1 1 
C.semiramisLEP195 0 1 1 
C.s.salomonLEP3871 0 1 1 
C.s.salomonLEP3872 0 1 1 
C.s.salomonLEP3873 0 1 1 
C.s.willmottiLEP14199 0 1 1 
C.s.sinapinaLEP15422 1 1 1 
C.s.sinapinaMB169 1 1 1 
C.s.smalli_GU164210.1 1 1 1 
C.s.telascoLEP14163 1 1 0 
C.s.telascoLEP15476 1 1 0 
C.s.telascoLEP1876 1 1 0 
C.s.telascoLEP9518 1 1 0 
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Table 3-3. Continued 

Voucher 
Specimen 

Sexual 
Dimorphism 

Complexity  
Ventral Wing Pattern 

Elevation 

C.socorrensisMB151 ? 1 1 
C.s.cotopaxiensisLEP3876 ? 1 1 
C.striataLEP15563 1 1 1 
C.suadelaLEP15451 ? 1 1 
C.suadelaMB60 ? 1 1 
C.suasaLEP15867 ? 1 1 
C.s.pacisLEP15868 ? 1 1 
C.superbaMB111 ? 1 1 
C.susianaLEP14162 1 1 1 
C.susianaLEP14200 1 1 1 
C.susianaLEP149 1 1 1 
C.t.yanganzaLEP14161 0 1 1 
C.t.yanganzaLEP197 0 1 1 
C.teutamisLEP1958 1 1 0 
C.t.epimeneLEP319 1 1 0 
C.t.moyobambaLEP1963 1 1 0 
C.teutila 1 1 1 
C.t.flavifaciataLEP15671 1 1 1 
C.t.flaviofasciataMB213 1 1 1 
C.theresaLEP15864 ? 1 1 
C.theresaLEP158642 ? 1 1 
C.thomasorumLEP3878 0 1 1 
C.t.inexpectataLEP317 0 1 1 
C.t.inexpectataLEP3877 0 1 1 
C.tocaLEP15770 0 1 1 
C.t.detritaMB72 0 1 1 
C.t.myrisMB15 0 1 1 
C.tricolorLEP15658 0 1 1 
C.tricolorMB129 0 1 1 
C.troezeneMB48 ? 1 1 
C.t.gelbaLEP15718 ? 1 1 
C.t.truncataLEP3699 ? 1 1 
C.uricoecheaeMB148 0 1 1 
C.vulnerataLEP268 0 1 1 
C.vulnerataMB05 0 1 1 
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Table 3-3. Continued 

Voucher 
Specimen 

Sexual 
Dimorphism 

Complexity  
Ventral Wing Pattern 

Elevation 

C.waltkinsiMB116 1 1 1 
C.w.suffusaMB68 1 1 1 
C.zamoraLEP189 ? 1 1 
C.zamoraLEP272 ? 1 1 
C.zamoraLEP273 ? 1 1 
C.theresaLEP14268 ? 1 0 
C.eurytele ? 1 0 
C.theresaLEP14266 ? 1 0 
E.socialis 0 0 1 
L.tellane 0 1 1 
N.menapia 0 1 1 
P.charops 1 0 0 
M.lycimnia 1 0 0 

 
Table 3-4. Age estimates for the five main subclades in Catasticta, 95% HPD interval 

and the corresponding Sub-epoch. 

Subclade Age (Ma) 95% HPD (Ma) Sub-epoch 

1 20.31 14.9 - 25.8 Middle Miocene - Late Oligocene 
2 20.02 14.6 - 25.7 Middle Miocene - Late Oligocene 
3 13.71 18.3 - 9.7 Early Miocene ï Late Miocene 
4 11.90 15.0 -8.8 Early Miocene ï Late Miocene 
5 12.82 17.1 -8.7 Early Miocene ï Late Miocene 

 

 
 

Figure 3-1. Ventral wing pattern of genera in the subtribe Aporiina: Catasticta, 
Leodonta, Charonias, Neophasia, Eucheira, Archonias, Pereute and Melete 
(not to scale). 
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Figure 3-2. Regions coded for the Ancestral area reconstruction analysis. 

 

 
Figure 3-3. Examples of sexual dimorphism within Catasticta: A) C. amastris. B) C. 

manco. C) C. pharnakia. D) C. cinerea. E) C. teutamis and F) C. eurigania 
(not to scale). 
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Figure 3-4. Examples of complexity of wing ventral pattern and coded states: A) C. 

prioneris albescens and B) C. poujadei clara (not to scale). 

 

 
 
Figure 3-5. Maximum Likelihood tree based on the combined data set four genes 

support values (bootstrap support) for nodes are below branches. 
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Figure 3-6. Bayesian Inference tree based on the combined data set four genes support 

values (posterior probability) for nodes are below branches. 
















































































































































