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SUMMARY 

 

 

Heliconius butterflies are an excellent example of Müllerian mimicry, where 

phylogenetically distant species converge to nearly identical wing phenotype when 

occurring in sympatry. However, few studies have comprehensively addressed mimicry 

accuracy and variation in mimicry signals across the fitness landscape (which may 

comprise multiple fitness peaks). In this study, using analysis of colour quantification, 

wing size and shape, I investigate the extent of phenotypic resemblance between co-

mimic species in multiple Heliconius mimicry rings. I found that wing size and shape do 

not contribute to mimicry. In contrast, colour phenotype is the main contributor, but some 

phenotypes are more accurate between co-mimics than others. This suggests the 

presence of multiple adaptive peaks within the same mimetic ring.  

 

In these butterflies, colour pattern is recognised as the main cue for mate recognition 

between species that are phylogenetically close, but when this cue is compromised 

alternative mating signals must evolve to ensure reproductive isolation and species 

integrity. The closely related species H. melpomene malleti and H. timareta florencia 

occur in the same geographical region, and despite being co-mimics, they display strong 

reproductive isolation. Here, I tested which cues differ between species, and potentially 

contribute to reproductive isolation. Wing colour pattern was indistinguishable between 

the two species, while the chemical profile of the males’ androconia and genitalia showed 

marked differences. Finally, I conducted behavioural experiments to study the importance 

of colour and chemical signals in mate recognition by females. I found that chemical 

blends and not wing colour pattern drive the preference of females for conspecific males. 

Also, experiments with hybrid males and females suggested an important genetic 

compound for both chemical production and preference suggesting that chemicals are 
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the major reproductive barrier opposing gene flow between these two sister and co-mimic 

species.  

 

Altogether, these results agree with the idea that mimicry adaptation is a complex and 

dynamic process affected by more than one factor and that an effective combination of 

these signals (visual and chemical) is essential for intra- and interspecific communication 

processes in butterflies. 
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INTRODUCTION 

 

 

INTRA AND INTER-SPECIFIC COMMUNICATION IN ANIMALS  

 

Communication is the production and transmission of a message through a 

signal by a sender, which generates a response from a receiver (1). This 

process usually involves complex signals that convey information 

simultaneously in multiple sensory modalities (2). In particular, animal 

communication, both intra and inter-specific, involves visual cues (nuptial 

colouration or body size), acoustic signals (bird songs or vibration), and 

chemical signals (cuticular hydrocarbons or pheromones), among others (3,4). 

These signals are usually combined to effectively communicate (5,6). For 

example, male birds exhibit brightly ornaments as well as perform elaborated 

songs to attract their partners (3), while in Drosophila the courtship behaviour 

combines visual and chemical stimuli (7). Also, tiger moths (Arctiidae) use 

ultrasound to avoid predation by bats and mate choice (8,9). In other cases, a 

single signal can serve multiple communication purposes. For instance, 

butterflies and moths use pyrrolizidine alkaloids as a defence against predators 

and as a sex pheromone precursor (10–14). 

The role of visual cues in animal communication has been extensively studied 

(15). As such, there is plenty of evidence showing their importance in 

reproduction and predation avoidance (16–19). For example, some butterfly 

wing patterns act as aposematic warning signals (20,21) and also as a 

intraspecific signal for partner recognition (22,23). However, when the same 

signal is used by multiple species to avoid predation (mimicry) and to recognise 

conspecific sex partners, conflicts may arise (14,24). This is particularly 

important in the case of closely related, sympatric and mimetic species because 

there is a higher chance of heterospecific attraction due to mimicry, which could 
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lead to heterospecific mating thus affecting fitness (10,14,15). To mitigate this 

effect, other types of signals (i.e. acoustic or chemical) should mediate species 

recognition (10).  

Although studies on sexual communication have focused on visual signals, 

chemical communication is of great importance in animals, predominantly in 

insects (25–27). Olfactory signals, which are highly specific (1), convey 

individual information such as reproductive status (28–31), territoriality and 

competitive ability (32,33), trail recruitment (34), mating status of females 

(35,36), quality and age of males (37,38), quality and quantity of nuptial gifts 

(39), body size (40), dominance status (41), and degree of relatedness (42). 

However, olfactory signals also mediate species-specific recognition (5) in 

insects including Drosophila (43,44), Rhagoletis (45,46), grasshoppers (47), 

stick insects (48), moths and butterflies (49–53), and other taxa such as 

salamanders (54), lizards (55), garter snakes (40) and mice (5,56).  

Pheromones are one of the best studied olfactory signals in the animal 

kingdom, and are species-specific chemical compounds used for intra and 

inter-specific communication (6,57–60). Their variation has important 

implications for reproductive isolation and speciation (37,61). Several closely 

related and sympatric insects have marked differences in their pheromones, 

both in terms of composition or concentration, these differences affect mate 

choice thus being crucial for the recognition of conspecific sex partners 

(45,46,53,62–64). Moreover, cuticular hydrocarbons mediate mating 

preferences in closely related species of the Coleopteran families 

Cerambycidae (65), Chrysomelidae (66–68), Lampyridae (69), as well as in 

many Lepidoptera such as Danaus (70). Species recognition and sexual 

signalling have also been identified in the Hymenopteran wasp families 

Braconidae (71), Bethylidae (72), and Pteromalidae (15). 
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Heliconius: AS A STUDY SYSTEM, COLOUR AND MIMICRY  

 

Heliconius is a genus of butterflies extensively used as a model to understand 

the mechanisms behind the processes of speciation and adaptation (73–75). 

These butterflies constitute an adaptive radiation with about 40 species and 

more than 400 subspecies (or geographic races) across the Neotropics (75). 

They are an excellent study system because of: (i) their relative abundance in 

the field and natural collections, (ii) their feasibility to be reared in insectaries, 

(iii) their moderately small genomes, and (iv) their bright and diverse colour 

patterns, which are involved in complex mimicry across the Neotropics. As 

such, Heliconius constitute a textbook example of Müllerian mimicry in which 

distantly related but sympatric species converge on the same wing colour 

phenotype to efficiently advertise their unpalatability to predators (76–78). 

These so-called mimicry ‘rings’ (multiple species sharing a similar appearance 

(79)), comprise species of Heliconius but also other genera like Melinea 

(Danainae: Ithominii) or Chetone (day-flying Arctiidae) (75). Nevertheless, co-

mimics in a given locality are usually phylogenetically distant while closely 

related species often differ in their wing phenotype (12,80,81). This is due to 

frequency dependent mimicry selection coupled with species recognition 

mediated by visual cues (12,14,82–85), although chemical, behavioural and 

even acoustic signals are also involved (60,86). In consequence, hybrid colour 

patterns are penalized by natural selection and males are more likely to 

approach and court females exhibiting their own phenotype (12). 

 

The unpalatability of Heliconius is the result of their adults having cyanogenic 

compounds in their bodies. These compounds are captured by larvae when 

feeding on Passiflora plants, although some Heliconius are able to de novo 

synthesise cyanogenic compounds (87–90). Although the interplay between 

host plant use by larvae, toxicity levels in adults and mimicry still is not 

completely understood (88), field and insectary experiments demonstrated that 

wing colouration is indeed a good signal advertising toxicity to local predators 

(21,77,87,88,91). Even so, there is considerable variation in toxicity levels 

between populations that bear a similar phenotype in different locations and 
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between species with different phenotypes occurring in the same place 

(21,77,87,88,91). The importance of wing elements and colour (or their 

combination) in predator deterrence is still an open question. Only one 

experiment suggests that birds (the most common predator of these butterflies) 

perceive a generalized wing pattern, and that red colour is a more effective 

warning signal (16,79,92). Interestingly, wing colours seem to contain 

information that can selectively signal both predators and potential mates (16). 

For example, yellow patches in H. erato are apparently better distinguishable 

by conspecifics than birds, but the generality of this result across the genus has 

not been shown.  

 

Mimicry in Heliconius is very diverse. Usually, there is local convergence to few 

wing phenotypes, and in some cases, this convergence extends to a regional 

scale. Also, polymorphic colour patterns involving multiple rings can coexist in 

the same locality (Figure 1.1 and 1.2). A striking example of the Heliconius 

mimicry tapestry occurs between H. melpomene and H. erato. These species 

converge to the same wing phenotype in all localities where they co-occur (93), 

but at the same time, their phenotype varies across Central and South America 

(Figure 1.1) (94). In general terms, the wing phenotypic variation of H. 

melpomene and H. erato variation can be grouped into two patterns: red-band 

and dennis-ray (95). The red-band phenotype consists of a broad medial red 

mid-forewing band (H. e. guarica in Figure 1.1). The dennis-ray pattern refers 

to an orange/red basal patch on the forewing combined with orange rays on the 

hindwing (rays), and a yellow anteromedial band in the forewing (for example 

H. m. malleti in Figure 1.1). A second great example of mimicry in the genus is 

H. cydno, a species that usually mimics species of the H. sara/sapho clade 

(Figure 1.2) (94,95). However, in the south of the Cauca valley, H. cydno 

mimics H. erato and the Ithomiine butterfly Elzunia humboldt regalis thus 

constituting very unusual mimicry pairs (96). Similarly, H. cydno participates in 

a mimetic ring with H. hecuba and Elzunia humboldt tamasea in the Colombian 

Magdalena valley (Figure 1.2).  

 

The geographical diversification in mimicry signals in these butterflies has been 

explained by the classical Wright’s shifting balance theory, where alleles’ 
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frequencies randomly vary due to genetic drift, and then local positive 

frequency-dependent selection acts on colour loci allowing the morphs to 

colonize new adaptive peaks (97). This theory is an alternative to the classical 

Fisher's model, where selection acts on the mutations that generate diversity 

(97,98). In contrast with the widely supported Fisher’s model, the evidence 

supporting the Wright's shifting balance theory is rather scarce (except for 

Heliconius and dendrobatid frogs (99,100)). On the other hand, recent evidence 

has shown that polymorphic mimetic rings in Heliconius (at least those 

controlled by supergenes), are maintained by antagonistic natural and sexual 

frequency-dependent selection acting on the colour pattern (101,102). 

 

Heliconius has a ‘tool kit’ of about five unlinked autosomal genes that control 

most of the colour pattern variation in the genus (103). Such genes are turned 

on or off in different species or wing regions thanks to the presence/absence of 

cis-regulatory modules around them (104–106). This modular architecture in 

the regulatory regions of the colour pattern genes facilitates both phenotypic 

convergence and divergence because they function as lego parts that can be 

combined in multiple arrangements thus permitting the formation of a great 

diversity of wing phenotypes (106). This is particularly important in Heliconius 

because wing pattern is recognized as a “magic trait” (12,75,107) that acts as 

an aposematic signal (21,107) and is also implicated in sexual recognition 

(75,108). Interestingly, the loci controlling the formation of wing colours are 

closely linked to the loci underlying mate preference (85,109), so divergence in 

colour pattern loci is expected to also affect preference loci, thus leading to the 

evolution of reproductive isolation.  
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Figure 1.1. Geographic distribution of the co-mimics H. erato and H. melpomene. This map includes members of the genus Heliconius, Eueides 
heliconioides and a moth Chetone ithrana. 
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Figure 1.2. Geographic distribution of the clade H. sara/sapho and its co-mimics H. cydno. This map includes members of the genus Heliconius 
and the ithomiinae butterfly Elzunia humboldt. 
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H.	c.	hermogenes

H.	c.	cydnides

H.	c.	cordula

H.	c.	zelinde

H.	c.	waningeri

H.	c.	ssp.	nov

H.	heurippa

H.	c.	lisethae

H.	c.	chioneus H.	c.	cydno

H.	t.	linaresi
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CHEMICAL COMMUNICATION 

 

Organisms interact both with their environment and with others through chemical cues 

(54,55,117,60,110–116), in consequence, chemical signalling has been recognised as an 

important cue in insects for aggregation (118), trail recruitment (34), interaction with plants 

(119)  and sex (57,120). 

 

In particular, sex pheromones are species-specific mixtures involved in intra and inter-

specific communication (57), and are intensively studied in moth pests. In fact, the first 

chemical characterisation of sex pheromone was carried out in the moth Bombyx mori 

(121). These volatile compounds can be short-range cues (like cuticular hydrocarbons) 

or long-range cues released to attract mates over long distances (43,122–125). 

Pheromones play an important role in mate recognition and their divergence can lead to 

reproductive isolation and speciation (24,52,59,123,124). 

 

Butterflies are usually regarded as highly visual organisms that rely on visual cues due to 

their diurnal habits (81,126,127). In consequence, few studies have focused on chemical 

signalling in butterflies. Even so, some male aphrodisiac pheromones that are used 

during courtship in Danaini (Nymphalidae: Danainae) have been identified, and they are 

known to be released by abdominal hair-pencil structures (86,126). Also, some Ithomiini 

(Nymphalidae: Danainae) sequester pyrrolizine alkaloids from plants and use them as 

precursors of pheromones (128). Heliconius do not have complex scent organs like those 

in Danainae (14), but have brush-like structures in the silvery overlapping region of the 

male hindwing, known as androconia (81,129–132). Behavioural experiments in H. erato 

revealed that males expose their androconia during courtship, thus suggesting a role for 

chemical signalling in courtship and mating in these butterflies (133,134). Likewise, males 

of H. charitonia use chemical cues to locate mates and are able to identify the sex of the 

pupae based on chemical cues (135). Moreover, anti-aphrodisiac compounds are 

transferred from males to females during mating to prevent re-mating by making the 

female unattractive to potential mates (136,137). Despite the importance of chemical 

signalling in Heliconius, the study of chemical cues in the genus has been poorly explored 
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compared to visual cues. In an attempt to address this gap, recent studies have 

characterised the compounds present in the male androconia of multiple species 

(108,138) and suggest a role for pheromones in conspecific mate recognition (108,138) 

so, these differences evolved by natural selection to avoid interspecific hybridisation 

(64,123). 

 

 

PHEROMONE PRODUCTION, PERCEPTION AND GENETICS  

 

Lepidoptera display tremendous chemical diversity in volatile pheromone components 

(139). The chemical bouquets often included a combination of multiple types of 

compounds such as macrolides, alkanes, alkenes, alcohols, ketones, aldehydes and 

terpenoids; in many cases inferred or proved to be plant-derived (89,117,140–142). 

Currently, sex pheromones of various Lepidoptera have been characterized, specifically 

in moths the synthesis pathway of these compounds and the participating enzymes, have 

been deeply studied. (140–143; Figure 1.3). Lepidopteran sex pheromones are classified 

as type-I (most common) or type-II based on the presence of terminal functional group: 

type I pheromones are C10-C18 fatty acid derivatives with an oxygenated functional 

group that can be an aldehyde, alcohol or an acetate ester, while type-II pheromones are 

hydrocarbons or epoxides (143,144,146). In female moths, type I sex pheromones are 

synthesized by specialized pheromone glands (PG) through a fatty-acid biosynthesis 

pathway where palmitic or stearic acids are converted to the final pheromone components 

by multiple steps of acetylation, desaturation, chain shortening, reduction, and oxidation 

(143,144,146; Figure 1.3).  

 

The detection of these pheromones relies on hair-like sensilla on the antenna. 

Specifically, pheromones bind to odorant-binding proteins and are transported to olfactory 

sensory dendrites, where pheromone receptors induce the opening of ion channels, 

depolarise membranes and generate action potentials (147). Pheromone receptors bind 

with high specificity, and evidence from Ostrinia furnacalis shows that pheromone 

receptors are a crucial component in qualitative pheromone preference shifts (148,149). 
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In moths, the perception and degradation of female pheromones relies on three major 

classes of proteins: pheromone binding proteins (PBPs), odorant receptors (ORs), and 

pheromone degrading enzymes (PDEs) (143,150). Although few PDEs have been 

functionally characterized, it is known that these enzymes include aldehyde oxidases 

(AOX), aldehyde dehydrogenases (ALDH), aldehyde reductases (AR), carboxylesterases 

(CCE), UDP-glycosyltransferases (UGT), glutathione S-transferase (GSTs) and 

cytochrome p450s (CYPs) (143,151; Figure 1.3). Also, the recent sequencing of the 

transcriptome of pheromone glands and antennae in multiple moths has pinpointed some 

of the genes that code for the enzymes likely implicated in the production, detection and 

degradation of sex pheromones in these organisms (143,144,159–162,151–158).  

 

 

 
Figure 1.3. Proposed biosynthesis (top, occurs in the PG) and degradation (bottom, occurs in the 
antennae) pathways of sex pheromones in moths. Enzymes are shown in green, precursor compounds 
are shown in blue, while pheromone compounds are shown in yellow. Figure from He, 2017 (144). 
Biosynthesis of sex pheromones is initiated when the pheromone biosynthesis activating neuropeptide 
(PBAN) is released from the suboesophageal ganglion in the brain and binds to its receptor (PBANr) in the 
PG. This induces a calcium channel to open causing an influx of extracellular calcium. This calcium binds 
to calmodulin, and together, they will activate adenylate cyclase to produce cAMP that will then act 
through kinases to stimulate the acetyl-CoA carboxylase (ACC), thus initiating the pheromone 
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biosynthesis. ACC carboxylates acetyl-CoA to malonyl-CoA. Then, a fatty acid synthase (FAS) produces a 
saturated fatty acid from malonyl-CoA and NADPH (the resulting products are palmitic (16C) or and stearic 
acids (18C)). A desaturase (DES) modifies these even numbered carbon chains introducing double bonds 
into specific locations. Subsequently, a fatty acid reductase (FAR) reduces such fatty acids to alcohols, that 
are either oxidized by an alcohol oxidase or alcohol dehydrogenase (AO or AD) into the corresponding 
aldehyde components or converted into acetate esters by an acetyltransferase (ACT). The perception of 
such pheromone compounds relies on three major classes of proteins: pheromone binding proteins 
(PBPs), odorant receptors (ORs), and pheromone degrading enzymes (PDEs). The PDEs are far less 
characterized, although some are known. For example, the aldehyde oxidase (AOX) is a sensillum enzyme 
that degrades aldehyde sex pheromone components) to corresponding acids, while the aldehyde 
dehydrogenase (ALDH) and aldehyde reductase (AR) are NAD(P)− dependent enzymes that catalyse the 
oxidation and reduction of aldehyde substrates to their corresponding acids and alcohols, respectively. 
On the other hand, the carboxyl/cholinesterase (CCE) are secretory enzymes that degrade acetate ester 
pheromones. Finally, some UDP-glycosyltransferases (UGT) and glutathione S-transferase (GSTs) have 
been suggested as odorant degrading enzymes in moths. 

 
 
Conversely, little is known about olfactory sexual communication in butterflies, where not 

only females but also males (in some species) produce sexual pheromones 

(38,51,138,141,163,164). Notwithstanding this, the composition and biosynthetic 

pathways of sex pheromones between butterflies and moths are considered to be highly 

conserved (138,139,145,147,156,164–166). In fact, genomic comparisons between 

moths and butterflies of the genera Heliconius, Papilio and Danaus have suggested high 

similarity between their sex pheromone biosynthetic gene clade (139,167). 

 

A recent study in the species pair H. melpomene and H. cydno (divergence time ~1Mya) 

suggests a polygenic basis for both pheromone production and perception in Heliconius. 

There are 40 significant quantitative trait loci (QTL; 33 potential pheromone compounds) 

and chromosome 20 seems to be enriched for potential pheromone biosynthesis genes 

(168). Similarly, multiple loci involved in chemoperception including OBPs, were identified 

(168). Both sets of genes are unlinked to colour pattern loci or visual mate preference 

loci, thus suggesting that, assuming a role of pheromones in mate recognition, speciation 

in the face of gene flow involves multiple barrier loci.  
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THESIS OUTLINE 

 

 

This thesis comprises three data chapters: 

 

First, mimicry in butterflies has been suggested to be a multifactorial signal where, 

besides colour pattern, other traits such as wing shape and size may potentially play a 

role. However, few studies have addressed mimicry accuracy in terms of wing shape, 

size and pattern. In chapter 1, I evaluated fine-scale morphological differences in size, 

shape and wing colour pattern to investigate the extent of phenotypic resemblance among 

co-mimic species in multiple Heliconius mimicry rings in Colombia.  

 

Second, because some closely related and sympatric Heliconius species converge in 

colour pattern and this signal is used for partner recognition, conflicts may arise, and other 

signals should mediate such recognition. In chapter 2, I quantified wing colour pattern in 

order to investigate how accurate is the resemblance between the closely related species 

H. melpomene malleti and H. timareta florencia, which belong to the same mimicry ring 

in Caquetá (Colombia). I also conducted experiments to test female preferences for male 

wing phenotype and male sex pheromones to test whether sex pheromones mediate 

reproductive isolation between closely related and mimetic species.  

 

Based on the results from chapter 2, in chapter 3, I characterised the chemical bouquets 

of males of H. m. malleti and H. t. florencia, their F1 and backcrosses (BC). This 

characterisation coupled with further behavioural experiments allowed me to understand 

how chemical cues mediate reproductive isolation in this mimetic pair.  
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COLLABORATIONS AND PUBLICATIONS 

 

 

This thesis presented here is the result of my work in collaboration with other colleagues. 

  

The wings used in chapter 1 were obtained from: (i) the “Colección de Artropodos – 

Universidad del Rosario- CAUR229”, (ii) the butterfly collection of Dr. Chris Jiggins and 

the University of Cambridge, (iii) Instituto de Ciencias Naturales at Universidad Nacional 

de Colombia, (iv) personal collection of Jean Francois Le Crom in Bogota. I scanned the 

wings, conducted the analysis and wrote the manuscript supervised by Dr. Camilo 

Salazar and Dr. Carolina Pardo. Dr. Melissa Sanchez-Herrera and Dr. William Kuhn made 

suggestions on the morphometrics analysis. Dr. Steven Van Belleghem trained me in the 

use of the package Patternize. This chapter was written in view of eventual publication 

and is under preparation. 

  

In chapter 2 I carried out the experiments at the insectaries of Universidad del Rosario in 

La Vega (Cundinamarca). I collected the behavioural data, conducted the analyses and 

wrote the manuscript supervised by Dr. Camilo Salazar and Dr. Carolina Pardo. Part of 

this chapter was published in the journal PeerJ (Q1) in 2017, where I participate as joint 

first author: 

  

Darragh K.*, Vanjari S.*, Mann F.*, Gonzalez-Rojas M. F.*, Morrison C. R., Salazar C., 

Pardo-Diaz G. C., Merrill R. M., McMillan W. O., Schulz S., and C. D. Jiggins (2017). Male 

sex pheromone components in Heliconius butterflies released by the androconia affect 

female choice. PeerJ 5:e3953. doi: 10.7717/peerj.3953 (*Equal contribution). 

  

In chapter 3, I generated inter-specific crosses using the individuals from chapter 2. 

Pheromone collection and behavioural experiments were done following 

recommendations of Dr. Kathy Darragh and Dr. Chris Jiggins from the University of 
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Cambridge, which also contributed with reagents and materials. Dr. Owen McMillan acted 

as my supervisor at the Smithsonian Tropical Research Institute (STRI) where I analysed 

the GC/MS data. Dr. Stefan Schulz at the Technische Universitat Braunschweig, Institute 

of Organic Chemistry, helped with the identification of chemical compounds facilitating 

the reference library and depurating the identification. Dr. Jorge Robles from Universidad 

Javeriana also reviewed the chemical identification. Dr. Kelsey Bryers gave useful 

feedback on the data analysis. I collected the data, analysed it and wrote the manuscript 

supervised by Dr. Camilo Salazar and Dr. Carolina Pardo. The result of this work and part 

of chapter 2 was published in Proceedings of the Royal Society (Q1) where I am first 

author: 

  

Gonzalez-Rojas M. F., Darragh K., Robles J., Linares M, Schulz S., McMillan O. W., 

Jiggings C. D., Pardo-Diaz G. C., C. Salazar (2020). Chemical signals act as the main 

reproductive barrier between sister and mimetic Heliconius butterflies. Proc. R. Soc. B. 

287(1926): 20200587. doi: 10.1098/rspb.2020.0587. 

 



 15 
 

 

CHAPTER 1. PHENOTYPIC RESEMBLANCE ACROSS 
MULTIPLE MIMICRY RINGS IN Heliconius 

 
 

INTRODUCTION 

 

Müllerian mimicry is a process where natural selection favours the convergence 

on warning signals among co-occurring and defended prey species to share 

the cost of predator learning (169–173). This phenomenon is the result of 

positive frequency-dependent selection because as the warning signal 

becomes more common, the higher the probability that a predator has already 

learned to avoid it, thus reducing the chance of a prey having that signal to be 

attacked (20,174–177). The ability of a predator to learn and generalize a 

warning signal is crucial for Müllerian mimicry to work, and in fact, many 

examples support such learning (170–173). For instance, experienced birds 

avoid aposematic patterns when they are associated with an unpalatable prey 

(178,179), and naive birds learn rapidly to avoid those patterns (180). Similarly, 

great tits can recognize simulated preys with varying levels of perfection (178), 

while jacamars attack more frequently butterflies with altered wing phenotypes 

compared to non-altered phenotypes (91). Also, field transplant experiments 

show that preys with a different or manipulated pattern are more attacked than 

those matching the local mimetic pattern (21,93,107,127,181,182).  

Under the Müllerian mimicry theory, it is not expected to find polymorphisms in 

a single mimicry ring, as this would lead to mimicry imperfection and thus higher 

rates of an attack on rare variants (177). However, there are exceptions even 

in the best known Müllerian mimicry examples, such Danaus chrysippus and 

its co-mimic Acraea encedon, A. encedana and Hypolimnas misippus (177) 

where polymorphism probably involves allopatric monomorphic subspecies in 
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secondary contact as a recent expansion of their geographical range resulting 

from forest clearance and the subsequent establishment of savanna-like 

conditions in earlier forested areas (183,184). Similarly, the Amazonian 

butterfly Heliconius numata displays mimetic polymorphism throughout its 

entire range and exhibits up to seven morphs, each one mimicking local 

Melinaea or Mechanitis butterflies (Ithomiinae) (101). The causes behind this 

polymorphism have been recently described, while positive frequency-

dependent selection imposed by predators favours the fixation of the locally 

most abundant morph (H. n. bicoloratus), there are disassortative mate 

preferences that result in a negative frequency-dependent selection (101). The 

combined effect of these antagonistic selection pressures is sufficient to 

maintain polymorphism in this species (101,185).  

The Heliconius butterflies are an excellent example of Müllerian mimicry, where 

phylogenetically distant species converge to a similar wing phenotype when 

occurring in sympatry (186). For example, the closely related species 

Heliconius melpomene and H. cydno -the former exhibiting red/orange wing 

colouration and the latter with typical white/yellow wing phenotypes- converge 

phenotypically with members of the phylogenetically distant species H. erato 

and H. sara/H. sapho respectively (12). The only exception to this general rule 

is the closely related pair H. timareta and H. melpomene, which mimic each 

other when in sympatry (187–190). Such interspecific convergence in 

Heliconius is coupled to intraspecific phenotypic divergence, thus there are 

extreme differences in the wing colour patterns displayed by subspecies that 

occur in different geographic locations (186). This leads to a spectacular 

diversity in wing colour patterns, that can be summarised into four major 

categories: (i) red-banded, (ii) dennis-ray, (iii) yellow/white, and (iv) tiger.  

In this butterfly genus, the study of colouration has received a great deal of 

attention, while fewer studies have comprehensively addressed mimicry 

accuracy in terms of wing shape, wing size and wing pattern (i.e., the spatial 

arrangement of markings elements such as bars, bands, spots, patches, etc) 

within a given mimicry ring. Mérot et al. (172), revealed subtle but consistent 

variation between populations of H. timareta thelxinoe and its co-mimics H. 
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erato favorinus and H. melpomene amaryllis, a red-banded mimicry ring in 

Northern Peru. Likewise, Rossato et al. (191), showed subtle variation in shape 

and size of the forewing and the red band in a Heliconius red-banded mimicry 

ring in Brazil (H. erato phyllis and its co-mimics H. besckei, H. melpomene 

burchelli, and H. melpomene nanna). Both studies found different mimetic 

optima shaped by changes in the composition of the local mimetic communities 

(172,191). Also, a recent study quantified wing colour pattern differences in the 

mid-forewing region of 14 co-mimic races of H. erato and H. melpomene and 

found that, while the relative size of the mid-forewing pattern is nearly similar, 

there are still developmental constraints that prevent the species from being 

identical (192). These studies have either focused on red-banded phenotypes 

or single wing elements. Moreover, additional effects on mimicry that also could 

shape the colour pattern variation such as geography, number of involved 

species, and the presence of other genera in the mimetic ring are less studied. 

Therefore, it is necessary to investigate the generality of such findings.  

Colombia has 34 species and 110 subspecies of Heliconius (193,194), and in 

fact, the four major phenotypes of the genus can be found across a wide 

geographic range in this country. This offers a unique opportunity to (i) test how 

accurate is the resemblance among co-mimics, (ii) investigate whether 

quantitative changes in phenotype (if any) are affected by the distribution of the 

mimicry ring (geography); (iii) test the existence of differences in the phenotypic 

accuracy between mimetic rings composed with several species versus those 

with few ones. To address these questions, in this chapter, I evaluated fine-

scale morphological differences in size, shape and wing colour pattern of both 

forewings and hindwings among a comprehensive sampling of mimetic rings in 

Colombia that bear any of the following colour phenotypes: red-band, dennis-

ray, white/yellow. 

 

MATERIALS AND METHODS 
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I scanned forewings (FW, hereafter) and hindwings (HW, hereafter) in ventral 

and dorsal view of 1,102 males from the genera Chetone, Elzunia, Euedes and 

Heliconius (Table 2.1 and Table S1.1). We used a high-resolution flatbed 

scanner Epson Perfection V550, in RGB colour format with a resolution of 2400 

dpi. This was done on specimens with undamaged wings. Right side wings 

were always used. These images were used to compare wing size, shape and 

colour pattern in the comparisons listed in Table 2.1.  

 

WING SHAPE AND SIZE  

 

The overall shape and size of wings were measured only on the dorsal side 

using landmark coordinates (LMs, hereafter) placed at vein intersections and 

vein termini: 17 LMs for the FW and 15 LMs for the HW (Figure 2.1A). LMs 

were scored by the same person using tpsDig2 (195) and later superimposed 

using a General Procrustes Analysis (GPA) in the R package “geomorph” (196–

198). GPA aligns, scales and rotates the configurations to line up the 

corresponding LMs as carefully as possible, minimizing differences. The 

resulting coordinates in the tangent space were used as shape data, while the 

log-transformed centroid size was used as a size estimate (197). Differences 

in wing size were investigated with a one-way ANOVA with size as dependent 

variable and subspecies as a factor (as in Table 2.1), followed by a Tukey’s 

post-hoc test. I calculated the minimum geographic distance between mimicry 

rings using the function “distHaversine” in the Geosphere package (199). 

Differences in wing shape due to subspecies and geography were assessed 

using Procrustes MANOVA with the procD.lm function in the “geomorph” R 

package (196). I also conducted a principal component analysis (PCA) followed 

by a linear discriminant analysis (LDA) based on those PCs that explain >95% 

of the wing shape variation in the “candisc” package in R (200). Likewise, I 

performed a multivariate analysis of covariance (MANCOVA) in R based on 

those PCs to test for differences in wing shape. The MANCOVA was done with 

subspecies as an explanatory variable, geographic distance was included as a 

covariable, and the formula included an interaction term between these two 

variables. 
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Table 2.1. Samples included in the morphometric analysis. A total of 22 comparisons, each one corresponding to a particular mimicry ring (sympatric) and 
geographic (allopatric) comparisons. Numbers on parentheses indicate the number of individuals scanned. Comparison (C). Simpatry (S), Allopatry (A). **Lab 
recreated. Dash lines indicate a different geographic mimetic ring.  

C Phenotype Location/ 
Occurrence Mimicry ring 

1 

Red-banded 

Magdalena 
Valley/ North-
East Andean 

foothills/ 
Pacific/ 

Putumayo 

A 

 

 
2 Pacific S 

 

3 Magdalena 
Valley S 

 

4 
North-East 

Andean 
foothills 

S 

 

5 Putumayo S 

 

6 Magdalena 
Valley/ A 

 

H. melpomene martinae (27)H. erato guarica (44) H. erato hydara (50) H. melpomene melpomene (46)

H. erato venus (19) H. melpomene vulcanus (16) H. erato dignus (25) H. melpomene bellula (41) H. tristero (16)

H. erato venus (19) H. melpomene vulcanus (16)

H. erato guarica (44) H. melpomene martinae (27)

H. erato hydara (50) H. melpomene melpomene (46)

H. erato dignus (25) H. melpomene bellula (41) H. tristero (16)

H. melpomene bellula (41) H. melpomene martinae (27) H. melpomene melpomene (46) H. melpomene vulcanus (16)
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North-East 
Andean 
foothills/ 
Pacific/ 

Putumayo 

7 

Magdalena 
Valley/ 

North-East 
Andean 
foothills/ 
Pacific/ 

Putumayo 

A 

 

8 

Dennis-ray 

Amazon S 

 

9 
South-East 

Andean 
foothills 

S 

 

H. erato dignus (25) H. erato guarica (44) H. erato hydara (50) H. erato venus (19)

Chetone ithrana (4) Eueides heliconioides eanes (8) H. aoede (3) H. elevatus elevatus (11)

H. erato lativitta (50) H. erato reductimacula (28) H. melpomene malleti (41) H. melpomene vicina (16)

H. timareta subsp. nov. (4) H. timareta florencia (44) H. xanthocles melete (12)

H. erato lativitta (50) H. melpomene malleti  (41) H. timareta florencia (44) H. xanthocles melete (12)
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10 

Yellow/White 

Cauca Valley/ 
Magdalena 

Valley/ Pacific/ 
North-East 

Andean 
foothills 

A 

 

11 Pacific S 

 

12 Magdalena 
Valley S 

 

13 Magdalena 
Valley S 

 

14 Magdalena 
Valley S 

 

H. cydno cydnides (50)

H. eleuchia eleuchia (49)Elzunia humboldt 

H. cydno weymeri H. cydno zelinde (51)

H. sara magdalena (13)

H. cydno weymeri

H. sapho sapho (8)

H. cydno chioneus (4)

H.cydno cydno (43)

H. cydno waningeri (15)

H. sapho chocoensis (13)

H. eleuchia eleusinus (18)

H. cydno lisethae (13) H. cydno hermogenes (7)

Elzunia humboldt H. hecuba tolima (1)

H. timareta linaresi (7)

H. heurippa (26)

H. cydno cordula (17) H. cydno subsp. nov. (2)

H. erato chestertonii (71)

H. cydno weymeri 
f. gustavi (49)

regalis (34) tamasea (9)

 f. weymeri (51)  f. submarginatus (50)**

H. cydno zelinde (51) H. eleuchia eleusinus (18) H. sapho chocoensis (13)

H. sapho sapho (8)H. cydno wanningeri (15)

H. cydno chioneus (4)H. cydno cydno (43) H. sapho sapho (8)H. eleuchia eleuchia (49)

H. cydno lisethae (13)H. eleuchia eleuchia (49)H. sara magdalena (13) H. sapho sapho (8)
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15 Cauca Valley S 

 

16 Magdalena 
Valley S 

 

17 Cauca Valley S 

 

18 Cauca Valley S 

 

19 

H. 
melpomene 
subspecies 

 
Red-banded/ 
Dennis-ray 

Magdalena 
Valley/ North-
East Andean 

foothills/ 
Pacific/ 

Putumayo/ 
Amazon 

A 

 

20 

H. erato 
subspecies  

 
Red-banded/ 
Dennis-ray/ 

White/Yellow 

Magdalena 
Valley/ North-
East Andean 

foothills/ 
Pacific/ 

Putumayo/ 
Amazon/ 

Cauca Valley 

A 

 

H. eleuchia eleuchia (49)H. cydno cydnides (50)

Elzunia humboldt tamasea (9) H. cydno hermogenes (7) H. hecuba tolima (1)

Elzunia humboldt regalis (34) H. cydno weymeri submarginatus (50)** H. cydno weymeri weymeri (51)

H. cydno weymeri f. gustavi (49) H. erato chestertonii (71)

H. melpomene melpomene (46) H. melpomene bellula (41) H. melpomene martinae (27) H. melpomene vulcanus (16)

H. melpomene malleti (41) H. melpomene vicina (16)

H. erato hydara (50) H. erato dignus (25) H. erato guarica (44) H. erato venus (19)

H. erato lativitta (50) H. erato reductimacula (28) H. erato chestertonii (71)



 23 
 

21 

H. cydno 
subspecies 

 
Yellow/White 

South-East 
Andean 
foothills/ 

Cauca Valley/ 
Magdalena 

Valley/ Pacific/ 
North-East 

Andean 
foothills 

A 

 

22 

H. timareta 
subspecies 

 
Red-banded/ 
Dennis-ray/ 

White/Yellow 

Putumayo/ 
Amazon/ 

Eastern slopes 
of the Andes 

A 

 

 
 

H. cydno cydnides (50) H. cydno chioneus (4) H. cydno cydno (43) H. cydno waningeri (15) H. cydno lisethae (13) H. cydno hermogenes (7)

H. cydno cordula (17) H. cydno subsp. nov. (2) H_c_weymeri H. cydno zelinde (51) H. cydno weymeri H. cydno weymeri
f. weymeri (51) f. submarginatus (50)** f. gustavi (49)

H. tristero (16) H. timareta florencia (44) H. timareta subsp. nov. (4) H. heurippa (26)H. timareta linaresi (7)
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Figure 2.1. Position of the landmark coordinates (LM) used in the analysis of (A) shape and size and (B) colour pattern. 
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WING PATTERN 

 

To quantify variation in wing colour patterns (i.e. the spatial arrangement of 

wing elements such as bars, bands, spots, patches, etc), I used the R package 

Patternize which extracts, transforms and superimposes colour patterns to 

finely quantify their variation among populations (201). I used the program 

Image J (202) to place a set of 34 LMs per individual (18 on the FW and 16 on 

the HW, dorsally and ventrally, Figure 2.1B). To ensure that LMs were 

homologous among individuals, I used vein intersections and vein termini as 

reference for their position (Figure 2.1B). With this information, Patternize 

defines homology between wing elements’ position across specimens and 

then, the software transforms these LMs by translating, rotating, scaling and 

skewing them (201). A RGB (Red, Green and Blue) value was specified for the 

wing colour pattern of interest (red-banded, dennis-ray, yellow/white 

phenotype), to fully extract it. Patternize uses a basic image segmentation 

approach to identify the correct colour boundaries by specifying a RGB value 

and selecting pixels within the specified colour. Therefore, each pixel 

coordinates with the colour of interest in a sample get a value of one, and pixel 

coordinates without the colour of interest have a value of zero (201). Next, a 

tps (thin-plate spline) transformation was obtained using a random reference 

sample and these tps transformations were used to align and compare the 

extracted pattern from each subspecies. The differences in the pattern of 

interest were obtained using the function SumRaster to compare between co-

mimics. Later, using the patArea function, I estimated the relative size as the 

proportion of the total wing area in which the pattern is identified.  

 

A principal component analysis (PCA) is performed to characterize variation in 

colour pattern elements between subspecies; this is done using the variance-

covariance matrix obtained from the binary matrix. When visualizing the 

predicted colour pattern changes across the PC axis, positive values mean a 

higher predicted expression of the colour pattern element of interest (red) 

where negative values indicate an absence of the element (blue) (201).  



 26 
 

 

Differences in wing pattern were tested using a multivariate analysis of 

covariance (MANCOVA) in R based on a subset of PCs (those that explain 

>95% of the variation). The MANCOVA was done with subspecies as an 

explanatory variable, geographic distance was included as co-variable, and the 

formula included an interaction term between these two variables as mentioned 

before.  

 

 

RESULTS 

 

WING SIZE AND SHAPE  

 

Overall, I observed that wing size is not a component of mimicry in the rings I 

evaluated. For example, in rings where H. erato and H. melpomene participate, 

the wings of latter are consistently larger (except for H. m. vulcanus; Figure 2.2 

and 2.3; Table S1.2 - Comparisons 1-5, 8-9). Similarly, H. cydno also showed 

larger wings than all of its co-mimics (except for Elzunia or H. hecuba; Figure 

2.4, Table S1.2 – Comparisons 10-18). When I compared wing size within a 

single species, I recovered associations with geography (Figures 2.5-2.8; Table 

S1.2 – Comparisons 19-21). For instance, all Amazonian (dennis-ray) 

subspecies of H. melpomene were similar in wing size, but they were slightly 

larger than subspecies of H. melpomene from the Andes or the Pacific coast 

(Figure 2.5; Table S1.2 – Comparison 19). I observed the same pattern in H. 

erato (Figure 2.6; Table S1.2 – Comparison 20), except for the subspecies H. 

e. venus which varies greatly in wing size across its distribution. In agreement 

with this observation, the Andean/Pacific subspecies H. e. chestertonii stood 

out as the smaller H. erato. In contrast, I detected the opposite pattern in H. 

cydno (although this species shows considerable variation in wing size across 

its distribution). Overall, subspecies of H. cydno from the Pacific (such as H. c. 

zelinde) and the north of the Magdalena Valley (such as H. c. cydno and H. c. 

waningeri) are those with larger wings (Figure 2.4 and 2.7; Table S1.2 – 
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Comparison 21). H. timareta, on the other hand, was the species with the 

largest wings compared to other Heliconius (Figure 2.2, 2.3 and 2.4; Table 2.2 

– Comparisons 1, 5, 8-10). There is some variation in FW size among 

subspecies that are associated with geography, where the Andean H. t. linaresi 

and H. heurippa are similar and both have larger FW than the Amazonian H. t. 

spp. nov. (although the sample size of the latter subspecies is reduced; n=4, 

Figure 2.8; Table S1.2 – Comparison 22).  

 

I also found that wing shape seems not to contribute to mimicry (Table S1.2). 

Overall, species that are considered as the ‘model’ (i.e., H. erato and members 

of the H. sara/sapho clade) exhibit more elongated wings with a steep angle in 

the inner border. In contrast, their mimics (i.e., H. melpomene and H. cydno) 

show rounder wings (Figure 2.9-2.11; Figure S1.1-S1.9). As such, in the case 

of red-banded H. melpomene and H. erato, the PC1 recovers two clusters that 

group by species rather than by mimicry ring (Figure 2.9). Interestingly H. 

tristero appears right in the middle of these two clusters. In addition, in the 

dennis-ray ring (Amazonian), I could not differentiate species based on their 

wing shape except for H. t. florencia and H. aoede (Figure 2.10). The FW of 

these two species is more elongated towards the apex and their HW is less 

rounded than in other dennis-ray species (Figure 2.10A-C; Figure S1.3, S1.5; 

Table S1.2 – Comparison 8). Also, the inner border of the HW in H. t. florencia 

has a steeper angle (Figure S1.5). Similarly, in the yellow/white mimicry rings 

we also found that wing shape variation is mainly explained by phylogenetic 

distance. In the analyses of both the FW and HW, I observed two clusters 

(Figure 2.11): one that groups all subspecies of H. sara, H. sapho and H. 

eleuchia, and the second that groups all subspecies of H. cydno as well as H. 

t. linaresi and H. heurippa (these two and H. c. cordula have no co-mimic). The 

only exception was H. e. chestertonii, which grouped with H. cydno but 

separated from its co-mimic H. c. gustavi at least in the FW (Figure 2.11A-C). 

In general, H. cydno has rounder wings than those of H. eleuchia, H. sapho and 

H. sara, which all have HWs with a steeper edge towards the anal margin 

(Figure 2.11, S1.7, S1.9) and their FWs are more elongated towards the apex 

of the wing (Figure S1.6, S1.8). These differences in wing shape in all 

phenotypes analysed held true when we compared co-mimic species in each 
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local mimicry ring (Table S1.2 – Comparisons 11-18). We only detected a 

geographic effect on this trait in the red-banded mimicry ring of H. e. guarica 

and H. m. martinae (which occurs in the Magdalena Valley), but there was no 

interaction between subspecies and geographic distance (Table S1.2 – 

Comparison 3). 

 

I also examined intraspecies variation in wing shape. In the red coloured 

Heliconius, specifically H. melpomene and H. erato, we found that this trait does 

not vary among subspecies (Table S1.2 – Comparison 19; Figure 2.12). In H. 

erato, however, individuals of H. e. chestertonii form a separate cluster in the 

PC1 of the FW analysis (Table S1.2 – Comparison 20, Figure 2.13A-C), which 

agrees with the fact that the FW of this subspecies is more elongated (Figure 

S1.6, S1.8). It is worth noting that all individuals of H. e. chestertonii cluster 

together regardless of how far they were collected (Table S1.2 – Comparison 

20; Figure 2.13). In the yellow/white phenotype, the results were more variable. 

For example, in H. cydno there was a considerable variation in wing shape 

between subspecies. Shape variation in PC1 of the FW analysis separates 

forms of H. c. weymeri (i.e., H. c. weymeri f. weymeri, H. c. weymeri f. gustavi, 

and H. c. weymeri f. submarginatus; Figure 2.14A-C; Table S1.2 – Comparison 

21), while the PC1 of the HW analysis separates the subspecies H. c. cydno 

(Figure 2.14D-F; Table S1.2 – Comparison 21). This agrees with the fact that 

H. c. weymeri has FW that are rounder towards the apex while the HW of H. c. 

cydno is the least rounder (Figure S1.6-S1.9). The comparisons that involved 

taxa sister to H. cydno (i.e., H. heurippa and H. timareta) revealed that H. 

heurippa has less elongated wings than H. timareta, which likely causes them 

to separate in the PC1 of the FW analysis (Figure 2.15A-C; Table S1.2 – 

Comparison 22). The PC1 of the HW analysis separated H. t. florencia as it has 

an inner border with a steeper angle (less rounded than the other subspecies) 

(Figure 2.15; Table S1.2 – Comparison 22). 

 

When I included in the analysis taxa from other genera that are known to 

participate in mimicry rings with Heliconius, they were recovered as a different 

group in both PC1 and PC2. For example, in the dennis/ray analysis, I 

recovered Chetone ithrana as a different group in PC2 of the FW and HW 
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(Figure S1.5). The FW of C. ithrana has an inner edge with a steeper angle, 

and it is less rounded than the FW and HW of other species in the dennis-ray 

ring (Figure 2.10, Figure S1.4, S1.5). Also, the PC1 of the FW analysis showed 

E. heliconioides slightly separated from Heliconius with the FW being more 

elongated towards the apex (Figure S1.3, S1.5). In the yellow/white 

phenotypes, Elzunia formed a separate cluster (Figure S1.8, S1.9). The FW of 

this species is more triangular and is wider towards the apex and apical margin 

(Figure 2.11A-C; Figure S1.6; S1.8; Table S1.2), while its HW is also wider than 

that of Heliconius, and the coastal margin is not straight but has a curve (Figure 

S1.7; S1.9). The only species of Heliconius with a wing shape similar to Elzunia 

is H. hecuba, but the sample size of this species is very limited (n=1). 
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Figure 2.2. Wing size variation between subspecies with the red-band phenotype. (A) FW (F(8,256)=14.37, p<2e-16*) and (B) HW (F(8,234)=12.72, p=3.74e-15*) 
variation among geographic red-banded phenotype. Letters above each box indicate Tukey post-hoc statistically significant groups. Dash lines separate 
different local mimicry rings. Asterisk (*) is indicative of statistical significance (α=0.01). 
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Figure 2.3. Wing size variation between species and subspecies with the dennis-ray mimetic ring in the Amazon. The analysis included members of 
Heliconius, Eueides heliconioides and the moth Chetone ithrana. (A) FW (F(10,198)=18.26, p<2e-16*) and (B) HW (F(10,160)=14.99, p<2e-16*). Letters above each 
box indicate Tukey post-hoc statistically significant groups. Asterisk (*) is indicative of statistical significance (α=0.01). 
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Figure 2.4. Wing size variation between subspecies with the yellow/white phenotype. (A) FW (F(22,655)=36.63, p<2e-16*) and (B) HW (F(22,642)=33.17, p<2e-
16*). Letters above each box indicate Tukey post-hoc statistically significant groups. Dashed lines separate different local mimicry ring. H. sapho sapho and 
H. eleuchia eleuchia are included more than once to facilitate the comparison since they participate in more than one mimicry ring. Asterisk (*) is indicative 
of statistical significance (α=0.01). 
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Figure 2.5. Wing size variation between subspecies of H. melpomene. (A) FW (F(5,174)=10.34, p=1.08e-08*) and (B) HW (F(5,169)=7.27, p=3.39e-06*). Letters 
above each box indicate Tukey post-hoc statistically significant groups. Dash lines separate local mimicry rings. Asterisk (*) is indicative of statistical 
significance (α=0.01). 
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Figure 2.6. Wing size variation between subspecies of H. erato. (A) FW (F(6,243)=16.67, p<2e-16*) and (B) HW (F(6,233)=12.8, p=1.75e-12*). Letters above each 
box indicate Tukey post-hoc statistically significant groups. Dash lines separate local mimicry rings. Asterisk (*) is indicative of statistical significance (α=0.01). 
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Figure 2.7. Wing size variation between subspecies of H. cydno. (A) FW (F(11,330)=10.71, p<2e-16*) and (B) HW (F(11,328)=11.07, p<2e-16*). Letters above each 
box indicate Tukey post-hoc statistically significant groups. Asterisk (*) is indicative of statistical significance (α=0.01). 
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Figure 2.8. Wing size variation between subspecies of H. timareta. (A) FW (F(4,84)=3.70, p=0.007*) and (B) HW (F(4,75)=1.65, p=0.16) Letters above each box 
indicate Tukey post-hoc statistically significant groups. Dash lines separate local mimicry rings. Asterisk (*) is indicative of statistical significance (α=0.01). 
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Figure 2.9. Comparison of wing shape between subspecies with the red-band phenotype. Discriminant analysis (A, D) and density plots (B-C, E-F) showing 
the variation in the shape of the FW (top row) and HW (bottom row). Dash lines separate different local mimicry rings. The MANCOVA test showed a significant 
main effect of subspecies (FW: F(8,247)=6.81, p=3.65e-14*; HW: F(8,225)=10.03, p=2.2e-16*), a non-significant effect of geographic distance (FW: F(1,247)=1.74, 
p=0.17; HW: F(1,225)=0.89, p=4.11) and a non-significant interaction between factors (FW: F(8,247)=0.91, p=0.54; HW: F(8,225)=0.84, p=0.63). 
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Figure 2.10. Comparison of wing shape between species and subspecies that participate in the dennis-ray mimicry ring in the Amazon. Discriminant analysis 
(A, D) and density plots (B-C, E-F) showing the variation in the shape of the FW (top row) and HW (bottom row). The MANCOVA test showed a significant 
main effect of subspecies (FW: F(8,183)=47.29, p=2.2e-16*; HW: F(8,181)=24.70, p=2.2e-16*), a non-significant effect of geographic distance (FW: F(1,183)=1.10, 
p=0.33; HW: F(1,181)=0.28, p=0.75), and a non-significant interaction between factors (FW: F(4,183)=0.97, p=0.45; HW: F(5,181)=0.90, p=0.52).  
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Figure 2.11. Comparison of wing shape between subspecies with the yellow/white phenotype. Discriminant analysis (A, D) and density plots (B-C, E-F) 
showing the variation in the shape of the FW (top row) and HW (bottom row). The MANCOVA test showed a significant main effect of subspecies (FW: 
F(17,392)=13.17, p<2.2e-16*; HW: F(17,392)=24.71, p<2.2e-16*), a non-significant effect of geographic distance (FW: F(1,392)=0.23, p=0.78; HW: F(1,392)=2.05, p=0.12), 
and a non-significant interaction between factors (FW: F(12,392)=0.91, p=0.58; HW: F(12,392)=1.02, p=0.43).  
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Figure 2.12. Comparison of wing shape between subspecies of H. melpomene. Discriminant analysis (A, D) and density plots (B-C, E-F) showing the variation 
in the shape of the FW (top row) and HW (bottom row). The MANCOVA test showed a non-significant main effect of subspecies (FW: F(5,168)=6.19, p=0.10; 
HW: F(5,163)=2.16, p=0.06), a non-significant effect of geographic distance (FW: F(1,168)=2.34, p=0.09; HW: F(1,163)=1.02, p=0.36), and a non-significant interaction 
between factors (FW: F(5,168)=0.41, p=0.10; HW: F(5,163)=1.19, p=0.29). Dash lines indicate different mimicry rings. 
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Figure 2.13. Comparison of wing shape between subspecies of H. erato. Discriminant analysis (A, D) and density plots (B-C, E-F) showing the variation in the 
shape of the FW (top row) and HW (bottom row). The MANCOVA test showed a significant main effect of subspecies in the FW (F(6,235)=6.37, p=1.62e-10*) 
but not in the HW (F(6,226)=7.30, p=0.26). The MANCOVA test did not detect a significant effect of geographic distance (FW: F(1,235)=0.19, p=0.82; HW: 
F(1,226)=0.82, p=0.43), or interaction between factors (FW: F(6,235)=1.25, p=0.24; HW: F(6,226)=0.92, p=0.52). Dash lines indicate different mimicry rings. 
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Figure 2.14. Comparison of wing shape between subspecies of H. cydno. Discriminant analysis (A, D) and density plots (B-C, E-F) showing the variation in the 
shape of the FW (top row) and HW (bottom row). The MANCOVA test showed a significant main effect of subspecies (FW: F(11,323)=13.87, p<2.2e-16*; HW: 
F(11,226)=8.46, p<2.2e-16*), a non-significant effect of geographic distance (FW: F(1,323)=0.35, p=0.70; HW: F(1,226)=1.09 p=0.33), and a non-significant interaction 
between factors (FW: F(6,323)=1.05, p=0.39; HW: F(6,226)=1.03, p=0.41). 
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Figure 2.15. Comparison of wing shape between subspecies of H. timareta. Discriminant analysis (A, D) and density plots (B-C, E-F) showing the variation in 
the shape of the FW (top row) and HW (bottom row). The MANCOVA test showed a significant main effect of subspecies (FW: F(4,81)=41.42, p<2.2e-16*; HW: 
F(4,72)=24.49, p<2.2e-16*), a non-significant effect of geographic distance (FW: F(1,81)=3.12, p=0.05; HW: F(1,72)=0.25, p=0.77), and a significant interaction 
between factors for the FW (F(4,72)=24.49, p<2.2e-16*), but not the HW (F(2,72)=11.30, p=5.08e-8*). Dash lines indicate different mimicry rings. 
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WING PATTERN 

 

For the red-band phenotype, I analysed two colour elements: FW red-band, 

and yellow HW bar (when present). The co-mimics were highly similar in these 

components of their colour phenotype at the local level, both ventrally and 

dorsally (Table S1.2 – Comparisons 2-6; Figure S1.10-S1.13). However, a 

global comparison (i.e., including all subspecies across the distribution of the 

red-banded phenotype) revealed subtle differences (Figure 2.16, Table S1.2 – 

Comparison 1). The red band of the species in Putumayo (south-west of 

Colombia) and the Pacific coast (also west of Colombia) was slightly wider 

compared to that of the species that occur in the Magdalena Valley and the 

northeast of the Andean foothills (Figure 2.16A, B). Also, the dorsal and ventral 

yellow HW bar of co-mimics in Putumayo (i.e., H. e. dignus, H. m. bellula and 

H. tristero) is different from the ventral bar of co-mimics in the Pacific coast (i.e., 

H. e. venus and H. m. vulcanus) not only because of the dorsal absence of this 

element in H. e. venus/ H. m. vulcanus (PC1; Figure 2.16) but also because of 

variation in shape (Figure 2.16C, D; Table S1.2 – Comparison 1). Specifically, 

in the dorsal surface, H. e. dignus appears as separated in two clusters in PC2 

due to slight variation in the position of the yellow bar, while its co-mimic H. m. 

bellula is the species that shows the most variation in this trait along PC1 

(Figure 2.16B). Ventrally, differences are due to the orientation of the anterior 

and posterior edges (concave and convex), which differentiate subspecies from 

the Pacific from those of Putumayo (PC2; Figure 2.16D).  

 

In the dennis-ray phenotype (Amazon), I examined the variation of three wing 

colour elements, namely FW yellow band, dennis (an orange proximal patch in 

the FW), and rays (orange rays in the HW). The FW yellow band, revealed the 

existence of multiple clusters based on the position of this trait both dorsally 

and ventrally (Table S1.2 – Comparison 8; Figure 2.17A, D). PC1 separates 

the only moth included in the analysis Chetone ithrana from all other butterflies; 

in the moth, the band has a proximal position, while in the butterflies this trait is 

distally shifted towards the apex (Figure 2.17A, D). Within the butterflies, the 

position of this band also separates the group into two inner clusters: the first, 
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where the yellow band has a medial position and goes up to the discal cell, and 

the second where the position is shifted towards the apex and does not include 

the discal cell. The first group includes H. e. reductimacula, H. m. vicina, H. t. 

ssp. nov., Eueides heliconioides and some H. elevatus, and the second include 

H. e. lativitta, H. m. malleti, H. timareta florencia and some H. x. melete (Figure 

S17 A, D; Table S1.2 – Comparison 8). The PC2 revealed that C. ithrana, E. 

heliconioides, and some individuals of H. m. malleti, H. t. florencia and H. e. 

lativitta have relatively narrower bands (Figure 2.17A, D).  

 

Interestingly, the individuals of these three species of Heliconius with narrower 

bands are those collected not in the Amazonian lowlands, but in the Andes 

foothills in the most northward distribution of these subspecies (Table S1.2 – 

Comparison 9; Figure 2.18). The dennis patch also separated C. ithrana from 

all other species both dorsally (in the PC1 and PC2) (Figure 2.17A) and 

ventrally (only in PC2) (Figure 2.17D). Dorsally, PC1 reveals that C. ithrana has 

a virtually absent dennis patch compared to all other species in this ring (Figure 

2.17B; Table S1.2 – Comparison 8). On the other hand, PC2 (size) showed that 

H. x. melete has the bigger dennis patch and E. heliconioides has the smallest 

(Figure 2.17B, E; Table S1.2 - Comparison 8), while all other species vary in 

between (Figure 2.17B, E; Table S1.2 – Comparison 8). Ventrally, PC2 also 

separates C. ithrana from all other species since the patch in this moth locates 

towards the anal margin, while in the other species, it is located towards the 

coastal margin (Figure 2.17E, Table S1.2 – Comparison 8). PC1 recovered 

additional variation associated with the size of the dennis, showing that H. erato 

has a larger dennis compared to H. elevatus, H. melpomene, H. timareta and 

E. heliconioides (Table S1.2 – Comparison 8; Figure 2.17E). The dennis patch 

of the individuals and species that occur in the Andean foothills exhibits high 

phenotypic convergence (Figure 2.18B, E; Table S1.2 – Comparison 9), 

although the dennis of H. x. melete and H. e. lativitta is larger than that of H. t. 

florencia (Figure 2.18B, PC1). Also, the ventral side, H. t. florencia has a dennis 

in a “V” shape that differs from the other species (Table S1.2 – Comparison 9; 

Figure 2.18E, PC1). Individuals of H. m. malleti vary along with these two 

extremes (Table S1.2 – Comparison 9; Figure 2.18E).  
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In terms of the rays, the dorsal PC1 shows that they are wider in the proximal 

region, and as they approach the distal region, they become thinner and curved 

in H. t. florencia, H. m. malleti, H. m. vicina and H. e. elevatus (Figure 2.17C, 

F; Table S1.2 – Comparison 8). Also, in these species, the rays are separated 

from a band above them and have a slightly shifted angle of orientation (Figure 

2.17C). In contrast, the rays of H. erato and H. xanthocles are thinner in the 

proximal region of the wing and thicker and rounded in the distal region (Figure 

2.17C). The dorsal PC2 separates rays based on shape in three groups: the 

first composed by C. ithrana, the second that groups E. heliconiodes and H. 

aoede, and the third that includes all remaining species (Figure 2.17C). There 

C. ithrana has a broader base, while the rays are thinner in the proximal region 

and wider in the distal thus resembling a triangle (Figure 2.17C). Ventrally, both 

PC1 and PC2 show the same trend as in the dorsal surface (Figure 2.17F; 

Table S1.2). Individuals from the Andean foothills had rays similar in size and 

shape in both surfaces (Figure 2.18C, F; Table S1.2 – Comparison 9) but 

cluster in two groups. The first is composed by H. melpomene and H. timareta, 

and the second is composed by H. erato and H. xantocles (Figure 2.18C, F, 

PC1). The differences between these groups in shape and size are consistent 

with those already described for the species in the Amazon ring. 

 

I also analysed the similarity between yellow/white colour elements in H. cydno 

and co-mimics (H. sapho, H. sara, H. eleuchia and those frorm the tribe 

Ithomiini (Danainae). The FW band shows marked differences both dorsally 

and ventrally (Figure 2.19A, D; Table S1.2 – Comparison 10). The PC1 

separated species with a solid band (H. s. chocoensis, H. s. sapho, H. zelinde 

and H. c. cydno) from those with a split band (E. humboldt, H. hecuba, H. c. 

hermogenes, H. c. weymeri, H. c. cydnides, H. sara and H. e. eleuchia; Figure 

2.19A, D; Table S1.2 – Comparison 10). Other species are located in the 

middle, as they do not fit any extreme phenotypes (i.e., H. c. waningeri and H. 

e. eleusinus). The PC2 recovered variation by colour, where species with 

yellow bands were grouped in a cluster, while species with white bands were 

clustered apart (the exceptions were H. c. spp. nov. and H. e. eleusinus, where 

the size had a higher effect on their clustering than colour). In the HW, H. cydno 

has two elements: a medial yellow bar and submarginal white or yellow border. 
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These elements occur in repulsion (i.e., the presence of the bar only happens 

when the border is absent and vice versa).  

 

The subspecies of H. c. cydno and their co-mimics grouped on PC1 based on 

the presence of the submarginal band both dorsally and ventrally (Table S1.2; 

Figure 2.19B, E). Also, PC2 grouped these taxa based on the position of this 

band in the HW. One of the groups is composed by H. eleuchia eleuchia and 

H. sapho sapho, which exhibit a broad white submarginal band that reaches 

the distal edge. A second group is formed by those subspecies that have a 

narrow submarginal band that is also slightly shifted towards the proximal edge 

of the HW (i.e., H. c. hermogenes and H. h. tolima; Table S1.2; Figure 2.19B). 

A third group was composed by subspecies whose submarginal band is not 

located at the edge of the wing but displaced towards the middle of it (i.e., H. c. 

cydnides and H. c. waningeri) (Figure 2.19E). 

 

We observed the same three groups in the HW yellow bar, dorsally and 

ventrally (Figure 2.19C, F). PC1 grouped subspecies based on the 

presence/absence of this trait (Figure 2.19C, F; Table S1.2), while PC2 

grouped them based on shape and position. A first group is formed solely by 

Elzunia humboldt, that has a short and wide yellow bar all along its length, and 

its blunt end reaches the androconial region between veins R and M1. The 

forms of H. c. weymeri f. weymeri formed a second group that has a wide yellow 

bar in the medial region, which includes the discal cell, and has a sharp end 

between veins R and M1. The third group, which is close to the latter, includes 

H. e. chestertonii and has a pointed bar that ends just before reaching the 

androconial region (dorsally) and reduces its size from M1 so at the end it is 

very narrow (ventrally). 
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Figure 2.16. Comparison of colour pattern between subspecies exhibiting the red-banded phenotype. Scale of predicted values indicates the expression of 
colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: red band on the dorsal FW (A) and ventral FW (B); 
yellow bar on the dorsal HW (C) and ventral HW (D). MANCOVA test values are in Table S1.2 – Comparison 1. Dash lines indicate different geographic mimicry 
rings. 
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Figure 2.17. Comparison of colour pattern between species and subspecies exhibiting the dennis-ray phenotype in the Amazon. Scale of predicted values 
indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: yellow band on the dorsal 
FW (A) and ventral FW (D); dennis pattern on the dorsal FW (B) and ventral FW (E); rays on the dorsal HW (C) and ventral HW (F). MANCOVA test values are 
in Table S1.2 – Comparison 8. 
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Figure 2.18. Comparison of colour pattern between subspecies exhibiting the dennis-ray phenotype in the southeast Andean foothills. Scale of predicted 
values indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: yellow band on the 
dorsal FW (A) and ventral FW (D); dennis pattern on the dorsal FW (B) and ventral FW (E); rays’ pattern on the dorsal HW (C) and ventral HW (F). MANCOVA 
test values indicated in Table S1.2 – Comparison 9.  
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Figure 2.19. Comparison of colour pattern between subspecies exhibiting the yellow/white phenotype. Scale of predicted values indicates the expression of 
colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: yellow/white band on the dorsal FW (A) and ventral 
FW (D); yellow bar on the dorsal HW (B) and ventral HW (E); the white/yellow border on the dorsal HW (C) and ventral HW (F). MANCOVA test values are in 
Table S1.2 – Comparison 10.  
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DISCUSSION 

 

Müllerian mimicry is one of the most spectacular and successful adaptations observed in 

nature. The phenotypic convergence and advergence to a given adaptive optimum have 

been widely documented in several organisms (20,203,212–216,204–211) and there is 

experimental evidence showing the efficiency of mimicry signals in warning local 

predators favouring the survival of species that participate in a mimicry ring. In butterflies, 

it has been suggested that the mimicry signal may be multifactorial, not only the wing 

colour pattern but also wing size and shape play a role. These traits display different 

ranges of variation and genetic architecture (i.e., major effect loci controlling colour 

pattern variation vs. a likely polygenic basis for wing shape and size) that must be shaped 

by natural selection to ensure mimetic convergence. In the present study, I quantified the 

similarity in wing size, shape and colour pattern in Heliconius in the 

melpomene/cydno/timareta clade and their co-mimics. The aim was to test the existence 

of a single multifactorial signal in each mimetic ring, or the existence of imperfect mimicry 

that may be explained by factors that limit the directionality of selection. 

 

Overall, the mimicry rings I studied do not show convergence in wing size and shape. In 

terms of wing size, there is a considerable intra and interspecific variation with marked 

differences between members of a single mimicry ring. In terms of wing shape, variation 

is explained by species (for those taxa that have the red-band phenotype) or phylogenetic 

closeness (for H. cydno and its co-mimics, regardless of the inclusion of members of the 

tribe Ithomiini). The only case where wing shape may be partially contributing to mimicry 

is in the dennis/ray mimicry in the Amazon, the centroids of variation of most species 

participating in this ring overlap, except for H. t. florencia and C. ithrana. This divergence 

in wing shape between co-mimics contrasts with previous findings in three red-banded 

mimetic pairs in Brazil, where there were no differences in wing shape and size (191). My 

findings also contrast the wing shape mimicry found between H. numata f. silvana and 

Melinaea ludovica, which has been suggested to contribute not only to phenotypic 
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convergence but also similarity in flight (217). A third study in Heliconius that compares 

wing shape and size between populations of H. timareta thelxinoe that coexist with 

different mimetic species found that wing shape is different between co-mimics in multiple 

geographic points (172), thus agreeing with my results.  

 

Considering all evidence together, it seems that in Heliconius, natural selection tends to 

favour convergence, especially in wing shape, but other forces limit the perfection of such 

mimicry. As such, the heterogeneity I observed in wing size and shape between 

subspecies within a single species, and between mimetic pars, may be due to causes 

other than selection for mimicry such as sexual selection, phylogenetic closeness and 

life-history traits. In particular, previous studies have reported that wing shape in 

Heliconius varies along an environmental gradient, where rounder wings are more 

common at higher elevations (218,219). The latter is supported by evidence in other 

butterflies, where groups that live at higher elevations have rounder wings because they 

favour flight manoeuvrability in low temperature and low-pressure environments 

(220,221). This is also observed in my study, particularly in H. t. florencia which lives at 

higher elevations than all other Amazonian dennis/ray species and has rounder wings 

than any of them. 

 

Size was recently reported to present sexual dimorphism in Heliconius associated with 

mating type (pupal mating vs. adult mating) and with gregarious behaviour of immatures 

(218,222). Closely related species to H. sara (pupal mating and gregarious immatures) 

tend to have smaller males and bigger females, while species close to H. melpomene 

(adult mating and lonely immatures) tend to show bigger males and smaller females. This 

pattern is associated with intrasexual male competition and the reproductive costs of 

females, consequently, the contribution of wing size to mimicry is strongly constrained by 

the life-history of the species involved in the ring. Although I only measured males, I 

observed differences in this trait associated with the existence of this dimorphism. In 

particular, males of H. e. eleuchia (pupal mating and gregarious immatures) were smaller 

on average than those of its co-mimic H. c. cydnides (adult mating and lonely immatures).  
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The colouration pattern analysis revealed that phenotypic similarity in mimicry is complex 

and far from perfect. The extent of convergence in wing colour pattern varied between 

mimicry rings and in each of the wing colour elements analysed. The relative similarity 

(i.e., pigmented areas vs. the total area of the wing) were very similar for some wing 

colour traits, while others were much more variable.  

 

The red-banded subspecies of H. erato and H. melpomene showed a considerable colour 

pattern accuracy between them, indicating that these two species are good co-mimics 

despite being distantly related. This agrees with a previous study of red-banded 

subspecies in South America (191), that only included the Colombian pair H. m. vulcanus 

and H. e. venus. In both studies, the wing element that showed the highest similarity was 

the FW red band, both between mimetic species and between subspecies within a single 

species. This holds true when evaluating the similarity of the HW yellow bar (ventrally or 

dorsally), thus suggesting that natural selection for mimicry is acting on all elements that 

compose a single local adaptive peak. The high similarity in wing colour pattern of races 

in the Magdalena Valley (H. e. guarica/H. m. martinae, and H. m. melpomene/H. e. hydara 

from the north-eastern Andes) contrasts with previous analysis carried out with 

populations of H. m. melpomene and H. e. hydara from Panama and Guiana (192). This 

discrepancy may be due to gene flow between red-banded subspecies in the northern 

Andes of Colombia, which may be enough to homogenise the variation in the FW red-

band in the subspecies that live there thus favouring the existence of a single but widely 

distributed adaptive peak. An analysis that includes wings and genetic data from the 

entire distribution of H. e. hydara and H. m. melpomene would help to determine whether 

gene flow explains local similarity vs. divergence within what is usually regarded as a 

single indistinguishable mimetic pair. 

 

The widely distributed dennis-ray mimicry ring has little consistency in terms of similarity 

between co-mimics. First, I recovered Chetone ithrana as a highly divergent entity that 

differentiates from all other species and subspecies in all wing elements analysed. This 

is consistent with the mimicry in this ring being by advergence and with this moth being 

the model based on its high toxicity (177,223). However, the position of this species as 
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an independent entity may also be the result of phylogenetic divergence. Second, I 

observed high similarity in the FW yellow bar between H. melpomene and H. erato, 

although I recovered two phenotypic groups that differ in the morphology and position of 

such trait. The species H. timareta and H. x. melete distribute their variation in these two 

groups, and in a lesser extent, this also happens in Eueides heliconiodes and H. elevatus. 

In contrast, such grouping is not recovered by the dennis patch, where despite some 

variation in size, there is a general similarity among all species and subspecies 

participating in this ring. Lastly, the HW rays show less divergence between subspecies 

within a single species than between co-mimic species, especially in H. erato and H. m. 

melpomene. In this trait, H. elevatus and H. timareta are similar to H. melpomene while 

H. x. melete is more similar to H. erato.  

 

The disparity in the groupings generated by each of the traits that constitute the dennis/ray 

phenotype may be explained by the presence of multiple adaptive peaks within what is 

usually regarded as a single widely distributed mimicry ring. It seems that the FW yellow 

band plays an important role in the mimicry signal perceived by local predators in two 

different habitats. Specifically, dennis-ray populations that occur at the foothills of the 

eastern Colombian Andes, at ~1000-1200 masl in a submontane tropical forest, have a 

FW yellow band slightly displaced distally and smaller than that of populations living at 

~40-80 masl in the tropical jungle of the Amazon, where this band is displaced proximally 

and is bigger. Also, the higher similarity of the rays between subspecies within a single 

species and between closely related species suggest that this trait has more 

developmental constraints associated with the regulation of the expression of the 

transcription factor optix (responsible for red pattern variation in Heliconius, (95,224–

227)), which limits mimetic convergence. In contrast, the genetic control underlying the 

formation of the yellow FW band seems more flexible in the regulation of WntA y cortex 

(responsible for delimiting the boundaries of pigmented vs. unpigmented wing scales, 

(227–234)) and this likely facilitates the convergence between distantly related taxa in a 

given mimetic context. When reanalysing the data but only including dennis-ray species 

from the Andes foothills, all species fell into a single group for the FW yellow band and 

dennis analyses, but not in the analysis of rays. 
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The red-band and dennis-ray phenotype, show that phenotypic similarity is higher when 

there are less species/subspecies that participate in the mimicry ring. Nonetheless, this 

does not mean that the presence of more species is detrimental to the effectiveness of 

the aposematic signal. As pointed by some studies, co-mimics could benefit from the 

presence of other species even when they exhibit a slightly different pattern because 

predators could generalise the signal (172,191,235–238). The latter is consistent with 

what found by Van Belleghem et al. (192), where the aposematic signal from the bands 

is more similar between co-mimics in relative terms than in absolute terms. 

 

In the yellow/white phenotype, there is a high similarity between this H. cydno and 

members of the tribe Ithomiini (Danainae). This suggests phenotypic advergence, where 

the Ithomiini would be the model. Consistently, there is evidence of a recent introgression 

selective sweep around the gene cortex (that controls the FW white band and the HW 

yellow bar in H. c. weymeri (231). The phenotype of this species is per se an adaptive 

innovation within H. cydno, and, likely, the pattern of H. c. hermogenes (that mimics E. h. 

tamasea and H. h. tolima) is an innovation too. The same evolutionary mechanism may 

have operated in the only case where H. erato does not have H. melpomene as co-mimic, 

but H. cydno: H. e. chestertonii and H. c. weymeri f. gustavi, in this case, I also observed 

a considerable similarity in the HW yellow bar. The variation observed in the white FW 

band, together with the form and relative position of the HW submarginal bar, is explained 

by mimetic convergence. However, there is a slight grouping by subspecies within a 

single species rather than co-mimic species for the FW band in PC2 (9.8% of variation).  

 

Usually, three H. cydno (H. c. chineous, H. c. zelinde, and H. cydno cydno) and H. sapho 

(H. s. sapho, H. s. chocoensis) mimicry rings are recognised based on the geographic 

variation of the elements that constitute this white pattern. However, the similarity in their 

FW band agrees with the existence of a single mimicry signal in all of these species that 

live in rainy forests in the Pacific, part of Central America and the northern Magdalena 

Valley. Even more, H. c. waningeri, which is restricted to the north-western side of the 

Eastern Cordillera of Colombia, participates in this phenotype. The presence of other wing 
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patterns and subspecies that are geographic replacements and/or have temporal and 

spatial variation in their occurrence may create conflict or competence between the 

selection that maintains the successful peak previously described and that favours the 

convergence or advergence to these new patterns.  

 

As such, H. c. zelinde is much less divergent in the white FW band with H. s. chocoensis 

in the Colombian Pacific than with H. e. eleusinus in the western Andes (where H. e. 

eleusinus has a FW band split). Similarly, H. sara magdalena and H. e. eleuchia, both 

with a yellow and split FW band, constitute a second mimicry peak with H. c. cydnides 

where they are away to be perfect co-mimics as revelead in all colour pattern traits 

studied. It is possible that the aposematic signal of H. e. eleuchia, although sporadic, is 

effective enough to favour imperfect mimicry with H. c. lisethae at the South of the 

Magdallena Valley. This also would explain the maintenance of the yellow allele of aristal-

less in populations of H. cydno in the North of this valley, thus generating colour 

polymorphism in the FW band.  

 

Similarly, the submarginal bar also reveals imperfect mimicry. PC2, explains 13.1% of the 

variation of the position and size of this trait, slightly grouped subspecies by phylogenetic 

closeness. The differences in both, the forewing band and the submarginal bar between 

co-mimics that have yellow/white phenotype suggest, once again, that mimicry may be 

limited by developmental constraints. My analyses suggest that subspecies of H. eleuchia 

are less mimetic than other species. Other selection pressures may be shaping the size 

and position of the FW band and the submarginal bar. For example, the submarginal bar 

may be an anti-predatory mechanism, which, at flying, distorts the HW length making 

predators fail. This hypothesis, however, needs to be tested. 

 

Multiple studies in butterflies show signal partitioning between dorsal and ventral wings 

surfaces (16,239–243). For example, in Byciclus and Morpho butterflies, dorsal surfaces 

are involved in sexual communication while eyespots on the ventral surfaces are selected 

against visual predation (241–244). Likewise, Morpho butterflies are iridescent on the 

dorsal surface involved in sexual selection while the ventral side, that as a role in avoiding 
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predation, has brown colouration with eyespots. In this study, although I detected minor 

differences in wing elements between dorsal and ventral surfaces, the analyses 

recovered the same phenotypic groups in both sides of the wings this suggesting that in 

Heliconius such signal partitioning is not as important as in other Lepidoptera. 

 

Overall, the similarity in the traits studied (wing size, wing shape and colour pattern) in 

each of the mimicry rings analysed is far from being perfect and indicates that a single 

multifactorial signal does not occur and is not necessary to warn predators away. In the 

particular case of the colour pattern, conflicts between natural selection for mimicry 

(convergence) and sexual selection (divergence) may limit the similarity between co-

mimics. Also, these forces may act differentially on each of the wing colouration elements 

thus leading to each of them having a different similarity level in response to how the 

receptor (partner or predator) perceives them (16,19,91,92,181,238,240,245). For 

instance, there is evidence in H. erato of the yellow FW band being more conspicuous for 

conspecifics than for birds (16), which may relax the effect of natural selection on this 

trait. Similarly, differences in the composition of the local community of predators may 

lead to different selective pressures on different localities thus facilitating variation in the 

convergence level between co-mimics (172,246). Predators may also choose and avoid 

preys based on a generalised wing colour pattern (less convergence) in some cases, but 

being more judicious in other cases (more convergence) based on their visual sensitivity 

(e.g. violet sensitive (VS) and ultraviolet sensitive (UVS) (92,240,247) and their ability to 

associate the colour signal to the butterflies’ unpalatability (88,248). 

 

At the genetic level, most of the phenotypic differences between co-mimics found here 

could be the result of divergence in the regulatory networks underlying the formation of 

the wing colour pattern, under the master control of the same four major effect genes 

optix, WntA, aristal-less and cortex (227). These networks should be highly polygenic and 

with complex connections, and in the evolutionary process, they were differentially 

rewired so they could meet the developmental constraints of each species while reaching 

a similar phenotypic outcome. Preliminary evidence supporting this hypothesis comes 

from WntA knockouts, where the resulting mutants showed different phenotypic effects 
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between co-mimics (234). In this way, the genetic architecture permits an imperfect 

convergence in the shape of the wing colour elements that are further ‘tuned’ by the 

relative amount of coloured wing scales relative to the entire wing as recently shown for 

the red FW band in H. melpomene and H. erato (192). However, the remarkable similarity 

I found between H. cydno and members of the tribe Ithomiini suggests that gene networks 

and major effect genes controlling colour wing phenotype in Heliconius are flexible 

enough to generate novel and advergent wing patterns rather than being the product of 

entirely different networks and genes (225,227).  

 

Finally, my results are consistent with mimetic adaptation being a complex and dynamic 

process where the genetic architecture and its associated developmental constraints (and 

their flexibility) play a major role in the generation of convergent phenotypes. However, 

mimetic convergence is also shaped by predators (agents of selection), specifically by 

how they perceive signals, what is the composition of their community, and their ability to 

associate butterflies’ wing pattern to their toxicity spectrum.  
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CHAPTER 2. REPRODUCTIVE ISOLATION DRIVEN BY 
PHEROMONES IN MIMETIC AND CLOSELY RELATED 

BUTTERFLIES 
 

 

INTRODUCTION 

 

The mechanisms by which species maintain their integrity are diverse and 

involve a combination of multiple signals of intra and inter-specific 

communication such as chemical, visual, auditory and tactile cues 

(3,4,123,249,250). In particular, sexual communication in insects involves long 

and short-range pheromones, which play multiple roles (64,123,249,251). For 

instance, pheromones can communicate the mating status of females (35,36), 

quality and age of males (37,38), quality and quantity of nuptial gifts (39), body 

size (40), dominance status (41), and degree of relatedness (42). Also, 

chemicals play an important role in mate choice and species recognition 

(15,67). In particular, pheromones mediate mate choice in many insects 

including flies (Drosophila), grasshoppers (Chorthippus parallelus), leaf 

beetles (Chrisochus) and stick insects (Timema) 

(15,43,47,48,67,124,125,252). 

In Lepidoptera, males and females produce volatile and non-volatile 

compounds suggesting that chemical communication plays a critical role in 

inter and intra-specific communication (58,59,126). In Bicyclus anynana, visual 

and chemical cues are equally important for mate choice, and females 

recognise heterospecific males based on their pheromones (60). Also, males 

of Heliconius charithonia which engage in pupal mating by copulating with 

females as they eclose, can identify the sex of a conspecific pupa based on 

sex-specific compounds (135,253). Moreover, chemical cues seem to mediate 

species recognition among mimetic and distantly related Heliconius species 
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where conflicts between mimicry and sexual communication may arise 

(108,138,254). This is supported by the fact that males of Heliconius have 

species-specific mixtures in their wing androconia (i.e. specialised male wing 

scales that produce scents) (138,255).  

In Heliconius, mate discrimination between closely related species relies on 

wing colour pattern (12,256). For example, the sister species H. melpomene 

and H. cydno (divergence ~1.5–2 Mya) (257), which are sympatric across 

Central America and the Andes, not only differ in habitat use but also in wing 

colouration (186,258,259). In fact, multiple experiments show that males prefer 

to court females exhibiting their own colour pattern (12,188,189). In contrast, 

the phylogenetically close H. melpomene malleti and H. timareta florencia 

mimic each other and coexist in sympatry in the South Eastern Andes of 

Colombia (Figure 3.1). Despite their phenotypic resemblance, this species pair 

shows strong pre-mating ecological isolation (differences in host plant 

preference) as well as strong reproductive isolation tested in no-choice 

experiments (188,260); even so, a low number of hybrids are found in nature 

(~2%) (188,254). Therefore, the strong reproductive isolation between H. m. 

malleti and H. t. florencia implies that sexual isolation is mediated by cues other 

than colour pattern, such as chemical cues (138,189,254).  

Thus, the case of mimicry between the closely related H. m. malleti and H. 

timareta offers an ideal model to study the importance of visual and chemical 

cues in mate choice, and ultimately, reproductive isolation. In this chapter, I 

investigated through behavioural experiments whether chemical cues, 

specifically sex pheromones, mediate mate recognition and preference in H. 

m. malleti and H. timareta. 
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Figure 3.1. Map showing the geographic distribution and wing phenotype of H. timareta 
florencia and H. melpomene malleti in the South Eastern Andes of Colombia.  

 
 

MATERIALS AND METHODS 

 

QUANTIFICATION OF WING PHENOTYPE 

 

To quantify colour, I used wings of wild males of H. t. florencia and H. m. malleti 

deposited in the ‘Colección de Artrópodos de la Universidad del Rosario 

(CAUR229)’ (Table S2.1). To evaluate whether H. m. malleti and H. t. florencia 

exhibit differences in wing phenotype, we scanned ventral and dorsal forewings 

(FW) and hindwings (HW) of 43 H. m. malleti and 45 H. t. florencia (Table S2.1) 

using a high-resolution flatbed scanner Epson Perfection V550, in RGB colour 

format with a resolution of 2400 dpi. Right side wings were always used. Then, 

we used ImageJ (202) to place a set of 34 landmark coordinates per individual 

(dorsally and ventrally; Figure 2.1A). These landmark coordinates were 

analysed in the R package Patternize (201) to quantify variation in wing colour 
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patterns (band size and shape). This package extracts, transforms and 

superimposes colour patterns to finely quantify the variation of colour pattern 

among species and performs a principal component analysis (PCA) on the 

binary representation of the aligned colour pattern obtained from each sample 

with the sumRaster function (201). We then tested differences in wing pattern 

among species using a multivariate analysis of variance (MANOVA) in R based 

on a subset of PCs (those that explain >95% of the variation).  

 

In addition, we used tpsDig2 (195) to place 32 landmark coordinates on the 

outline of both forewing and hindwing (dorsally; Figure 2.1B). These landmark 

coordinates were superimposed using a General Procrustes Analysis (GPA) in 

the R package ‘geomorph’ (196–198). The resulting coordinates in the tangent 

space were used as shape data, while the log-transformed centroid size (197) 

was used as a size estimate (220). Differences in wing size among species 

were investigated with a one-way ANOVA with size as a dependent variable 

and species as a factor, followed by Tukey’s pairwise comparison test. 

Differences in wing shape among species were tested using a Procrustes 

MANOVA applied to the aligned landmark configurations. This was done using 

the procD.lm function in the ‘geomorph’ R package (196). For details see above 

(Chapter 1, Materials and Methods). 

 

WILD SAMPLING 

 

Wild individuals of H. timareta florencia and H. melpomene malleti were 

collected in the localities Sucre and Doraditas in Colombia (01°48'12" N - 

75°39'19" W, 1200 m and 01°42'39" N - 75°42'32" W, 1400 m) that were taken 

to the insectaries of the Universidad del Rosario in La Vega (Colombia) to 

establish stock populations for the behavioural experiments. Larvae were 

reared on Passiflora oerstedii while adults were provided with Psiguria sp. as 

pollen source and supplied with ~20% sugar solution.  

 

Field collections and insectary rearing were conducted under the permit #530 

issued by the ‘Autoridad Nacional de Licencias Ambientales’ of Colombia 
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(ANLA). Rearing conditions were approved by the Ethics Committee of 

Universidad del Rosario (approval #CEI-ABN026-000155). 

 

BEHAVIOURAL EXPERIMENTS 

 

Behavioural experiments were conducted to test female preference for colour 

pattern and chemical cues of conspecific males. I conducted three types of 

triad experiments:  

 

• Experiment 1: Altering the wing phenotype of males. This 

experiment investigated how the male’s colour pattern affects mate 

preference in conspecific females. A total of 20 females per species 

were tested. In each case, a single one-day-old virgin female was 

presented with two conspecific males of at least ten days old (i.e., 

sexually mature). One of the males (treatment male) had his forewing 

and hindwing completely blacked out using a black marker (COPIC 100) 

thus hiding his wing colour pattern. The second male (control) had his 

forewing and hindwing painted with a colourless marker (COPIC 0), in 

this way, the male kept his phenotype unaltered, but I controlled for any 

odour effect of the marker. 

 

• Experiment 2: Blocking the emission of chemical blends in males. 
This experiment investigated whether the male’s chemical blend 

mediates recognition by conspecific females. A total of 18 females of H. 

t. florencia and 22 females of H. m. malleti were tested. In each case, a 

single one-day-old virgin female was presented with two conspecific 

males of at least ten days old (i.e., sexually mature): a control male and 

a ‘pheromone blocked’ male (treatment). Both males were treated with 

transparent nail varnish (Vogue Fantastic containing butyl acetate, ethyl 

acetate, nitrocellulose, adipic acid, neopentyl glycol, trimellitic anhydride 

copolymer, isopropyl alcohol, acetyl tributyl citrate, stearalkonium 

bentonite, styrene, acrylates copolymer, silica benzophenone-1, 

calcium sodium borosilicate, synthetic fluorphlogopite, polyethylene 
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terephthalate and polyurethane-11), following the protocol previously 

developed by Costanzo & Monteiro (2007)(60). Pheromone blocked 

males had the dorsal side of their hindwing androconia blocked, whilst 

control males had an adjacent area of the wing blocked.  

 

• Experiment 3: Perfuming males with the heterospecific chemical 
blends. This experiment investigated whether the male’s chemical 

bouquet affect the female’s mate preference. A total of 19 females of H. 

t. florencia and 18 females of H. m. malleti were tested. First, I prepared 

extracts from sexually mature males of each species by dissecting and 

mixing the androconia region of five conspecific individuals of the same 

age and soaking them in 200 µL of hexane for 1 hour. After this 

incubation, the solvent was transferred to a new vial and stored at -20°C 

until needed. Then, a single one-day-old virgin female was presented 

with two sexually matured conspecific males. Both males were initially 

treated with transparent nail varnish applied on the dorsal side of their 

hindwing to block their androconia and thus, block their natural emission 

of chemicals. Then, one of the males (control) was perfumed by 

spreading the conspecific hexane extract in the androconia region, 

whereas the second male (treatment male) was perfumed by spreading 

the heterospecific hexane extract. In order to investigate how long the 

hexane extract remains in the wings of the perfumed males before 

completely evaporating (which can potentially affect the results), I 

blocked the HW androconia of nine males of each species using 

transparent nail varnish and then, re-perfumed this region by spreading 

the heterospecific hexane extract. I left these males fly in an insectary 

and dissected their androconia at 1 minute, 30 minutes or 60 minutes 

and soaked this tissue in 200 μL of ultrapure dichloromethane (Merck 

UniSolv®) to be later analysed by gas chromatography/mass 

spectrometry (GC/MS; see below in Chapter 3, Materials and Methods). 
 

All experiments were conducted from 7 am to 1 pm, checking every 30 minutes 

for mating; the experiments stopped when mating occurred. For each 

experiment, mature males (at least 10 days old) were randomly selected from 
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the stock population while females were used as soon as they become 

available. If no mating occurred on the first day, I repeated the experiment the 

next day using the same butterflies; in contrast, mated males or females were 

never reused. If no mating occurred after the second day, the experiment 

stopped. For the first hour of each experiment, I observed female behaviour 

towards the males. These behaviours were recorded only when a male was 

actively courting the female. Observations were divided into one-minute 

intervals and I recorded female behaviours of “acceptance” or “rejection” 

previously defined for Heliconius (81,261). Specifically, we recorded the 

following acceptance behaviours: flutter (slow and moderate wing flapping), fly 

towards (flight facing towards the male), slow flat (slow rhythmic flight), and 

wings open and exposed (wings open and abdomen relaxed). Similarly, we 

recorded the following rejection behaviours: fly away (flight away from the 

male), tucked up (alighted with wings closed and abdomen concealed within 

the wings), rapid and erratic flutter (high frequency flutter of her wings and 

abdomen raised when the male is in close proximity), and wings opened and 

abdomen bend (wings opened and abdomen raised, but without wing 

fluttering). 

 

The mating outcome was analysed with binomial tests. Also, to test if females 

respond differently to control and treatment males, a generalized linear mixed 

model (GLMM) with a binomial error distribution and logit link function was 

used. The response variable was derived from those minutes where at least 

one of the males courted the female regardless of her response (either 

“acceptance” or “rejection”). Significance was determined by using likelihood 

ratio tests comparing models with and without male type included as an 

explanatory variable. In order to avoid pseudo-replication, individual female 

was included as a random effect in all models. All statistical analyses were 

performed with R version 3.3.2 (262), using the packages lme4 (263), ggplot2 

(264), car (265) and binom (266). 
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RESULTS 

 

QUANTIFICATION OF WING PHENOTYPE 

 

H. m. malleti and H. t. florencia are significantly different in wing size, both in 

the FW and HW (ANOVA F(1,82)=63.894, p<0.01 and F(1,82)=82.587, p<0.01, 

respectively, Figure 3.2A,B). FW and HW of H. t. florencia are consistently 

larger than those of H. m. malleti. In terms of shape, the FW is statistically 

different between species (MANOVA F(1,78)=28.09, p=2.504e-12), but not the 

HW (MANOVA F(1,78)=2.969, p=0.0371; a=0.01, Figure 3.2C and 3.2D). In the 

FW, the most variable landmark coordinates were LM3, LM4 (located in the 

distal part of the costal margin, near the wing apex; Figure 3.3A, 3.3B and 3.3E) 

and LM15 (located in the middle of the inner margin; Figure 3.3C, 3.3D and 

3.3F). Thus, the significant shape variation between the two species appears 

to be linked with the length of the FW (longer in H. t. florencia) and the curvature 

of the inner margin (deeper in H. t. florencia).  

 

The colour pattern comparison between the two species suggested subtle 

differences in wing colour pattern (Figure 4). The shape (PC2) of the three wing 

elements investigated (forewing band, forewing ‘dennis’ patch, and hindwing 

rays) did not differ between species, but their size (PC1) was slightly different 

(Figure 3.4). The edge of the yellow forewing band seemed more distally 

extended in H. m. malleti but only on the ventral side of the wing (Figure 3.4A 

and 3.4D). Also, the hindwing rays appeared thicker in H. m. malleti, but only 

on the dorsal side of the wing (Figure 3.4C and 3.4F). In contrast, the ‘dennis’ 

forewing patch is bigger in H. m. malleti, both dorsally and ventrally (Figure 

3.4B and 3.4E). Despite this, none of these differences were statistically 

significant between species indicating that the two species are almost 

indistinguishable in terms of wing colour pattern.  
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Figure 3.2. Species wing size and shape. Forewing (A) and hindwing (B) size variation.  Density 
plots showing the variation in the shape of the forewing (C) and the hindwing (D). A total of 
43 H. m. malleti and 45 H. t. florencia were analysed.  
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Figure 3.3. Shape variation of forewings of H. melpomene malleti and H. timareta florencia. 
Shape deformation (A) and (B) represents the shape at minimum values for PC1 and PC2, 
respectively. Shape deformation (C) and (D) represents maximum values for PC1 and PC2, 
respectively. Landmarks indicated (LM3, LM4 and LM15) are the one that varies the most. 
Panels (E) and (F) show the PC1 and PC2 loadings, respectively. 
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Figure 3.4. Colour pattern comparison between the two species. (A) Yellow patch on the dorsal forewing (F(1,80)=0.0647, p=0.978); (B) Dennis on the dorsal 

forewing (F(1,79)=0.060, p=0.185); (C) Ray on the dorsal hindwing (F(1,80)=0.592, p=0.621); (D) Yellow patch on the ventral forewing (F(1,74)=0.619, p=0.604); (E) 
Dennis on the ventral forewing (F(1,74)=1.259, p=0.294) and (F) ray on the ventral hindwing (F(1,74)=0.658, p=0.580). Yellow circles = H. t. florencia. Red triangles 

= H. m. malleti. Only individuals with wings in good condition were used (n=88; Table S2.1). Predicted values scale indicates the expression of colour pattern, 

where positive values (red) represent higher presence and negative values (blue) represents lower presence or even absence. PC1 explains the variation in 

size and PC2 explains the variation in the shape of said colour pattern element. 
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BEHAVIOURAL EXPERIMENTS 

 
Experiment 1: Altering the wing phenotype of males. Altering the wing 

pattern of males had no effect on mating probability. In all 40 experiments, both 

H. t. florencia and H. m. malleti females mated equally with conspecific males 

that had altered or normal wing colour pattern (p=0.55 in both cases; Figure 

3.5). 

  

 
Figure 3.5. Mate choice triads testing the importance of wing colour pattern in mate 
preference. Number of matings obtained is indicated above each bar. Control males are 
represented in light grey and treatment males are represented in dark grey. 

 

Consistent with this finding, I found no differences in female response towards 

control and treatment males in all but one of the behaviours assayed (Figure 

3.6 and Table 3.1). The exception was the observation that females of H. t. 

florencia kept their wings open for a larger proportion of the time during 

courtship by control males relative to male whose wing patterns were 

eliminated (χ²(1,216)=6.905, p=0.008) (Figure 3.6 and Table 3.1). This further 

suggests that, in these two species, the male’s wing colour pattern is not a 

crucial cue for females to recognize their conspecific mate.  
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Figure 3.6. Proportion of courtships that resulted in female behavioural responses towards control and treatment males. Behaviours are classified as 
Acceptance (A) or Rejection (R). Control males are represented in red (left) and treatment males in blue (right). Means are marked with a black square and 
boxplots mark the inter-quartile ranges. Size of datapoint is proportional to the number of courtships by that male. Asterisk (*) next to the species’ name is 
indicative of statistically significance (α=0.01) according to GLMM. 
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Table 3.1. Female behavioural response towards males with normal (control) and altered 
(treatment) wing phenotype. Behaviours are classified as Acceptance or Rejection. Asterisk 
(*) indicates statistical significance (a=0.01) according to GLMM. 

 
Behaviour H. m. malleti H. t. florencia 

Flutter Acceptance χ²(1,326)=0.646, p=0.421 χ²(1,216)=4.734, p=0.029 
Fly towards Acceptance χ²(1,326)=0.877, p=0.349 χ²(1,216)=0.090, p=0.764 
Slow flat Acceptance χ²(1,326)=0.608, p=0.435 χ²(1,216)=1.223, p=0.268 
Wings open Acceptance χ²(1,326)=2.005, p=0.156 χ²(1,216)=6.905, p=0.008* 
Abdomen exposed Acceptance χ²(1,326)=0.215, p=0.642 χ²(1,216)=0.067, p=0.795 
Fly away Rejection χ²(1,326)=2.353, p=0.125 χ²(1,216)=1.474, p=0.224 
Tucked up Rejection χ²(1,326)=1.213, p=0.270 χ²(1,216)=5.500, p=0.018 
Erratic flutter Rejection χ²(1,326)=1.723, p=0.189 χ²(1,216)=2.495, p=0.114 
Abdomen bent Rejection χ²(1,326)=0.075, p=0.784 χ²(1,216)=5.549, p=0.018 

 

 
Experiment 2: Blocking the emission of chemical blends. Blocking the 

emission of chemical blends in males showed an effect on mating probability. 

Females of both species discriminated against conspecific males in which the 

chemical bouquet emission was experimentally blocked (p<0,001 in both 

cases; Figure 3.7). In H. t. florencia only 16% of the matings occurred with the 

blocked male whilst in H. m. malleti, matings with the blocked male only 

occurred 13% of the times (Figure 3.7). 
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Figure 3.7. Mate choice triads in where male chemical blend was blocked. The number of 
matings obtained in each condition is indicated above each bar. Control males are 
represented in light grey and treatment males are represented in dark grey. 

 

Consistent with these finding, behavioural observations revealed significant 

differences in female behavioural responses towards blocked and unblocked 

males (Figure 3.8). In both species, female acceptance behaviours (A) were 

observed more often towards control males while rejection behaviours (R) were 

more frequently observed towards treatment males. In particular, females of H. 

m. malleti were more receptive towards control males in all but two behaviours 

(slow flat and flutter; p=0.042 and p=0.085, respectively; Table 3.2). Likewise, 

H. t. florencia females were more receptive towards control males in all but two 

behaviours (slow flat and fly towards, p=0.209 and p=0.013, respectively; Table 

3.2). Both species consistently rejected the treatment (blocked) males (Figure 

3.8). This suggests that the ability of a male to emit sexual pheromones is 

crucial for females to accept potential mates in both species. 
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Figure 3.8. Female behavioural responses towards males with an altered capacity to emit sexual pheromones. Behaviours are classified as Acceptance (A) 
or Rejection (R). Control males are represented in red (left) and treatment males in blue (right). Means are marked with a black square and boxplots mark the 
inter-quartile ranges. Asterisk (*) next to the species’ name is indicative of statistical significance (a=0.01) according to GLMM. 
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Table 3.2. Female behavioural responses in triads that tested the female’s preference for 
the male’s sex pheromones. Asterisk (*) is indicative of statistical significance (a=0.01) 
according to GLMM. 

Behaviour H. m. malleti H. t. florencia 
Flutter Acceptance χ²(1,122)=2.956, p=0.085 χ²(1,162)=10.239, p=0.001* 

Fly towards Acceptance χ²(1,122)=2.441, p=0.0004* χ²(1,162)=6.136, p=0.013 

Slow flat Acceptance χ²(1,122)=4.100, p=0.042 χ²(1,162)=1.576, p=0.209 

Wings open Acceptance χ²(1,122)=27.401, p=1.654e-07* χ²(1,162)=50.523, p=1.178e-12* 

Abdomen exposed Acceptance χ²(1,122)=22.453, p=2.153e-06* χ²(1,162)=44.046, p=3.207e-11* 

Fly away Rejection χ²(1,122)=8.035, p=0.004* χ²(1,162)=6.136, p=0.013 

Tucked up Rejection χ²(1,122)=11.273,  p=0.0007* χ²(1,162)=18.078, p=2.121e-05* 

Erratic flutter Rejection χ²(1,122)=15.823, p=6.954e-05* χ²(1,162)=26.037, p=3.349e-07* 

Abdomen bent Rejection χ²(1,122)=17.093, p=3.558e-05* χ²(1,162)=22.909, p=1.698e-06* 

 

 
Experiment 3: Perfuming males with the heterospecific chemical blends. 
The triads testing female preference for perfumed males (n= 37) did not yield 

any matings. The failure to mate might reflect the rapid evaporation rate of the 

chemical extracts. For example, the concentration of octadecanal decreased 

by 25% in the first 30 minutes and 82% after 60 minutes (Figure S2.1 and Table 

S2.2). Similarly, the concentration of syringaldehide decreased by 25% in the 

first 30 minutes and 47% after the first hour. 

 

Nevertheless, I observed significant differences in female behavioural 

responses towards treatment and control males (Table 3.3 and Figure 3.9). 

Specifically, in all behaviours tested, females exhibited acceptance behaviours 

towards males perfumed with the hexane extract of their own species and 

consistently rejected males perfumed with that of the other species. This 

indicates that the composition of the male sex pheromone is important for 

females in order to recognize a male as conspecific and accept him to mate 

with her and implies that female preference plays a major role in reproductive 

isolation in Heliconius.   
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Figure 3.9. Female behavioural responses towards males “perfumed” with a hexane extract from five males either of H. m. malleti or H. t. florencia. 
Behaviours are classified as Acceptance (A) or Rejection (R). Control males are represented in red (left) and treatment males in blue (right). Means are marked 
with a black square and boxplots mark the inter-quartile ranges. Asterisk (*) next to the species’ name is indicative of statistical significance (a=0.01) according 
to GLMM. 
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Table 3.3. Female behavioural responses in triads that tested female preference for males “perfumed” 
with a hexanic extract from five either of conspecific or heterospecific male. The asterisk (*) indicates 

statistical significance (a=0.01) according to the GLMM. 

Behaviour H. m. malleti H. t. florencia 
Flutter Acceptance χ²(1,473)=51.113, p=8.72e-13* χ²(1,354)=25.476, p=4.48e-07* 

Fly towards Acceptance χ²(1,473)=75.612, p=2.20e-16* χ²(1,354)=32.715, p=1.06e-08* 

Slow flat Acceptance χ²(1,473)=44.195, p=2.97e-11* χ²(1,354)=48.501, p=3.30e-12* 

Wings open Acceptance χ²(1,473)=139.04, p=2.20e-16* χ²(1,354)=93.902, p<2.20e-16* 
Abdomen 
exposed Acceptance χ²(1,473)=90.039, p=2.20e-16* χ²(1,354)=60.483, p=7.48e-15* 

Fly away Rejection χ²(1,473)=44.263, p=2.87e-11* χ²(1,354)=109.41, p<2.20e-16* 

Tucked up Rejection χ²(1,473)=13.629, p=2.23e-04* χ²(1,354)=8.158, p=0.004* 

Erratic flutter Rejection χ²(1,473)=43.539, p=4.16e-11* χ²(1,354)=75.385, p<2.20e-16* 
Abdomen 
bent Rejection χ²(1,473)=27.207, p=1.83e-07* χ²(1,354)=47.357, p=5.91e-12* 

 

 

DISCUSSION 

 

Intersexual communication plays a crucial role in determining the outcome of mating 

attempts. Therefore, variation in sexual cues and preferences has major implications for 

speciation, as they can cause reproductive isolation. The role of visual cues and visual 

preference in triggering reproductive isolation has been well documented in animal taxa 

that have diverged in the presence of gene flow (85,267,268). In contrast, while it is widely 

acknowledged that chemical signals play a role in animal pre-mating isolation (269,270), 

their role as drivers of sympatric speciation is much less studied.  

 

In Heliconius butterflies, reproductive and behavioural isolation usually follow a 

multimodal pattern where multiple traits such as wing colouration, pheromones, and 

habitat use, among others, are involved (254). For example, visual cues mediate the 

recognition of conspecific females by males across the entire spectrum of divergence in 

the melpomene/cydno/timareta clade with implications for reproductive isolation and 
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speciation (254). Thus, reproductive isolation between taxa with shifts in wing colour 

pattern, such as the species H. m. rosina and H. c. chioneus (high divergence) or the 

subspecies H. t. linaresi and H. t. florencia (low divergence), heavily relies on visual cues 

(254). In addition to wing colouration, chemicals seem to also contribute to species 

recognition (14,81,108). In fact, species identity largely explains the overall variation in 

chemical profiles in Heliconius (255). 

 

To date, the contribution of visual cues to reproductive isolation in these butterflies has 

been deeply studied and experimentally tested, mainly in males (43,44,51,74–77; 

although see 78). However, the role of chemical cues and female preference in 

maintaining species integrity is far less understood. In this sense, the convergence in 

wing colouration between the sister and sympatric species H. t. florencia and H. m. malleti 

provides a natural experimental model to disentangle the effect of wing colour pattern and 

chemical signals, and to characterise the role of female preference in reproductive 

isolation. In this study, I confirmed the existence of strong mating preferences between 

H. m. malleti and H. t. florencia, and that this preference appears not to be related to the 

colour pattern, but chemically mediated.  

 

I found that the mimetic and closely related species pair H. t. florencia and H. m. malleti 

are nearly identical in terms of wing patterning, and in consequence, altering this trait with 

black markers had little effect on the preference of females for mates. This accords with 

a previous study where experiments with wing models washed in hexane revealed that 

males of H. t. florencia approached and courted models of H. m. malleti as much as theirs 

(260). Although I detected some differences in size and wing shape between these 

species these did not seem to contribute to species recognition either. These results 

suggest that wing phenotype is not the cue that maintains species integrity between these 

mimetic pair. Instead, strong mating isolation appears to be largely driven by chemical 

signals.  

 

In addition, I demonstrated that females of H. m. malleti and H. t. florencia strongly 

discriminated against conspecific males that have their wing androconia experimentally 
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blocked, affecting reproductive success with implications for reproductive isolation.  

Consistent with this result, I found that females showed more acceptance behaviour and 

less rejection behaviour towards males perfumed with a conspecific extract relative to 

those perfumed with the heterospecific extract, demonstrating that pheromone 

composition is an important trait for species recognition that likely mediates reproductive 

isolation in this species pair. Intriguingly, no matings were observed in these perfuming 

experiments, which could be partly due to the rapid evaporation of the androconial 

perfume applied. However, since these experiments did not alter the chemicals in the 

abdominal gland, the lack of mating also indicates that the sole presence of the abdominal 

scent is not enough to ensure successful mating, and the androconial scent is always 

needed. Even more, the compound composition in each of these scents possibly needs 

to occur in specific mixture ratios. This would agree with recent findings in the butterfly 

Pieris napi, where the synergistic processing of two wing male volatile components in a 

1:1 ratio is necessary for female acceptance (274). Also, in Drosophila, the disruption 

natural ratios in male cuticular hydrocarbons lead to aversion response in females (275) 

further suggesting that normal mixture ratios in the chemicals underlying mate 

acceptance and preference are required. Therefore, it is likely that the abdominal and 

androconial extracts, and their specific composition, play different roles at different stages 

of courtship (although this remains to be tested). 

Heliconius females, as well as other butterfly systems such as B. anynana (13), are 

actively involved in mating decisions, demonstrating the potential for multimodal signals, 

especially visual and olfactive cues (273). This study shows that sexual chemicals are 

effective cues that contribute to mate recognition in day flying butterflies. 
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CHAPTER 3. MATE PREFERENCE AND PHEROMONE 
COMPOSITION IN A PAIR OF CLOSELY RELATED AND MIMETIC 

SPECIES OF THE GENUS Heliconius 
 

 

INTRODUCTION 

 

The evolution of different mating behaviours and mating cues between closely 

related species is recognized as an important mechanism that maintains 

reproductive isolation (276). This is because one or both of the sexes fail to identify 

the other species as a suitable mate. Therefore, characterising the behaviours and 

traits that influence mating preference as well as to understand their genetic basis 

is crucial to shed light on how species boundaries are formed and maintained. 

 

In insects, and especially in Lepidoptera, several studies have demonstrated the 

importance of sex pheromones as a reproductive isolation mechanism between 

closely related species (58,126,277–279). However, the study of the composition, 

function and genetic basis of sex pheromones has been mainly addressed in 

insects with agricultural importance but not in adaptive radiations in nature 

(37,147,280–282). To date, the sex pheromones of more than 500 Lepidoptera are 

known, and the synthesis pathway of these compounds, as well as the participating 

enzymes, have been well characterized in moths (143–145). In contrast, much less 

is known about sexual olfactory communication in butterflies, where not only the 

female produces sex pheromones but, in some species, males produce sex 

pheromones that are perceived by females (38,51,138,140,141,163). Despite this, 

the chemical composition of sex pheromones in butterflies and moths is highly 

similar (15,138,139,145,147,156,283,284) and the sex pheromone biosynthetic 

pathways are conserved between moths and the butterfly Bicyclus anynana (139). 
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Even more, genomic comparisons have suggested the conservation of sex 

pheromone biosynthetic gene clades between moths and butterflies of the genera 

Papilio, Danaus and Heliconius (139,167). Despite this, the role of chemical cues 

as a reproductive isolation barrier in Heliconius has not been profoundly studied 

(but see 10 and 61). 

 

The mimetic pair H. melpomene malleti and H. timareta florencia share the dennis-

ray wing pattern in the south-eastern Andes of Colombia, and exhibits strong 

reproductive isolation, which suggests that in the absence of colour pattern 

differences that could be used as mate recognition cues other mechanisms such 

as chemical signals should mediate conspecific mate recognition. In agreement 

with this hypothesis, recent evidence indicates that reproductive isolation between 

H. melpomene and H. timareta is based on female response to species-specific 

chemical signals, indicating that chemical signalling is important in mate choice in 

Heliconius butterflies as I showed previously on Chapter 2 (108,138,172,254). 

Previous studies revealed that these two species differ in their androconia and 

genital chemical composition, suggesting that chemical signalling is important in 

mate choice in Heliconius butterflies (81). However, such studies included few 

individuals (108,138). Therefore, it is crucial to confirm these results and test the 

role of chemicals in maintaining reproductive isolation between H. melpomene 

malleti and H. timareta florencia. If such is the case, it is also necessary to 

investigate the inheritance patterns of both male chemical production and female 

preference to better understand of the genetic architecture of speciation in the face 

of gene flow.   

 

Here I used a combined approach that includes chemical extraction, chemical 

characterization, genetic crosses and behavioural experiments to get a better 

understanding of reproductive isolation mediated by chemical signals in Heliconius 

butterflies, especially in the context of mimicry between sympatric and closely 

related species.  
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MATERIALS AND METHODS 

 

WILD SAMPLING AND INTERSPECIFIC CROSSES  

 

Wild specimens of H. m. malleti and H. t. florencia were collected in Sucre and 

Doraditas, Caquetá-Colombia (01°48'12" N - 75°39'19" W, 1200 m and 01°42'39" 

N - 75°42'32" W, 1400 m, respectively). For each species, wild males were 

preserved for chemical extraction (see below). The remaining wild individuals 

(males and females) were taken to the insectaries of Universidad del Rosario in 

La Vega (Colombia) to establish stock populations in 2×3×2 m insectaries for the 

behavioural and chemical analyses. Larva were reared on Passiflora oerstedii 

while adults were provided with Psiguria sp. as pollen source and supplied with 

~20% sugar solution.  

 

We also used the stock populations to perform interspecific crosses between H. t. 

florencia and H. m. malleti. To do so, a female of H. t. florencia was mated with an 

H. m. malleti male. The reciprocal cross was successful three times, but the female 

always died before laying eggs. Then, two F1 males were backcrossed to pure H. 

t. florencia females (crosses towards females of H. m. malleti consistently failed). 

In all cases, eggs were collected daily and placed in small plastic pots. Larvae 

were reared individually to avoid cannibalism, and right before pupation, they were 

transferred to bigger plastic pots until eclosion. The two backcrosses towards H. t. 

florencia produced 25 males and 25 females: all males were processed to 

chemically characterise the composition of their chemical blends, while 24 females 

were used in behavioural experiments testing for female preference. The bodies 

of these offspring were preserved in 20% DMSO once data was collected.  

 

Field collections and insectary rearing were conducted under the permit #530 

issued by the “Autoridad Nacional de Licencias Ambientales” of Colombia (ANLA). 
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Rearing conditions and experimental crosses were approved by the Ethics 

Committee of Universidad del Rosario (approval #CEI-ABN026-000155). 

 

In addition, to determine the hybrid ability to mate (F1 and backcrosses), I 

performed no-choice mating experiments. For this, the success or failure of mating 

was recorded by direct observation in 80 control conspecific, 29 heterospecific and 

112 hybrid mating attempts (i.e., F1 and backcrosses). Then, the probability of 

mating (Pi x j) between a female type i and a male type j was obtained by maximizing 

the loge of the likelihood (272,285) as follows: 

 

ML (Pixj) = mixjloge(Pixj) + (Nixj – mixj)loge(1 – Pixj) 

 

Where m is the number of experiments involving a successful mating and n is the 

number of failed experiments. Likelihood maximization was carried out with the 

SOLVER algorithm of Microsoft Excel. Confidence intervals were obtained at the 

parameter values that led to a decrease in the loge of the likelihood of two units 

(286). 

 

 

BEHAVIOURAL EXPERIMENTS  

 

Behavioural triad experiments to study hybrid female preference were conducted 

with 18 F1 one-day-old virgin females and 24 backcross one-day-old virgin 

females. In all cases, a single virgin hybrid female had to choose between two 

males, one H. t. florencia and one H. m. malleti. These triads were conducted in 

the same way as the previous behavioural experiments (for details see above, 

Chapter 2, Materials and Methods). Female acceptance or rejection behaviours 

were also recorded. 

 

The mating outcome was analysed with a binomial test. I used a generalised linear 

mixed model (GLMM) with a binomial error distribution and logit link function to test 
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if females responded differently to control and treatment males. The response 

variable was derived from those minutes where at least one of the males courted 

the female regardless of her response (either “acceptance” or “rejection”). 

Significance was determined by using likelihood ratio tests comparing models with 

and without male type included as an explanatory variable. In order to avoid 

pseudoreplication, individual female was included as a random effect in all models. 

All statistical analyses were performed with R version 3.3.2 (262), using the 

packages lme4 (263), ggplot2 (264), car (265) and binom (266) following Darragh 

et al. 2017 (81). 

 

 

CHARACTERIZATION OF CHEMICAL PROFILES 

 

To determine the chemical composition of the volatile compounds of the 

androconia and genitalia in males of H. m. malleti, H. t. florencia and their hybrids 

(F1 and backcrosses), I dissected both tissues from adults and placed them 

individually in 200 μL of ultrapure dichloromethane (Merck UniSolv®) in 2 mL glass 

vials and soaked for 1 hour. After this incubation, the solvent was transferred to a 

new vial and stored at -20°C. Dichloromethane is a preferred solvent used for 

pheromone extraction since it is sufficiently volatile for extracts to be concentrated 

without exposing them to high temperatures, it is non-flammable, and penetrates 

scales better than hexane leading to higher extract titres (164,287).  

 

These extracts were analysed by gas chromatography/mass spectrometry 

(GC/MS) at the Smithsonian Tropical Research Institute in Panama following the 

protocol of Mann et al., 2017 (138). Prior to the GC/MS, samples were evaporated 

under ambient air at room temperature. Then, I quantified the compounds found in 

the extracts using a Hewlett-Packard GC model 5977 mass-selective detector 

connected to a Hewlett-Packard GC model 7890B equipped with a Hewlett-

Packard ALS 7693 autosampler. A BPX-5 fused silica capillary column (SGE, 25m 

x 0.22 mm, 0,25 μm) was used. Injection was performed in splitless mode (250°C 
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injector temperature) with helium as the carrier gas with a constant flow of 1.2 

ml/min. The temperature programme started at 50°C, held for 5 min, and then rose 

to 320°C with a heating rate of 5°C/min. I used 2-tetradecyl acetate (200 ng) as an 

internal standard. Components were identified by comparison of mass spectra and 

gas chromatographic retention index with reference samples from the Schulz lab 

collection (Institute of Organic Chemistry, Technische Universität Braunschweig, 

Germany). Relative concentrations were determined by peak area analysis by 

GC/MS.  

 

To evaluate species differences in compound composition I implemented a 

dimension reduction (PCAs) using the software Past v3.0 (288). I retained the 

components accounting for 95% of the variance, and those were used to conduct 

a Discriminant Analysis. A MANOVA was performed in candisc R package (200). 

Finally, using the means of the relative concentrations of each compound, I 

established the relationship among H. t. florencia, H. m. malleti, F1 and backcross 

males for androconia and genital bouquet (i.e., mixture of volatiles), calculating 

dendrograms using Euclidian distance. Both, dendrogram and compound 

composition were visualised using the function heatmap in R (version 3.5.0). 

GC/MS raw data is available in the public repository Zenodo: 

10.1098/rspb.2020.0587. 

 

 

RESULTS 

 

WILD SAMPLING AND INTERSPECIFIC CROSSES  

 

The frequency of successful mating in heterospecific and hybrid crosses was less 

than that of control crosses confirming the existence of prezygotic isolation barriers 

acting on these species (42; Table 4.1).  
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F1 and BC females obtained from mating an F1 female to a H. t. florencia male 

were reluctant to mate either parental species. In these trials, F1 mated at 25% 

frequency and BC females at 37% frequency, always with H. t. florencia males 

(Figure 4.1, Table 4.1).  

 

Table 4.1. Probability of mating in no-choice experiments.  Hmm: H. m. malleti; Htf: H. t. 
florencia; F1: Htf x Hmm; BC: backcrosses [Htf x Hmm] x Htf. Cross type is specified as female x 

male. [Confidence interval at 95%]. No-choice mating data was collected as in previous studies of 

Heliconius (272,285). This information allowed us to gain a better understanding of the premating 

barriers operating in this species pair (254). Mating probability for interspecific and hybrid trials 

was obtained by maximizing the loge of the likelihood function (for details see (108,260). 

Cross type N trials Mating 
probability 

Confidence 
interval Source 

Control 
(conspecific) 

Htf x Htf 45 0.911 [0.82 - 0.971] Merot et al. 2017 

Hmm x Hmm 35 0.857 [0.737 - 0.946] Merot et al., 2017 

Interspecific  
Hmm x Htf 13 0.152 [0.04 - 0.363] This study 

Htf x Hmm 16 0.188 [0.157 - 0.377] This study 

Hybrid 
crosses 

F1 x Hmm 18 0 [0 - 0.024] Merot et al., 2017 

F1 x Htf 24 0.249 [0.119 - 0.4] Merot et al., 2017 

Hmm x F1 8 0 [0 - 0.011] Merot et al., 2017 

Htf x F1 10 0.2 [0.04 - 0.45] Merot et al., 2017 

F1 x F1 4 0 [0 - 0.0055] This study 

BC x Htf 24 0.374 [0.225 - 0.56] This study 

BC x Hmm 24 0 [0 - 0.033] This study 

 

 

BEHAVIOURAL EXPERIMENTS  

 

Hybrid females (F1 and BC) preferred males of H. t. florencia and discriminated 

against those of H. m. malleti (Figure 4.1). In addition, hybrid females were more 

likely to perform acceptance behaviours towards H. t. florencia males while 

rejection behaviours were observed more often towards H. m. malleti males 

(Figure 4.2, Table 4.2). This suggests that female preference is genetic and 
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perhaps dominant, although backcrosses to H. m. malleti are needed to gain more 

insights into the inheritance pattern of this trait.  

 

 

 
Figure 4.1. Mate choice triads testing behavioural responses in F1 and backcross (BC) females. 
The number of matings obtained is indicated above each bar. H. t. florencia males are represented 

in light grey and H. m. malleti males are represented in dark grey. 

 

Table 4.2. Behavioural response of F1 and BC females towards pure males of H. m. malleti and 
H. t. florencia. The asterisk (*) indicates statistical significance (a=0.01) according to GLMM. 

Behaviour F1 Females BC Females 
Flutter Acceptance χ²(1,561)=2.103, p=0.147 χ²(1,468)=0.101, p=0.75 

Fly towards Acceptance χ²(1,561)=3.184, p=0.074 χ²(1,468)=37.345, p=9.90e-10* 

Slow flat Acceptance χ²(1,561)=50.916, p=9.64e-13* χ²(1,468)=259.210, p=2.20e-16* 

Wings open Acceptance χ²(1,561)=62.043, p=3.30e-15* χ²(1,468)=57.215, p=3.91e-14* 

Abdomen exposed Acceptance χ²(1,561)=10.650, p=1.10e-03* χ²(1,468)=309.720, p=2.20e-16* 

Fly away Rejection χ²(1,561)=0.600, p=0.439 χ²(1,468)=97.105, p=2.20e-16* 

Tucked up Rejection χ²(1,561)=35.489, p=2.57e-09* χ²(1,468)=106.420, p=2.20e-16* 

Erratic flutter Rejection χ²(1,561)=44.106, p=3.11e-11* χ²(1,468)=72.130, p=2.20e-16* 

Abdomen bent Rejection χ²(1,561)=24.640, p=6.91e-07* χ²(1,468)=4.630, p=0.031 

F1 BC
Female

N
um

be
r o

f m
at

in
gs

0
2

4
6

8

6

9

0 0

Male H. t. florencia
Male H. m. malleti



 89 
 

 

 
Figure 4.2. Proportion of courtships that resulted in behavioural responses in F1 and BC females. Behaviours recorded were Acceptance (A) or 
Rejection (R) towards males of H. m. malleti (red, left) and H. t. florencia (blue, right). Means are marked with a black square and boxplots mark 
the inter-quartile ranges. Size of datapoint is proportional to the number of courtships by that male.  The asterisk (*) next to the female (F1/BC) is 
indicative of statistical significance (a=0.01) according to GLMM. 
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CHARACTERISATION OF CHEMICAL PROFILES  
 

I analysed a total of 100 wing androconia and 95 abdominal gland extracts from 

males of H. m. malleti (nand=31, ngland=28), H. t. florencia (nand=33, ngland=32), F1 

(nand=11, ngland=11) and backcrosses to H. t. florencia (nand=25, ngland=24). Males 

of both species presented a common composition in the wing androconia extract, 

and the most notable differences were in terms of the concentration of individual 

compounds in the mixture (Table S3.1). The compounds of the androconia region 

in H. m. malleti were mainly alkanes (28%), aldehydes (16.27%) and unknown 

compounds (18%), with octadecanal being the most abundant compound (1094.91 

ng in H. m. malleti compared to 1.40 ng in H. t. florencia). In H. t. florencia, the 

androconia bouquet was composed of alkanes (37%) and esters (14%), with 

syringaldehide and heneicosane being the most abundant compounds (Figure 

S3.1).  

The androconia composition of F1 and backcross males were very similar to that 

of H. t. florencia but showed higher individual variation (Figure S3.2, Figure S3.3, 

Table S3.1). Consistently, the discriminant analysis revealed a discrete group 

formed by H. t. florencia, F1 and backcross males, while H. m. malleti formed an 

independent cluster (Figure 4.3A; MANOVA F(1,3)=13.347, p<2e-16). A post-hoc 

Tukey test showed that F1 and backcross males differed significantly from H. m. 

malleti males (p<0.01; in both cases) but not from those of H. t. florencia (p=0.912 

and p=0.891; respectively).  
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Figure 4.3. (A) Discriminant analysis based on individual composition of wing androconia extracts of males of H. m. malleti, H. t. florencia, F1 and 
backcrosses (BC). (B) Discriminant analysis based on individual composition of abdominal gland extracts of males of H. m. malleti, H. t. florencia, F1 and 
BC. 
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The abdominal gland bouquet of males was chemically more diverse than that of the 

androconia (Table S3.2). Alkanes, esters and lactones were the major compounds 

present in the abdominal gland bouquet of H. m. malleti and H. t. florencia. β-Ocimene 

and heneicosane largely dominated the abdominal gland bouquet of H. m. malleti males, 

while that of H. t. florencia was mainly composed of ethyl oleate, butyl oleate, isopropyl 

oleate and (Z)-9-octadecen-13-olide (Table S3.2, Figure S3.4). As in the androconia, the 

abdominal gland bouquet of F1 and backcross males was more similar to H. t. florencia 

although some individuals had β-ocimene (Figure S3.5 and S3.6). The discriminant 

analysis revealed a discrete group composed of H. t. florencia, F1 and backcross males 

which differentiate from a cluster formed only by H. m. malleti (Figure 4.3B; MANOVA 

F(1,3)=12.528, p<2e-16). A post-hoc Tukey test showed that F1 and backcross males 

differed significantly from H. m. malleti males (p<0.01; in both cases) but not from H. t. 

florencia males (p=0.152 and p=0.777; respectively). Interestingly, both species and their 

hybrids showed putative defensive secretions in their abdominal gland, namely 2-sec-

butyl-3-methoxypyrazine in the abdominal gland extracts of H. t. florencia, F1 and 

backcrosses and 2-isobutyl-3-methoxypyrazine in the abdominal gland extracts of H. m. 

malleti, F1 and backcrosses (Table S3.2). These specific compounds are known to deter 

predators in the wood tiger moth (289), and in general, methoxypyrazines are compounds 

frequently found in the chemical defences of aposematic insects (128,290,291). 

 

 

DISCUSSION 

 

The importance of pre-zygotic reproductive barriers among the animal species is well 

known across the tree of life. In fact, the role they played in the diversification and 

maintenance of the species boundaries is well established (292). It is known, that closely 

related species often differ in traits important for mate choice in order to ensure 

assortative mating (12,43,52). These traits are predicted to be highly species-specific 

(293), such as the case of orchids bees, where Euglossa dilemma and E. viridissima, 

remain reproductively isolated according to their distinctive chemical signals (293). 
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Lepidoptera is the order that has the most information on volatiles involved in sexual 

recognition. For example, more than 2,000 sex pheromones have been identified in 

moths, and an additional eight in day flying butterflies (294,295). The function of sex 

chemicals in promoting species recognition and ensuring reproductive isolation in moths 

has been extensively demonstrated (296), while in butterflies, experimental evidence of 

such phenomena is less abundant (37,274,277,295). This is likely because researchers 

usually assumed that butterflies should mainly rely on mating systems based on visual 

signals suited to their diurnal habits.  

 

In Heliconius, wing colour pattern has been identified as an important cue in speciation 

and mate preference (12,73,74,85,271). However, it has long been suggested that male 

pheromones play an important role that mediate species recognition (73,74,255), 

especially in cases where visual signals are compromised due to mimicry between closely 

related species. Previously, I demonstrated strong mating preferences between H. t. 

florencia and H. m. malleti; those preferences appear not to be related to colour pattern, 

but chemically mediated (Chapter 2). Consistent with those results, the androconia scale 

cells, as well as the abdominal glands of the two species had highly divergent profiles 

composed of differences in both the relative abundance and presence/absence of volatile 

chemicals. Therefore, this study along with previous findings show that assortative mating 

in Heliconius involves chemical signals (81,108). 

 

In agreement with this hypothesis, I found that the composition of the male chemical 

bouquet of H. m. malleti and H. t. florencia is different, confirming the results previously 

reported in other studies that included a much lower sample size (108). The chemical 

signature of the two species is unique, not only in the androconia but also in the genitalia. 

This contrasts with the general pattern in Lepidoptera, where closely related species 

usually display similar chemical signatures, especially in pheromones (294). In particular, 

we identified octadecanal and β-ocimene as the main compounds in the androconia and 

genitalia bouquet of H. m. malleti, respectively. Even though octadecanal was also 

present in H. t. florencia, its abundance was much lower in this species. This agrees with 

recent findings, where octadecanal was found to be abundant in males of H. m. rosina 
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and almost absent in those of H. c. chioneus (295). Interestingly, octadecanal is electro-

physiologically active in Heliconius (295) and β-ocimene is a known anti-aphrodisiac in 

the genus (36). Also, the most abundant compounds in the male androconia of H. t. 

florencia were syringaldehyde and heneicosane, known to act a long-range attraction 

molecules in multiple insect species (297–301). Similarly, the male bouquet of this 

species also contained phenylacetaldehyde and limonene, which act as copulating 

pheromones, hormones and defensive secretions in other Lepidoptera (298). The marked 

difference in chemical composition in the genital and wing extracts of males of H. m. 

malleti and H. t. florencia may be facilitated by the fact that these species have strong 

differences in larval host plant use (188), and larval diet is a known factor that affects 

adult pheromone composition in Lepidoptera (89,296).  

Hybrid males (F1 and backcrosses) had fewer and less abundant compounds in their 

blends compared with the parental species. Interestingly, both F1s and backcrosses had 

little octadecanal and some hybrid individuals even lacked it at all (just as pure H. t. 

florencia males do) suggesting that the low amount of this compound is heritable and 

possibly involving few major effect loci. This agrees with recent findings in H. m. rosina 

and H. c. chioneus that suggest a potential monogenic basis and dominant inheritance 

for octadecanal production (295). Similarly, hybrid females (F1 and backcrosses) 

accepted better males of H. t. florencia more readily than those of H. m. malleti, and in 

some cases, we observed matings with the former species. This again suggests that 

female preference could be heritable and with a simple genetic basis. In fact, examples 

in orchid bees and Drosophila suggest that the genetics of chemical production and 

chemical preference have a simple genetics, where the same or few genes are involved 

(293,302). However, this data is not enough to draw definitive conclusions on the genetics 

of production of sexual chemical cues or female preference. To answer this question, it 

would be necessary to test the reciprocal F1 (H. m. malleti mother x H. t. florencia father) 

and backcrosses towards H. m. malleti. However, such crosses are extremely difficult to 

obtain, perhaps due to intrinsic behavioural sterility as reported for other Lepidoptera 

(303).  
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A previous QTL analysis in crosses between H. melpomene and H. cydno found no 

genetic linkage among colour pattern and/or colour preference loci with the locus 

underlying the production of octadecanal (295). This is unexpected if chemical cues play 

a major role in reproductive isolation, as theory predicts that traits under divergent 

selection and those that play a role in premating isolation should be tightly linked in order 

to facilitate speciation (85,304). In contrast, in cases where natural selection promotes 

mimicry convergence due to secondary introgression thus compromising visual 

recognition of conspecific mates, reproductive isolation should weaken possibly leading 

to species collapse (254,305). Yet, the total reproductive isolation between H. m. malleti 

and H. t. florencia is ~97% (254), implying that chemical barriers, along with other barriers 

such as habitat specialisation and host plant use, are sufficient to ensure species integrity. 

Our hybrid broods suggest that both sexual chemical production and preference for them 

likely have a simple genetic basis, and if they happen to be physically linked in the 

genome as in the case of visual cues and visual preference (85), then reproductive 

isolation is easily achieved and maintained.  

Overall, this study corroborates the existence of chemical differences between male 

chemical signatures in a pair of closely related and mimetic species where wing 

phenotype is not a recognition trait. These chemical differences are used by females to 

effectively choose mates confirming that male sex compounds are necessary to mediate 

premating reproductive isolation between H. m. malleti and H. t. florencia. Also, my results 

suggest that both male chemical production and female preference in Heliconius are 

heritable traits with a simple genetic basis. In fact, recent studies have pinpointed 

candidate regions implicated in the production of male pheromones in Heliconius (295). 

However, to date, the genetic basis controlling female assortative mating behaviours 

remain largely unknown. In Heliconius, females exert choice based on multimodal signals, 

especially visual and olfactive cues (306). Therefore, in the absence of wing colour 

pattern divergence, the mimetic pair composed by H. m. malleti and H. t. florencia 

provides an excellent natural system to investigate the genetics of female preference 

based on pheromones and understand how species integrity is maintained in the 

presence of gene flow. It is possible that sexual signals and responses to those signals 
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involve the same gene, such as in the case of Drosophila melanogaster (307), or that 

both traits are controlled by independent loci, such as in Heliothis (308). 
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CONCLUSIONS 

 
 
In this thesis, first I evaluated fine-scale morphological differences in wing size, shape, 

and colour pattern variation to investigate the degree of phenotypic resemblance between 

co-mimic species in multiple Heliconius mimetic rings. I found that wing size and shape 

do not contribute to mimicry as these traits vary between members of the same mimicry 

ring. These results suggest that natural selection pressures other than mimicry such as 

phylogenetic closeness, variation in life traits and sexual selection influence these traits. 

Colour phenotype is the main component of mimicry in Heliconius, but the mimicry in 

some phenotypes (i.e., rings) is better tuned than in others. For instance, the mimicry in 

red-banded phenotypes between subspecies of H. erato and H. melpomene is very 

accurate, indicating that these two species are good co-mimics across their distribution. 

In contrast, the mimicry in dennis-ray phenotypes is less precise and the colour elements 

that compose it significantly vary in terms of size and position, both dorsally and ventrally. 

This suggests the existence of multiple adaptive peaks across the mimicry landscape in 

the Amazon. Similarly, the mimicry in yellow/white phenotypes was also less accurate 

between co-mimics, which is especially due to variation in the FW band and the 

submarginal HW band, both dorsally and ventrally. The recovery of species typically 

regarded as the "model" (such as C. ithrana and Ithomiini butterflies) as highly divergent 

entities is consistent with mimicry being the result of phenotypic advergence. However, 

this result also may be explained by phylogenetic divergence. Finally, the number of 

species participating in a ring influences the extent of similarity among the members, with 

fewer participating species resulting in a much more similar phenotype. This does not 

mean that the signal is not as effective as the participation of multiple species may lead 

to its relaxation due to predators being able to generalize it. Overall, my results suggest 

that there is no perfect convergence in the mimicry rings of Heliconius. However, other 

aspects of mimicry such as geography, the community of predators and how they 
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perceive these signals are equally important. In fact, this is consistent with the idea that 

adaptation by mimicry is a complex and dynamic process affected by more than a single 

factor. 

 

In strict terms, Müllerian mimicry rings are composed by phylogenetically distant species, 

where the convergence to colour pattern does not compromise reproductive isolation. In 

consequence, sympatric and closely related species usually exhibit different phenotypes, 

thus ensuring their reproductive isolation. However, the closely related pair H. m. malleti 

and H. t. florencia bear the same dennis-ray colour pattern and occur in the same 

geographical region, which may compromise their species integrity. In agreement with 

these species being nearly identical in terms of wing phenotype, I found that altering their 

colour pattern has no effect on the preference of females for mates, suggesting that wing 

phenotype is not the cue ensuring partner recognition. Instead, I found that androconial 

chemical compounds are important during courtship and subsequent mating. As such, 

females of both species discriminate against males with their androconia experimentally 

blocked and they accept better males perfumed with a conspecific scent, suggesting that 

the composition of those blends is an important trait for species recognition. In agreement 

with these results, the androconial and abdominal bouquets of males are highly divergent 

between the two species. Interspecific crosses, the composition of their androconial and 

abdominal bouquets and their preference behaviour suggest that both the production of 

chemical cues as well as the preference for them are heritable and possibly involve few 

major effect loci. Overall, this study confirms chemical differences in a pair of closely 

related and mimetic species where colour pattern seems not to be involved in 

reproductive isolation. Moreover, female choice is based on these chemical signals, 

demonstrating that Heliconius females are actively involved in mating decisions. 
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SUPPLEMENTARY INFORMATION 
 

CHAPTER 1. PHENOTYPIC RESEMBLANCE ACROSS MULTIPLE MIMICRY RINGS IN Heliconius 
Table S1.1. Samples included in the morphometric analyses. A total of 1102 individuals were used. The wings were obtained from “Colección de Artrópodos 
-Universidad del Rosario-CAUR229” (M), “Museo de Historia Natural” - Universidad de Los Andes (Andes), “Instituto de Ciencias Naturales – Universidad 
Nacional de Colombia (ICN-MHL-L), the Butterfly Genetics Group – University of Cambridge (CAM), and a private collection of Jean Francois Le Crom (JFLC). 
The last column indicates analysis in which that specimen was used, D, dorsal; V, ventral; HW, hindwing; FW, forewing; SS; size and shape analysis. 

ID Wing Scan ID Collection Taxon Locality Analysis 
LGE-WS-02451 M3994 Chetone ithrana Amazonas, Puerto Nariño, Quebrada Aguas Rojas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02452 M3987 Chetone ithrana Amazonas, Puerto Nariño, Quebrada Aguas Rojas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02453 M3986 Chetone ithrana Amazonas, Puerto Nariño, Quebrada Aguas Rojas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02454 M3983 Chetone ithrana Amazonas, Puerto Nariño, Quebrada Aguas Rojas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00151 N/A Elzunia humboldt regalis  Valle del Cauca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00152 N/A Elzunia humboldt regalis  Valle del Cauca, Quebrada La Vieja SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00153 N/A Elzunia humboldt regalis  Valle del Cauca, Yumbo, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00154 N/A Elzunia humboldt regalis  Valle del Cauca, Yumbo, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00155 N/A Elzunia humboldt regalis  Valle del Cauca, Cartago, San José del Palmar SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00156 N/A Elzunia humboldt regalis  Valle del Cauca, Buenaventura SS-FW; SS-HW; D-FW; V-FW; D-HW  

LGE-WS-00157 N/A Elzunia humboldt regalis  Valle del Cauca, Vereda del Racio SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00158 N/A Elzunia humboldt regalis  Valle del Cauca, Quebrada La Vigia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00159 N/A Elzunia humboldt regalis  Valle del Cauca, Quebrada La Vigia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00160 N/A Elzunia humboldt regalis  Valle del Cauca, Rio Bravo, Lago Calima SS-FW; D-FW; V-FW; D-HW  

LGE-WS-00161 N/A Elzunia humboldt regalis  Valle del Cauca, Yumbo, La Cumbre SS-FW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00162 N/A Elzunia humboldt regalis  Valle del Cauca, Yumbo, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00163 N/A Elzunia humboldt regalis  Valle del Cauca, Yumbo, La Cumbre D-FW; V-FW; D-HW; V-HW 

LGE-WS-00164 N/A Elzunia humboldt regalis  Valle del Cauca, Yumbo, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW  

LGE-WS-00166 Andes-E11638 Elzunia humboldt regalis  Valle del Cauca, Bitaco SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-00167 Andes-E12485 Elzunia humboldt regalis  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00168 Andes-E12480 Elzunia humboldt regalis  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW; D-HW  

LGE-WS-00169 Andes-E12481 Elzunia humboldt regalis  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW; D-HW  

LGE-WS-00170 Andes-E10535 Elzunia humboldt regalis  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00171 Andes-E12483 Elzunia humboldt regalis  Valle del Cauca, Bitaco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00172 Andes-E10540 Elzunia humboldt regalis  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00173 Andes-E12484 Elzunia humboldt regalis  Valle del Cauca, Km83 Vía Buenaventura SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00174 Andes-E10534 Elzunia humboldt regalis  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00175 Andes-E10927 Elzunia humboldt regalis  Valle del Cauca, Bitaco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00176 Andes-E10925 Elzunia humboldt regalis  Valle del Cauca, Bitaco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00177 Andes-E11646 Elzunia humboldt regalis  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00178 Andes-E11646 Elzunia humboldt regalis  Valle del Cauca, Km83 Vía Buenaventura SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00179 Andes-E11377 Elzunia humboldt regalis  Valle del Cauca, Km83 Vía Buenaventura SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00180 Andes-E10538 Elzunia humboldt regalis  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00181 Andes-E10894 Elzunia humboldt regalis  Valle del Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00182 Andes Elzunia humboldt regalis  Valle del Cauca, Lago Calima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00183 Andes-E10909 Elzunia humboldt regalis  Valle del Cauca, Río Barragan, La Vieja, Combarco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00184 Andes-E10908 Elzunia humboldt regalis  Valle del Cauca, Río Barragan, La Vieja, Combarco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00185 Andes Elzunia humboldt regalis  Cauca, Popayán, Quebrada el Silencio, La Elvira, Cartón 

de Colombia 

SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-02301 M5181 Elzunia humboldt tamasea  Huila, Vereda La Plata, Reserva Natural Santa Rosalia SS-FW; SS-HW 
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LGE-WS-02302 M5070 Elzunia humboldt tamasea  Huila, Vereda La Plata, Reserva Natural Santa Rosalia SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-02303 M5069 Elzunia humboldt tamasea  Huila, Vereda La Plata, Reserva Natural Santa Rosalia SS-FW; SS-HW 

LGE-WS-02304 M5068 Elzunia humboldt tamasea  Huila, Vereda La Plata, Reserva Natural Santa Rosalia SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-02305 M5065 Elzunia humboldt tamasea  Huila, Vereda La Plata, Reserva Natural Santa Rosalia SS-FW; SS-HW 

LGE-WS-02306 M5058 Elzunia humboldt tamasea  Huila, Vereda La Plata, Reserva Natural Santa Rosalia SS-FW; SS-HW 

LGE-WS-02307 M5057 Elzunia humboldt tamasea  Huila, Vereda La Plata, Reserva Natural Santa Rosalia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02308 M5066 Elzunia humboldt tamasea  Huila, Vereda La Plata, Reserva Natural Santa Rosalia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02309 M5067 Elzunia humboldt tamasea  Huila, Vereda La Plata, Reserva Natural Santa Rosalia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02800 M5350 Eueides heliconioides eanes  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02801 M5351 Eueides heliconioides eanes  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02802 M5391 Eueides heliconioides eanes  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02803 M5390 Eueides heliconioides eanes  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02804 M5349 Eueides heliconioides eanes  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02805 M5345 Eueides heliconioides eanes  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02806 M5346 Eueides heliconioides eanes  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02807 M5347 Eueides heliconioides eanes  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01801 M4854 Heliconius aoede Meta, Lejanías, Río Guejar SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01802 M1503 Heliconius aoede Caquetá, Florencia, Paraiso SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-01803 M2348 Heliconius aoede Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01150 M3075 Heliconius cydno cydno Cundinamarca, La Cumbre D-FW; V-FW; D-HW; V-HW 

LGE-WS-01151 M2946 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01152 M2797 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW  

LGE-WS-01153 M3084 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01154 M3092 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01155 M3285 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01156 M1694 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01157 M2125 Heliconius cydno cydno Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-01158 M3082 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01159 M2799 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01160 M3081 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01161 M3079 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01162 M3078 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01163 M2787 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01164 M2788 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01165 M2455 Heliconius cydno cydno Cundinamarca, Vereda Granada SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01166 M2452 Heliconius cydno cydno Cundinamarca, Vereda Granada SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01167 M2457 Heliconius cydno cydno Cundinamarca, Vereda Granada SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01168 M2244 Heliconius cydno cydno Cundinamarca, Vereda Granada SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01169 M2141 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01170 M2139 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01171 M2138 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01172 M2137 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01173 M2431 Heliconius cydno cydno Cundinamarca, Vereda Granada SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01175 M2078 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01176 M2079 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01177 M2440 Heliconius cydno cydno Cundinamarca, Vereda Granada SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01178 M2135 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01179 M3076 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01180 M2077 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01181 M3094 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01182 M3077 Heliconius cydno cydno Cundinamarca, La Cumbre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01183 M2798 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01184 M2089 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-01185 M2789 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01186 M2076 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01187 M4184 Heliconius cydno cydno Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01188 M2145 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01189 M2080 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01190 M4398 Heliconius cydno cydno Santander, Florencia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01191 M2136 Heliconius cydno cydno Santander, Bucaramanga SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01192 Andes Heliconius cydno cydno Tolima, Iconozo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01193 Andes Heliconius cydno cydno Tolima, Iconozo SS-FW; SS-HW 

LGE-WS-01101 M3942 Heliconius cydno chioneus Chocó, Paridera, Potes SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01102 M3888 Heliconius cydno chioneus Chocó, Bahía Solano SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01103 M3923 Heliconius cydno chioneus Chocó, Cocalito SS-FW; SS-HW 

LGE-WS-01104 M3886 Heliconius cydno chioneus Chocó, Bahía Solano SS-FW; SS-HW 

LGE-WS-01550 M2834 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01551 M3223 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01552 M2259 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01554 M2258 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01555 M2255 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01556 M2181 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01557 M2186 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01558 M2167 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01559 M2178 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01560 M2170 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01561 M2168 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01562 M2097 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01563 M2100 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-01564 M2157 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01565 M2166 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01566 M2095 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01567 M2096 Heliconius cydno cordula Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00001 N/A Heliconius cydno cydnides Valle del Cauca, Km16 vía Buga-Buenaventura SS-FW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00002 N/A Heliconius cydno cydnides Valle del Cauca, Restrepo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00003 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00004 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00005 N/A Heliconius cydno cydnides Valle del Cauca, Cartago SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00006 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00007 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00008 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00009 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00010 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00011 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00012 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00013 N/A Heliconius cydno cydnides Valle del Cauca, Restrepo, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00014 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00015 N/A Heliconius cydno cydnides Valle del Cauca, Santa María, Vijes SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00016 N/A Heliconius cydno cydnides Valle del Cauca, Santa María, Vijes SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00017 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00018 N/A Heliconius cydno cydnides Valle del Cauca, Restrepo, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00019 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00020 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00021 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00022 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00023 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00024 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00025 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00026 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00027 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00028 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00029 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00030 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00031 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00032 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00033 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00034 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00035 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00036 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00037 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00038 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00039 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00040 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00041 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00042 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00043 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00044 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00045 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00046 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00047 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00048 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00049 N/A Heliconius cydno cydnides Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00050 N/A Heliconius cydno cydnides Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01851 M3112 Heliconius cydno hermogenes Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01852 M3113 Heliconius cydno hermogenes Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01853 M3277 Heliconius cydno hermogenes Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01854 M3117 Heliconius cydno hermogenes Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01855 M3278 Heliconius cydno hermogenes Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01856 M3281 Heliconius cydno hermogenes Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW 

LGE-WS-01857 M3118 Heliconius cydno hermogenes Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01751 M2378 Heliconius cydno lisethae  Huila, San Agustín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01752 M2375 Heliconius cydno lisethae  Huila, San Agustín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01753 M2376 Heliconius cydno lisethae  Huila, San Agustín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01754 M2377 Heliconius cydno lisethae  Huila, San Agustín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01755 M2380 Heliconius cydno lisethae  Huila, San Agustín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01756 M3430 Heliconius cydno lisethae  Tolima, Iconozo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01757 M3431 Heliconius cydno lisethae  Tolima, Iconozo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01758 M2382 Heliconius cydno lisethae  Huila, San Agustín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01760 M3390 Heliconius cydno lisethae  Tolima, Iconozo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01761 M3387 Heliconius cydno lisethae  Tolima, Iconozo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01762 M2372 Heliconius cydno lisethae  Huila, San Agustín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01763 M2371 Heliconius cydno lisethae  Huila, San Agustín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01764 M3378 Heliconius cydno lisethae  Tolima, Iconozo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01250 M3316 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01251 M3318 Heliconius cydno wanningeri  Santander, Tolota V-FW; V-HW 

LGE-WS-01252 M2963 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01253 M2967 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-01254 M3315 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01255 M3317 Heliconius cydno wanningeri  Santander, Tolota V-FW; V-HW 

LGE-WS-01256 M3314 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01257 M2063 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01258 M2970 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01259 M2971 Heliconius cydno wanningeri  Santander, Tolota V-FW; V-HW 

LGE-WS-01260 M3003 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01261 M3004 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01262 M2958 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01263 M1589 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01264 M2959 Heliconius cydno wanningeri  Santander, Tolota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00100 M2569 Heliconius cydno weymeri f. gustavi Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00101 M2536 Heliconius cydno weymeri f. gustavi Valle del Cauca, Pance, Topacio SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00102 M2566 Heliconius cydno weymeri f. gustavi Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00103 M2535 Heliconius cydno weymeri f. gustavi Valle del Cauca, Pance, Topacio SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00104 M954 Heliconius cydno weymeri f. gustavi Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00105 M2670 Heliconius cydno weymeri f. gustavi Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00106 M953 Heliconius cydno weymeri f. gustavi Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00107 M874 Heliconius cydno weymeri f. gustavi Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00108 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00109 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00110 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00111 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00112 N/A Heliconius cydno weymeri f. gustavi Cauca, Cartón de Colombia SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00113 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00114 N/A Heliconius cydno weymeri f. gustavi Cauca, Cartón de Colombia SS-FW; SS-HW; D-HW; V-HW 
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LGE-WS-00115 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00116 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW 

LGE-WS-00117 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00118 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00119 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00120 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00121 N/A Heliconius cydno weymeri f. gustavi Cauca, Cartón de Colombia SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00122 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00123 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; V-HW 

LGE-WS-00124 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; V-HW 

LGE-WS-00125 M1716 Heliconius cydno weymeri f. gustavi Valle del Cauca, Pance, Topacio SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00126 M2676 Heliconius cydno weymeri f. gustavi Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00128 M2677 Heliconius cydno weymeri f. gustavi Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00129 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00131 N/A Heliconius cydno weymeri f. gustavi Cauca, Cartón de Colombia SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00132 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00133 M2045 Heliconius cydno weymeri f. gustavi Valle del Cauca, Pance, Topacio SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00134 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00135 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00136 N/A Heliconius cydno weymeri f. gustavi Cauca, Popayán SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00137 N/A Heliconius cydno weymeri f. gustavi Cauca, Cartón de Colombia SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00138 M2532 Heliconius cydno weymeri f. gustavi Valle del Cauca, Pance, Topacio SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00139 N/A Heliconius cydno weymeri f. gustavi Cauca, Cartón de Colombia SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00140 N/A Heliconius cydno weymeri f. gustavi Cauca, Cartón de Colombia SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00141 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00142 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 
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LGE-WS-00143 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00144 M952 Heliconius cydno weymeri f. gustavi Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00145 N/A Heliconius cydno weymeri f. gustavi Cauca, Cartón de Colombia SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00146 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-HW; D-HW 

LGE-WS-00147 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-H; D-HW; V-HW 

LGE-WS-00148 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-H; D-HW; V-HW 

LGE-WS-00149 N/A Heliconius cydno weymeri f. gustavi Cauca, Helechaux SS-FW; SS-H; D-HW; V-HW 

LGE-WS-00150 M935 Heliconius cydno weymeri f. gustavi Vale del Cauca, El Saladito SS-FW; SS-H; D-HW; V-HW 

LGE-WS-00751 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00752 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00753 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW 

LGE-WS-00754 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00755 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00756 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00757 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00758 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00759 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00760 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00761 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00762 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00763 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00764 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; V-HW 

LGE-WS-00765 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00766 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00767 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00768 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00769 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00770 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00771 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00772 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00773 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00774 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00775 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; V-FW 

LGE-WS-00776 N/A Heliconius cydno weymeri f. submarginatus Lab recreated  V-HW 

LGE-WS-00777 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00778 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00779 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00780 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00781 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00782 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00783 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00784 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00785 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-00786 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00787 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00788 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00789 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00790 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00791 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00792 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-00793 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00794 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; V-FW 
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LGE-WS-00795 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00796 N/A Heliconius cydno weymeri f. submarginatus Lab recreated V-FW; V-HW 

LGE-WS-00797 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-00798 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-00799 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-00800 N/A Heliconius cydno weymeri f. submarginatus Lab recreated SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-00201 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00202 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; V-FW 

LGE-WS-00203 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-00204 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00205 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00206 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00207 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-00208 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00209 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00210 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00211 N/A Heliconius cydno weymeri f. weymeri Cauca, Helechaux SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00212 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00213 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00214 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00215 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00216 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00217 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00218 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-00219 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00220 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00221 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00222 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00223 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00224 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00225 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Villa Carmelo, Río Melendez SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00226 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Villa Carmelo, Río Melendez SS-FW; SS-HW; V-FW 

LGE-WS-00227 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Villa Carmelo, Río Melendez SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00228 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Monterrico, Tocota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00229 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Villa Carmelo, Río Melendez SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00230 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Villa Carmelo, Río Melendez SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00231 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Villa Carmelo, Río Melendez SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00232 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Monterrico SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00233 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito 
 

LGE-WS-00234 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00235 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Monterrico, Tocota SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00236 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Villa Carmelo, Río Melendez SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00237 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Villa Carmelo, Río Melendez SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00238 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Cali, Río Aguacatal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00239 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Jamundí, San Antonio SS-FW; SS-HW; V-FW 

LGE-WS-00240 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Pance, La Voragine SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00241 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Pance, La Voragine SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00242 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Pance, La Voragine SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00243 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Villa Carmelo, Río Melendez SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00244 N/A Heliconius cydno weymeri f. weymeri Cauca, Cartón de Colombia SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-00245 N/A Heliconius cydno weymeri f. weymeri Valle del Cauca, Pance, La Voragine V-FW; V-HW 

LGE-WS-00246 N/A Heliconius cydno weymeri f. weymeri Cauca, Cartón de Colombia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00247 N/A Heliconius cydno weymeri f. weymeri Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW  
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LGE-WS-00248 N/A Heliconius cydno weymeri f. weymeri Cauca, Cartón de Colombia SS-FW; SS-HW; D-FW; V-FW; D-HW  

LGE-WS-00249 N/A Heliconius cydno weymeri f. weymeri Cauca, Cartón de Colombia SS-FW; SS-HW; D-FW; V-FW; D-HW  

LGE-WS-00250 N/A Heliconius cydno weymeri f. weymeri Cauca, Cartón de Colombia SS-FW; SS-HW; D-FW; V-FW; D-HW  

LGE-WS-00251 N/A Heliconius cydno weymeri f. weymeri Cauca, Cartón de Colombia SS-FW; SS-HW; V-FW 

LGE-WS-00452 N/A Heliconius cydno zelinde  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00453 N/A Heliconius cydno zelinde  Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00454 N/A Heliconius cydno zelinde  Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00455 N/A Heliconius cydno zelinde  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00456 N/A Heliconius cydno zelinde  Valle del Cauca, Atuncela SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00457 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00458 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00459 N/A Heliconius cydno zelinde  Valle del Cauca, Cisneros SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00460 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00461 N/A Heliconius cydno zelinde  Cauca, Playa Rica, 20 de Julio SS-FW; D-FW; V-FW 

LGE-WS-00462 N/A Heliconius cydno zelinde  Cauca, Playa Rica, 20 de Julio SS-FW; SS-HW; D-FW 

LGE-WS-00463 N/A Heliconius cydno zelinde  Valle del Cauca, Cartago, San José del Palmar SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00464 N/A Heliconius cydno zelinde  Valle del Cauca, Quebrada La Vibora SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00465 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00466 N/A Heliconius cydno zelinde  Valle del Cauca, Alto de Anchicayá SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00467 N/A Heliconius cydno zelinde  Valle_del_Cauca, Queremal V-FW 

LGE-WS-00468 N/A Heliconius cydno zelinde  Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00469 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00470 N/A Heliconius cydno zelinde  Valle del Cauca, Cartago, San José del Palmar SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00471 M3493 Heliconius cydno zelinde  Valle del Cauca, Cartago, San José del Palmar SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00472 N/A Heliconius cydno zelinde  Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00473 N/A Heliconius cydno zelinde  Cauca, Playa Rica, 20 de Julio SS-FW; SS-HW; D-FW; V-FW 
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LGE-WS-00474 N/A Heliconius cydno zelinde  Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00475 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00476 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00477 N/A Heliconius cydno zelinde  Cauca, Playa Rica, 20 de Julio SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00478 N/A Heliconius cydno zelinde  Valle del Cauca, Cartago, San José del Palmar SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00479 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00480 N/A Heliconius cydno zelinde  Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00481 N/A Heliconius cydno zelinde  Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00482 N/A Heliconius cydno zelinde  Valle del Cauca, Cartago, San José del Palmar SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00483 N/A Heliconius cydno zelinde  Valle del Cauca, Cartago, San José del Palmar SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00484 M2264 Heliconius cydno zelinde  Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00485 N/A Heliconius cydno zelinde  Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00486 N/A Heliconius cydno zelinde  Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00487 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00488 N/A Heliconius cydno zelinde  Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00489 N/A Heliconius cydno zelinde  Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00490 N/A Heliconius cydno zelinde  Valle del Cauca, Km55 vía Buenaventura-Queremal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00492 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW 

LGE-WS-00493 N/A Heliconius cydno zelinde  Valle del Cauca, Cartago, San José del Palmar SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00494 N/A Heliconius cydno zelinde  Valle_del_Cauca, Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00495 N/A Heliconius cydno zelinde  Valle del Cauca, Alto de Anchicayá SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00496 M3490 Heliconius cydno zelinde  Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00497 N/A Heliconius cydno zelinde  Valle del Cauca, Cartago, San José del Palmar SS-FW; SS-HW; D-FW 

LGE-WS-00498 N/A Heliconius cydno zelinde  Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00499 M2261 Heliconius cydno zelinde  Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00501 M3506 Heliconius cydno zelinde  Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 
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LGE-WS-02604 M1033 Heliconius cydno zelinde  Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02605 M1029 Heliconius cydno zelinde  Valle del Cauca, La Barra SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02606 M2270 Heliconius cydno zelinde  Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01650 M3853 Heliconius cydno spp. nov. Cauca, Isla Gorgona SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01651 M3854 Heliconius cydno spp. nov. Cauca, Isla Gorgona SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00051 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00052 N/A Heliconius eleuchia eleuchia Valle del Cauca, Santa María, Vijes SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00053 N/A Heliconius eleuchia eleuchia Valle del Cauca, Santa María, Vijes SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-00054 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00055 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires, Yotoco SS-FW; D-FW; D-HW 

LGE-WS-00056 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00057 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW 

LGE-WS-00058 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00059 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00060 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-00061 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00062 N/A Heliconius eleuchia eleuchia Valle del Cauca, Montañitas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00063 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00064 N/A Heliconius eleuchia eleuchia Valle del Cauca, Montañitas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00065 N/A Heliconius eleuchia eleuchia Valle del Cauca, Montañitas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00066 N/A Heliconius eleuchia eleuchia Valle del Cauca, Montañitas SS-FW; SS-HW; D-FW 

LGE-WS-00067 N/A Heliconius eleuchia eleuchia Magdalena, Santa Marta, Minca SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00068 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires, Yotoco SS-FW; D-FW 

LGE-WS-00069 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires V-FW; V-HW 

LGE-WS-00070 N/A Heliconius eleuchia eleuchia Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00071 N/A Heliconius eleuchia eleuchia Magdalena, Santa Marta, Minca SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00072 N/A Heliconius eleuchia eleuchia Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00073 N/A Heliconius eleuchia eleuchia Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00074 N/A Heliconius eleuchia eleuchia Valle del Cauca, Río Pichinde SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00075 N/A Heliconius eleuchia eleuchia Valle del Cauca, Río Pichinde SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00076 N/A Heliconius eleuchia eleuchia Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00077 N/A Heliconius eleuchia eleuchia Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00078 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00079 N/A Heliconius eleuchia eleuchia Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-00080 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00081 N/A Heliconius eleuchia eleuchia Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-FW 

LGE-WS-00082 N/A Heliconius eleuchia eleuchia Magdalena, Santa Marta, Minca SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00083 N/A Heliconius eleuchia eleuchia Huila, Colombia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00084 N/A Heliconius eleuchia eleuchia Huila, Colombia SS-FW; SS-HW; D-FW 

LGE-WS-00085 M2792 Heliconius eleuchia eleuchia Santander, Bucaramanga, Manzanares SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00086 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00087 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00088 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00089 N/A Heliconius eleuchia eleuchia Boyacá, Otanche SS-FW; SS-HW; D-FW; V-FW; V-HW 

LGE-WS-00092 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00093 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW 

LGE-WS-00094 N/A Heliconius eleuchia eleuchia Valle del Cauca, Calima, El Pital SS-FW; SS-HW; D-FW 

LGE-WS-00095 N/A Heliconius eleuchia eleuchia Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00096 N/A Heliconius eleuchia eleuchia Vale del Cauca, El Saladito SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00097 M2793 Heliconius eleuchia eleuchia Santander, Bucaramanga, Manzanares SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00099 M3106 Heliconius eleuchia eleuchia Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE_WS_02601 M3105 Heliconius eleuchia eleuchia Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; V-HW 
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LGE_WS_02602 M4403 Heliconius eleuchia eleuchia Santander, Florencia SS-FW; SS-HW; D-FW; V-FW; V-HW 

LGE_WS_02603 M2458 Heliconius eleuchia eleuchia Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW 

LGE-WS-01349 M3670 Heliconius eleuchia eleusinus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01350 M4871 Heliconius eleuchia eleusinus Valle del Cauca, El Darién SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01351 JFLC Heliconius eleuchia eleusinus Nariño, Junín SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01353 JFLC Heliconius eleuchia eleusinus Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01354 JFLC Heliconius eleuchia eleusinus Caldas, Taiba SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01355 JFLC Heliconius eleuchia eleusinus Valle del Cauca, El Danubio SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01356 JFLC Heliconius eleuchia eleusinus Nariño, Junín SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01357 JFLC Heliconius eleuchia eleusinus Nariño, Junín SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01358 M3476 Heliconius eleuchia eleusinus Valle del Cauca, La Elsa SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01359 M3471 Heliconius eleuchia eleusinus Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01360 M3327 Heliconius eleuchia eleusinus Valle_del_Cauca, Queremal SS-FW; D-FW; V-FW 

LGE-WS-01361 M3328 Heliconius eleuchia eleusinus Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01362 M3353 Heliconius eleuchia eleusinus Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01363 M533 Heliconius eleuchia eleusinus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01365 N/A Heliconius eleuchia eleusinus Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01366 N/A Heliconius eleuchia eleusinus Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01367 N/A Heliconius eleuchia eleusinus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01368 N/A Heliconius eleuchia eleusinus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02001 ICN-MHN-L 31727 Heliconius elevatus elevatus Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW  

LGE-WS-02002 ICN-MHN-L 31738 Heliconius elevatus elevatus Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02003 M4010 Heliconius elevatus elevatus Amazonas, Leticia SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-02004 ICN-MHN-L 31760 Heliconius elevatus elevatus Amazonas, Leticia SS-FW; SS-HW 

LGE-WS-02005 M536 Heliconius elevatus elevatus Amazonas, Leticia SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-02006 M537 Heliconius elevatus elevatus Amazonas, Leticia V-FW; V-HW 
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LGE-WS-02007 M5023 Heliconius elevatus elevatus Amazonas, Leticia SS-FW; SS-HW; D-FW; D-HW 

LGE-WS-02008 JFLC Heliconius elevatus elevatus Guaviare, San José del Guaviare SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02009 JFLC Heliconius elevatus elevatus Bolivia, Chapare SS-FW; SS-HW 

LGE-WS-02010 JFLC Heliconius elevatus elevatus Bolivia, Chapare SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02011 M5389 Heliconius elevatus elevatus Amazonas, La Pedrera SS-FW; SS-HW 

LGE-WS-00252 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires D-HW; V-HW 

LGE-WS-00253 N/A Heliconius erato chestertonii Valle del Cauca, San José del Salado SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00254 N/A Heliconius erato chestertonii Antioquia, Bolivar SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00255 N/A Heliconius erato chestertonii Valle del Cauca, Calima SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00256 N/A Heliconius erato chestertonii Vale del Cauca, El Saladito D-HW; V-HW 

LGE-WS-00257 N/A Heliconius erato chestertonii Antioquia, Bolivar SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00258 N/A Heliconius erato chestertonii Valle del Cauca, Vijes, Carbonero SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00259 N/A Heliconius erato chestertonii Vale del Cauca, El Saladito D-HW; V-HW 

LGE-WS-00260 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires D-HW; V-HW 

LGE-WS-00261 N/A Heliconius erato chestertonii Valle del Cauca, Montañitas D-HW; V-HW 

LGE-WS-00262 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires D-HW; V-HW 

LGE-WS-00263 N/A Heliconius erato chestertonii Valle del Cauca, San José del Salado SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00264 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires D-HW; V-HW 

LGE-WS-00265 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires D-HW; V-HW 

LGE-WS-00266 N/A Heliconius erato chestertonii Valle del Cauca, Santa Ines SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00267 N/A Heliconius erato chestertonii Valle del Cauca, Calima SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00268 N/A Heliconius erato chestertonii Vale del Cauca, El Saladito D-HW; V-HW 

LGE-WS-00269 N/A Heliconius erato chestertonii Vale del Cauca, El Saladito D-HW; V-HW 

LGE-WS-00270 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires D-HW; V-HW 

LGE-WS-00271 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires D-HW; V-HW 

LGE-WS-00272 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires, Yotoco D-HW; V-HW 
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LGE-WS-00273 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires, Yotoco D-HW; V-HW 

LGE-WS-00274 N/A Heliconius erato chestertonii Valle del Cauca, San Antonio D-HW; V-HW 

LGE-WS-00275 N/A Heliconius erato chestertonii Cauca, Helechaux SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00276 N/A Heliconius erato chestertonii Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00277 N/A Heliconius erato chestertonii Valle del Cauca, San Antonio SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00278 N/A Heliconius erato chestertonii Valle del Cauca, San Antonio SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00279 N/A Heliconius erato chestertonii Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00280 N/A Heliconius erato chestertonii Cauca, Salvajina, Rio Inguito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00281 N/A Heliconius erato chestertonii Cauca, Salvajina, Rio Inguito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00282 N/A Heliconius erato chestertonii Cauca, Salvajina, Rio Inguito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00283 N/A Heliconius erato chestertonii Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00284 N/A Heliconius erato chestertonii Valle del Cauca, La Meseta, Villa Colombia SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00285 N/A Heliconius erato chestertonii Valle del Cauca, La Meseta, Villa Colombia SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00286 N/A Heliconius erato chestertonii Valle_del_Cauca, Calima SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00287 N/A Heliconius erato chestertonii Valle del Cauca, Restrepo, Carbonero SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00288 M782 Heliconius erato chestertonii Valle del Cauca, Montañitas D-HW; V-HW 

LGE-WS-00289 M784 Heliconius erato chestertonii Valle del Cauca, Montañitas D-HW; V-HW 

LGE-WS-00290 M791 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00291 M789 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00292 M793 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00293 M560 Heliconius erato chestertonii Valle del Cauca, Rio Bravo, Lago Calima D-HW; V-HW 

LGE-WS-00294 M515 Heliconius erato chestertonii Valle del Cauca, Trujillo SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00295 M532 Heliconius erato chestertonii Valle del Cauca, Rio Bravo, Lago Calima D-HW; V-HW 

LGE-WS-00296 M563 Heliconius erato chestertonii Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00297 M1962 Heliconius erato chestertonii Valle del Cauca, Buenos Aires, Yotoco SS-HW; D-HW; V-HW 

LGE-WS-00298 M3678 Heliconius erato chestertonii Valle del Cauca, Buenos Aires, Yotoco SS-FW; SS-HW; D-HW; V-HW 
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LGE-WS-00299 M3682 Heliconius erato chestertonii Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00300 M3677 Heliconius erato chestertonii Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00301 M2735 Heliconius erato chestertonii Valle del Cauca, Buenos Aires SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02615 M2849 Heliconius erato chestertonii Valle del Cauca, Atuncela SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02616 M2855 Heliconius erato chestertonii Valle del Cauca, Atuncela SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02617 M2841 Heliconius erato chestertonii Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02618 M2843 Heliconius erato chestertonii Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02619 M2862 Heliconius erato chestertonii Valle del Cauca, Atuncela D-HW; V-HW 

LGE-WS-02620 M2839 Heliconius erato chestertonii Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02621 M2704 Heliconius erato chestertonii Vale del Cauca, El Saladito SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02622 M3307 Heliconius erato chestertonii Risaralda, Marsella, El Nudo D-HW; V-HW 

LGE-WS-02623 M3295 Heliconius erato chestertonii Risaralda, Marsella, El Nudo SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02624 M1334 Heliconius erato chestertonii Risaralda, Marsella, EcoLagos SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02625 M1332 Heliconius erato chestertonii Risaralda, Marsella, El Nudo SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02626 M2772 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02627 M1331 Heliconius erato chestertonii Risaralda, Marsella, El Nudo SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02628 M2767 Heliconius erato chestertonii Valle del Cauca, Montañitas D-HW; V-HW 

LGE-WS-02629 M2766 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02630 M2600 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02631 M2608 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02632 M2585 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02633 M2609 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02634 M2602 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-02635 M2603 Heliconius erato chestertonii Valle del Cauca, Montañitas SS-FW; SS-HW; D-HW; V-HW 

LGE-WS-00901 M1873 Heliconius erato dignus Putumayo, San Antonio D-HW 

LGE-WS-00902 M1874 Heliconius erato dignus Putumayo, San Antonio SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00903 M1871 Heliconius erato dignus Putumayo, San Antonio SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00904 M1875 Heliconius erato dignus Putumayo, San Antonio SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00905 M4481 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW 

LGE-WS-00906 M4484 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00907 M4483 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00908 M4480 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00909 M4479 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00910 M4289 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW; D-HW; V-HW 

CAM040015 CAM040015 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040016 CAM040016 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040017 CAM040017 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; D-FW 

CAM040018 CAM040018 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-HW 

CAM040039 CAM040039 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040041 CAM040041 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040042 CAM040042 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040077 CAM040077 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040078 CAM040078 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040101 CAM040101 Heliconius erato dignus Putumayo, Mocoa, Sibundoy SS-FW 

CAM040108 CAM040108 Heliconius erato dignus Putumayo, Mocoa, Sibundoy SS-FW 

CAM040111 CAM040111 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040112 CAM040112 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040113 CAM040113 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040114 CAM040114 Heliconius erato dignus Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00552 M1233 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00553 M1206 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00554 M1201 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00555 M1236 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00556 M1211 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00557 M1208 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00558 M1205 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00559 M1200 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00560 M1217 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00561 M1216 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00562 M1214 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00563 M1227 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00564 M1223 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00565 M1220 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00566 M1218 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00567 M1221 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00568 M1226 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00569 M1225 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00570 M1231 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00571 M1199 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00572 M1212 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00573 M1213 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00574 M1224 Heliconius erato guarica Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00575 M3103 Heliconius erato guarica Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00576 M3104 Heliconius erato guarica Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00577 M3071 Heliconius erato guarica Cundinamarca, La Vega SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00578 M3072 Heliconius erato guarica Cundinamarca, La Vega SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00579 M3070 Heliconius erato guarica Cundinamarca, La Vega SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00580 M3074 Heliconius erato guarica Cundinamarca, La Vega SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00581 M3428 Heliconius erato guarica Tolima, Iconozo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00582 M3429 Heliconius erato guarica Tolima, Iconozo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00583 M1484 Heliconius erato guarica Cundinamarca, Boquerón V-FW; D-HW; V-HW 

LGE-WS-00584 M1485 Heliconius erato guarica Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00585 M1486 Heliconius erato guarica Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00586 M1983 Heliconius erato guarica Cundinamarca, Sasaima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00587 M1993 Heliconius erato guarica Cundinamarca, Sasaima D-FW; V-FW; D-HW; V-HW 

LGE-WS-00588 M3125 Heliconius erato guarica Huila, Neiva, Santa María SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00589 M2942 Heliconius erato guarica Cundinamarca, La Vega SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00590 M3124 Heliconius erato guarica Huila, Neiva, Santa María SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00591 M2941 Heliconius erato guarica Cundinamarca, La Vega SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00592 M3122 Heliconius erato guarica Huila, Neiva, Santa María SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00593 M3123 Heliconius erato guarica Huila, Neiva, Santa María SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00594 M3102 Heliconius erato guarica Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00595 M3376 Heliconius erato guarica Tolima, Iconozo SS-FW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00602 N/A Heliconius erato hydara Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00603 N/A Heliconius erato hydara Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00604 N/A Heliconius erato hydara Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00605 N/A Heliconius erato hydara Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00606 M1242 Heliconius erato hydara Meta, Buenavista D-FW; V-FW 

LGE-WS-00607 M396 Heliconius erato hydara Casanare, Morcote, Nunchia D-FW; V-FW 

LGE-WS-00608 M859 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00609 N/A Heliconius erato hydara Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00610 M393 Heliconius erato hydara Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00611 M858 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00612 M1257 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00613 M1259 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00614 M1867 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00615 M1256 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00616 M1251 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00617 M1248 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00618 M1254 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00619 M1249 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00620 M1250 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00621 M1252 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00622 M1247 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00623 M1182 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00624 M1244 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00625 M1243 Heliconius erato hydara Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00626 M3798 Heliconius erato hydara Boyacá, Santa María, La Almenara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00627 M3800 Heliconius erato hydara Boyacá, Santa María, La Almenara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00628 M3409 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00629 M3402 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00630 M3403 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00631 M3405 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00632 M3399 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00633 M3401 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00634 M3415 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00635 M3412 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00636 M3414 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00637 M3411 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00638 M3407 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00639 M3406 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00640 M3257 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00641 M857 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00642 M3410 Heliconius erato hydara Meta, Altos de Buenavista SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00643 M389 Heliconius erato hydara Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00644 N/A Heliconius erato hydara Meta, Villavicencio, Bosques de Bavaria SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00645 M322 Heliconius erato hydara Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00646 M321 Heliconius erato hydara Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00647 N/A Heliconius erato hydara Meta, Villavicencio, Bosques de Bavaria SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00648 M3797 Heliconius erato hydara Boyacá, Santa María SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00649 M3785 Heliconius erato hydara Boyacá, Santa María SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00650 M3799 Heliconius erato hydara Boyacá, Santa María SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00651 M3778 Heliconius erato hydara Boyacá, Santa María SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02750 M549 Heliconius erato lativitta Amazonas, San Martín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02751 M4296 Heliconius erato lativitta Putumayo, Vereda San Rafael, Finca El Escondite SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02752 M2993 Heliconius erato lativitta Caquetá, Quebrada Las Doraditas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02753 M539 Heliconius erato lativitta Amazonas, San Martín SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02754 M1835 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02755 M1832 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02756 M1831 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02757 M1834 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02758 M1802 Heliconius erato lativitta Caquetá, Suaza, Doradillas D-FW; V-FW; D-HW; V-HW 

LGE-WS-02759 M1800 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02760 M1798 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02761 M1799 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02762 M1778 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-02763 M1787 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02764 M1795 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02765 M1790 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02766 M1445 Heliconius erato lativitta Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02767 M1585 Heliconius erato lativitta Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02768 M1786 Heliconius erato lativitta Caquetá, Suaza, Doradillas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02769 M1446 Heliconius erato lativitta Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02770 M1396 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02771 M1427 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02772 M1395 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02773 M1425 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02774 M1392 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02775 M1388 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02776 M1389 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02777 M1380 Heliconius erato lativitta Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02778 M1146 Heliconius erato lativitta Caquetá, Puerto Rico SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02779 M1169 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02780 M1148 Heliconius erato lativitta Caquetá, Puerto Rico SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02781 M1382 Heliconius erato lativitta Caquetá, Florencia, Paraiso D-FW; V-FW; D-HW; V-HW 

LGE-WS-02782 M1128 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02783 M5020 Heliconius erato lativitta Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02784 M3439 Heliconius erato lativitta Caquetá, Quebrada Las Doraditas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02785 M3065 Heliconius erato lativitta Caquetá, Quebrada Las Doraditas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02786 M1119 Heliconius erato lativitta Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02787 M1071 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02788 M218 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-02789 M1006 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02790 M300 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02791 M4067 Heliconius erato lativitta Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02792 M539 Heliconius erato lativitta Caquetá, Quebrada Las Doraditas D-FW; V-FW; D-HW; V-HW 

LGE-WS-02793 M4458 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02794 M4457 Heliconius erato lativitta Caquetá, Florencia, Sucre SS-FW; SS-HW 

LGE-WS-02795 M4064 Heliconius erato lativitta Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02796 M3440 Heliconius erato lativitta Caquetá, Quebrada Las Doraditas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02797 M4063 Heliconius erato lativitta Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02798 M4047 Heliconius erato lativitta Amazonas, Leticia D-FW; V-FW; D-HW; V-HW 

LGE-WS-02799 M4048 Heliconius erato lativitta Amazonas, Leticia D-FW; V-FW; D-HW; V-HW 

LGE-WS-01951 M4056 Heliconius erato reductimacula  Amazonas, Leticia, Vereda San Jose SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01952 M4057 Heliconius erato reductimacula  Amazonas, Puerto Nariño, Quebrada Aguas Rojas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01953 M4054 Heliconius erato reductimacula  Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01954 M5026 Heliconius erato reductimacula  Amazonas, Leticia, Reserva Cerca Viva SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01955 M4051 Heliconius erato reductimacula  Amazonas, Leticia, Vereda San Jose SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01956 M4050 Heliconius erato reductimacula  Amazonas, Leticia, Vereda San Jose SS-FW; SS-HW 

LGE-WS-01957 M4043 Heliconius erato reductimacula  Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01958 M4042 Heliconius erato reductimacula  Amazonas, Puerto Nariño, Quebrada Aguas Rojas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01959 M4058 Heliconius erato reductimacula  Amazonas, Leticia, Vereda San Jose SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01960 M5175 Heliconius erato reductimacula  Amazonas,Vereda Vergel, Reserva Natura Park SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01962 M5402 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01963 M5405 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01964 M5404 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01965 M5403 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01966 M5304 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW 
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LGE-WS-01967 M5323 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01968 M5306 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW 

LGE-WS-01969 M5307 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01970 M5399 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01971 M5398 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01972 M5400 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01973 M5401 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01974 M5369 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01975 M5368 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01976 M5325 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01977 M5326 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01978 M5397 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW 

LGE-WS-01979 M5396 Heliconius erato reductimacula  Amazonas, La Pedrera SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-00951 M631 Heliconius erato venus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00952 M276 Heliconius erato venus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00953 M286 Heliconius erato venus Valle del Cauca, La Barra SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00954 M284 Heliconius erato venus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00955 M4860 Heliconius erato venus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00956 M4873 Heliconius erato venus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00957 M4870 Heliconius erato venus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00958 M4869 Heliconius erato venus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00959 M1260 Heliconius erato venus Valle del Cauca, Río Dagua, Sacarías D-FW; V-FW; D-HW; V-HW 

LGE-WS-00960 M1037 Heliconius erato venus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00961 M1039 Heliconius erato venus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00962 M639 Heliconius erato venus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00963 M2273 Heliconius erato venus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00964 M3127 Heliconius erato venus Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00965 M2280 Heliconius erato venus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00966 M2635 Heliconius erato venus Valle del Cauca, La Barra D-FW; V-FW; D-HW; V-HW 

LGE-WS-00967 M3658 Heliconius erato venus Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00968 M4801 Heliconius erato venus Valle del Cauca, Restrepo SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00969 M3349 Heliconius erato venus Valle_del_Cauca, Queremal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02401 Andes-E12497 Heliconius hecuba tolima Nariño, Km59, vía Pasto-Mocoa SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02351 M1502 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02352 M1510 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02353 M2051 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02354 M2148 Heliconius heurippa Meta, Cubarral, Vereda Vergel Alto SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02355 M2206 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02356 M2412 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02357 M2149 Heliconius heurippa Meta, Cubarral, Vereda Vergel Alto SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02358 M2419 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02359 M3393 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02360 M3396 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02361 M3391 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02362 M3392 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02363 M3397 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02364 M3424 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02365 M4615 Heliconius heurippa Meta, Lejanías, Río Guejar SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02366 M3844 Heliconius heurippa Meta, Lejanías, Vereda Naranjal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02367 M250 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02368 M3843 Heliconius heurippa Meta, Lejanías, Río Guejar SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02369 M3423 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 
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LGE-WS-02370 M2962 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02371 M3394 Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02372 N/A Heliconius heurippa Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02373 N/A Heliconius heurippa Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02374 N/A Heliconius heurippa Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02375 N/A Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02376 N/A Heliconius heurippa Meta, Buenavista SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00702 M821 Heliconius melpomene melpomene Meta, Virgen de Chirajara D-FW; V-FW; D-HW; V-HW 

LGE-WS-00703 M663 Heliconius melpomene melpomene Meta, Virgen de Chirajara D-FW; V-FW; D-HW; V-HW 

LGE-WS-00704 M390 Heliconius melpomene melpomene Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00705 M267 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00706 M1475 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00707 M822 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00708 M823 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00709 M825 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00710 M826 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00711 M828 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00712 M829 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00713 M830 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00714 M832 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00715 M831 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00719 M325 Heliconius melpomene melpomene Casanare, Morcote, Nunchia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00720 M1737 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00721 M1357 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00722 M3256 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00723 M2187 Heliconius melpomene melpomene Meta, Villavicencio, Bosques de Bavaria SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00724 M2189 Heliconius melpomene melpomene Meta, Villavicencio, Bosques de Bavaria SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00725 M824 Heliconius melpomene melpomene Meta, Virgen de Chirajara D-FW; V-FW; D-HW; V-HW 

LGE-WS-00726 M2413 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00727 M1057 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00728 M1055 Heliconius melpomene melpomene Meta, Villavicencio, El Carmen SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00729 M1061 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00730 M1456 Heliconius melpomene melpomene Meta, Villavicencio, Bosques de Bavaria SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00731 M1669 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00732 M3759 Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00733 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00734 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00735 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00736 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00737 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00738 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara D-FW; V-FW 

LGE-WS-00739 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00740 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00741 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara D-FW; V-FW; D-HW; V-HW 

LGE-WS-00742 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00743 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00744 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00745 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00746 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00747 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00748 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00749 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00750 N/A Heliconius melpomene melpomene Meta, Virgen de Chirajara SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01000 M231 Heliconius melpomene bellula Putumayo, San Antonio SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01001 M4302 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01002 M4277 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01003 M229 Heliconius melpomene bellula Putumayo, San Antonio SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01004 M4293 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01006 M4524 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

LGE-WS-01007 M226 Heliconius melpomene bellula Putumayo, Mocoa SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01008 M4257 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01009 M4785 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01010 M240 Heliconius melpomene bellula Putumayo, San Antonio SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01011 M239 Heliconius melpomene bellula Putumayo, San Antonio SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01012 M4258 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01013 M4259 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01014 M4265 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01015 M4260 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01016 M4267 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01017 M4417 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01018 M4268 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01019 M4414 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01020 M4264 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01021 M4416 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01023 M238 Heliconius melpomene bellula Putumayo, San Antonio SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040032 CAM040032 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040043 CAM040043 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW; D-HW 

CAM040054 CAM040054 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 
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CAM040057 CAM040057 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040058 CAM040058 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040059 CAM040059 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040061 CAM040061 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040062 CAM040062 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040064 CAM040064 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040065 CAM040065 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040080 CAM040080 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; D-FW 

CAM040081 CAM040081 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040082 CAM040082 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040085 CAM040085 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040086 CAM040086 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; D-HW 

CAM040087 CAM040087 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040088 CAM040088 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

CAM040099 CAM040099 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040110 CAM040110 Heliconius melpomene bellula Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02700 M4034 Heliconius melpomene malleti Amazonas, Puerto Nariño SS-FW; SS-HW 

LGE-WS-02701 M3544 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02702 M3096 Heliconius melpomene malleti Caquetá, Quebrada Las Doraditas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02703 M3359 Heliconius melpomene malleti Caquetá, Quebrada Las Doraditas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02704 M1014 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02705 M614 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02706 M1016 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02707 M4298 Heliconius melpomene malleti Putumayo, Vereda San Rafael, Finca El Escondite SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02708 M604 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02709 M592 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-02710 M589 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02711 M590 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02712 M468 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02713 M58 Heliconius melpomene malleti Caquetá, Finca Piñacue SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02714 M426 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02715 M434 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02716 M2360 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02717 M2404 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02718 M2361 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02719 M302 Heliconius melpomene malleti Caquetá, Florencia, Villaraz SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02720 M2352 Heliconius melpomene malleti Caquetá, Quebrada Las Doraditas SS-FW; SS-HW 

LGE-WS-02721 M2311 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02722 M2309 Heliconius melpomene malleti Caquetá, Finca Piñacue SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02723 M2321 Heliconius melpomene malleti Caquetá, Finca Piñacue SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02724 M2312 Heliconius melpomene malleti Caquetá, Finca Piñacue SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02725 M2437 Heliconius melpomene malleti Caquetá, Las Morras, Puerto Amor SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02726 M2316 Heliconius melpomene malleti Caquetá, Finca Piñacue SS-FW; SS-HW 

LGE-WS-02727 M56 Heliconius melpomene malleti Caquetá, Finca Piñacue SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02728 M2369 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02729 M1288 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02730 M2405 Heliconius melpomene malleti Caquetá, Quebrada Las Doraditas SS-FW; SS-HW 

LGE-WS-02731 M1192 Heliconius melpomene malleti Caquetá, Quebrada Las Doraditas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02732 M1312 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02733 M1512 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02734 M1283 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02735 M1287 Heliconius melpomene malleti Caquetá, Quebrada La Yuca SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-02736 M1757 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02737 M1823 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02738 M1827 Heliconius melpomene malleti Caquetá, Santa Helena SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02739 M1196 Heliconius melpomene malleti Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02740 M1757 Heliconius melpomene malleti Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00652 M3274 Heliconius melpomene martinae Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00653 M1239 Heliconius melpomene martinae Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00654 M1476 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00655 M1477 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW 

LGE-WS-00656 M1478 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00657 M1479 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00658 M1480 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00659 M1488 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00660 M1483 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW 

LGE-WS-00661 M1482 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00662 M1481 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00663 M1489 Heliconius melpomene martinae Cundinamarca, Boquerón SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00664 M1982 Heliconius melpomene martinae Cundinamarca, Sasaima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00665 M2943 Heliconius melpomene martinae Cundinamarca, Quebrada Natauta SS-FW; SS-HW; D-FW 

LGE-WS-00666 M3101 Heliconius melpomene martinae Tolima, Ibagué, Santafé de los Guaduales SS-FW; SS-HW; D-FW 

LGE-WS-00667 M4195 Heliconius melpomene martinae Boyacá, Otanche, El Bajío SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00668 M4202 Heliconius melpomene martinae Boyacá, Otanche V-FW; D-HW; V-HW 

LGE-WS-00669 M4205 Heliconius melpomene martinae Boyacá, Otanche, El Bajío SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00670 M4217 Heliconius melpomene martinae Boyacá, Otanche SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00671 M4224 Heliconius melpomene martinae Boyacá, Otanche SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00672 M4230 Heliconius melpomene martinae Boyacá, Otanche SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00673 M4882 Heliconius melpomene martinae Cundinamarca, Sasaima D-FW; V-FW; D-HW; V-HW 

LGE-WS-00674 M4190 Heliconius melpomene martinae Boyacá, Otanche SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00675 M4191 Heliconius melpomene martinae Boyacá, Otanche SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00717 M1979 Heliconius melpomene martinae Cundinamarca, Sasaima SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00718 M2945 Heliconius melpomene martinae Cundinamarca, La Vega SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00701 M1240 Heliconius melpomene martinae Cundinamarca, Peru, Guaduas SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02201 M5033 Heliconius melpomene vicina  Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02202 M4035 Heliconius melpomene vicina  Amazonas, Leticia, Vereda San Jose SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02203 M4029 Heliconius melpomene vicina  Amazonas, Leticia, Vereda San Jose SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02204 M4033 Heliconius melpomene vicina  Amazonas, Leticia, Vereda San Jose SS-FW; SS-HW 

LGE-WS-02205 M4037 Heliconius melpomene vicina  Amazonas, Leticia D-FW; V-FW; D-HW; V-HW 

LGE-WS-02206 M5027 Heliconius melpomene vicina  Amazonas, Leticia, Resguardo San Antonio, Rio 

Yahuarcaca 

SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02207 M4036 Heliconius melpomene vicina  Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02208 M5165 Heliconius melpomene vicina  Amazonas, Leticia, Río Tacana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02209 M4040 Heliconius melpomene vicina  Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02210 M4041 Heliconius melpomene vicina  Amazonas, Leticia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02211 M5407 Heliconius melpomene vicina  Amazonas, La Pedrera SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-02213 M5408 Heliconius melpomene vicina  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02214 M5409 Heliconius melpomene vicina  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02215 M5321 Heliconius melpomene vicina  Amazonas, La Pedrera SS-FW; SS-HW 

LGE-WS-02216 M5338 Heliconius melpomene vicina  Amazonas, La Pedrera SS-FW; SS-HW 

LGE-WS-02217 M5378 Heliconius melpomene vicina  Amazonas, La Pedrera SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00801 M711 Heliconius melpomene vulcanus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00802 M625 Heliconius melpomene vulcanus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00803 M4858 Heliconius melpomene vulcanus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00804 M647 Heliconius melpomene vulcanus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00805 M4868 Heliconius melpomene vulcanus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00806 M4867 Heliconius melpomene vulcanus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00807 M4878 Heliconius melpomene vulcanus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00808 M4866 Heliconius melpomene vulcanus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00809 M4865 Heliconius melpomene vulcanus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00810 M4599 Heliconius melpomene vulcanus Valle del Cauca, Ladrilleros SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00811 M623 Heliconius melpomene vulcanus Valle_del_Cauca, Quebrada La Cristalina SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00812 M712 Heliconius melpomene vulcanus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00813 N/A Heliconius melpomene vulcanus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; V-FW 

LGE-WS-00814 N/A Heliconius melpomene vulcanus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00815 N/A Heliconius melpomene vulcanus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00816 N/A Heliconius melpomene vulcanus Valle del Cauca, Rio Bravo, Lago Calima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02051 M4435 Heliconius sapho sapho Bolivar, Serranía de San Lucas, San Pedro, Vereda Ojos 

Claros 

SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02052 M2790 Heliconius sapho sapho Santander, Mesa de los Santos, Vereda Volador SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02053 M2791 Heliconius sapho sapho Santander, Mesa de los Santos, Vereda Volador SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02054 M4879 Heliconius sapho sapho Caldas, Samaná, Tasajos, Río La Miel SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02055 M1997 Heliconius sapho sapho Cundinamarca, Sasaima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02056 JFLC Heliconius sapho sapho Risaralda, Bacari SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02057 JFLC Heliconius sapho sapho Chocó, Capurganá SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02058 JFLC Heliconius sapho sapho Boyacá, Otanche SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01300 M3529 Heliconius sapho chocoensis Chocó, Amargal, Azurri SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01301 M3522 Heliconius sapho chocoensis Chocó, Amargal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01302 M3516 Heliconius sapho chocoensis Chocó, Amargal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01303 M3515 Heliconius sapho chocoensis Chocó, Amargal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01304 M3504 Heliconius sapho chocoensis Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 
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LGE-WS-01305 M3507 Heliconius sapho chocoensis Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01306 M3511 Heliconius sapho chocoensis Valle del Cauca, Maguipi, Playa Dorada SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01307 M3509 Heliconius sapho chocoensis Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01308 M3501 Heliconius sapho chocoensis Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01309 M3497 Heliconius sapho chocoensis Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01310 M3500 Heliconius sapho chocoensis Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01311 M3498 Heliconius sapho chocoensis Valle del Cauca, San Pedro SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01312 M3531 Heliconius sapho chocoensis Chocó, Amargal, Azurri SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-00502 M4518 Heliconius sara magdalena Santander, La Joya D-FW; V-FW; D-HW; V-HW 

LGE-WS-00503 M4517 Heliconius sara magdalena Santander, Girón SS-FW; SS-HW; D-FW 

LGE-WS-00504 M5171 Heliconius sara magdalena Meta, Buenavista SS-FW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00505 M3943 Heliconius sara magdalena Chocó, Paridera, Potes SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00506 M3533 Heliconius sara magdalena Chocó, Amargal, Azurri SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00507 M3899 Heliconius sara magdalena Chocó, Bahia Solano, Playa Flores SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00508 M3901 Heliconius sara magdalena Chocó, Bahia Solano, Playa Flores SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00509 M3946 Heliconius sara magdalena Chocó, Paridera, Potes SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00510 M2172 Heliconius sara magdalena Venezuela, San Cristobal SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00511 M3532 Heliconius sara magdalena Chocó, Amargal, Azurri SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00512 M3251 Heliconius sara magdalena Antioquia, San Luis SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00513 M3512 Heliconius sara magdalena Valle del Cauca, Quebrada La Cristalina SS-FW; D-FW 

LGE-WS-00514 M1989 Heliconius sara magdalena Cundinamarca, Sasaima SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00302 M620 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00303 M602 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00304 M451 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00305 M418 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00306 M587 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00307 M471 Heliconius timareta florencia  Caquetá, Florencia, Sucre D-FW; V-FW; D-HW; V-HW 

LGE-WS-00308 M596 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00309 M593 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00310 M588 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00311 M472 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00313 M1010 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00314 M1075 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00315 M1074 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00316 M611 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00317 M607 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00318 M595 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00319 M612 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00320 M1805 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00321 M1772 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00322 M1808 Heliconius timareta florencia  Caquetá, Florencia, Sucre D-FW; V-FW; D-HW; V-HW 

LGE-WS-00323 M1817 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; V-FW; V-HW 

LGE-WS-00324 M618 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00325 M259 Heliconius timareta florencia  Caquetá, Florencia, Sucre D-FW; V-FW; D-HW; V-HW 

LGE-WS-00326 M255 Heliconius timareta florencia  Caquetá, Florencia, Sucre D-FW; V-FW; D-HW; V-HW 

LGE-WS-00327 M3875 Heliconius timareta florencia  Caquetá, Florencia, Sucre D-FW; V-FW; D-HW; V-HW 

LGE-WS-00328 M1084 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00329 M1085 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00330 M1094 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00331 M1754 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00332 M622 Heliconius timareta florencia  Caquetá, Florencia, Sucre D-FW; V-FW; D-HW; V-HW 

LGE-WS-00333 M1009 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00334 M616 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00336 M1846 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00337 M462 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00339 M3767 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00341 M3874 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00343 M1769 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00344 M1771 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00345 M1758 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00346 M257 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00347 M3765 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00348 M1079 Heliconius timareta florencia  Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00349 M63 Heliconius timareta florencia  Caquetá, Finca Piñacue SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00350 M64 Heliconius timareta florencia  Caquetá, Finca Piñacue SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-01600 M2435 Heliconius timareta linaresi Caquetá, Las Morras, Puerto Amor SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01601 M2434 Heliconius timareta linaresi Caquetá, Las Morras, Puerto Amor SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01602 M2409 Heliconius timareta linaresi Caquetá, Las Morras, Puerto Amor SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01603 M5164 Heliconius timareta linaresi Caquetá, San Vicente del Caguan, Guayabal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01604 M3762 Heliconius timareta linaresi Caquetá, San Vicente del Caguan, Guayabal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01605 M3761 Heliconius timareta linaresi Caquetá, San Vicente del Caguan, Guayabal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-01606 M3881 Heliconius timareta linaresi Caquetá, San Vicente del Caguan, Guayabal SS-FW; SS-HW; D-FW; V-FW 

LGE-WS-02151 ICN-31733 Heliconius timareta spp. nov. Amazonas, Puerto Nariño, Quebrada Aguas Rojas SS-FW; SS-HW 

LGE-WS-02152 ICN-31711 Heliconius timareta spp. nov. Amazonas, Puerto Nariño, Quebrada Aguas Rojas SS-FW; SS-HW 

LGE-WS-02153 ICN-32537 Heliconius timareta spp. nov. Amazonas, Leticia, vereda Macedonia SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02154 ICN-32535 Heliconius timareta spp. nov. Amazonas, Leticia, vereda Arará SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00852 M4261 Heliconius tristero Putumayo, Mocoa, Campucana SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00853 M4303 Heliconius tristero Putumayo, Mocoa, Campucana SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00854 M4266 Heliconius tristero Putumayo, Mocoa, Campucana SS-HW; D-FW; V-FW; D-HW; V-HW 
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LGE-WS-00855 M4311 Heliconius tristero Putumayo, Mocoa, Campucana SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00856 M4384 Heliconius tristero Putumayo, Mocoa, Campucana SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-00858 M4525 Heliconius tristero Putumayo, Mocoa, Campucana SS-HW; D-FW; D-HW 

LGE-WS-00859 M4412 Heliconius tristero Putumayo, Mocoa, Campucana  V-HW 

CAM040012 CAM040012 Heliconius tristero Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040013 CAM040013 Heliconius tristero Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040033 CAM040033 Heliconius tristero Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040034 CAM040034 Heliconius tristero Putumayo, Mocoa, Campucana SS-FW 

CAM040035 CAM040035 Heliconius tristero Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040036 CAM040036 Heliconius tristero Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040037 CAM040037 Heliconius tristero Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040079 CAM040079 Heliconius tristero Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

CAM040100 CAM040100 Heliconius tristero Putumayo, Mocoa, Campucana SS-FW; D-FW; V-FW 

LGE-WS-02551 M3452 Heliconius xanthocles melete Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02552 M3717 Heliconius xanthocles melete Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02553 M3953 Heliconius xanthocles melete Meta, Lejanías, Río Guejar SS-FW; SS-HW 

LGE-WS-02554 M4269 Heliconius xanthocles melete Putumayo, Mocoa, Campucana SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02555 M1500 Heliconius xanthocles melete Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02556 M1504 Heliconius xanthocles melete Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02557 M1587 Heliconius xanthocles melete Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02558 M1509 Heliconius xanthocles melete Caquetá, Florencia, Paraiso SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02559 M306 Heliconius xanthocles melete Caquetá, Florencia, Sucre SS-FW; SS-HW 

LGE-WS-02561 M420 Heliconius xanthocles melete Caquetá, Florencia, Sucre SS-FW; SS-HW; D-FW; V-FW; D-HW; V-HW 

LGE-WS-02562 M305 Heliconius xanthocles melete Caquetá, Florencia, Sucre SS-FW; SS-HW 

LGE-WS-02563 M3717 Heliconius xanthocles melete Caquetá, Florencia, Paraiso SS-FW; SS-HW 
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The Red-banded phenotype 
 

Some subspecies of H. melpomene mimics H. erato with a large medial red 

mid-forewing band, known as the red-banded phenotype.  

 

 
Figure S1.1. Shapes deformation and PC loadings representing the shape variation in the 
forewing between subspecies with the red-band phenotype. Shapes deformation (A) and (C) 
represents the shape at minimum values for PC1 and PC2, respectively. Shapes deformation 
(B) and (D), represents the maximum values for PC1 and PC2, respectively. Panels (E) and (F) 
shows the PC1 and PC2 loadings, respectively. The landmark coordinates (LMs) that vary the 
most in the FW are LM2, LM3 and LM4, located in the distal part of the costal margin, near 
the wing apex. H. erato tend to the minimum values of shape deformation while H. 
melpomene tend to the maximum values of shape deformation indicating that H. erato has 
wings more elongated than those of H. melpomene. 
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Figure S1.2. Shapes deformation and PC loadings representing the shape variation in the 
hindwing between subspecies with the red-band phenotype. Shapes deformation (A) and (C) 
represents the shape at minimum values for PC1 and PC2, respectively. Shapes deformation 
(B) and (D), represents the maximum values for PC1 and PC2, respectively. Panels (E) and (F) 
shows the PC1 and PC2 loadings, respectively. The landmark coordinates (LMs) that vary the 
most in the HW are LM4 located in the distal part of the coastal margin, near the apex, and 
LM13, located in the anal margin. H. erato tend to the minimum values of shape deformation 
while H. melpomene tend to the maximum values of shape deformation indicating that the 
HW of H. erato are not as rounded as the ones of H. melpomene. 
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The Dennis-Ray phenotype 
 

One of the most remarkable examples of phenotypic convergence is known as 

“dennis-ray”. This phenotype is spread continuously across the Amazon basin 

(223), where Heliconius species, including among others H. melpomene and 

H. erato, converge on the same dennis-ray wing pattern with other butterflies 

and even diurnal moths (mimetic model) (177). Specifically, “dennis” refers to 

an orange/red basal patch on the forewing; “ray” refers to the radiate orange/red 

hindwing pattern, and there is also a yellow bar on the anteromedial part of the 

forewing (223). 
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Figure S1.3. Shapes deformation and PC loadings representing the shape variation in the 
forewing between species and subspecies with the dennis-ray mimetic ring in the Amazon. 
The analysis included members of Heliconius, Eueides heliconioides and the moth Chetone 
ithrana. Shapes deformation (A) and (C) represents the shape at minimum values for PC1 and 
PC2, respectively. Shapes deformation (B) and (D), represents the maximum values for PC1 
and PC2, respectively. Panels (E) and (F) shows the PC1 and PC2 loadings, respectively. The 
landmark coordinates (LMs) that vary the most in the FW are LM2, LM3, LM4 and LM5, located 
in the distal part of the costal margin, near the wing apex. H. aoede and H. timareta florencia 
tends to the minimum values of deformation for PC1 but to the maximum values of 
deformation for PC2, which would indicate that their wings are more elongated towards the 
apex than those of the other members of the mimetic ring analysed. 
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Figure S1.4. Shapes deformation and PC loadings representing the shape variation in the 
hindwing between species and subspecies with the dennis-ray mimetic ring in the Amazon. 
This analysis included members of Heliconius, Eueides heliconioides and the moth Chetone 
ithrana. Shapes deformation (A) and (C) represents the shape at minimum values for PC1 and 
PC2, respectively. Shapes deformation (B) and (D), represents the maximum values for PC1 
and PC2, respectively. Panels (E) and (F) shows the PC1 and PC2 loadings, respectively. The 
landmark coordinates (LMs) that vary the most are LM13, LM15, both located in the anal 
margin, LM3 and LM4, located in the costal margin, near the wing apex. The HW of Chetone 
ithrana and H. timareta florencia tends to the minimum values of shape deformation, 
indicating that the HW of C. ithrana and to a certain extent those of H. t. florencia, have an 
inner border with a steep angle and are less rounded than those of the remaining members 
of the mimetic ring.   
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Figure S1.5. Comparison of wing shape between species and subspecies that participate in the dennis-ray mimicry ring in the Amazon including non-
Heliconius species. This analysis included members of Heliconius, Eueides heliconioides and the moth Chetone ithrana. Discriminant analysis (A, D) and density 
plots (B-C, E-F) showing the variation in the shape of the FW (top row) and HW (bottom row). The MANCOVA test showed a significant main effect of 
subspecies (FW: F(10,191)=40.58, p=2.2e-16*; HW: F(10,190)=22.30, p=2.2e-16*), a non-significant effect of geographic distance (FW: F(1,191)=1.31, p=0.26; HW: 
F(1,190)=0.36, p=0.69), and a non-significant interaction between factors (FW: F(6,191)=1.15, p=0.31; HW: F(6,190)=0.80, p=0.64).   
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The White/Yellow phenotype 
 

H. cydno are usually involved in Müllerian mimicry rings within species from the 

sara/sapho clade and in some cases with the Ithomiinae butterfly Elzunia 

humboldt (95,96). These species exhibit remarkable variation and are 

distributed along the Cauca and Magdalena Valley, as well as the western 

Cordillera (309).  

 

In general, they display the yellow/white phenotype composed of a band in the 

medial part of the forewing, which could be a fully band, a “broken band”, “split 

band” (two bands running from the costal margin to the inner angle) or even a 

series of submarginal dots with a few “bands” in the post-medial area of the 

forewing known as Belem spot, cell spot and Ecuador triangle. In the hindwing 

two different phenotypes can be present, a white border intersected by the 

black nervature or a yellow bar in the post-medial area of the hindwing. 

 

Moreover, H. cydno weymeri f. gustavi mimics H. erato chestertonii in the 

Cauca Valley (96). Typically, they have black forewings and the presence of a 

yellow band in the distal area of the hindwing.  
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Figure S1.6. Shapes deformation and PC loadings representing the shape variation in the 
forewing between subspecies with the yellow/white phenotype. Shapes deformation (A) and 
(C) represents the shape at minimum values for PC1 and PC2, respectively. Shapes 
deformation (B) and (D), represents the maximum values for PC1 and PC2, respectively. Panels 
(E) and (F) shows the PC1 and PC2 loadings, respectively. The landmark coordinates (LMs) that 
vary the most in the FW are LM3, LM4, located in the distal part of the costal margin, near the 
wing apex and LM13 and LM14, located in the distal part of the anal margin, close to the 
tornus. The FW of the Ithomiinae butterfly Elzunia exhibits a typical triangle shape, and it is 
wider towards the apex and apical margin; meanwhile, the wings of H. cydno are more 
rounded. 
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Figure S1.7. Shapes deformation and PC loadings representing the shape variation in the 
hindwing between subspecies with the yellow/white phenotype. Shapes deformation (A) 
and (C) represents the shape at minimum values for PC1 and PC2, respectively. Shapes 
deformation (B) and (D), represents the maximum values for PC1 and PC2, respectively. Panels 
(E) and (F) shows the PC1 and PC2 loadings, respectively. The landmark coordinates (LMs) that 
vary the most in the HW are LM4, LM5 and LM13. The first two placed in the most distal part 
of the costal margin and the latter, in the middle of the anal margin of the HW. Hence, the 
HW of Elzunia and H. hecuba are wider than the one of Heliconius, and particularly, the coastal 
margin is not straight but exhibits a notable downward deviation in the middle of it. 
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Figure S1.8. Comparison of forewing shape between subspecies with the yellow/white phenotype. Discriminant analysis (A, D) and density plots (B-C, E-F) 
showing the variation in the shape of the FW of the yellow/white phenotype. In the top row, the analysis included non-Heliconius species, as well as individuals 
from the mimetic ring H. erato chestertonii and H. cydno weymeri f. gustavi. In the bottom row, the analysis included the mimetic ring H. erato chestertonii 
and H. cydno weymeri f. gustavi, but without the presence of H. hecuba tolima and the Ithomiinae genus Elzunia. The MANCOVA test showed a significant 
main effect of subspecies (F(22,526)=23.12, p<2.2e-16*; and F(19,487)=17.11, p<2.2e-16*), a non-significant effect of geographic distance (F(1,526)=0.11, p=0.89; 
F(1,487)=0.10, p=0.89), and a non-significant interaction between factors (F(15,526)=1.11, p=0.31; F(14,487)=0.97, p=0.49), respectively.   



 166 
 

 

 
Figure S1.9. Comparison of hindwing shape between subspecies with the yellow/white phenotype. Discriminant analysis (A, D) and density plots (B-C, E-F) 
showing the variation in the shape of the HW of the yellow/white phenotype. In the top row, the analysis included non-Heliconius species, as well as individuals 
from the mimetic ring H. erato chestertonii and H. cydno weymeri f. gustavi. In the bottom row, the analysis included the mimetic ring H. erato chestertonii 
and H. cydno weymeri f. gustavi, but without the presence of H. hecuba tolima and the Ithomiinae genus Elzunia. The MANCOVA test showed a significant 
main effect of subspecies (F(22,517)=34.13, p<2.2e-16*; and F(19,478)=27.39, p<2.2e-16*), a non-significant effect of geographic distance (F(1,517)=1.52, p=0.21; 
F(1,478)=2.13, p=0.11), and a non-significant interaction between factors (F(15,517)=0.76, p=0.81; F(14,478)=2.13, p=0.47), respectively. 
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Table S1.2. Statistical analyses. A total of 22 comparisons, each one corresponding to a particular mimicry ring (sympatric) and geographic (allopatric) 
comparisons. Numbers on parentheses indicate the number of individuals scanned. C: Comparison. Simpatry (S), Allopatry (A). Forewing (FW), hindwing (HW). 
**Lab recreated. Dash lines indicate different geographical mimicry rings. Differences in wing size were investigated with a one-way ANOVA with log-
transformed centroid size (as a size estimate) as a dependent variable and subspecies as a factor. A multivariate analysis of covariance (MANCOVA) was 
performed to test for differences in wing shape and wing pattern, with subspecies as an explanatory variable, geographic distance was included as a 
covariable, as well as their interaction. Asterisk (*) is indicative of statistical significance (α=0.01).   

C Phenotype Location/ 
Occurrence Mimicry ring 

1 Red-band 

Magdalena 
Valley/ 

North-East 
Andean 
foothills/ 
Pacific/ 

Putumayo 

A 

 

Wing 
Size 

FW 
Subspecies F(8,247)=5.18, p=5.33e-6* 

DistGeo F(1,247)=3.02, p=0.08 
Subspecies:DistGeo F(8,247)=2.61, p=0.009* 

HW 
Subspecies F(8,225)=4.98, p=1.05e-5* 

DistGeo F(1,225)=2.48, p=0.11 
Subspecies:DistGeo F(8,225)=2.18, p=0.02 

Wing 
Shape 

 

FW 
Subspecies F(8,247)=6.81, p=3.65e-14* 

DistGeo F(1,247)=1.74, p=0.17 
Subspecies:DistGeo F(8,247)=0.91, p=0.54 

HW 
Subspecies F(8,225)=10.03, p=2.2e-16* 

DistGeo F(1,225)=0.89, p=4.11 
Subspecies:DistGeo F(8,225)=0.84, p=0.63 

Wing 
Pattern 
(Figure 
2.16) 

FW Red-band  Dorsal 
Subspecies F(8,212)=1.24, p=0.22 

DistGeo F(1,212)=0.03, p=0.96 
Subspecies:DistGeo F(8,212)=0.37, p=0.70 

Ventral Subspecies F(8,235)=0.19, p=0.99 

H. melpomene martinae (27)H. erato guarica (44) H. erato hydara (50) H. melpomene melpomene (46)

H. erato venus (19) H. melpomene vulcanus (16) H. erato dignus (25) H. melpomene bellula (41) H. tristero (16)
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DistGeo F(1,235)=0.35, p=0.67 
Subspecies:DistGeo F(8,235)=1.23, p=0.23 

HW Yellow-bar 

Dorsal 
Subspecies F(8,220)=10.24, p<2e-16* 

DistGeo F(1,220)=0.001, p=0.99 
Subspecies:DistGeo F(8,220)=11.68, p<2e-16* 

Ventral 
Subspecies F(8,215)=9.34, p<2e-16* 

DistGeo F(1,215)=0.17, p=0.83 
Subspecies:DistGeo F(8,215)=2.56, p=0.0008* 

2 Pacific S 

 

Wing 
Size 

FW 
Subspecies F(1,29)=5.05, p=0.03 

DistGeo F(1,29)=5.29, p=0.02 
Subspecies:DistGeo F(1,29)=4.23, p=0.04 

HW 
Subspecies F(1,29)=3.31, p=0.07 

DistGeo F(1,29)=4.29, p=0.04 
Subspecies:DistGeo F(1,29)=3.88, p=0.05 

Wing 
Shape 

 

FW 
Subspecies F(1,29)=2.93, p=0.07 

DistGeo F(1,29)=0.58, p=0.56 
Subspecies:DistGeo F(1,29)=1.34, p=0.27 

HW 
Subspecies F(1,29)=25.77, p=4e-7* 

DistGeo F(1,29)=0.64, p=0.53 
Subspecies:DistGeo F(1,29)=1.10, p=0.34 

Wing 
Pattern 
(Figure 
S1.10) 

FW Red-band 

Dorsal 
Subspecies F(1,30)=1.55, p=0.22 

DistGeo F(1,30)=0.47, p=0.62 
Subspecies:DistGeo F(1,30)=2.46, p=0.10 

Ventral 

Subspecies F(1,29)=1.72, p=0.19 
DistGeo F(1,29)=1.08, p=0.35 

Subspecies:DistGeo F(1,29)=2.00, p=0.15 

HW Yellow-bar 
Subspecies F(1,29)=3.46 p=0.05 

DistGeo F(1,29)=0.64, p=0.54 
Subspecies:DistGeo F(1,29)=0.02, p=0.97 

H. erato venus (19) H. melpomene vulcanus (16)
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3 Magdalena 
Valley S 

 

Wing 
Size 

FW 
Subspecies F(1,63)=18.31, p=6.49e-5* 

DistGeo F(1,63)=0.56, p=0.45 
Subspecies:DistGeo F(1,63)=0.01, p=0.91 

HW 
Subspecies F(1,63)=22.15, p=1.42e-5* 

DistGeo F(1,63)=0.76, p=0.38 
Subspecies:DistGeo F(1,63)=0.06, p=0.80 

Wing 
Shape 

 

FW 
Subspecies F(1,63)=17.85, p=7.51e-7* 

DistGeo F(1,63)=6.23, p=0.003* 
Subspecies:DistGeo F(1,63)=1.92, p=0.15 

HW 
Subspecies F(1,63)=48.47, p=2.11e-13* 

DistGeo F(1,63)=0.42, p=0.65 
Subspecies:DistGeo F(1,63)=0.49, p=0.61 

Wing 
Pattern 
(Figure 
S1.11) 

FW Red-band 

Dorsal 
Subspecies F(1,63)=1.08, p=0.34 

DistGeo F(1,63)=1.47, p=0.23 
Subspecies:DistGeo F(1,63)=0.35, p=0.70 

Ventral 
Subspecies F(1,61)=1.04, p=0.35 

DistGeo F(1,61)=0.73, p=0.48 
Subspecies:DistGeo F(1,61)=0.17, p=0.84 

4 
North-East 

Andean 
foothills 

S 

 

Wing 
Size 

FW 
Subspecies F(1,85)=12.06, p=0.0008* 

DistGeo F(1,85)=3.72, p=0.05 
Subspecies:DistGeo F(1,85)=0.47, p=0.49 

HW 
Subspecies F(1,85)=16.23, p=0.0001* 

DistGeo F(1,85)=5.51, p=0.02 
Subspecies:DistGeo F(1,85)=0.14, p=0.70 

Wing 
Shape 

 
FW 

Subspecies F(1,85)=15.58, p=1.74e-6* 
DistGeo F(1,85)=0.38, p=0.67 

Subspecies:DistGeo F(1,85)=0.68, p=0.50 

H. erato guarica (44) H. melpomene martinae (27)

H. erato hydara (50) H. melpomene melpomene (46)
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HW 
Subspecies F(1,85)=25.18, p=2.69e-9* 

DistGeo F(1,85)=4.13, p=0.02 
Subspecies:DistGeo F(1,85)=0.40, p=0.67 

Wing 
Pattern 
(Figure 
S1.12) 

FW Red-band 

Dosral 
Subspecies F(1,84)=0.06, p=0.93 

DistGeo F(1,84)=4.78, p=0.01* 
Subspecies:DistGeo F(1,84)=1.07, p=0.34 

Ventral 
Subspecies F(1,79)=0.55, p=0.57 

DistGeo F(1,79)=3.39, p=0.03 
Subspecies:DistGeo F(1,79)=1.86, p=0.16 

5 Putumayo S 

 

Wing 
Size 

FW 
Subspecies F(2,73)=3.22, p=0.04*  

DistGeo F(1,73)=4.31, p=0.04 
Subspecies:DistGeo F(1,73)=1.61, p=0.20 

HW 
Subspecies F(2,49)=1.54, p=0.22 

DistGeo F(1,49)=0.07, p=0.78 
Subspecies:DistGeo F(1,49)=0.97, p=0.38 

Wing 
Shape 

FW 
Subspecies F(2,73)=4.10, p=0.003* 

DistGeo F(1,73)=0.88, p=0.41 
Subspecies:DistGeo F(1,73)=0.84, p=0.50 

HW 
Subspecies F(2,49)=6.76, p=7.65e-5* 

DistGeo F(1,49)=2.78, p=0.07 
Subspecies:DistGeo F(1,49)=0.03, p=0.99 

Wing 
Pattern 
(Figure 
S1.13) 

 

FW Red-band 

Dorsal 
Subspecies F(2,76)=2.00, p=0.09 

DistGeo F(1,76)=0.83, p=0.43 
Subspecies:DistGeo F(2,76)=0.92, p=0.45 

Ventral 
Subspecies F(2,69)=0.50, p=0.73 

DistGeo F(1,69)=0.39, p=0.67 
Subspecies:DistGeo F(2,69)=0.74, p=0.48 

HW Yellow-bar Dorsal 
Subspecies F(2,49)=7.31, p=3.45e-5* 

DistGeo F(1,49)=3.26, p=0.04 
Subspecies:DistGeo F(2,49)=0.83, p=0.50 

Ventral Subspecies F(2,42)=17.85, p=1.41e-10* 

H. erato dignus (25) H. melpomene bellula (41) H. tristero (16)
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DistGeo (1,42)=2.72, p=0.07 
Subspecies:DistGeo F(2,42)=4.84, p=0.001* 

6 

Magdalena 
Valley/ 

North-East 
Andean 
foothills/ 
Pacific/ 

Putumayo 

A 

 

Wing 
Size 

FW 
Subspecies F(3,115)=1.45, p=0.22 

DistGeo F(1,115)=1.82, p=0.17 
Subspecies:DistGeo F(2,115)=1.20, p=0.30 

HW 
Subspecies F(3,110)=2.23, p=0.08 

DistGeo F(1,115)=2.96, p=0.08 
Subspecies:DistGeo F(2,115)=1.88, p=0.13 

Wing 
Shape 

FW 
Subspecies F(3,116)=14.72, p=0.31 

DistGeo F(1,116)=0.40, p=0.66 
Subspecies:DistGeo F(2,116)=1.09, p=0.36 

HW 
Subspecies F(3,111)=2.12, p=0.05 

DistGeo F(1,111)=2.29, p=0.10 
Subspecies:DistGeo F(2,111)=0.02, p=0.99 

Wing 
Pattern 
(Figure 
S1.14) 

FW Red-band 

Dorsal 
Subspecies F(3,91)=0.17, p=0.98 

DistGeo F(1,91)=1.92, p=0.15 
Subspecies:DistGeo F(2,91)=1.55, p=0.18 

Ventral 
Subspecies F(3,87)=0.54, p=0.77 

DistGeo F(1,87)=0.93, p=0.39 
Subspecies:DistGeo F(3,87)=1.61, p=0.14 

HW Yellow-bar 

Dorsal 
Subspecies F(3,90)=181.4, p<2e-16* 

DistGeo F(1,90)=1.57, p=0.21 
Subspecies:DistGeo F(3,90)=2.39, p=0.03 

Ventral 
Subspecies F(3,87)=2.82, p=0.01* 

DistGeo F(1,87)=1.84, p=0.16 
Subspecies:DistGeo F(3,87)=2.74, p=0.01* 

7 

Magdalena 
Valley/ 

North-East 
Andean 
foothills/ 

A 
 

FW Subspecies F(3,119)=0.67, p=0.57 

H. melpomene bellula (41) H. melpomene martinae (27) H. melpomene melpomene (46) H. melpomene vulcanus (16)

H. erato dignus (25) H. erato guarica (44) H. erato hydara (50) H. erato venus (19)
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Pacific/ 
Putumayo Wing 

Size 

DistGeo F(1,119)=1.19, p=0.27 
Subspecies:DistGeo F(3,119)=0.91, p=0.43 

HW 
Subspecies F(3,111)=0.68, p=0.56 

DistGeo F(1,111)=1.79, p=0.18 
Subspecies:DistGeo F(3,111)=1.21, p=0.30 

Wing 
Shape 

FW 
Subspecies F(3,119)=7.33, p=0.33 

DistGeo F(1,119)=6.74, p=0.16 
Subspecies:DistGeo F(3,119)=2.25, p=0.38 

HW 
Subspecies F(3,111)=4.44, p=0.28 

DistGeo F(1,111)=1.03, p=0.35 
Subspecies:DistGeo F(3,111)=0.49, p=0.81 

Wing 
Pattern 
(Figure 
S1.15) 

FW Red-band 

Dorsal 
Subspecies F(3,46)=0.35, p=0.70 

DistGeo F(1,46)=0.16, p=0.85 
Subspecies:DistGeo F(3,46)=0.16, p=0.32 

Ventral 
Subspecies F(3,113)=0.19, p=0.97 

DistGeo F(1,113)=0.25, p=0.77 
Subspecies:DistGeo F(3,113)=0.06, p=0.99 

HW Yellow-bar 

Dorsal 
Subspecies F(3,111)=11.68, p=1.03e-8* 

DistGeo F(1,111)=0.01, p=0.98 
Subspecies:DistGeo F(3,111)=2.07, p=0.06 

Ventral 
Subspecies F(3,107)=6.15, p=6.4e-4* 

DistGeo F(1,107)=3.59, p=0.04 
Subspecies:DistGeo F(3,107)=8.44, p=0.03 
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8 
 

 
Dennis-Ray Amazon S 

 

Wing 
Size 

FW 
Subspecies F(10,188)=4.00, p=1.04e-4* 

DistGeo F(1,188)=2.06, p=0.15 
Subspecies:DistGeo F(6,188)=0.70, p=0.70 

HW 
Subspecies F(10,187)=4.91, p=2.6e-6* 

DistGeo F(1,187)=0.69, p=0.40 
Subspecies:DistGeo F(6,187)=0.54, p=0.83 

Wing 
Shape 

FW 
Subspecies F(10,191)=40.58, p=2.2e-16* 

DistGeo F(1,191)=1.31, p=0.26 
Subspecies:DistGeo F(6,191)=1.15, p=0.31 

HW 
Subspecies F(10,190)=22.30, p=2.2e-16* 

DistGeo F(1,190)=0.36, p=0.69 
Subspecies:DistGeo F(6,190)=0.80, p=0.64 

Wing 
Pattern 
(Figure 
2.17) 

FW 
Yellow-band 

Dorsal 
Subspecies F(10,176)=4.65, p=1.40e-5* 

DistGeo F(1,176)=2.07, p=0.14 
Subspecies:DistGeo F(7,176)=2.06, p=0.05 

Ventral 
Subspecies F(10,156)=4.54, p=9.01e-7* 

DistGeo F(1,156)=1.52, p=0.22 
Subspecies:DistGeo F(7,156)=0.58, p=0.59 

Dennis Dorsal Subspecies F(10,176)=5.66, p=3.39e-7* 
DistGeo F(1,176)=0.34, p=0.71 

Chetone ithrana (4) Eueides heliconioides eanes (8) H. aoede (3) H. elevatus elevatus (11)

H. erato lativitta (50) H. erato reductimacula (28) H. melpomene malleti (41) H. melpomene vicina (16)

H. timareta subsp. nov. (4) H. timareta florencia (44) H. xanthocles melete (12)
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Subspecies:DistGeo F(7,176)=1.33, p=0.23 

Ventral 
Subspecies F(10,156)=5.35, p=9.08e-8* 

DistGeo F(1,156)=0.10, p=0.90 
Subspecies:DistGeo F(7,156)=1.57, p=0.11 

HW Ray 

Dorsal 
Subspecies F(10,176)=3.69, p=1.01e-4* 

DistGeo F(1,176)=0.88, p=0.42 
Subspecies:DistGeo F(7,176)=0.88, p=0.53 

Ventral 
Subspecies F(10,153)=3.13, p=0.001* 

DistGeo F(1,153)=0.32, p=0.72 
Subspecies:DistGeo F(9,153)=0.71, p=0.64 

9 
South-East 

Andean 
foothills 

S 

 

Wing 
Size 

FW 
Subspecies F(3,129)=29.26, p=1.68e-14* 

DistGeo F(1,129)=3.24, p=0.07 
Subspecies:DistGeo F(2,130)=0.29, p=0.74 

HW 
Subspecies F(3,127)=19.90, p=1.22e-10* 

DistGeo F(1,127)=3.24, p=0.07 
Subspecies:DistGeo F(2,127)=0.52, p=0.59 

Wing 
Shape 

FW 
Subspecies F(3,129)=97.08, p=2.2e-16* 

DistGeo F(1,129)=1.06, p=0.34 
Subspecies:DistGeo F(2,129)=1.73, p=0.14 

HW 
Subspecies F(3,128)=49.66, p=2.2e-16* 

DistGeo F(1,128)=0.18, p=0.82 
Subspecies:DistGeo F(2,128)=1.77, p=0.13 

Wing 
Pattern 
(Figure 
2.18) 

FW 
Yellow-band 

Dorsal 
Subspecies F(8,163)=0.77, p=0.71 

DistGeo F(1,163)=0.01, p=0.98 
Subspecies:DistGeo F(6,163)=0.08, p=1.00 

Ventral 
Subspecies F(8,147)=0.73, p=0.75 

DistGeo F(1,147)=0.02, p=0.97 
Subspecies:DistGeo F(6,147)=1.18, p=0.29 

Dennis Dorsal Subspecies F(8,147)=0.64, p=0.84 
DistGeo F(1,147)=0.01, p=0.98 

H. erato lativitta (50) H. melpomene malleti  (41) H. timareta florencia (44) H. xanthocles melete (12)
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Subspecies:DistGeo F(6,147)=0.36, p=0.97 

Ventral 
Subspecies F(9,152)=0.89, p=0.58 

DistGeo F(1,152)=0.04, p=0.95 
Subspecies:DistGeo F(8,152)=0.56, p=0.91 

HW Ray 

Dorsal 
Subspecies F(8,163)=1.18, p=0.28 

DistGeo F(1,163)=0.04, p=0.95 
Subspecies:DistGeo F(6,163)=0.76, p=0.68 

Ventral 
Subspecies F(8,145)=0.86, p=0.60 

DistGeo F(1,145)=0.002, p=0.98 
Subspecies:DistGeo F(7,145)=0.08, p=1.00 

10 Yellow/White 

Cauca 
Valley/ 

Magdalena 
Valley/ 
Pacific/ 

North-East 
Andean 
foothills 

A 

 

Wing 
Size 

FW 
Subspecies F(20,431)=6.51, p=5.38e-12* 

DistGeo F(1,431)=0.17, p=0.67 
Subspecies:DistGeo F(13,431)=1.64, p=0.07 

HW 
Subspecies F(20,422)=3.67, p=8.11e-6* 

DistGeo F(1,422)=1.21, p=0.27 
Subspecies:DistGeo F(13,422)1.46, p=0.12 

FW Subspecies F(20,431)=21.41, p<2.2e-16* 

H. cydno cydnides (50)

H. eleuchia eleuchia (49)Elzunia humboldt 

H. cydno weymeri H. cydno zelinde (51)

H. sara magdalena (13)

H. cydno weymeri

H. sapho sapho (8)

H. cydno chioneus (4)

H.cydno cydno (43)

H. cydno waningeri (15)

H. sapho chocoensis (13)

H. eleuchia eleusinus (18)

H. cydno lisethae (13) H. cydno hermogenes (7)

Elzunia humboldt H. hecuba tolima (1)

H. timareta linaresi (7)

H. heurippa (26)

H. cydno cordula (17) H. cydno subsp. nov. (2)

H. erato chestertonii (71)

H. cydno weymeri 
f. gustavi (49)

regalis (34) tamasea (9)

 f. weymeri (51)  f. submarginatus (50)**
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Wing 
Shape 

DistGeo F(1,431)=0.16, p=0.84 
Subspecies:DistGeo F(13,431)=1.06, p=0.38 

HW 
Subspecies F(20,431)=29.73, p<2.2e-16* 

DistGeo F(1,431)=1.37, p=0.25 
Subspecies:DistGeo F(13,431)=0.77, p=0.78 

Wing 
Pattern 
(Figure 
2.19) 

FW Yellow/White band 

Dorsal 
Subspecies F(20,414)=4.88, p<2e-16* 

DistGeo F(1,414)=2.22, p=0.11 
Subspecies:DistGeo F(13,414)=0.99, p=0.46 

Ventral 
Subspecies F(20,426)=2.77, p=1.098e-6* 

DistGeo F(1,426)=0.12, p=0.88 
Subspecies:DistGeo F(13,426)=0.75, p=0.78 

HW 

Yellow bar 

Dorsal 
Subspecies F(16,300)=0.57, p=0.01* 

DistGeo F(1,300)=0.58, p=0.55 
Subspecies:DistGeo F(11,300)=0.33, p=0.99 

Ventral 
Subspecies F(16,275)=0.40, p=0.01* 

DistGeo F(1,275)=0.65, p=0.60 
Subspecies:DistGeo F(11,275)=0.65, p=0.85 

White/Yellow border 

Dorsal 
Subspecies F(13,328)=0.89, p=0.06* 

DistGeo F(1,328)=0.72, p=0.86 
Subspecies:DistGeo F(8,328)=0.72, p=0.77 

Ventral 
Subspecies F(14,300)=0.28, p=0.01* 

DistGeo F(1,300)=0.82, p=0.43 
Subspecies:DistGeo F(8,300)=1.77, p=0.30 

11 Pacific S 

 

Wing 
Size 

FW 
Subspecies F(2,75)=24.06, p=8.43e-9* 

DistGeo F(1,75)=0.01, p=0.92 
Subspecies:DistGeo F(2,75)=1.66, p=0.19 

HW 
Subspecies F(2,73)=20.98, p=6.32e-8* 

DistGeo F(1,73)=0.003, p=0.95 
Subspecies:DistGeo F(2,73)=2.92, p=0.05 

FW Subspecies F(2,75)=42.67, p=2.0e-16* 

H. cydno zelinde (51) H. eleuchia eleusinus (18) H. sapho chocoensis (13)
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Wing 
Shape 

DistGeo F(1,75)=3.42, p=0.03 
Subspecies:DistGeo F(2,75)=0.70, p=0.58 

HW 
Subspecies F(2,73)=20.52, p=2.10e-13* 

DistGeo F(1,75)=0.44, p=0.64 
Subspecies:DistGeo F(2,75)=0.93, p=0.44 

Wing 
Pattern 
(Figure 
S1.16) 

FW White band 

Dorsal 
Subspecies F(2,74)=1.96, p=0.12 

DistGeo F(1,74)=0.66, p=0.52 
Subspecies:DistGeo F(2,74)=0.20, p=0.81 

Ventral 
Subspecies F(2,72)=0.83, p=0.06 

DistGeo F(1,72)=0.15, p=0.85 
Subspecies:DistGeo F(2,72)=0.02, p=0.63 

12 Magdalena 
Valley S 

 

Wing 
Size 

FW 
Subspecies F(1,15)=10.37, p=0.005* 

DistGeo F(1,15)=3.06, p=0.10 
Subspecies:DistGeo F(1,15)=3.06, p=0.10 

HW 
Subspecies F(1,16)=12.31, p=0.002* 

DistGeo F(1,16)=0.09, p=0.76 
Subspecies:DistGeo F(1,16)=0.10, p=0.76 

Wing 
Shape 

FW 
Subspecies F(1,16)=61.55, p=5.87e-8* 

DistGeo F(1,16)=4.50, p=0.03 
Subspecies:DistGeo F(1,16)=0.70, p=0.32 

HW 
Subspecies F(1,16)=11.40, p=8.33e-4* 

DistGeo F(1,16)=0.41, p=0.66 
Subspecies:DistGeo F(1,16)=0.90, p=0.44 

Wing 
Pattern 
(Figure 
S1.17) 

FW 

White band Dorsal Subspecies F(1,16)=0.09, p=0.009* 
DistGeo F(1,16)=0.01, p=0.98 

Subspecies:DistGeo F(1,16)=0.02, p=0.97 
Ventral Subspecies F(1,19)=1.65, p=0.02 

DistGeo F(1,19)=0.08, p=0.91 
Subspecies:DistGeo F(1,19)=0.06, p=0.93 

HW White border Dorsal Subspecies F(1,16)=3.38, p=0.07 

H. sapho sapho (8)H. cydno wanningeri (15)
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DistGeo F(1,16)=0.43, p=0.66 
Subspecies:DistGeo F(1,16)=0.31, p=0.78 

Ventral Subspecies F(1,19)=1.09, p=0.03 
DistGeo F(1,19)=0.005, p=0.99 

Subspecies:DistGeo F(1,19)=0.003, p=0.98 

13 Magdalena 
Valley S 

 

Wing 
Size 

FW 
Subspecies F(3,95)=6.23, p=0.0006* 

DistGeo F(1,95)=0.60, p=0.43 
Subspecies:DistGeo F(3,95)=0.87, p=0.45 

HW 
Subspecies F(3,93)=4.80, p=0.003* 

DistGeo F(1,93)=0.37, p=0.54 
Subspecies:DistGeo F(3,93)=0.64, p=0.58 

Wing 
Shape 

FW 
Subspecies F(3,95)=25.44, p=2.0e-16* 

DistGeo F(1,95)=0.69, p=0.50 
Subspecies:DistGeo F(3,95)=1.07, p=0.37 

HW 
Subspecies F(3,93)=48.82, p=2.2e-16* 

DistGeo F(1,93)=0.89, p=0.41 
Subspecies:DistGeo F(3,93)=1.32, p=0.24 

Wing 
Pattern 
(Figure 
S1.18) 

FW White band 

Dorsal Subspecies F(3,86)=16.66, p=0.0001* 
 DistGeo F(1,86)=0.15, p=0.85 
 Subspecies:DistGeo F(3,86)=0.34, p=0.71 

Ventral Subspecies F(3,84)=4.57, p=0.003* 
 DistGeo F(1,84)=0.83, p=0.44 
 Subspecies:DistGeo F(3,84)=1.62, p=0.22 

HW White border 

Dorsal Subspecies F(3,76)=2.56, p=0.06 
 DistGeo F(1,76)=0.86, p=0.44 
 Subspecies:DistGeo F(3,76)=0.38, p=0.68 

Ventral Subspecies F(3,72)=2.96, p=0.009* 
 DistGeo F(1,72)=7.22, p=0.001* 
 Subspecies:DistGeo F(3,72)=9.24, p=1.5e-8* 

H. cydno chioneus (4)H. cydno cydno (43) H. sapho sapho (8)H. eleuchia eleuchia (49)
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14 Magdalena 
Valley S 

 

Wing 
Size 

FW 
Subspecies F(3,73)=7.81, p=0.0001* 

DistGeo F(1,73)=0.95, p=0.33 
Subspecies:DistGeo F(3,73)=1.15, p=0.33 

HW 
Subspecies F(3,69)=11.60, p=3.01e-6* 

DistGeo F(1,69)=1.83, p=0.18 
Subspecies:DistGeo F(3,69)=1.67, p=0.18 

Wing 
Shape 

FW 
Subspecies F(3,73)=18.15, p=1.25e-15* 

DistGeo F(1,73)=0.11, p=0.89 
Subspecies:DistGeo F(3,73)=1.22, p=0.29 

HW 
Subspecies F(3,69)=23.75, p=2.2e-16* 

DistGeo F(1,69)=0.99, p=0.37 
Subspecies:DistGeo F(3,69)=0.29, p=0.93 

Wing 
Pattern 
(Figure 
S1.19) 

FW Yellow / White band 

Dorsal 
Subspecies F(3,73)=0.02, p=0.009* 

DistGeo F(1,73)=0.41, p=0.66 
Subspecies:DistGeo F(3,73)=0.15, p=0.98 

Ventral 
Subspecies F(3,70)=0.42, p=0.008* 

DistGeo F(1,70)=0.22, p=0.79 
Subspecies:DistGeo F(3,70)=0.17, p=0.98 

HW White border 

Dorsal 
Subspecies F(3,59)=0.49, p=0.008* 

DistGeo F(1,59)=0.47, p=0.62 
Subspecies:DistGeo F(3,59)=0.21, p=0.97 

Ventral 
Subspecies F(3,61)=6.68, p=0.001* 

DistGeo F(1,61)=1.02, p=0.40 
Subspecies:DistGeo F(3,61)=2.52, p=0.06 

15 Cauca 
Valley S  

Wing 
Size FW 

Subspecies F(1,93)=10.98, p=0.001* 
DistGeo F(1,93)=1.46, p=0.22 

Subspecies:DistGeo F(1,93)=1.54, p=0.21 

H. cydno lisethae (13)H. eleuchia eleuchia (49)H. sara magdalena (13) H. sapho sapho (8)

H. eleuchia eleuchia (49)H. cydno cydnides (50)
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HW 
Subspecies F(1,90)=9,35, p=0.002* 

DistGeo F(1,90)=1.90, p=0.17 
Subspecies:DistGeo F(1,90)=1.98, p=0.16 

Wing 
Shape 

FW 
Subspecies F(1,93)=65.09, p=2.2e-16* 

DistGeo F(1,93)=0.37, p=0.68 
Subspecies:DistGeo F(1,93)=0.57, p=0.57 

HW 
Subspecies F(1,90)=205.51, p=2.2e-16* 

DistGeo F(1,90)=0.99, p=0.88 
Subspecies:DistGeo F(1,90)=2.28, p=0.10 

Wing 
Pattern 
(Figure 
S1.20) 

FW Yellow / White band 

Dorsal Subspecies F(1,93)=6.23, p=0.01* 
DistGeo F(1,93)=0.22, p=0.80 

Subspecies:DistGeo F(1,93)=1.50, p=0.25 
Ventral Subspecies F(1,90)=11.49, p=0.003* 

DistGeo F(1,90)=1.95, p=0.19 
Subspecies:DistGeo F(1,90)=6.39, p=0.01* 

HW White border 

Dorsal 
Subspecies F(1,81)=15.60, p=1.13e-5* 

DistGeo F(1,81)=0.11, p=0.89 
Subspecies:DistGeo F(1,81)=4.06, p=0.02 

Ventral 
Subspecies F(1,82)=9.34, p=0.0005* 

DistGeo F(1,82)=0.40, p=0.67 
Subspecies:DistGeo F(1,82)=1.04, p=0.36 

16 Magdalena 
Valley S 

 

Wing 
Size 

FW 
Subspecies F(2,12)=11.81, p=0.0009* 

DistGeo F(1,12)=0.02, p=0.87 
Subspecies:DistGeo F(2,12)=0.24, p=0.62 

HW 
Subspecies F(2,13)=13.19, p=0.003* 

DistGeo F(1,13)=0.30, p=0.58 
Subspecies:DistGeo F(2,13)=1.41, p=0.25 

Wing 
Shape 

FW 
Subspecies F(2,14)=2.55, p=0.03* 

DistGeo F(1,14)=2.40, p=0.13 
Subspecies:DistGeo F(2,14)=29.74, p=0.54 

HW Subspecies F(2,13)=62.30, p=2.52e-12* 

Elzunia humboldt tamasea (9) H. cydno hermogenes (7) H. hecuba tolima (1)
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DistGeo F(1,13)=419.93, p=0.07 
Subspecies:DistGeo F(2,13)=400.37, p=0.05 

Wing 
Pattern 
(Figure 
S1.21) 

FW Yellow/White submarginal 
dots 

Dorsal 
Subspecies F(1,9)=1.71, p=0.02 

DistGeo F(1,9)=0.11, p=0.89 
Subspecies:DistGeo F(1,9)=0.10, p=0.88 

Ventral 
Subspecies F(1,7)=7.18, p=0.02 

DistGeo F(1,7)=1.05, p=0.40 
Subspecies:DistGeo F(1,7)=0.12, p=0.39 

HW White border 

Dorsal 
Subspecies F(1,10)=5.15, p=0.03 

DistGeo F(1,10)=4.16, p=0.05 
Subspecies:DistGeo F(1,10)=4.00, p=0.07 

Ventral 
Subspecies F(1,7)=0.25, p=0.07 

DistGeo F(1,7)=0.19, p=0.82 
Subspecies:DistGeo F(1,7)=0.17, p=0.72 

17 Cauca 
Valley S 

 

Wing 
Size 

FW 
Subspecies F(2,123)=9.89, p=0.0001*  

DistGeo F(1,123)=0.01, p=0.91 
Subspecies:DistGeo F(1,123)=2.20, p=0.13 

HW 
Subspecies F(2,121)=33.92, p=2.01e-12* 

DistGeo F(1,121)=0.01, p=0.91 
Subspecies:DistGeo F(1,121)=1.72, p=0.19 

Wing 
Shape 

FW 
Subspecies F(2,123)=135.23, p=2.2e-16* 

DistGeo F(1,123)=0.40, p=0.66 
Subspecies:DistGeo F(1,123)=0.38, p=0.68 

HW 
Subspecies F(2,121)=507.11, p=2.2e-16* 

DistGeo F(1,121)=0.76, p=0.46 
Subspecies:DistGeo F(1,121)=1.08, p=0.34 

Wing 
Pattern 
(Figure 
S1.22) 

FW 

Yellow/ White submarginal 
dots 

Dorsal Subspecies F(2,112)=2.33, p=0.05 
 DistGeo F(1,112)=0.28, p=0.75 
 Subspecies:DistGeo F(1,112)=0.87, p=0.48 

Ventral Subspecies F(2,121)=3.43, p=0.009* 

Elzunia humboldt regalis (34) H. cydno weymeri submarginatus (50)** H. cydno weymeri weymeri (51)



 182 
 

 DistGeo F(1,121)=2.01, p=0.13 
 Subspecies:DistGeo F(1,121)=0.50, p=0.60 

HW 

White border Dorsal Subspecies F(2,117)=4.41, p=0.001* 
 DistGeo F(1,117)=19.13, p=6.55e-8 
 Subspecies:DistGeo F(1,117)=4.31, p=0.01* 

Ventral Subspecies F(2,109)=5.00, p=0.0007* 
 DistGeo F(1,109)=14.68, p=2.2e-6 
 Subspecies:DistGeo F(1,109)=13.11, p=7.93e-6 

18 Cauca 
Valley S 

 

Wing 
Size 

FW 
Subspecies F(1,96)=124.28, p<2.2e-16* 

DistGeo F(1,96)=1.10, p=0.29 
Subspecies:DistGeo F(1,96)=2.00, p=0.15 

HW 
Subspecies F(1,96)=88.99, p=2.45e-15* 

DistGeo F(1,96)=2.23, p=0.13 
Subspecies:DistGeo F(1,96)=2.95, p=0.08 

Wing 
Shape 

FW 
Subspecies F(1,95)=10.64, p=6.81e-5* 

DistGeo F(1,95)=0.28, p=0.75 
Subspecies:DistGeo F(1,95)=0.41, p=0.66 

HW 
Subspecies F(1,95)=53.23, p=3.4e-16* 

DistGeo F(1,95)=1.09, p=0.33 
Subspecies:DistGeo F(1,95)=0.01, p=0.99 

Wing 
Pattern 
(Figure 
2.20) 

FW Yellow bar 

Dorsal 
Subspecies F(1,113)=5.42, p=0.005* 

DistGeo F(1,113)=0.55, p=0.57 
Subspecies:DistGeo F(1,113)=6.33, p=0.002* 

Ventral 
Subspecies F(1,113)=0.20, p=0.008* 

DistGeo F(1,113)=0.92, p=0.40 
Subspecies:DistGeo F(1,113)=5.81, p=0.003* 

H. cydno weymeri f. gustavi (49) H. erato chestertonii (71)
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19 
 

H. 
melpomene 
subspecies 

 
Red-

banded/ 
Dennis-ray 

Magdalena 
Valley/ 

North-East 
Andean 
foothills/ 
Pacific/ 

Putumayo/ 
Amazon 

A 

 

Wing 
Size 

FW 
Subspecies F(5,169)=88.99, p=2.45e-15*  

DistGeo F(1,169)=4.49, p=0.03 
Subspecies:DistGeo F(5,169)=2.95, p=0.08 

HW 
Subspecies F(5,163)=7.27, p=3.39e-06* 

DistGeo F(1,163)=3.01, p=0.08 
Subspecies:DistGeo F(5,163)=2.02, p=0.07 

Wing 
Shape 

FW 
Subspecies F(5,168)=6.19, p=0.10 

DistGeo F(1,168)=2.34, p=0.09 
Subspecies:DistGeo F(5,168)=0.41, p=0.10 

HW 
Subspecies F(5,163)=2.16, p=0.06 

DistGeo F(1,163)=1.02, p=0.36 
Subspecies:DistGeo F(5,163)=1.19, p=0.29 

20 

H. erato 
subspecies  

 
Red-

banded/ 
Dennis-ray/ 

White/Yellow 

Magdalena 
Valley/ 

North-East 
Andean 
foothills/ 
Pacific/ 

Putumayo/ 
Amazon/ 
Cauca 
Valley 

A  

Wing 
Size 

FW 
Subspecies F(6,236)=17.66, p<2e-16* 

DistGeo F(1,236)=4.12, p=0.04 
Subspecies:DistGeo F(6,236)=2.27, p=0.03 

HW 
Subspecies F(6,226)=12.79, p=1.74e-12* 

DistGeo F(1,226)=0.65, p=0.41 
Subspecies:DistGeo F(6,226)=1.93, p=0.07 

Wing 
Shape FW Subspecies F(6,235)=6.37, p=1.62e-10* 

DistGeo F(1,235)=0.19, p=0.82 

H. melpomene melpomene (46) H. melpomene bellula (41) H. melpomene martinae (27) H. melpomene vulcanus (16)

H. melpomene malleti (41) H. melpomene vicina (16)

H. erato hydara (50) H. erato dignus (25) H. erato guarica (44) H. erato venus (19)

H. erato lativitta (50) H. erato reductimacula (28) H. erato chestertonii (71)
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Subspecies:DistGeo F(6,235)=1.25, p=0.24 

HW 
Subspecies F(6,226)=7.30, p=0.26 

DistGeo F(1,226)=0.82, p=0.43 
Subspecies:DistGeo F(6,226)=0.92, p=0.52 

21 

H. cydno 
subspecies 

 
Yellow/White 

South-East 
Andean 
foothills/ 
Cauca 
Valley/ 

Magdalena 
Valley/ 
Pacific/ 

North-East 
Andean 
foothills 

A 

 

Wing 
Size 

FW 
Subspecies F(11,323)=6.95, p=1.01e-7*  

DistGeo F(1,323)=0.05, p=0.81 
Subspecies:DistGeo F(6,323)=1.93, p=0.07 

HW 
Subspecies F(11,321)=7.16, p=5.75e-8* 

DistGeo F(1,321)=2.67, p=0.10 
Subspecies:DistGeo F(6,321)=1.42, p=0.20 

Wing 
Shape 

FW 
Subspecies F(11,323)=13.87, p<2.2e-16* 

DistGeo F(1,323)=0.35, p=0.70 
Subspecies:DistGeo F(6,323)=1.05, p=0.39 

HW 
Subspecies F(11,226)=8.46, p<2.2e-16* 

DistGeo F(1,226)=1.09 p=0.33 
Subspecies:DistGeo F(6,226)=1.03, p=0.41 

22 

H. timareta 
subspecies 

 
Red-

banded/ 
Dennis-ray/ 

White/Yellow 

Putumayo/ 
Amazon/ 
Eastern 
slopes of 
the Andes 

A 

 

Wing 
Size 

FW 
Subspecies F(4,81)=3.70, p=0.007* 

DistGeo F(1,81)=0.13, p=0.71 
Subspecies:DistGeo F(2,81)=0.56, p=0.57 

HW 
Subspecies F(4,72)=1.86, p=0.16 

DistGeo F(1,72)=1.37, p=0.24 
Subspecies:DistGeo F(2,72)=0.78, p=0.46 

FW Subspecies F(4,81)=41.42, p<2.2e-16* 

H. cydno cydnides (50) H. cydno chioneus (4) H. cydno cydno (43) H. cydno waningeri (15) H. cydno lisethae (13) H. cydno hermogenes (7)

H. cydno cordula (17) H. cydno subsp. nov. (2) H_c_weymeri H. cydno zelinde (51) H. cydno weymeri H. cydno weymeri
f. weymeri (51) f. submarginatus (50)** f. gustavi (49)

H. tristero (16) H. timareta florencia (44) H. timareta subsp. nov. (4) H. heurippa (26)H. timareta linaresi (7)
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Wing 
Shape 

DistGeo F(1,81)=3.12, p=0.05 
Subspecies:DistGeo F(2,81)=0.23, p=0.91 

HW 
Subspecies F(4,72)=24.49, p<2.2e-16* 

DistGeo F(1,72)=0.25, p=0.77 
Subspecies:DistGeo F(2,72)=11.30, p=5.08e-8* 



 186 
 

 
Figure S1.10. Comparison of colour pattern between H. erato venus and H. melpomene vulcanus, subspecies exhibiting the red-banded phenotype. Scale 
of predicted values indicates the expression of colour pattern (positive/red: full presence and negative/blue: full absence). Wing elements analysed: red band 
on the dorsal FW (A) and ventral FW (B); yellow bar on the ventral HW (C). MANCOVA test values are in in Table S1.2 – Comparison 2.  

−20 −10 0 10 20

−1
5

−1
0

−5
0

5
10

PC 1  ( 34.6  %)

PC
 2

  (
 1

0.
4 

 %
)

min PC 1 max PC 1

m
ax

 P
C 

2
m

in 
PC

 2

−1.0 −0.5 0.0 0.5 1.0

Predicted

−20 −10 0 10 20

−2
0

−1
5

−1
0

−5
0

5
10

15

PC 1  ( 28.8  %)

PC
 2

  (
 6

.4
  %

)

min PC 1 max PC 1

m
ax

 P
C 

2
m

in 
PC

 2

−1.0 −0.5 0.0 0.5 1.0

Predicted

−10 0 10

−1
0

−5
0

5
10

15
20

PC 1  ( 24.4  %)

PC
 2

  (
 5

.6
  %

)

min PC 1 max PC 1
m

ax
 P

C 
2

m
in 

PC
 2

−1.0 −0.5 0.0 0.5 1.0

Predicted

H_e_venus H_m_vulcanus

B.

A.

C.



 187 
 

 
Figure S1.11. Comparison of colour pattern between H. erato guarica and H. melpomene 
martinae, subspecies exhibiting the red-banded phenotype. Scale of predicted values 
indicates the expression of colour pattern, where positive (positive/red: full presence, and 
negative/blue: full absence). Wing elements analysed: red band on the dorsal FW (A) and 
ventral FW (B). MANCOVA test values are in Table S1.2 – Comparison 3.  
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Figure S1.12. Comparison of colour pattern between H. erato hydara and H. melpomene 
melpomene, subspecies exhibiting the red-banded phenotype. Scale of predicted values 
indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full 
absence). Wing elements analysed: red band on the dorsal FW (A) and ventral FW (B). 
MANCOVA test values are in Table S1.2 – Comparison 4.  
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Figure S1.13. Comparison of colour pattern between H. erato dignus, H. melpomene bellula and H. tristero, subspecies exhibiting the red-banded 
phenotype. Scale of predicted values indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements 
analysed: red band on the dorsal FW (A) and ventral FW (C); yellow bar on the dorsal HW (B) and ventral HW (D). MANCOVA test values are in Table S1.2 – 
Comparison 5.  
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Figure S1.14. Comparison of colour pattern between subspecies of H. melpomene with the red-banded phenotype. Scale of predicted values indicates the 
expression of colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: red band on the dorsal FW (A) and ventral 
FW (C); yellow bar on the dorsal HW (B) and ventral HW (D). MANCOVA test values are in Table S1.2 – Comparison 6. 
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Figure S1.15. Comparison of colour pattern between subspecies of H. erato with the red-banded phenotype. Scale of predicted values indicates the 
expression of colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: red band on the dorsal FW (A) and ventral 
FW (C); yellow bar on the dorsal HW (B) and ventral HW (D). MANCOVA test values are in Table S1.2 – Comparison 7. 
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Figure S1.16. Comparison of colour pattern between H. cydno zelinde, H. eleuchia eleusinus 
and H. sapho chocoensis, subspecies exhibiting the yellow/white phenotype. Scale of 
predicted values indicates the expression of colour pattern (positive/red: full presence, and 
negative/blue: full absence). Wing elements analysed: white band on the dorsal FW (A) and 
ventral FW (B). MANCOVA test values are in Table S1.2 – Comparison 11. 
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Figure S1.17. Comparison of colour pattern between H. cydno wanningeri and H. sapho sapho, subspecies exhibiting the yellow/white phenotype. Scale of 
predicted values indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: white band 
on the dorsal FW (A) and ventral FW (C); white border on the dorsal HW (B) and ventral HW (D). MANCOVA test values are in Table S1.2 – Comparison 12. 
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Figure S1.18. Comparisons of colour pattern between H. cydno chioneus, H. cydno cydno, H. eleuchia eleuchia and H. sapho sapho. Scale of predicted values 
indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: yellow/white band on the 
dorsal FW (A) and ventral FW (C); white border on the dorsal HW (B) and ventral HW (D). MANCOVA test values are in Table S1.2 – Comparison 13. 
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Figure S1.19. Comparison of colour pattern between H. sara magdalena, H. sapho sapho, H. eleuchia eleuchia and H. cydno lisethae, subspecies exhibiting 
the yellow/white phenotype. Scale of predicted values indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full absence). 
Wing elements analysed: yellow/white band on the dorsal FW (A) and ventral FW (C); white border on the dorsal HW (B) and ventral HW (D). MANCOVA test 
values are in Table S1.2 – Comparison 14. 
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Figure S1.20. Comparison of colour pattern between H. cydno cydnides and H. eleuchia eleuchia, subspecies exhibiting the yellow/white phenotype. Scale 
of predicted values indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: split 
band on the dorsal FW (A) and ventral FW (C); white border on the dorsal HW (B) and ventral HW (D). MANCOVA test values are in Table S1.2 – Comparison 
15. 
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Figure S1.21. Comparison of colour pattern between Elzunia humboldt tamasea, H. hecuba tolima and H. cydno hermogenes, subspecies exhibiting the 
yellow/white phenotype. Scale of predicted values indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full absence). 
Wing elements analysed: white/yellow submarginal dots on the dorsal FW (A) and ventral FW (C); yellow bar on the dorsal HW (B) and ventral HW (D). 
MANCOVA test values are in Table S1.2 – Comparison 16.
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Figure S1.22. Comparison of colour pattern between Elzunia humboldt regalis and two races of H. cydno weymeri, exhibiting the yellow/white phenotype. 
Scale of predicted values indicates the expression of colour pattern (positive/red: full presence, and negative/blue: full absence). Wing elements analysed: 
white/yellow submarginal dots on the dorsal FW (A) and ventral FW (B); yellow bar on the dorsal HW (C) and ventral HW (D). MANCOVA test values are in 
Table S1.2 – Comparison 17. 
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CHAPTER 2. REPRODUCTIVE ISOLATION DRIVEN BY PHEROMONES IN 
MIMETIC AND CLOSELY RELATED BUTTERFLIES 

 
Table S2.1. Samples included in the quantification of wing phenotype. A total of 89 individuals 
were used. The wings were obtained from “Colección de Artrópodos de la Universidad del Rosario 
(CAUR229)”. Last column specifies the analysis in which each specimen was used, D, dorsal; V, 
ventral; HW, hindwing; FW, forewing. 

ID Collection ID Wing Scan Taxon Locality Analysis in which the sample was used 
M54 LGE-WS-00351 H. t. florencia Quebrada_Las_Doraditas D-HW; D-FW 
M63 LGE-WS-00349 H. t. florencia Finca_Piñacue D-HW; D-FW; V-HW; V-FW 
M64 LGE-WS-00350 H. t. florencia Finca_Piñacue D-HW; D-FW; V-HW; V-FW 
M244 LGE-WS-00373 H. m. malleti Florencia D-HW; D-FW; V-HW; V-FW 
M253 LGE-WS-00375 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M255 LGE-WS-00326 H. t. florencia Florencia_Sucre  D-HW; D-FW 
M257 LGE-WS-00346 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M259 LGE-WS-00325 H. t. florencia Florencia_Sucre  D-HW; D-FW 
M415 LGE-WS-00397 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M418 LGE-WS-00305 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M426 LGE-WS-00361 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M433 LGE-WS-00390 H. m. malleti Florencia_Sucre V-HW; V-FW 
M434 LGE-WS-00363 H. m. malleti Florencia_Sucre V-HW; V-FW 
M451 LGE-WS-00304 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M462 LGE-WS-00337 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M468 LGE-WS-00383 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M471 LGE-WS-00307 H. t. florencia Florencia_Sucre  D-HW; D-FW;  
M472 LGE-WS-00311 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M474 LGE-WS-00359 H. m. malleti Florencia_Sucre V-HW; V-FW 
M583 LGE-WS-00367 H. m. malleti Florencia  D-HW; D-FW; V-HW; V-FW 
M584 LGE-WS-00357 H. m. malleti Florencia_Sucre D-HW; D-FW 
M587 LGE-WS-00306 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M588 LGE-WS-00310 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M589 LGE-WS-00370 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M590 LGE-WS-00395 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M592 LGE-WS-00394 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M593 LGE-WS-00309 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M594 LGE-WS-00368 H. m. malleti Quebrada_Las_Doraditas D-HW; D-FW; V-HW; V-FW 
M595 LGE-WS-00318 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M596 LGE-WS-00308 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M598 LGE-WS-00377 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M602 LGE-WS-00303 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M606 LGE-WS-00352 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M607 LGE-WS-00317 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M610 LGE-WS-00379 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M611 LGE-WS-00316 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M612 LGE-WS-00319 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
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M614 LGE-WS-00355 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M616 LGE-WS-00334 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M618 LGE-WS-00324 H. t. florencia Florencia_Sucre  D-HW; D-FW 
M620 LGE-WS-00302 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M622 LGE-WS-00332 H. t. florencia Florencia_Sucre  D-HW; D-FW 
M1009 LGE-WS-00333 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1010 LGE-WS-00313 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1016 LGE-WS-00378 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M1074 LGE-WS-00315 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1075 LGE-WS-00314 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1079 LGE-WS-00348 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1084 LGE-WS-00328 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1085 LGE-WS-00329 H. t. florencia Florencia_Sucre  D-HW; D-FW 
M1094 LGE-WS-00330 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1098 LGE-WS-00396 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M1196 LGE-WS-00354 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M1283 LGE-WS-00353 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M1288 LGE-WS-00364 H. m. malleti Florencia_Paraiso V-HW; V-FW 
M1321 LGE-WS-00365 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M1441 LGE-WS-00381 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M1507 LGE-WS-00389 H. m. malleti Florencia_Paraiso V-HW; V-FW 
M1511 LGE-WS-00387 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M1512 LGE-WS-00386 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M1514 LGE-WS-00384 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M1522 LGE-WS-00385 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M1754 LGE-WS-00331 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1757 LGE-WS-00376 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M1758 LGE-WS-00345 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1767 LGE-WS-00391 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M1769 LGE-WS-00343 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1770 LGE-WS-00388 H. m. malleti Florencia_Sucre V-HW; V-FW 
M1771 LGE-WS-00344 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1772 LGE-WS-00321 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1773 LGE-WS-00369 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M1774 LGE-WS-00360 H. m. malleti Florencia_Sucre D-HW; D-FW; V-HW; V-FW 
M1805 LGE-WS-00320 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M1808 LGE-WS-00322 H. t. florencia Florencia_Sucre  D-HW; D-FW 
M1813 LGE-WS-00366 H. m. malleti Quebrada_Las_Doraditas D-HW; D-FW; V-HW; V-FW 
M1814 LGE-WS-00399 H. m. malleti Florencia_Sucre D-HW; D-FW 
M1817 LGE-WS-00323 H. t. florencia Florencia_Sucre  V-HW; V-FW 
M1823 LGE-WS-00356 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M1845 LGE-WS-00362 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M1846 LGE-WS-00336 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M2347 LGE-WS-00393 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M2360 LGE-WS-00374 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M2408 LGE-WS-00382 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M3544 LGE-WS-00358 H. m. malleti Florencia_Paraiso D-HW; D-FW; V-HW; V-FW 
M3765 LGE-WS-00347 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
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M3767 LGE-WS-00339 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M3874 LGE-WS-00341 H. t. florencia Florencia_Sucre  D-HW; D-FW; V-HW; V-FW 
M3875 LGE-WS-00327 H. t. florencia Florencia_Sucre  D-HW; D-FW 
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Table S2.2. Amount (ng) of compounds that remained in the wings of perfumed males before evaporation. I quantified the presence of the 
perfumed applied at the beginning of the experiment, at 1 minute, at 30 minutes and at 60 minutes after spreading the perfume. RI, retention 
index. 

Name RI H. melpomene malleti H. timareta florencia 

Beginning 1 minute 30 minutes 60 minutes Beginning 1 minute 30 minutes 60 minutes 

Unknown 958 0.14 0.26 0.00 0.00 - - - - 

Limonene 1023 - - - - 0.29 0.20 0.00 0.00 

Phenylacetaldehyde 1036 - - - - 0.17 0.00 0.00 0.00 

Alkane 1117 - - - - 2.78 2.82 2.01 1.15 

Unknown 1174 0.20 0.14 0.14 0.41 0.45 2.35 2.20 0.83 

Methyl salicylate 1187 - - - - 1.44 1.37 0.00 0.03 

(Z)-3-Hexenyl 
isobutyrate 

1233 19.22 17.46 0.00 0.00 - - - - 

Hexyl 3-methylbutyrate 1239 53.33 0.00 0.00 0.00 - - - - 

Unknown 1243 0.58 0.30 0.00 0.00 - - - - 

Alkane 1265 - - - - 1.82 0.46 0.00 0.00 

Tridecane 1300 15.16 18.51 15.01 5.62 7.67 7.24 4.64 1.72 

Tetradecane 1302 - - - - 0.67 0.70 0.64 0.62 

5-Decanolide 1369 - - - - 4.80 4.76 4.44 1.16 

a-Copaene 1371 1.31 0.00 0.00 0.00 - - - - 

Dihydroactinidiolide 1391 17.67 17.35 14.13 8.36 14.40 13.25 7.91 6.63 

Unknown 1394 0.90 0.73 0.41 0.00 - - - - 

Ethyl 4-ethoxybenzoate 1402 8.29 9.40 1.03 0.56 12.09 15.41 14.39 14.06 

Homovanillyl alcohol 1412 1.56 1.68 1.16 0.45 0.25 0.00 0.00 0.00 

Methy 4-

hydroxybenzoate 

1449 2.51 2.10 0.00 0.00 - - - - 

Methyl 3,4-
dimethoxybenzoate 

1464 8.97 7.53 5.88 3.25 - - - - 

Unknown 1470 0.92 0.57 0.56 0.30 - - - - 
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Unknown 1488 - - - - 0.11 0.00 0.00 0.00 

Unknown 1495 0.10 0.16 0.12 0.06 - - - - 

Syringaaldehyde 1519 291.80 293.20 280.37 251.10 277.15 263.46 207.00 174.30 

3,5-Dimethoxy 4-

hydroxybenzyl alcohol 

1565 - - - - 7.17 0.00 0.00 0.00 

Propyl 4-

hydroxybenzoate 

1614 - - - - 2.70 0.00 0.00 0.00 

Methyl 1H-indol-3-
carboxylate 

1663 - - - - 0.24 0.28 0.26 0.07 

Unknown 1715 1.22 2.10 0.00 0.64 - - - - 

Unknown 1922 16.56 22.88 21.86 0.80 - - - - 

Hexadecanoic acid 1960 - - - - 1.75 1.46 0.61 0.31 

Eicosane 2000 2.65 1.34 2.17 5.26 2.56 3.27 2.36 1.83 

Octadecanal 2015 1094.90 826.74 202.60 130.10 - - - - 

Isopropyl palmitate 2025 - - - - 1.93 2.62 2.04 1.60 

1-Octadecanol 2076 27.83 34.65 34.44 21.10 26.23 15.28 9.59 0.00 

Isopropyl oleate 2187 - - - - 0.00 0.03 0.00 0.00 

Heneicosene 2088 - - - - 12.30 3.45 0.00 0.00 

Heneicosane 2088 298.84 325.10 287.02 171.70 174.57 193.60 165.48 146.40 

Unknown 2109 - - - - 0.50 0.00 0.00 0.00 

Unknown 2135 1.54 1.99 1.77 0.64 0.20 0.25 0.23 0.11 

Ethyl stearate 2190 - - - - 1.77 1.24 0.00 0.00 

(Z)-11-Eicosenal 2192 231.99 63.82 59.68 32.72 3.86 2.48 0.00 0.00 

Docosane 2200 0.28 4.70 4.41 0.00 - - - - 

Eicosanal 2218 26.43 35.88 31.85 0.00 - - - - 

Tricosene 2270 - - - - 1.13 1.27 1.23 0.56 

Tricosane 2300 27.27 0.00 0.00 0.00 3.36 0.00 0.00 0.00 

(Z)-13-Docosenal 2396 23.67 0.00 0.00 0.00 - - - - 

Unknown 2686 - - - - 0.31 0.32 0.30 0.00 
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Heptacosane 2700 60.12 78.75 79.10 219.00 31.49 30.28 21.81 11.74 

Octacosane 2800 - - - - 0.40 0.00 0.00 0.00 

Hexacosanal 2829 - - - - 0.66 0.00 0.00 0.00 

Nonacosane 2900 25.34 26.21 24.79 0.00 14.03 11.58 2.88 1.34 

13,17-
Dimethylnonacosane 

2960 - - - - 1.83 0.89 0.00 0.00 

Octacosanal 3033 12.51 15.64 13.83 0.00 28.55 24.31 11.60 1.18 

Hentriacontane 3100 58.10 53.88 47.26 0.00 115.60 65.82 18.58 15.55 

Cholesterol 3120 286.19 229.63 128.30 0.00 236.60 92.43 87.18 38.70 

2-Eicosyl-5-
nonyltetrahydrofuran 

3121 - - - - 3.89 0.00 0.00 0.00 

13,17-
Dimethylhentriacontane 

3358 12.95 10.76 1.64 0.00 3.93 2.65 1.74 0.00 
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Figure S2.1. Amount (ng) of compounds that remained in the wings of perfumed males 
before evaporation. I quantified the presence of the perfume applied at the beginning of the 
experiment, at 1 minute, at 30 minutes and at 60 minutes after spreading perfume. (A) 
Octadecanal; (B) Heneicosane; (C) Syringaldehyde; (D) Z-11-Eicosanal. The blue line 
represents the pattern present in H. m. malleti and red line represents H. t. florencia.  
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CHAPTER 3. MATE PREFERENCE AND PHEROMONE COMPOSITION IN A PAIR OF CLOSELY RELATED AND 
MIMETIC SPECIES OF THE GENUS Heliconius 

 
 
Table S3.1. Compounds identified in wing androconia’s extracts of H. melpomene malleti, H. timareta florencia, F1 and backcross. RI, retention 
index. Mean ± SD amounts in ng. 

Name RI H. melpomene malleti H. timareta florencia F1 Backcrosses 

Mean ± SD Mean ± SD Mean ± SD Mean± SD 

Unknown 902 - - 3.80 ± 4.91 0.78 ± 1.60 

Dimethyl sulfone 916 - - 0.76 ± 1.33 0.50 ± 1.99 

Unknown 958 0.13 ± 0.76 0.43 ± 1.69 7.15 ± 4.04 11.25 ± 5.68 

Limonene 1023 - 0.28 ± 0.52 - - 

Phenylacetaldehyde 1036 - 0.16 ± 0.77 - - 

Unknown 1037 - - 1.50 ± 2.40 1.16 ± 1.85 

Nonanal 1100 0.58 ± 1.51 1.47 ± 2.94 3.67 ± 4.97 - 

Alkane 1117 - 2.91 ± 5.72 - - 

Unknown 1174 - 0.06 ± 3.09 - - 

Methyl salicylate 1187 2.44 ± 2.51 1.39 ± 1.99 - - 

Decanal 1200 - - 3.20 ± 8.32 - 

(Z)-3-Hexenyl isobutyrate 1233 19.21 ± 14.04 - - - 

Hexyl 3-methylbutyrate 1239 53.33 ± 144.25 - - - 

Alkane 1265 - 1.76 ± 9.72 - - 

Tridecane 1300 15.16 ± 12.07 8.15  ± 9.15 - - 

Tetradecane 1302 - 0.92 ± 2.54 - - 

5-Decanolide 1369 - 4.65 ± 5.40 1.06 ± 1.88 0.12 ± 0.64 

a-Copaene 1371 1.31 ± 1.88 - - - 

Dihydroactinidiolide 1391 17.67 ± 11.54 13.96 ± 15.69 1.71 ± 1.84 0.93 ± 2.02 

Ethyl 4-ethoxybenzoate 1403 8.28 ± 6.87 12.12 ± 16.23 8.28 ± 5.88 5.65 ± 6.65 
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Homovanillin alcohol 1413 1.55 ± 2.93 0.249 ± 0.78 0.27 ± 0.53 0.12 ± 0.47 

6,10-Dimethyl 5,9-undecadien-2-one 1447 2.64 ± 3.10 - - - 

Methy 4-hydroxybenzoate 1449 2.51 ± 4.83 - - - 

Methyl 3,4-dimethoxybenzoate 1465 8.97 ± 18.25 - - - 

Unknown 1470 0.19 ± 0.50 - - 0.33 ± 0.65 

Unknown 1488 - 0.09 ± 0.46 - - 

Unknown 1495 - - 0.06 ± 0.22 - 

Syringaaldehyde 1519 291.8 ± 234.84 268.75 ± 285.36 56.11 ± 62.01 34.18 ± 50.06 

3,5-Dimethoxy-4-hydroxybenzyl alcohol 1565 - 6.95 ± 36.05 - - 

Propyl 4-hydroxybenzoate 1614 - 3.02 ± 5.43 - - 

Methyl 1H-indol-3-acetate 1663 - 0.23 ± 0.75 - - 

Unknown 1715 0.89 ± 1.51 - 2.60 ± 3.14 1.57 ± 1.77 

Unknown 1765 - 0.30 ± 0.89 0.19 ± 0.53 - 

Macrolide 1769 - - - 0.92 ± 4.01 

Unknown 1795 - 3.72 ± 20.66 0.16 ± 0.40 - 

Hexadecanoic acid 1826 - 2.76 ± 8.24 - - 

Unknown 1873 - - 0.14 ± 0.48 1.64 ± 4.85 

Unknown 1923 16.56 ± 14.99 - - - 

Unknown 1929 0.57 ± 2.42 - 1.02 ± 1.39 - 

Octadecanal 2015 1094.91 ± 519.64 1.40 ± 5.84 19.25 ± 35.04 1.86 ± 5.38 

Isopropyl palmitate 2025 - 1.86 ± 6.02 - 3.00 ± 8.28 

1-Octadecanol 2076 27.83 ± 33.07 29.85 ± 138.42 2.82 ± 6.48 - 

Heneicosene 2079 0.47 ± 1.90 26.80 ± 104.03 5.97 ± 18.76 4.22 ± 11.20 

Heneicosane 2085 298.83 ± 335.05 174.57 ± 225.37 132.51 ± 102.24 125.07 ± 122.00 

Unknown 2109 0.91 ± 4.15 - 0.28 ± 0.72 0.37 ± 0.86 

Unknown 2135 1.53 ± 4.23 - - - 

Ethyl stearate 2190 - 1.71 ± 3.18 - 0.05 ± 0.19 

(Z)-11-Eicosenal 2198 231.98 ± 255.99 4.39 ± 11.48 22.25 ± 20.38 3.75 ± 9.35 

Docosane 2200 - 0.19 ± 0.92 1.75 ± 3.75 0.36 ± 0.86 

Eicosane 2200 2.63 ± 5.25 3.43 ± 7.06 0.10 ± 0.35 0.23 ± 0.56 
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Eicosanal 2219 43.43 ± 53.98 - 1.46 ± 3.12 - 

Unknown 2088 - 1.93 ± 11.14 - - 

Tricosene 2280 - 2.84 ± 16.35 0.20 ± 0.68 - 

Tricosane 2300 27.27 ± 151.83 8.46 ± 31.72 - - 

Unknown 2321 0.10 ± 0.57 - - 0.98 ± 2.78 

(Z)-13-Docosenal 2396 23.66 ± 68.98 - 0.62 ± 2.08 - 

Unknown 2687 - 0.39 ± 2.25 0.43 ± 1.44 - 

Heptacosane 2700 56.11 ± 73.64 12.16 ± 39.18 23.78 ± 17.25 36.12 ± 30.35 

Methylheptacosane 2733 15.88 ± 26.13 12.42 ± 39.54 4.24 ± 6.31 6.34 ± 15.06 

Unknown 2794 1.21 ± 3.23 - 0.15 ± 0.52 21.78 ± 69.18 

Octacosane 2800 - 2.63 ± 15.11 - - 

Hexacosanal 2826 - 5.20 ± 26.32 - - 

Nonacosane 2900 25.34 ± 41.2 13.60 ± 25.45 31.43 ± 23.85 31.24 ± 38.05 

13,17 Dimethylnonacosane 2957 - 1.77 ± 4.84 7.26 ± 7.19 1.17 ± 3.04 

Octacosanal 3024 12.50 ± 21.93 28.82 ± 52.43 28.71 ± 28.59 23.6 ± 24.67 

Hentriacontane 3100 58.09 ± 100.82 118.43 ± 206.82 88.60 ± 39.46 52.32 ± 32.19 

Cholesterol 3119 286.19 ± 445.59 250.36 ± 219.16 218.74 ± 95.74 204.56 ± 135.52 

13,17-Dimethylhentriacontane 3156 12.95 ± 28.21 3.81 ± 17.50 18.13 ± 17.65 4.16 ± 8.97 

2-Eicosyl-5-heptyltetrahydrofuran 3179 97.19 ± 257.04 - - - 

2-Eicosyl-5-nonyltetrahydrofuran 3380 10.11 ± 56.30 4.69 ± 13.95 - 1.44 ± 7.23 
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Table S3.2. Compounds identified in extracts of abdominal glands’ extracts of males of H. melpomene malleti, H. timareta florencia, F1 and 
backcross. RI, retention index. Mean ± SD amounts in ng. 

Name RI 
H. melpomene malleti H. timareta florencia F1 Backcrosses 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Unknown 902 - 1.58 ± 3.99 7.08 ± 5.85 13.70 ± 12.24 

Dimethyl sulfone 916 - 0.34 ± 1.22 - - 

(Z)-b-Ocimene 1037 366.56 ± 500.54 - 142.08 ± 270.49 34.18 ± 75.04 

Phenylacetonitrile  1039 - 62.59 ± 95.31 - - 

(E)-b-Ocimene 1048 12831.60 ± 8067.12 - 2247.58 ± 3047.13 78.92 ± 243.28 

2-sec-Butyl-3-methoxypyrazine 1170 - 74.80 ± 91.67 12.45 ± 16.86 55.28 ± 34.86 

2-Isobutyl-3-methoxy pyrazine 1177 0.02 ± 0.11 - 1.26 ± 1.51 2.43 ± 3.94 

Methyl salicylate 1187 - 0.12 ± 0.54 1.74 ± 1.28 1.27 ± 1.68 

Dihydroedulan II 1284 43.92 ± 40.09 5.52 ± 14.98 1.82 ± 2.26 - 

Tridecane 1300 1.33 ± 1.91 0.44 ± 0.87 - - 

Nonadecane 1302 554.93 ± 1403.34 721.14 ± 3082.59 - - 

5-Decanolide 1369 0.42 ± 2.24 0.18 ± 1.03 - - 

a-Copaene 1371 0.02 ± 0.14 2.53 ± 6.81 - - 

Dihydroactinidiolide 1391 0.09 ± 0.48 21.34 ± 120.35 - - 

Unknown 1395 264.14 ± 333.29 622.68 ± 661.95 122.10 ± 124.78 47.67 ± 66.71 

Ethyl 4-ethoxybenzoate 1403 8.81 ± 7.73 18.26 ± 40.40 9.51 ± 6.44 6.02 ± 7.69 

Homovanillin alcohol 1413 1.43 ± 2.86 1.40 ± 4.25 0.18 ± 0.48 1.38 ± 2.72 

Unknown 1542 0.18 ± 1.00 0.49 ± 2.54 3.83 ± 5.72 0.55 ± 1.05 

Heptadecane 1700 155.78 ± 602.03 0.13 ± 0.76 0.24 ± 0.82 - 

Benzyl salicylate 1708 0.34 ± 0.84 - - - 

Unknown 1712 - 23.37 ± 69.08 0.76 ± 1.33 - 

Tetradecanolide 1721 5.86 ± 14.98 30.18 ± 62.64 40.03 ± 48.57 9.77 ± 15.12 

 Macrolide 1726 - 3.14 ± 6.25 - - 

Macrolide 1734 - 13.31 ± 25.54 - - 

Unknown 1764 6.86 ± 14.56 11.54 ± 20.45 - - 
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Unknown 1771 - 1.06 ± 3.42 32.52 ± 50.73 - 

Macrolide 1773 0.5423 ± 2.86 0.81 ± 2.44 - 0.34 ± 1.78 

Macrolide 1806 - 1.75 ± 6.20 - - 

Hexadecen-11-olide 1819 - 12.32 ± 16.05 - - 

Macrolide 1823 32.10 ± 32.03 26.36 ± 36.51 - - 

Hexadecenolide 1857 11.18 ± 24.31 126.3 ± 214.21 6.04 ± 11.35 13.09 ± 23.92 

Macrolide 1923 6.98 ± 36.97 2.85 ± 10.88 - 0.45 ± 2.33 

Heptadecanal 1923 - - 8.64 ± 12.30 12.93 ± 22.66 

16-Hexadecanolide 1924 - 124.38 ± 160.04 4.16 ± 11.61 - 

Brassicalactone 1960 - 278.62 ± 496.97 11.79 ± 22.16 20.40 ± 50.00 

Octadecenolide 2002 2.26 ± 9.61 242.74 ± 436.73 5.09 ± 7.11 11.28 ± 22.48 

Isopropyl palmitate 2025 2.17 ± 9.03 75.63 ± 183.90 8.99 ± 13.25 11.63 ± 32.00 

(Z)-9-Octadecen-11-olide 2032 4.33 ± 10.11 841.29 ± 1138.35 319.30 ± 450.38 985.96 ± 1393.24 

(Z)-9-Octadecen-13-olide 2038 221.76 ± 278.84 1933.83 ± 2671.28 544.38 ± 452.76 1779.89 ± 1709.61 

12-Octadecanolide 2051 - 3.13 ± 7.20 0.54 ± 1.29 0.61 ± 2.44 

Macrolide 2056 0.8512 ± 2.40 0.19 ± 1.12 - - 

(E)-Octadec-9-en-12-olide 2057 - 64.11 ± 79.56 - 25.10 ± 123.85 

Macrolide 2058 5.31 ± 10.70 11.75 ± 22.80 3.83 ± 5.72 0.55 ± 1.05 

Isopropyl octadecanoate 2063 5.57 ± 16.87 277.67 ± 399.88 - - 

(Z9,E11)- Octadeca-9,11-dien-13-olide 2069 0.06 ± 0.35 1417.08 ± 3035.70 2.66 ± 7.33 165.54 ± 258.28 

11-Octadecanolide 2070 - 29.81 ± 101.85 36.17 ± 31.27 47.18 ± 166.82 

Isopropyl linoleate 2073 2.53 ± 7.92 929.63 ± 1218.84 - - 

1-Octadecanol 2076 116.92 ± 160.41 67.52 ± 138.34 16.10 ± 32.72 - 

Henicosene 2079 28.17 ± 40.01 20.59 ± 25.93 16.14 ± 15.61 327.90 ± 762.56 

Heneicosane 2085 2122.79 ± 1879.48 1176.11 ± 2609.26 531.93 ± 392.53 610.33 ± 960.01 

Octadecen-18-olide 2123 0.27 ± 1.47 15.88 ± 45.96 18.74 ± 29.46 20.29 ± 30.55 

Isopropyl octadecadienolate 2130 1.67 ± 6.25 99.43 ± 369.98 - - 

17-Octadecanolide 2136 - 25.34 ± 143.36 109.12 ± 263.67 149.48 ± 501.09 

9-Octadecen-18-olide 2138 44.04 ± 122.04 159.13 ± 217.98 152.97 ± 190.59 190.42 ± 325.61 

18-Octadecanolide 2158 - - 6.56 ± 2.35 - 
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Ethyl oleate 2165 377.55 ± 474.37 606.93 ± 733.31 101.26 ± 172.42 0.34 ± 1.78 

Octadecadienolide 2171 29.60 ± 71.78 700.86 ± 919.28 598.20 ± 448.49 1413.63 ± 1228.55 

Butyl hexadecanoate 2186 9.05 ± 13.25 122.77 ± 197.54 28.75 ± 61.82 46.27 ± 79.45 

Isopentyl octadecadienoate 2189 - 402.28 ± 1692.33 32.41 ± 48.63 25.33 ± 53.00 

Isopropyl oleate 2196 969.26 ± 828.53 7715.08 ± 6651.53 2070.673 ± 1733.78 3285.38 ± 4207.11 

Docosane 2200 3.00 ± 7.09 39.28 ± 124.92 6.32 ± 13.64 1.74 ± 4.54 

Eicosane 2200 1.04 ± 3.16 1354.90 ± 1833.53 12.15 ± 27.11 10.83 ± 11.16 

Ester 2209 17.85 ± 27.85 115.71 ± 162.59 - - 

Eicosanal 2219 0.42 ± 2.24 1.05 ± 5.98 0.48 ± 1.60 0.70 ± 3.36 

Unknown 2248 8.56 ± 20.40 19.21 ± 26.10 0.39 ± 1.29 0.23 ± 1.18 

13-Eicosanolide 2252 - 6.53 ± 18.44 33.26 ± 62.74 40.95 ± 71.75 

Tricosene 2280 23.00 ± 33.65 45.26 ± 73.63 19.37 ± 23.37 30.76 ± 45.55 

Isobutyl oleate 2297 243.89 ± 916.10 883.52 ± 1294.80 146.69 ± 205.08 51.79 ± 163.49 

Tricosane 2300 168.89 ± 166.76 191.35 ± 273.22 61.88 ± 84.02 59.88 ± 67.54 

2-Heneicosanol 2310 - 196.39 ± 488.74 7.84 ± 26.02 - 

11-Icosenol 2317 11.18 ± 19.08 1260.80 ± 4099.99 2.66 ± 6.30 2.09 ± 5.97 

Butyl oleate 2359 539.28 ± 615.35 2633.57 ± 3949.56 1805.67 ± 1680.41 3411.09 ± 4616.37 

Hexenyl hexadecanoate 2379 - 12.53 ± 29.20 4.44 ± 10.55 10.27 ± 14.82 

Tetracosane 2405 15.69 ± 68.45 104.19 ± 513.61 1.60 ± 5.31 - 

1,3-Eicosanediol 2409 0.08 ± 0.32 17.25 ± 42.61 - - 

Macrolide 2417 2.324 ± 8.02 2.17 ± 11.45 0.76 ± 1.33 - 

Macrolide 2418 2.318 ± 3.72 11.22 ± 16.59 19.73 ± 37.04 63.50 ± 97.01 

Isoprenyl octadec-11-enoate 2433 - 92.19 ± 313.63 - - 

Unknown 2434 5.90 ±17.08 17.35 ± 51.73 0.39 ± 1.29 0.23 ± 1.18 

(Z)-13-Docosen-1-ol 2461 87.02 ± 176.14 297.51 ± 425.23 39.84 ± 63.69 26.27 ± 71.84 

Macrolide 2475 - - 26.80 ± 44.29 58.17 ± 102.54 

1- Docosanol 2488 37.55 ± 57.04 140.36 ± 331.25 108.25 ± 126.81 137.70 ± 162.27 

Pentacosane 2500 136.3 ± 141.58 206.84 ± 803.27 33.49 ± 39.19 30.39 ± 37.85 

Tricosenol 2514 - 17.94 ± 38.29 - - 

11-Methylpentacosane 2532 48.70 ± 52.49 7.45 ± 22.8 - - 
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Docosan-22-olide 2537 - 92.32 ± 117.00 38.40 ± 69.37 - 

Hexyl octadecadienoate 2538 - 11.25 ± 35.99 7.01 ± 23.26 22.09 ± 37.33 

Hexyl octadecenoate and Hexenyl octadecenoate 2553 114.56 ± 243.75 679.70 ± 974.09 586.15 ± 580.31 1173.90 ± 1111.75 

Hexenyl octadecatrienoate and Hexenyl 

octadecatrienoate 
2555 - 16.35 ± 41.97 41.83 ± 96.64 157.85 ± 196.27 

Benzyl hexadecanoate 2571 - 12.51 ± 26.71 1.20 ± 4.00 1.10 ± 4.26 

Hexenyl octadecanoate 2580 6.08 ± 16.75 4.99 ± 9.47 1.53 ± 2.67 2.33 ± 5.92 

Hexyl octadecanoate 2594 0.743 ± 3.93 81.33 ± 95.56 25.69 ± 38.66 68.48 ± 95.79 

Hexacosane 2601 5.54 ± 11.89 179.42 ± 1012.18 6.31 ± 15.96 - 

Tetracosenol 2666 205.96 ± 239.41 220.54 ± 319.25 439.32 ± 530.86 405.506 ± 481.61 

1-Tetracosanol 2691 9.04 ± 21.35 47.67 ± 116.63 138.60 ± 309.57 45.47 ± 73.74 

Heptacosane 2700 19.83 ± 47.97 225.04 ± 1162.37 98.30 ± 85.46 129.81 ± 143.60 

Tetracosenolide 2735 2.96 ± 7.36 42.87 ± 56.81 33.63 ± 55.08 59.24 ± 128.91 

1,3-Tetracosanediol* 2811 - - 58.20 ± 120.24 8.24 ± 19.93 

Unknown 2869 8.19 ± 19.09 0.29 ± 1.51 3.56 ± 9.01 3.15 ± 16.12 

Unknown 2871 8.43 ± 28.03 28.60 ± 49.18 - - 

Nonacosane 2900 1.57 ± 6.43 167.65 ± 924.25 15.15 ± 19.06 20.82 ± 35.97 

13,17-Dimethylnonacosane 2957 - 32.82 ± 147.47 43.77 ± 115.55 6.94± 20.82 

Cholesterol 3119 192.05 ± 273.18 153.25 ± 263.26 617.34 ± 599.42 700.25 ± 647.53 

Unknown 3147 0.08 ± 0.33 0.68 ± 3.85 6.26 ± 16.19 - 

13,17-Dimethylhentriacontane 3156 153.09 ± 173.73 395.95 ± 485.06 438.67 ± 328.29 349.94 ± 422.70 

2-Nonyl-5-octadecyltetrahydrofuran 3177 0.08 ± 0.33 0.20 ± 0.82 22.65 ± 57.78 - 

Campesterol or Ergostenol 3207 1.42 ± 5.61 7.37 ± 17.36 16.35 ± 21.95 56.38 ± 120.37 

13,17-Dimethyltritriacontane 3348 24.37 ± 39.54 42.23 ± 105.73 93.10 ± 75.05 64.86 ± 88.28 

2-Eicosyl-5-nonyltetrahydrofuran 3380 14.77 ± 35.28 20.68 ± 48.38 63.61 ± 50.82 39.84 ± 72.41 
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Figure S3.1. Species differences in male androconial extracts. Chromatogram of extract of androconial region from (A) H. timareta florencia and 
(B) H. melpomene malleti. IS, internal standard (2-tetradecyl acetate); 1, dihydroactinidiolide; 2, syringaldehide; 3, unknown; 4, henicosane; 5, 
octadecanal
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Figure S3.2. Cluster analysis based on Euclidian distance of compound composition in the wing 
androconia of males of H. m. malleti, H. t. florencia, F1 and BC. Compounds highlighted in red 
are the most abundant.  
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Figure S3.3. Chromatogram patterns obtained from androconial extracts of hybrid F1 and backcross males. (A) F1 individuals and (B) backcross 
individuals. IS, internal standard (2-tetradecyl acetate); 1, dihydroactinidiolide; 2, syringaldehyde; 3, unknown; 4, henicosane; 5, octadecanal 
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Figure S3.4. Chromatogram pattern of the abdominal gland bouquet of males. (A) H. timareta florencia and (B) H. melpomene malleti. IS, internal 
standard (2-tetradecyl acetate); 1, eicosane; 2, (Z)-9-octadecen-11-olide; 3, heneicosane; 4, ethyl oleate; 5, isopropyl oleate; 6, isopropyl 
octadecanoate; 7, butyl oleate; 8, β-ocimene; 9, henicosene. 
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Figure S3.5. Cluster analysis based on Euclidian distance of the compound composition of the 
wing androconia of males of H. m. malleti, H. t. florencia, F1 and BC. Compounds highlighted in 
red are the most abundant. 
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Figure S3.6. Chromatogram patterns obtained from abdominal gland bouquet of F1 and backcross males. (A) F1 individuals and (B) backcross individuals. IS, internal 
standard (2-tetradecyl acetate); 1, eicosane; 2, (Z)-9-octadecen-11-olide; 3, heneicosane; 4, ethyl oleate; 5, isopropyl oleate; 6, isopropyl octadecanoate; 7, butyl oleate; 8, 
β-ocimene; 9, henicosene. 
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