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ABSTRACT 

Combined data approach is used to establish a phylogeny of the bee subgenus Chilicola 

(Hylaeosoma) Ashmead 1898 (Colletidae: Xeromelissinae). Results of phylogenetic analyses are 

presented, based upon 92 morphological characters and 3 wing landmark shape configurations. 

Monophyly of the subgenus is supported. Chilicola longiceps Ashmead 1898 is grouped with 

megalostigma morphogroup and renders longiceps morphogroup paraphyletic. Two C. 

(Hylaeosoma) fossils are nested within the tree with C. electrodominica Engel 1999 occupying a 

more derived position than C. gracilis Michener and Poinar 1995. Effectiveness and reliability of 

continuous characters is discussed and compared to other methods. Seven new species are 

described: Chilicola (Hylaeosoma) herberti Miklasevskaja sp. nov., Chilicola (Hylaeosoma) 

rufotergata Miklasevskaja sp. nov., Chilicola (Hylaeosoma) paveli Miklasevskaja sp. nov., 

Chilicola (Hylaeosoma) liudmilae Miklasevskaja sp. nov., Chilicola (Hylaeosoma) boyacense 

Miklasevskaja sp. nov., Chilicola (Hylaeosoma) boliviana Miklasevskaja sp. nov., Chilicola 

(Hylaeosoma) lambayequense Miklasevskaja sp. nov..  
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INTRODUCTION 

Bees (Apoidea) constitute a monophyletic group that arose from apoid wasps (Michener 

1979, Melo 1999, Engel 2001, Ohl and Bleidorn 2006, Danforth and Poinar 2011, Branstetter et 

al. 2016). This transition was at large promoted by a shift in feeding habits from animal food 

sources to pollen as a main source of protein (Michener 1979, Engel 2001). While monophyly of 

Apoidea has been long agreed on (Brothers 1999, Branstetter et al. 2016), the phylogeny within 

the bee lineage itself has been rather controversial (Roig-Alsina and Michener, 1993, Alexander 

and Michener 1995, Danforth et al. 2006, Brady et al. 2011, Debevec et al. 2012, Hedtke 2013, 

Branstetter et al. 2016).  

Traditionally, bees are separated into long-tongued and short-tongued families (Michener 

1979). Short-tongued bees are defined by a glossa that is longer than the mentum and generally 

with the labial palpomeres similar to one another, whereas the mentum is longer in the long-

tongued bees which have the first two labial palpomeres much longer than the apical two which 

are at right angle to the first two. In the total of seven recognized bee families, five are short-

tongued: Colletidae, Stenotritidae, Halictidae, Andrenidae, Mellitidae; and two are long-tongued: 

Apidae and Megachilidae (Michener 2007).  For most of the history of bee classification, 

mouthparts served as evidence of early ancestry of the Colletidae, marked by its bifid wasp-like 

glossa (Engel 2001). This notion formed the classical view of bee evolution in which the bifid 

glossa was thought to be homologous with that of the apoid wasps (Michener 1944).  

While some phylogenies derived from morphological data suggest antiquity of Colletidae 

(Alexander and Michener 1995), more recently, molecular data rather consistently hypothesizes 

Melittidae as being the earliest bee lineage, which renders Colletidae as a more derived family 
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(Danforth et al. 2006, Brady et al. 2011, Debevec et al. 2012, Hedtke 2013, Branstetter et al. 

2016).  

Since almost all bees are entirely dependent on angiosperms for their food source (pollen, 

nectar and sometimes oil), it is thought they have either coevolved with or arose after 

angiosperms which originally were primarily pollinated by beetles (Grimaldi 1999, Cardinal and 

Danforth 2013). Angiosperm biogeography studies reveal that by the end of the Cretaceous 

angiosperm diversity had increased to such extent that their pollination was likely aided by bees. 

Some forms present at that time (e.g. Myrtaceae) are in families and genera that are now 

primarily pollinated by bees (Cardinal and Danforth 2013). More recently, there has been 

evidence of an earlier rise of bees, dating to the late Lower Cretaceous and coinciding with the 

diversification of eudicots (Engel and Rightmyer 1996, Engel 2001, Michener 2007, Cardinal 

and Danforth 2013).  

The fossil record of bees is generally scarce and mostly limited to the Tertiary period, with 

most of the material covering Eocene and Miocene epochs (Michez et al. 2012), with a couple of 

recent fossil discoveries that date back to the early to late Cretaceous. One of these is a 

meliponine bee preserved in the Maastrichtian-aged Raritan amber, phylogenetic analysis of 

which suggests that the tribe of the fossil dates to at least the late Cretaceous (Michener and 

Grimaldi 1988, Cardinal and Packer 2007, Dehon et al. 2014). Whereas the other – more recent 

discovery of a new bee family, Melittosphecidae, in Burmese amber, has set a new minimum 

date for antiquity of bees to the early Cretaceous (Poinar and Danforth, 2006). Ohl and Engel 

(2007) argued this, suggesting that the specimen might be a predatory wasp, whereas Danforth 

and Poinar (2011) identify it as a transitional specimen relating closer to bees and linking bees 

with crabronid wasps. 
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Unlike trilobites, for which there is an impressive fossil record, representation of antique 

bees and insects in general contains many gaps (Michez et al. 2012). Even within Apoidea the 

fossil record is inconsistent among families and is biased towards certain groups. To date, there 

is fossil evidence for five bee families: Apidae, Megachilidae, Andrenidae, Haclictidae and most 

recently, Colletidae (Engel 2001, Poinar and Danforth 2006, Michez et al. 2008, Michez et al. 

2012, Dehon et al. 2014, Dehon et al. 2017). In addition to geographical distribution of bees, 

feeding and nesting habits play a crucial role in the likelihood of an animal being preserved. 

Resin-collecting corbiculate bees (Apidae), for example, have an impressive representation in 

amber fossils, 61% of all described bee fossils belong to this group (Michez et al. 2012). 

Conversely, the likelihood of stem-nesting bees, such as some Colletidae, being preserved in 

carbonaceous film (carbon residue imprint of the fossil on the rock) or amber is low. Hence, the 

improbable discovery of the first two C. (Hylaeosoma) (Colletidae) amber fossils (Engel 1999) 

gave ground for exciting and novel study opportunities for the study of Colletidae and bees in 

general.  

Apart from helping infer phylogenetic relationships, fossils are useful in extracting other 

essential information. Until recent developments in molecular phylogenetics and other analytical 

methods, fossils were used in determining the direction of character change and in detecting 

instances of convergence (Hennig 1966, Engel 2001). Now, in combination with molecular data, 

fossils are used to calibrate phylogenetic timelines produced by molecular data (Danforth et al. 

2006). However, molecular phylogenies alone are only capable of providing relative timelines 

computed by Bayesian statistical models. It is the fossils that can place an absolute date on those 

timelines and calibrate the phylogeny accordingly (Donoghue et al. 1989).  
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Despite the recent exponential growth in the ability to acquire vast amounts of DNA to 

infer phylogenies from genome-scale datasets, traditional morphological phylogenetic methods 

remain essential for integrating fossils into phylogenetic analyses to estimate the timing of 

evolutionary events (Dunn et al. 2008). For this reason, morphological data allows for integration 

of extinct taxa into trees along with the living taxa, uncovering past diversification events 

generally inaccessible to genomics (Dunn et al. 2008). Even though phylogenomics generate 

trees that are fully resolved and well-supported, and arguably are viewed as the most powerful 

and efficient ways of constructing evolutionary trees for living organisms, it is the combined 

molecular and morphological information of extant and living taxa that is necessary for a 

comprehensive understanding of evolution (Donoghue et al. 1989).  

Multiple methods have been developed that use combined molecular data with 

morphological and/or temporal data of fossils to transform undated molecular tree topologies 

into dated evolutionary trees. The three methods are node-dating, tip-dating and birth-death ratio 

(Arcila et al. 2015, Ronquist e al. 2012, Heath et al. 2014). The methods vary by the number of 

fossils than can be used and the extent of fossil integration into the analyses, ranging from 

extrapolation of only the age of the fossil, to incorporating morphological data to infer the 

placement of the fossil in the phylogeny and simultaneously calibrating all the nodes in the tree 

(Arcila et al. 2015, Pyron 2011, Ronquist e al. 2012, Heath et al. 2014). All of the above methods 

are still used to accommodate the differences in available information and study designs.  For 

example, Praz and Packer (2014) used node-dating to produce a dated phylogeny for the Eucerini 

and related tribes, this was the preferred method because the generic or tribal placement of the 

only available eucerine fossil could not be confirmed.  
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Grimaldi (1999) summarized numerous studies that demonstrated successful estimation of 

date ranges for nodes of various insect groups by incorporating fossil taxa into phylogenetic 

analyses. He focused on studies examining phylogenetic relationships of early pollinators such as 

some Hymenoptera (Apoidea) and most Diptera and Lepidoptera – concluding early to mid-

Cretaceous, upper Jurrassic and lower to mid-Jurrassic origins, respectively. An earlier study 

using modern molecular clock dating methods to determinate origins of various insect groups 

arrived at a similar conclusion for Lepidoptera, but estimated an earlier date for Diptera, affected 

by the discovery of a Central Asian Triassic dipteran (Shcherbakov 1995), with which molecular 

data still accords (Gount and Miles 2002). Another study incorporating fossil and molecular data 

of halictids arrived at a similar conclusion of bee divergence in the Cretaceous (Danforth et al. 

2004).  

As previously noted, some fossils are preserved in ways that limit the number of visible or 

accessible characters - providing insufficient evidence for forming well-supported phylogenetic 

relationships. This is especially an issue with carbonaceous films - where usually only a partial 

two-dimensional imprint of an animal is available, and is less so with inclusion fossils, such as in 

chert, onyx, gypsum and amber – where generally an entire animal or a portion of one is 

preserved in three dimensions. One of the solutions for maximizing the phylogenetic data from 

such fossils is to use geometric morphometrics. This approach uses information on spatial 

covariation among landmarks (Rohlf and Marcus 1993). Geometric morphometrics is especially 

practical for wing venation characters, as for the most part, these are well preserved in fossils and 

provide easily distinguishable two-dimensional landmarks at vein interceptions and terminations. 

Combination of qualitative morphological characters, which are usually limited in fossils, and 
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quantitative morphometrics data, can collectively provide sufficient evidence for the fossil taxa 

to be used to infer dated phylogenies (Eernisse and Kluge 1993). 

Only recently have C. (Hylaeosoma) fossils been incorporated into studies looking at 

Colletidae evolution, and were only utilized for node-dating (assigning minimum age to the node 

based on the age of a single fossil) (Almeida et al. 2011, Cardinal and Danforth 2013, Kayaalp et 

al. 2017). One of these studies looked at Colletidae biogeography and diversification rates of the 

family (Almeida et al. 2011). Integration of fossils in this study was imprecise for two reasons: 

first, the lack of C. (Hylaeosoma) DNA complimenting the fossil evidence; and second, the lack 

of the placement of fossils within the phylogeny; both needed for a comprehensive, precise 

calibration of the tree. This thesis serves to correct the second issue by placing fossils within the 

phylogenetic tree along with extant taxa. 

Chilicola Spinola, 1851 is a diverse neotropic genus of small, 3-9 mm long, hylaeiform, 

stem-nesting bees (Michener 2007). The genus consists of 105 species (Ascher and Pickering 

2016), classified into 15 subgenera (Packer 2008), with the most recent addition of seven new 

species from Chile (Monckton 2016).  The subgenus Chilicola (Hylaeosoma) Ashmead, 1900 

consists of 19 described species, plus an additional 7 described herein, ranging from northeastern 

Mexico to southern Peru, and is the only subgenus of Chilicola to inhabit the Caribbean. 

Notably, C. (Hylaeosoma) contains the only two fossils known for its family - Colletidae, 

preserved in Oligo-Miocene Dominican Amber (15-20 Ma; Michener and Poinar 1996, Engel 

1999). Chilicola (Hylaeosoma) was originally described as a genus based upon H. longiceps 

Ashmead, 1900 from Saint Vincent and the Grenadines, and only comparatively recently 

recognized as belonging within Chilicola by Michener (1995).  
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The species of C. (Hylaeosoma) have unusually slender bodies, 4.5 to 8.0 mm long, and for 

most part lack yellow markings or only show yellow on basal and apical tarsal extremities or on 

the clypeus of the males (Michener, 2007). It can be differentiated from other Chilicola by the 

stigma extending beyond the apex of the second submarginal cell and an elongate lateral 

intercoxal area not associated with a strongly modified hind leg (Packer, 2008). C. (Hylaeosoma) 

is generally subdivided into two species groups based on morphology: the longiceps and 

megalostigma species groups (Michener, 2002). Members of the longiceps group lack a 

preoccipital carina, have more-or-less round heads and dull integument. The megalostigma group 

contains bees with elongate heads, a strong preoccipital carina and shiny integument; they are 

also generally more slender than bees of the longiceps group.  All of the defining characteristics 

of the megalostigma group are apomorphic in relation to the contrasting states of the longiceps 

group, suggesting the possibility that the latter is paraphyletic (Michener 2002). Many species of 

Chilicola, including C. (Hylaeosoma), build their nests in pithy stems (Benoist 1942), while 

some nest exclusively in wood or in wood stem burrows previously made by beetles (Michener 

2002).  

To date, no species-level revisionary work has been done on the subgenus, leaving a 

collection of unidentified specimens recognized as C. (Hylaeosoma). Additionally, no 

phylogenetic work has been done that incorporated the fossils. Here, I will describe seven new 

species of C. (Hylaeosoma) and conduct a phylogenetic analysis including fossil taxa - necessary 

for more accurate node-dating and essential for time-calibration of larger data sets (Danforth et 

al. 2006, Almeida et al. 2011, Hedtke et al. 2013).  

Owing to the nature of fossil preservation, only a limited number of characters are visible, 

and traditional discrete morphological characters may not be sufficient to place the fossil into the 
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tree robustly.  However, because wing venation is usually well preserved in fossils, it can be 

useful in understanding insect evolution. While shape information, known as geometric 

morphometrics, has repeatedly produced stronger phylogenetic signals when compared to other 

characters (Bai et al., 2013; Perrard et al., 2016), its use in phylogenetic analyses has been a 

subject of long debate (Bookstein, 1994; Rohlf, 1998; Gonzalez-Jose et al., 2008; Catalano et al., 

2010). Because shape data are continuous they have not been compatible with traditional 

phylogenetic analytical frameworks (Bookstein, 1994). However, the development of a new 

“landmark analysis under parsimony” (LAUP) method and its implementation in TNT has been 

able to resolve this issue (Goloboff et al. 2006, Catalano et al. 2010, Goloboff and Catalano 

2016) and prompt its use in recent studies (Perrard et al. 2016, Roggero et al. 2016, Catalano et 

al. 2017). This method, just as in standard parsimony analysis, maximizes the degree to which 

similarity in landmark position among taxa can be regarded as common ancestry (Catalano et al. 

2010). For this study’s purpose, this method shows significant promise for placing C. 

(Hylaeosoma) fossils within the phylogeny.  

 

MATERIALS AND METHODS 

 

  Taxonomy 

 

The extant and amber fossil bee specimens for examination were obtained from multiple 

collections, listed in Table 1. Specimens were identified using keys (Michener 1992, Michener 

2002, Gonzales and Giraldo 2009, de Oliviera et al. 2011, and Packer, 2008 for subgenus 

identifications) and those not matching any descriptions of the species were sorted into 

operational taxonomic units. Prior to confirmation of these specimens as undescribed species, 

where possible, they were compared to holotypes, and when these were unavailable, to paratypes 

of existing species.  
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New descriptions were based on the format and terminology of Michener (1995 and 2002), 

who contributed the most to species descriptions of the subgenus, with the exception of 

metapostnotum used to describe the “dorsal surface of the propodeum” (Brothers 1976). 

Body measurements were taken using a calibrated ocular micrometer mounted on a Nikon 

SMZ1000 microscope. Measurements were recorded in millimeters (mm). Total body length was 

measured in sections (head, meso- and metasoma) and summed. All other relative body 

measurements were expressed as ratios. The following abbreviations are used: UOD – upper 

interocular distance, LOD – lower interocular distance, MOD – median ocellus diameter 

(primarily used as a reference measurement in describing the length of pubescence), T – 

metasoma terga, S – metasomal sterna, and F – antennal flagellomeres.  

All images were taken using a Visionary Digital lift-operated imaging system and a Canon 

5D Mark II digital SLR camera. Composite images were amalgamated using Zerene Stacker 

software. All other image processing was performed in Adobe Photoshop CS6 Extended ver. 

13.0.  

Phylogenetic analysis 

 

Phylogenetic relationships were inferred for sixteen extant and two fossil species of C. 

(Hylaeosoma). The following five taxa from four additional subgenera were selected as 

outgroups based on the findings of Packer (2008): C. (Unicarinicola) unicarinata Packer 2007, 

C. (Pseudiscelis) rostrata (Friese, 1906), C. (Pseudiscelis) nanula Packer, 2007, C. 

(Prosopoides) prosopoides (Ducke, 1907), C. (Prosopoides) granulosa Packer, 2007. Two sister 

subgenera Prosopoides and Pseudescelis were chosen to represent the sister clade of C. 
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(Hylaeosoma). Unicarinicola was chosen to root the tree as it forms the sister group to the other 

three subgenera combined (Packer, 2008).  

A total of 96 morphological characters were coded for each species – 92 discrete and 4 

continuous shape configurations, of which 89 discrete phylogenetically informative characters 

were adapted from Packer’s phylogenetic analysis of Xeromelissinae (2008). Forty-seven and 

nineteen discrete morphological characters were scored from fossils of C. electrodominica and 

C. gracilis, respectively. Characters of C. gracilis were obtained solely from its description 

(Michener and Poinar 1996), whereas C. electrodominica was scored from the fossil holotype.  

All discrete characters were entered into Mesquite version 1.3(Maddison and Maddison 2001), 

while landmark coordinates were saved as separate text files. The majority of discrete characters 

were taken from males, on the basis of larger variation in secondary sexual characteristics. 

Female characters that were similar to those of males were assessed to ensure they were 

independent and not confounded between the sexes.  

Phylogenetic analysis of combined landmark and discrete character data was done using 

landmark analysis under parsimony (LAUP) implemented in TNT version 1.5 (Goloboff and 

Catalano 2016). This version includes a full integration of landmark data for the analyses.  

Analytical settings were set to default, except as noted below. Ratchet, drift and tree fusing set to 

ten was used to find the most parsimonious tree. Successive approximations character weighting 

was performed using the rescaled consistency index as the weighting factor. Implied weight 

analysis employed setk.run script to find the concavity function and generate a FIT measure to 

find the best tree. Symmetrical resampling (Goloboff et al. 2003) was performed on unweighted 

results with 500 iterations. This relatively low iteration number was used due to computationally 

intensive process for analyzing landmark data.  Support for the nodes was expressed in GC 
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values representing a ratio of the frequency of the group versus the most commonly found 

contradictory topology. Additionally, bootstrap values were calculated using default TNT 

settings and 500 iterations. Identical analyses were performed for discrete morphological 

characters alone, except with 10 000 iterations for symmetrical resampling and bootstrap 

analyses.  

 

Geometric morphometrics 

 

The right wings of 35 specimens were measured for 19 species of C. (Hylaeosoma) and 

one outgroup species (Table 1). Only females were measured to avoid potential biases linked 

with sexual dimorphism as well as missing data associated with fewer species available from 

males than females. Wings were removed from specimens and placed on a slide for imaging by 

the system described above. The image file was prepared for digitizing the landmarks in tpsUtil 

ver. 1.44 (Rohlf 2009). A total of 26 landmarks for four configurations were digitized using 

tpsDig2 software (Rohlf 2010, Figure 1). The four configurations were selected to represent non-

overlapping wing venation characters, denoted as C1, C2, C3, C4 for configurations 1, 2, 3 and 

4, respectively. C1 encompasses the radial cell, C2 represents the stigma and marginal cell, C3 

encompasses the second medial cell, and C4 represents the posterior margin of the second cubital 

cell.    

To remove all information unrelated to shape, such as size, position and scale, a 

generalized least-squares Procrustes superimposition (Rohlf and Slice 1990) was conducted in 

CoordGen ver. 7A (Sheets 2003a). The mean wing shape was computed using RFTRA 

superimposition for the aligned coordinates of each species (Catalano et al. 2010).  
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To test for independence among configurations, a level of association (RV score) was 

calculated using Partial Least Squares (PLS) analysis with 1000 permutations in MorphoJ 

(Klingenberg 2011). The analysis was done on individual specimens as well as pooled within 

species to remove any influence from intraspecific association.  A principal component analysis 

(PCA) was used to visualize total maximum amount and direction of wing variation. A canonical 

variate analysis (CVA) was performed to test the taxonomic signal of wing shape in CVAGen 

ver.8 (Sheets, 2003b), with a Jackknife grouping test (Webster and Sheets, 2010). This test 

works by assigning specimens into groups ignoring a priori established grouping and the 

percentage of specimens placed into the correct group is then calculated. Because the number of 

landmarks is higher than the number of specimens per species, a Jackknife test for species 

groupings had to be performed on PCA scores (cumulative eigenvalues above 95%) as opposed 

to original landmark coordinates (Webster and Sheets, 2010). Morphogroups, on the other hand, 

containing larger sample size per group, were analyzed from Procrustes aligned coordinates. A 

MANOVA test of significance was included in the CVA to test for size and significance of 

variation of wing shape configurations among species.  

Phylogenetic signal was tested by mapping shape information (PC scores) onto the discrete 

morphological phylogeny in MorphoJ and performing a permutation test (10 000 randomization 

rounds) against the null hypothesis of no phylogenetic signal.  
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Table 1: List of species measured for forewing shape. N, sample size. Museum abbreviation are as 

following PCYU (Packer Collection at York University), AMNH (American Museum of Natural 

History), KU (Kansas University) Biodiversity Institute, USDA (United States Department of 

Agriculture).  

Name N Museum 

Chilicola prosopoides (Ducke, 1907) 1 PCYU 

Chilicola aequatoriensis Benoist, 1942 3 AMNH, KU, USDA 

Chilicola belli Michener, 2002 2 KU 

Chilicola involuta Michener, 2002 3 KU 

Chilicola longiceps (Ashmead, 1900) 1 KU 

Chilicola megalostigma (Ducke, 1908) 3 KU, USDA 

Chilicola mexicana Toro and Michener, 1975 2 KU, USDA 

Chilicola polita Michener, 1994 2 AMNH, KU 

Chilicola smithpardoi Michener, 2002 2 PCYU 

Chilicola herberti Miklasevskaja, 2017 1 PCYU 

Chilicola rufotergata Miklasevskaja, 2017 1 PCYU 

Chilicola paveli Miklasevskaja, 2017 2 PCYU 

Chilicola liudmilae Miklasevskaja, 2017 3 USDA 

Chilicola boyacense Miklasevskaja, 2017 4 PCYU 

Chilicola boliviana Miklasevskaja, 2017 1 USDA 

Chilicola lambayequense Miklasevskaja, 2017 1 PCYU 

Chilicola yanezae Hinojosa-Díaz and Michener, 2005 1 KU 

Chilicola gracilis Michener & Poinar 1996 1 AMNH 

   

 

 
Figure 1: Image of forewing of C. megalostigma to display wing landmarks. Circles indicate the location 

of 26 landmarks. Blue, green, purple and black colours are used to differentiate configurations 1-4, 

respectively.  
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Results 

 

Taxonomy 

 

Genus Chilicola Spinola Subgenus C. (Hylaeosoma) Ashmead 

Chilicola (Hylaeosoma) herberti Miklasevskaja  

Holotype. ♂, Brazil, Vicosa (14.II.2005 [14 February 2005], C.A. Silva Leg. // Colletidae: 

Chilicola (Hylaeosoma) sp. N., Det. Miklasevskaja, 2015 // Collected on flower: Rubiaceae: 

Psychotria hastisepala Müller Argoviensis. The metasoma is separated from the specimen, 

otherwise it is in an excellent condition and is currently deposited in the Packer Collection at 

York University (PCYU) in Toronto, Ontario, Canada. 

Allotype. ♀, with same label data as holotype. PCYU.  

Diagnosis. Both sexes of C. herberti can be differentiated from all others in the subgenus 

by the shape of the head, which is almost twice as long as wide. All other species have the head 

at most 1.5X as long as wide with the exception of C. kevani which in the male (the female is 

unknown) has the head more than 2X as long as wide.  For the female, the extensive honey 

yellow of the mesosoma and T1 are also unique for the subgenus although it is possible that the 

unknown female of C. kevani might also be extensively pale.  

Description. ♂: Structure: Body length 9.30 mm; forewing length 5.40 mm; intertegular 

width 1.1 mm. Head elongate (Fig. 2A), length 2.25 mm, width 1.30 mm; compound eyes 

strongly converging below, upper ocular distance (UOD) 0.73 mm, lower ocular distance (LOD) 

0.27 mm; paraocular area with a weak depression for reception of scape, terminating at level of 

upper tangent of compound eyes and curved around a prominent grey oval spot 1.5MOD in 
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diameter and 1.86×longer than broad; frontal line with conspicuous depression 1MOD broad just 

above level of antennal sockets; F1 slightly longer than pedicel and 2× longer than broad; F2 and 

F3 as long as broad; F11 approximately 3× longer than broad; malar area 1.5× broader than long; 

ocelloccipital distance about 1.8MOD as measured from apex of preoccipital carina; preoccipital 

carina laminate (Fig 2B); T1 ~1.5X longer than broad, length 1.23 mm, width 0.83 mm; T2 and 

T3 weakly depressed in basal half in profile; distal margin of S6 terminating in two lateral 

lamellate projections; S7, S8, and genitalia as in figure 3: S7 ventral lobe somewhat diamond 

shaped with medial margin convex, lateral margin weakly sinuate, with posterior and lateral 

margins converging to narrowly pointed apex,  comb of long (some branched) setae with sharply 

curved apices along posterior margin, minute simple setae on posterior half of dorsal surface, 

dense medially; S7 dorsal lobe reduced to small process; S8 apical process elongate 

quadrifurcate with simple long setae between basal and apical processes; genital capsule as in 

figure 3, with gonostylus narrowly rounded apically and curved ventrally near apex.  

Sculpturing: Integument polished and shining, smooth or with very faint microsculpture; 

scattered shallow punctures throughout, most punctures separated by more than 2–3× a puncture 

width; two small, kidney-shaped foveae near concavity of compound eyes; metapostnotum with 

approximately 22 longitudinal carinae radiating towards apex. 

Coloration: Integument predominantly dark brown except as follows (Figs. 2A,B): 

labiomaxillary complex, scape, and pedicel honey yellow; F1 lighter brown than remainder of 

flagellum; pronotal lobe honey yellow; mesoscutellum, tegula translucent, honey yellow; axillary 

sclerites brown, base of M+Cu and V honey yellow, pterostigma brown; hind wing venation 

honey yellow, except R dark brown; wing membrane hyaline, slightly and faintly infumate 

apically; mesal legs honey yellow with outer surface of mesofemur slightly darker; hind coxa 
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and trochanter honey yellow; apical margin of T2, T3, T5 and all of T6 light brown: S3 with 

lighter brown apical band and lighter medial area on S4 and S5; S6 light brown.  

Pubescence: Mostly golden; head with scattered, largely simple setae, 1.5-2 MOD in 

length, those on supraclypeal, frontal, vertexal and hypostomal areas longer; a few short, 

branched setae on face near concavity of compound eyes. Mesosomal setae short and simple, 

posterior margin of pronotum and lateral margins of mesoscutum with numerous, minute, pale, 

branched setae, becoming paler around pronotal lobe; mesoscutum with short and sparse setae; 

mesoscutelum and metanotum with relatively long setae, 1.5-3MOD, longer setae apically 

curved; metapleuron and lateral surface of propodeum with relatively short, dense setae; 

mesopleuron with long, scattered simple setae, less numerous on mesepisternum, setae of 

prepisternum slightly denser, shorter hairs around the posterior margin; procoxa, protrochanter 

and ventral surface of profemur with dense, long branched setae;  metacoxa, metatrochanter and 

ventral surface of metafemur with sparse, long, simple setae; setae shorter on outer surfaces of 

metatibia and metabasitarsus. Metasoma with sparse, long setae, progressively longer on more 

apical segments; apicolateral margins of S2-S5 with very long, thick setae, curving 

apicomedially on S4 and S5; S6 with an apical patch of several short lateral setae and a row of 

long medially directed setae curved at apex.  
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Figure 2: Images of C. herberti. Top, male; bottom, female.  

 

Figure 3: Terminalia of C. herberti. A, S7; B, S8; and C, genital capsule. 
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♀: As in male except for usual secondary sexual characters and as follows: Structure: 

Body length 7.60mm; forewing length 6.10mm; head width 1.10 mm; head length 2.05 mm, 

LOD 0.37 mm; gray oval spot absent; frontal line depression smaller, 0.25MOD in length; F2 

and F7-F9 as long as broad; F3-F5 1.5× broader than long; F10 approximately 2× longer than 

broad; malar area 2× broader than long; metasomal T1 as long broad; T2 weakly depressed in 

basal half in profile.  

Sculpture: Metapostnoutm with approximately 17 longitudinal carinae set in slight 

depression and radiating from basal margin. 

Coloration: Integument predominantly honey yellow (Figs. 2C,D); head dark brown except 

labiomaxillary complex and scape honey yellow; anterior portion on clypeus light brown; F1-

F10 dark brown; entire thorax and T1 honey yellow; base of C, M+Cu and V honey yellow, 

otherwise forewing venation brown, pterostigma brown; legs honey yellow except 

mesobasitarsus, mesomediotarsi, base of metafemur, metatibia and metatarsus dark brown; 

abdominal terga dark brown except T1and base plus apical margin of T2 honey yellow; sterna 

dark brown except S1 and most of S2 honey yellow. 

Pubescence: Mesosomal setae generally simple except plumose around pronotal lobe; 

posterior margin of pronotum and lateral margins of mesoscutum with numerous, minute, pale, 

branched setae; meso- and metacoxae, meso- and metatrochanter with dense, long (0.5× length 

of scape ) branched setae; metasoma generally with sparsely scattered setae, setae becoming 

progressively longer and denser on more apical terga; long plumose setae on S1-S3, mix of 

simple and branched setae on S4, simple, short dense hairs on apical margin of S5 and S6.  
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Etymology: Named after Frank Herbert, an author of science fiction novels, for close 

resemblance of male terminalia to fictional spaceships. It is formed in the genitive singular case.  

Chilicola (Hylaeosoma) rufotergata Miklasevskaja 

Holotype. ♂, Peru, Ayacucho (3.IV.2010 [3 April, 2010], Packer/Rivera. Colletidae: 

Chilicola (Hylaeosoma) sp. N., Det. Miklasevskaja, 2015. Specimen is missing a right hind leg, 

otherwise in excellent condition and is currently deposited in the Packer Collection at York 

University (PCYU) in Toronto, Ontario, Canada.  

Allotype. ♀, with same label data as holotype, except for the date (2.IV.2010 [2 April, 

2010]). The female specimen is missing a right hind leg, otherwise in excellent condition and is 

deposited in the same collection as the holotype. 

Diagnosis. Males of this species differ from all other members of the subgenus in that it 

has a white medial mark on the clypeus and a distinct pale mark at the base of the hind tibia.  All 

other species lack such pale colouration. The modifications of S4 and S5 are also unique to C. 

rufotergata, its S4 has two mid-lateral swellings each with a pit at the summit, and S5 has a 

medial, prism-shaped lamellate process; all other species in the subgenus lack modifications to 

these sterna. Females can be differentiated from other members of the subgenus by having a 

red/brown T1-T3, the only other species with pale markings on the metasoma is C. herberti 

which also has a pale mesosoma and with pale metasomal markings restricted to T1.   

Description. ♂: Structure: Body length 3.87 mm; forewing length 3.00 mm, intertegular 

distance 0.7 mm. Head slightly elongate (Fig. 4A), length 1.19 mm, width 0.88 mm; UOD 0.56 

mm, LOD 0.39 mm; paraocular area deeply impressed for reception of scape, depression 
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terminating at level of upper tangent of compound eye; pedicel as broad as and more than half as 

long as scape; 10 flagellomeres total; F1 slightly shorter than pedicel and 2× longer than broad; 

F4 as long as broad; malar area linear; occeloccipital distance 1MOD as measured from margin 

of the sharply rounded preoccipital ridge; T1 length and breadth subequal (0.85mm: 0.80mm 

respectively); S4 with two mid-lateral swellings each with a pit at the summit; S5 with a medial, 

prism-shaped lamellate process. S7, S8, and genitalia as in figure 3: S7 ventral lobe elongate, 

laterally directed and acutely pointed, with apical patch of short hairs and a basal row of long 

hairs; S7 dorsal lobe almost forming an equilateral triangle with posterior corner curved; genital 

capsule as in figures 5C, with flattened membranous gonostylus curved ventrally near apex; 

mesoventral lobe swollen and anteromedially directed; penis valves with membranous lobes.   

Sculpturing: Integument mostly dull and coarsely microsculptured (as in other species of 

the longiceps group); mesoscutum, scutellum with punctures separated by at most one puncture 

diameter except sparse towards sides of mesoscutum; impunctate, shiny fovea mesad of 

concavity of compound eye, marked by lateral carina; metapostnotum rugose anteriorly with 

faint median carina. 

Coloration: Integument predominantly black (Fig. 4A, B); head black except yellow 

longitudinal mark on clypeus, entirely yellow mandible and brown labiomaxillary complex; 

tegula translucent, testaceous; forewing venation brown, pterostigma brown; hind wing venation 

light brown, except dark brown Rs; wing membrane infumate; preepisternum, mesepisternum 

and metepisternum black; legs predominantly dark brown except apical margin of femora, apex 

of all tibiae honey yellow, tarsi light brown; metasoma dark brown except base of T2 and T3 

honey brown and apical margin of T1-T4 transluscent; S6 honey brown.  
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Pubescence: Mostly white; head with scattered, minute largely simple setae, <1MOD in 

length, except on supraclypeal, frontal, vertexal and hypostomal areas branched and longer, 1.5-

2MOD in length. Mesosomal setae relatively long and branched, except more minute around 

pronotal lobe; mesoscutum and mesoscutelum with relatively short and sparse setae; pronotum 

with dense, simple, short setae; metanotum with relatively long setae, 1.5-2MOD, curved 

medially; meso- and metapleuron with sparsely scattered, short, branched setae; lateral surface of 

propodeum with simple minute setae all over, except longer and branched setae dorsally; ventral 

surface of pro- and metacoxa, pro- and metatrochanter, pro- and metafemur and metabasitarsus 

with relatively long, branched setae, 1MOD in length; Metasoma with minute setae throughout, 

denser and longer on lateral apical margins of terga and progressively longer towards apex; 

sterna with visibly longer setae; setae on S1 long and plumose, 2-3MOD in length, S2-S6 with 

long branched setae, 1-2MOD in length.  

♀: As in male except for usual secondary sexual character and as follows: Structure: Body 

length 4.83 mm, forewing length 3.2 mm. Head length 1.27 mm, width 0.95 mm; UOD 0.70 mm, 

LOD 0.45 mm; F2 and F3 as long as broad; F4-F9 broader than long. 

Coloration: Integument predominantly black (Fig. 4C, D); head black except brown 

labiomaxillary complex, and honey brown apical half of mandible and posterior of F6-F10; 

preepisternum, mesepisternum and metepisternum black; legs predominantly dark brown except 

basal margin of tibia pale yellow, tarsi dark brown; abdominal terga red-brown except base of 

T1, T4-T6 brown; S2–S3 honey brown; S1, S4-S6 dark brown.  
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Figure 4: Chilicola rufotergata. Top, male; bottom, female.  

 

Figure 5: Terminalia of C. rufotergata. A, S7; B, S8; C, Genital capsule. 
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Pubescence: Mostly white; head with scattered, minute, largely simple setae, <1MOD in 

length, except longer on supraclypeal, fronal, vertexal and hypostomal areas. Metanotum with 

long setae, longer and branched near lateral margin, 1.5-2MOD in length, curved medially. 

Metasoma with minute setae throughout, denser and longer on lateral apical margins of terga and 

progressively longer towards apex; sterna with visibly longer setae; S1 with few long plumose 

setae, 2-3MOD in length; S2 with setae as S1 but denser; S3 with long branched setae; S4-S6 

with long simple setae. 

Etymology: From Latin rufo (an adjective of rufus), and terga to denote the red metasomal 

terga of the female.  

Chilicola (Hylaeosoma) paveli Miklasevskaja  

Holotype. ♂, Peru, Cuzco (21-24.X.1972 [21-24 October, 1972], P. Wygodzinsky. 

Colletidae: Chilicola (Hylaeosoma) sp. N., Det. Miklasevskaja, 2016. Specimen is in excellent 

condition and is deposited in the Packer Collection at York University (PCYU) in Toronto, 

Ontario, Canada.  

Paratypes: Four males with the same locality and date information as the holotype.  

Diagnosis. This species can be differentiated from all others by its wide head with length 

at most 0.9X its width. Chilicola aequatoriensis possess a similarly round head shape however it 

is at least 1.05X longer than wide.  In addition, C. paveli can be distinguished from C. 

aequatoriensis by its more densely punctured mesoscutum, with punctures separated by 1MOD 

or more, as opposed to 2MOD or more in C. aequatoriensis. Additionally, it can be easily 

differentiated by its unique hidden sterna (Fig 7).  
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Description. ♂: Structure: Body length 5.54 mm; forewing length 3.85 mm, intertegular 

distance 0.86 mm. Head appearing almost round (Fig. 6A, B), length 0.98 mm, width 1.05 mm; 

UOD 0.84 mm, LOD 0.50 mm; paraocular area somewhat impressed for reception of scape, 

depression terminating below level of upper tangent of compound eye; pedicel less broad and 

less than half as long as scape; F1 about as long as pedicel and almost as long as broad; F2 and 

F3 broader than long; F4 as long as broad; malar area linear; occeloccipital distance 1MOD as 

measured from margin of the sharply rounded preoccipital ridge; T1 1.36 times longer than 

broad (0.75mm: 0.55mm respectively); S2 with two mid-lateral swellings; S7, S8, and genitalia 

as in figure 7: S7 ventral lobe kidney shaped and laterally directed, with long curved bristles on 

an apical patch and long simple bristled on an anterior margin; S7 dorsal lobe digitiform and 

laterally directed with a tuft of short curved setae on its lateral margin (Fig. 7A); genital capsule 

as in figure 7B, with flattened gonostylus slightly curved ventrally near apex; mesoventral lobe 

swollen and anteromedially directed.  

 

Sculpturing: Integument mostly dull and coarsely microsculptured (as in other species of 

the longiceps group); mesoscutum, scutellum, metanotum with punctures separated by equal or 

less than one puncture diameter except sparser mid-laterally of mesoscutum; mesepisternum 

lineolate with sparsely scattered punctures situated between ridges; impunctate, shiny fovea 

mesad of concavity of compound eye, marked by lateral carina; metapostnotum with many fine 

striae and faint median carina. 

Coloration: Integument predominantly black (Fig. 6A, B); head black except brown apex 

of mandible and light brown labiomaxillary complex; tegula translucent, testaceous; forewing 

venation brown, pterostigma brown; hind wing venation light brown; wing membrane infumate; 
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preepisternum, mesepisternum and metepisternum black; legs dark brown; metasomal terga 

brown, sterna light brown.  

Pubescence: Mostly white; head with scattered, minute largely simple setae, <1MOD in 

length, except on clypeal, supraclypeal, vertexal and preoccipital areas longer, 1-1.5MOD in 

length. Hypostoma with long (1.5MOD) branched setae. Mesosomal setae relatively long and 

branched, except more minute around pronotal lobe; mesoscutum and mesoscutelum with 

relatively short and sparse setae; pronotum with realtively dense, simple, short setae; metanotum 

with relatively short scattered setae, 0.5MOD; meso- and metapleuron with sparsely scattered, 

short, branched setae (1MOD); lateral surface of propodeum with largely simple minute setae all 

over, except for longer and branched setae scattered sparsely throughout; dorsal surface of pro- 

and metafemur, with relatively long, branched setae, 1MOD in length, otherwise legs with 

simple minute hairs. Metasoma with minute setae throughout, longer on lateral apical margins of 

terga and progressively longer towards apex; sterna with visibly longer setae; setae on S1 and S2 

long and branched, ~2MOD in length, S3-S6 with shorter branched setae, 1-1.5MOD in length.  

Etymology: In honour of Pavel Fedotov, whose ongoing support and encouragement kept 

me on track to complete this project. It is formed in genitive singular case. 
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Figure 6: Chilicola paveli (A, B) and C. liudmilae (C, D).  

 

Figure 7: Terminalia of C. paveli. A, S7 and S8; B, Genital capsule. 
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Chilicola (Hylaeosoma) liudmilae Miklasevskaja  

Holotype. ♀, Bolivia, La Paz (23.III.2001 [23 March, 2001], Parker. Colletidae: Chilicola 

(Hylaeosoma) sp. N., Det. Miklasevskaja, 2016. Specimen is in excellent condition and is 

deposited in the Packer Collection at York University (PCYU) in Toronto, Ontario, Canada.  

Paratypes: 16 females with the same locality and date information as the holotype.  

Diagnosis. This species can be differentiated from all others except C. aequatoriensis and 

C. paveli by its wide head with length at most 1.05X its width, all other species have the head at 

least 1.15X as long as wide. Head of C. paveli males is wider than long, although might be more 

round in the unknown female, while in C. aequatoriensis length to width ratio is identical to C. 

liudmilae.  It can be differentiated from C. aequatoriensis by its less densely punctate and 

sculptured head, with punctures separated at least 2X MOD on clypeus, paraocular area and 

vertex - surrounded by smooth and relatively shiny ground. Head of C. aequatoriensis females is 

coarsely and densely punctate, with microstriate clypeus. Mesoscutum punctation is unique to 

this species with its variable punctures, majority larger in diameter than the parapsidal line.  

Description. ♀: Structure: Body length 5.38 mm; forewing length 3.2 mm, intertegular 

distance 0.83 mm. Head almost round (Fig. 6C), length 1.05 mm, width 1.00 mm; UOD 0.6 mm, 

LOD 0.39 mm; paraocular area slightly impressed for reception of scape, depression terminating 

below level of upper tangent of compound eye; pedicel as broad as and about half as long as 

scape; F1 half as long as pedicel and about as long as broad; F2-F5 broader than long; F6-F9 as 

long as broad; malar area linear; occeloccipital distance 1.2MOD as measured from margin of 
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the sharply rounded preoccipital ridge; T1 length and breadth subequal (0.62mm: 0.68mm 

respectively). 

 

Sculpturing: Integument mostly dull and coarsely microsculptured (as in other species of 

the longiceps group); punctures on clypeus, paraocular area and vertex separated by at least 2X 

puncture diameter, separated by a smooth relatively shiny ground; mesoscutum with large 

punctures at least as large as the width of parapsidal line, on a roughened ground; scutellum with 

small punctures on shining ground both separated by at least one puncture diameter; impunctate, 

shiny fovea mesad of concavity of compound eye, marked by lateral carina; metapostnotum 

rugose anteriorly with irregular median carina. 

Coloration: Integument predominantly black (Fig. 6C, D); head black except dark brown 

mandible and lighter brown F6-F10; tegula translucent, dark brown; forewing venation dark 

brown; hind wing venation light brown; wing membrane infumate; preepisternum, 

mesepisternum and metepisternum black; legs dark brown; metasoma dark brown. 

Pubescence: Mostly white; head with scattered, minute largely simple setae, 0.5-1MOD in 

length, except on paraocular and frontal areas branched and longer, 1.5-2MOD in length. 

Mesoscutum and mesoscutelum with relatively short and sparse setae; pronotum with denser, 

simple, short setae; metanotum with relatively long setae, 1.5MOD, on lateral areas; meso- and 

metapleuron with sparsely scattered, medium length, branched setae; lateral surface of 

propodeum with branched medium setae all over, except minute and simple setae dorsally; 

ventral surface of coxae, protrochanter, profemur and metatibia with relatively long simple setae, 

1MOD in length; anterior surface of pro- and mesofemora with minute, sparsely scattered setae; 

metafemur with long branched setae, 1.5MOD in length. Metasoma with relatively long setae 
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throughout, 1MOD in length, denser and longer on lateral apical margins of terga; sterna with 

visibly longer setae; S1 with eight long and plumose setae, 2-3MOD in length, S2 setation as in 

S1 but denser laterally; S3-S6 with long simple and branched setae, 1-2MOD in length.  

Etymology: In memory of my mother, Liudmila Miklasevskaja, in recognition of the 

considerable sacrifices she has made for her children.  It is formed in the genitive singular case. 

Chilicola (Hylaeosoma) boyacense Miklasevskaja  

Holotype. ♀, Colombia, Boyaca (17.v-5.vi. 2001) [May 17-June 3, 2001], Reina 

Colletidae: Chilicola (Hylaeosoma) sp. N., Det. Miklasevskaja, 2015. Specimen is in an 

excellent condition and is currently deposited in PCYU. I 

Paratypes: 16 more females from the same locality as the holotype. Three females 17.v-

5.vi.2001. Two females 10-28.vi.2001. Two females 29.i-14.ii.2001. Two females 5-26.iii.2001. 

Two females 25.x-16.xi.2001. Three females 16.xi-1.xii.2001. One female 21.vi-6.vii.2001. One 

female 31.viii-16.ix.2001.  

Diagnosis. Females of this species can be differentiated from other members of the 

subgenus, except C. rugotergata and C. smithpardoi by its densely punctate T1, with most 

punctures separated by a puncture diameter or less, the others have [most] punctures separated 

by more than a puncture diameter. It can be differentiated from C. rufotergata by its almost 

entirely pale mandibles, which are dark in C. rufotergata, and from C. smithpardoi by a stigmal 

perpendicular which is in the apical half of the second submarginal cell as opposed to being 

apical to the second recurrent vein in C. smithpardoi.  
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Description. ♀: Structure: Body length 5.1 mm; forewing length 3.2 mm, intertegular 

distance 0.77 mm. Head slightly elongate (Fig. 8A), length 1.05 mm, width (as measured from 

apex of clypeus to lower margin of median ocellus) 1.00 mm; UOD 0.7 mm, LOD 0.47 mm; 

paraocular area deeply impressed for reception of scape, depression terminating below the upper 

tangent of compound eye; pedicel as broad as and about half as long as scape; F1 slightly shorter 

than pedicel and 1.3× longer than broad; F2-F6 broader than long; malar area linear; 

occeloccipital distance 1MOD as measured from margin of the sharply rounded preoccipital 

ridge; T1 broader than long (0.95mm:0.68mm respectively). 

Sculpturing: Integument mostly dull and coarsely microsculptured (as in other species of 

the longiceps group); mesoscutum, scutellum with punctures separated by one puncture diameter 

surrounded by micro-punctured ground; metapostnotum with parallel rugae and a distinct median 

carina; impunctate, shiny fovea mesad of concavity of compound eye with mesal pore 4 puncture 

diameters in length, marked by lateral carina; depression for reception of scape shiny with small 

punctures as dense as on frons; clypeus, supraclypeal area and mesepisternum with punctures 

separated by one or more puncture width surrounded by micropunctured ground; vertex with 

dense punctures nested in reticulate ground.   

Coloration: Integument predominantly black (Fig. 8A, B); head black except yellow 

labiomaxillary complex, mandible and posterior of F5-F10; apex of mandibles amber red, base 

dark brown; tegula translucent, testaceous; forewing venation brown, pterostigma brown; hind 

wing venation light brown; wing membrane infumate; legs predominantly brown except apex of 

femora, extremities of tibia, basi- and miditarsi honey yellow; abdominal terga brown except 
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apical margins of T1-T6 translucent light-brown; sterna dark brown, except S2-S5 apical margin 

honey yellow medially.  

Pubescence: Mostly white; head with minute simple setae, <0.5MOD in length, except 

longer, 1OD, on genal and hypostomal areas. Mesosomal setae minute, except more dense and 

branched around pronotal lobe; mesoscutum and mesoscutelum with minute setae, 0.5MOD in 

length; pronotum with dense, simple, short setae branching at posterior margin; metanotum with 

short branched setae, 0.5-1MOD, curved medially; meso- and metapleuron with sparsely 

scattered, minute, branched setae, getting progressively longer ventrally, reaching 1MOD in 

length; lateral surface of propodeum with simple minute setae all over, except longer and 

branched setae dorsally; coxae and trochanters with short hair. ventral surface of pro- and 

mesofemur with minute setae <0.5MOD in length; long branched setae on metafemur; protibia 

with longer curved and capitate hairs, mesotibia with short and branched setae, metatibia with 

short simple setae. Metasoma with minute setae throughout, except longer and branched on 

lateral apical margins of T1-T4 and progressively longer towards apex; sterna with visibly longer 

setae; S1 with ten long plumose setae, 4-5MOD in length; S2 and S3 with setae as S1 but denser; 

S4-S5 with long branched setae apically; S6 setae long and simple. 

Etymology: A noun term for Boyaca, a city of origin.  
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Figure 8: Chilicola boyacense (A, B) and C. boliviana (C, D). 

Chilicola (Hylaeosoma) boliviana Miklasevskaja  

Holotype. ♀, Bolivia, Santa Cruz, N Boyuibe (5.III.1999) [March 5, 1999], Irwin/Parker, 

Colletidae: Chilicola (Hylaeosoma) sp. N., Det. Miklasevskaja, 2016. Specimen is missing all 

tarsi except one probasitarsus and is currently deposited in PCYU. 

Diagnosis. Females of C. boliviana can be differentiated from all others in the subgenus by 

the pubescence of the lateral surface of propodeum, which is uniformly short and sparse 

throughout. All other species have variable hair length above and below, with the exception of C. 
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yanezae and C. rufotergata. Unlike the shiny and sparsely punctate (separated by 2X puncture 

width or more) integument of C. yanezae, C. boliviana females possess a dull and more densely 

punctate integument (punctures separated by 2X puncture width or less). S2 hairs of C. boliviana 

females are plumose as opposed to with only few long branches on the anterior of rachis, found 

in C. rufotergata females.  

Description. ♀: Structure: Body length 4.8 mm; forewing length 3.2 mm, intertegular 

distance 0.69 mm. Head elongate (Fig. 8C), length 1.02 mm (as measured from apex of clypeus 

to lower margin of median ocellus), width 0.89 mm; UOD 0.57 mm, LOD 0.35 mm; paraocular 

area deeply impressed for reception of scape, depression terminating just above the upper tangent 

of compound eye; pedicel as broad as and about half as long as scape; F1 slightly shorter than 

pedicel and 1.2× longer than broad; F2 as broad as long; F3-F7 broader than long; malar area 

linear; occeloccipital distance 1.2MOD as measured from margin of the sharply rounded 

preoccipital ridge; T1 longer than broad (0.70mm:0.62mm respectively). 

Sculpturing: Integument mostly dull and coarsely microsculptured (as in other species of 

the longiceps group); mesoscutum with punctures separated by one puncture diameter or more 

surrounded by tessellate shining ground; scutellum with punctures separated by one puncture 

diameter of less surrounded by smooth ground; metapostnotum rugulose; tergal punctures small 

and shallow, separated by at least 2X puncture diameter; impunctate, shiny fovea mesad of 

concavity of compound eye, marked by lateral carina; depression for reception of scape shiny 

with small punctures separated by 2 punctures width; clypeus and supraclypeal area with small 

punctures separated by one or more puncture width surrounded by somewhat smooth ground; 

frons and vertex with larger punctures nested in reticulate ground and separated by less that 
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puncture width diameter, except much sparser near ocellar area; genal area with variable 

punctures.   

Coloration: Integument predominantly black (Fig. 8C, D); head black except brown 

labrum, mandible and labiomaxillary complex. Antennae brown except light brown posterior of 

F5-F9; tegula translucent, testaceous; forewing venation brown, pterostigma brown; hind wing 

venation light brown; wing membrane infumate; legs predominantly brown except apex of 

femora, extremities of tibia, probasitarsus honey yellow; abdominal terga brown except apical 

margins of T1-T6 translucent light-brown; sterna brown, except S3 and S4 apical margin honey 

yellow medially.  

Pubescence: Mostly white; head with minute simple setae, <0.5MOD in length, except on 

paraocular and hypostomal ares denser and branched. Mesosomal setae minute, except more 

dense and branched around posterioir margin of pronotal collar and pronotal lobe; mesoscutum 

and mesoscutelum with minute setae, 0.5MOD in length; pronotum with dense, simple, short 

setae; metanotum with short branched setae, 0.5-1MOD, curved medially; mesopleuron with 

short, branched setae, 0.5-1MOD in length; metapleuron and lateral surface of propodeum with 

simple minute setae all over, branching dorsally; procoxa, protrochanter, pro- and mesofemora 

with sparsely scattered, simple minute setae; meso- and metacoxae, mesotrochanter and tibia 

with simple short hairs; ventral surface of probasitarsus with short capitate setae; metatrochanter 

and metafemur with relatively long, 1.5-2MOD in length, branched setae. Metasoma with minute 

setae throughout; sterna with visibly longer setae; S1 with 8-10 long plumose setae, 3-4MOD in 

length; S2 and S3 with setae as S1 but denser; S4-S5 with long sparse setae apically; S6 setae 

denser than in preceding sterna. 
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Etymology: An adjectival form based on Bolivia, country of origin. 

Chilicola (Hylaeosoma) lambayequense Miklasevskaja  

Holotype. ♀, Peru, Lambayeque (21.V.1996) [May 21, 1996], Rozen/Ugarte, Colletidae: 

Chilicola (Hylaeosoma) sp. N., Det. Miklasevskaja, 2016. Specimen is missing both hind legs 

and left flagellum and is currently deposited in PCYU.  

Diagnosis.  Females of C. lambayequense possess a unique stigma and pubescence on S2, 

not found in any other species of the subgenus. In C. lambayequense, the stigmal margin in the 

marginal cell is angularly convex, as opposed to smoothly convex in all other species. The hairs 

on S2 have numerous short anterior branches, unlike the plumose hairs or hairs with a few long 

anterior branches in other species of the subgenus.  

Description. ♀: Structure: Body length 5.4 mm; forewing length 3.4 mm, intertegular 

distance 0.74 mm. Head elongate (Fig. 9A), length 1.15 mm (as measured from apex of clypeus 

to lower margin of median ocellus), width 1.00 mm; UOD 0.64 mm, LOD 0.46 mm; paraocular 

area deeply impressed for reception of scape, depression terminating 0.5MOD below the upper 

tangent of compound eye; pedicel as broad as and about half as long as scape; F1 slightly shorter 

than pedicel and 1.5× longer than broad; F2 and F3 as broad as long; F4-F7 broader than long; 

malar area linear; occeloccipital distance 1.2MOD as measured from margin of the sharply 

rounded preoccipital ridge; T1 shorter than broad (0.75mm:0.95mm respectively). 

Sculpturing: Integument mostly dull and coarsely microsculptured (as in other species of 

the longiceps group); mesoscutum and scutellum with punctures separated by one puncture 

diameter or less surrounded by micropunctured shining ground; metapostnotum rugulose with a 
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distinct median carina; impunctate, shiny fovea mesad of concavity of compound eye, marked by 

lateral carina; depression for reception of scape shiny with small punctures less dense that 

elsewhere on the head; clypeus and supraclypeal area with small punctures separated by 

approximately one puncture width surrounded by roughened ground; frons and vertex with 

similar sized punctures nested in lightly rugose ground; genal area with punctures as on vertex, 

separated by one or more puncture diameter on a smooth ground.   

Coloration: Integument predominantly black (Fig. 9); head black except brown 

labiomaxillary complex and honey brown spot on mandibles. Antennae brown except light 

brown posterior of F5-F10; tegula translucent, testaceous; forewing venation brown, pterostigma 

brown; hind wing venation light brown; wing membrane infumate; legs predominantly brown 

except apex of femora, extremities of tibia, tarsi light brown; abdominal terga brown except 

apical margins of T1-T6 translucent light-brown; sterna brown, except S1-S4 apical margin light 

brown.  

Pubescence: Mostly white; head with minute simple setae, <0.5MOD in length, except 

longer on labrum, vertex and hypostomal (~1MOD). Mesosomal setae minute, except more 

dense and branched around posterioir margin of pronotal collar and pronotal lobe; pronotum, 

mesoscutum and mesoscutelum with minute setae, <0.5MOD in length; metanotum with short 

branched setae, 0.5-1MOD, curved medially; mesopleuron with minute, branched setae above 

and short, branched setae, 0.5-1MOD in length below; metapleuron and lateral surface of 

propodeum with simple minute setae all over, branching dorsally; pro- and mesocoxae with short 

simple setae, metacoxa with longer (~1MOD), branched setae; protrochanter, pro- and 

mesofemora with simple minute setae; mesotrochanter and tibia with simple short hairs; ventral 

surface of probasitarsus with short (1MOD) apically bent setae. Metasoma with minute setae 
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throughout; sterna with visibly longer setae; S1 with twelve long plumose setae, 3-4MOD in 

length; S2 and S3 with setae as S1 but denser laterally; S4-S5 with simple, long sparse setae 

apically; S6 setae denser than in preceding sterna. 

Etymolgoy: A noun term for Lambayeque, a city of origin.  

 

Figure 9: Chilicola lambayequense.  

Geometric Morphometrics 

 

 

PLS test for independence between characters showed varying results for different pairwise 

combinations analyzed. For individual specimens as well as with individuals within species 

pooled, combinations with higher RV scores, with the lowest being 0.5718 and highest 0.6051, 

(Table 2) were strongly supported in the permutations tests, while those with low RV values 

(RV=0.0774, 0.123, 0.1318) had non-significant associations. When the categorical factor of 

species is corrected for in a pooled within species analysis the RV value decreases for most 

comparisons (Table 2). Considering statistically significant results only, overall, there seems to 

be very low correlation between configurations (RV ranging from 0.2531 to 0.3298). 
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MANOVA results revealed significant (P<0.05) differences among species for all configurations 

(Table 3). Wilk’s Lambda value was almost zero in all axes of C1-C3 implying that most of the variance 

is explained by the independent variable. Although, Wilk’s Lambda in C4 is higher,most shape change is 

still attributed to the independent variable. Combination of low p-values and low Wilk’s Lambda 

confirms that a priori established groups are indeed different.  

 

Table 2: RV coefficients and P-values from the corresponding PLS analysis for different 

configurations of C. (Hylaeosoma) wing venation. 

  Individual specimens    Pooled within species 

Comparison  RV       P-value      RV       P-value 

C1 vs. C2 0.5718 <0.0001 0.2201 0.057 

C1 vs. C3 0.5926 <0.0001 0.3298 0.0088 

C1 vs. C4 0.0774 0.3012 0.084 0.3198 

C2 vs. C3 0.6051 <0.0001 0.3172 0.0022 

C2 vs. C4 0.123 0.1172 0.2531 0.0062 

C3 vs. C4 0.1318 0.125 0.1306 0.1426 

 

Table 3: Values obtained in the CVA, including MANOVA test of significance conducted in 

CVAGen.  

Configuration Axis 
Wilk’s 

Lambda 
X2 d.f. P-value 

1 1 0.00001 266.8305 120 <0.0001 

 2 0.00001 187.217 99 <0.0001 

 3 0.00001 138.2029 80 <0.0001 

 4 0.0001 95.0911 63 0.0056 

2 1 0.00001 401.0405 176 <0.0001 

 2 0.00001 293.5384 150 <0.0001 

 3 0.00001 227.7113 126 <0.0001 

 4 0.00001 173.7733 104 <0.0001 

 5 0.0004 124.5054 84 <0.0001 

3 1 0.00001 401.747 224 <0.0001 

 2 0.00001 314.0674 195 <0.0001 

 3 0.00001 236.1277 168 0.0004 

 4 0.00001 186.3262 143 0.0087 

4 1 0.0529 55.8516 30 0.0028 

  2 0.2694 24.9177 14 0.0354 
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Figure 10: Confidence ellipses (95%) showing morphogroup separation in each of the four 

configurations, C1-C4, generated in MorphoJ. Each mark represents a specimen. Megalostigma 

group is represented in green, longiceps group is red, the outgroup is blue. Axes x and y 

represent axes 1 and 2 from table 3, respectively.  
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Figure 11: PCA scatter plot of specimens grouped into species by colour.  

 

PCA of C1 showed considerable dispersion across morphospace between morphogroups. 

The first principal component explained 71.85% of the total variance – describing changes 

mostly in the lengthening of the radial cell in the direction of basal to distal in the longiceps 

group. No clear separation on other axes between morphogroups or among species within 

morphogroups is observed (Figs. 10, 11).  

PCA of C2 shows less separation of two morphogroups than in C1, with PC1 explaining 

57.72% of the variance reflecting expansion of the stigma and shortening of the anterior margin 

of the second submarginal cell in the megalostigma compared to the longiceps group. Some 
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species separation is noted on PC2 (24.18% of variance explained), clearly separating C. 

aequatorienses and C. liudmilae both from each other and from the rest. Those specimens 

possess a more elongate stigma as well as a longer anterior margin of the second submarginal 

cell (Figs. 10, 11).  

PCA of C3 also shows separation of the two morphogroups along PC1 (48.79%) although 

with some overlap. PC1 describes a lengthening at the posterior and minor narrowing at the 

distal ends of the second medial cell. PC2 offers no separation, however the longiceps group 

occupies a considerably larger morphospace than the megalostigma group, displaying variance in 

the length of the posterior margin of the second submarginal cell within the group (Figs. 10, 11).  

Individual PC’s of C4 PCA (PC1=76.02%, PC2=23.98%) showed no clear separation of 

groups and only a weak separation of C. involuta from the rest, occupying a more negative 

morphospace on both axes reflected by a smaller distance between landmarks 2 and 3 (Figs. 10, 

11).  

Table 4: Results of Jackknife grouping test in CVAGen. Actual values represent 

percentage of specimens assigned to the correct group, whereas random values represent the 

percentage expected with a random rate of correct assignments. 

  Species Morphogroup 

  Actual Random Actual Random 

C1 88.24 16.96 100 65.97 

C2 69.57 12.29 93.55 68.78 

C3 34.78 14.18 90.32 65.04 

C4 14.29 15.65 62.07 50.54 

 

CVA Jackknife analysis confirmed significant taxonomic signal in C1, C2 and C3: 100%, 

93.55% and 90.32%, respectively, of all the individuals were assigned to the correct 

morphogroups. C4 had a 62.07% of correct assignments, as opposed to 50.54% expected at 

random for the morphogroup, and thus showed no important taxonomic value. C1 and C2 
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showed a significant taxonomic signal for placement of specimens into their assigned species 

(Table 4), whereas only 34.78% of specimens were placed into their right species based on the 

shape of C3 and only 14.29% based on the shape of C4.  

After mapping PC scores onto the morphological phylogeny, a permutation test for 

phylogenetic signal revealed significant signal for C1, C2 and C3 (P=0.0077, P=0.0035 and 

P=0.0031, respectively). No phylogenetic signal was observed in C4 (P=0.7453). In addition, C4 

displays a high level of homoplasy, as illustrated in Figure 12 by a large number of reversals 

between morphogroups.  

 

Figure 12: Wing shape PC scores mapped onto a phylogeny to test for phylogenetic signal and 

view homoplasy. Blue, green, red and purple colours represent megalostigma, longiceps, fossil 

and outgroup, respectively.  
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Phylogenetic Results 

 

A     

B  

Figure 13: Results of unweighted maximum parsimony analyses. Support values were calculated 

based on 500 permutations, GC values are indicated above the branch, bootstrap support – 

below.  A: discrete morphological characters only, B: discrete morphology combined with 

geometric morphometrics.  
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Figure 14: Result of the weighted analyses under implied weights. Identical tree obtained for 

discrete morphology alone and combined datasets.  

 

Ninety-two discrete morphological and three shape characters were included in the 

phylogenetic analysis. The fourth wing configuration was excluded from analyses due to non-

significant phylogenetic signal as noted above. The phylogenetic analysis of discrete morphology 

alone produced 17 most parsimonious trees with 406 steps, consistency index (CI) of 0.426 and 

retention index (RI) of 0.538. As a result, some groups were found to be unresolved in the 

consensus tree (Figure 13A). Analysis of discrete morphological characters combined with 

geometric morphometrics produced a single most parsimonious tree with 414.99 steps, CI of 

0.414 and RI of 0.504 (Figure 13B), resolving the outgroup node as well as improving the 

resolution of the node that contains all of the longiceps group species except for C. longiceps and 

C. gracilis.  Addition of three shape configurations resulted in a slight increase in support for the 

following groups: all the megalostigma group, except for the C. herberti + C. megalostigma 
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species pair; as well as C. paveli + C. aequatoriensis and [C. paveli + C. aequatoriensis] + C. 

involuta nodes.  

Monophyly of C. (Hylaeosoma) is rather well supported and it is defined by stigma 

perpendicular extending beyond the apical half of the second submarginal cell, comma shaped 

anterior tentorial pit (except in C. smithpardoi and C. boyacense in which the anterior tentorial 

pit is oval in shape) and dark paraocular areas in males. Chilicola (Hylaeosoma) contains two 

clades. One is the relatively well supported megalostigma morphogroup with C. longiceps of the 

longiceps group sister to the rest of this group. The group is defined by a short scape and flat or 

concave margin between vertex and occiput. However, in C. megalostigma and C. herberti the 

scape reverts to normal length. The other clade is a weakly supported longiceps morphogroup 

without C. longiceps, defined by a bifurcate S8 apical process that is either broad or crescentic as 

opposed to the longer and more narrow processes of the megalostigma group plus C. longiceps. I 

propose the aequatoriensis species group as an alternative name for this clade, named after the 

first discovered species of that clade.  

Implied weighting produced identical trees for both morphological and combined datasets 

(Figure 14). The weighted analysis tree differs from the unweighted tree by having C. boyacense 

and C. smithpardoi sister to all other members of the aequatoriensis group, C. rufotergata sister 

to C. electrodominica, C. belli diverging prior to C. liudmilae, and C. involuta as sister to C. 

aequatoriensis (Fig. 14). In both trees C. longiceps was placed as the earliest diverging species 

of the megalostigma morphogroup, rendering the longiceps morphogroup paraphyletic.  

Fossil placement is rather consistent among trees - C. gracilis shows an earlier divergence 

than C. electrodominica, being the earliest diverging species of the aequatoriensis group in the 

unweighted tree and sister to (C. smithpardoi + C. boyacense) with the three species forming a 
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clade sister to the remaining species of the aequatoriensis group in the weighted tree. Both 

fossils. albeit from the Dominican Republic, are grouped with species found in Peru and Bolivia 

only, they do not group with the extant Caribbean species. 

 

Discussion 

The study here presents a first phylogenetic analysis incorporating the morphology of 

Colletidae fossils. Previous studies have used these fossils in a node-dating approach (Almeida et 

al. 2011, Cardinal and Danforth 2013, Kayaalp et al. 2017), whereas, here the evolutionary 

relationship of the fossils and extant species is established for the first time. To maximize the 

amount of signal extracted from fossils, geometric morphometric analyses were performed on 

forewings landmarks and included in the phylogenetic analysis. 

Addition of geometric morphometrics data for the LAUP proved to be a useful addition 

evidenced by stronger support and increased resolution of polytomies for some groups.  

Incorporation of geometric morphometrics into phylogenetic analysis is a rather recent and 

a controversial practice. A multitude of studies have employed this method with varying levels 

of success.  

For example, Ferdous (2013, unpublished dissertation) used shape and qualitative 

morphology to construct a phylogeny of Mystus sp. (Chordata, Bagridae) and concluded that 

while geometric morphometrics possess a strong phylogenetic signal and can complement a 

qualitative dataset, shape data alone is not sufficient to produce a robust phylogeny. The study 

also noted that geometric morphometrics are important in analyzing character shape evolution 

from existing phylogenies.  
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De Meulemeester et al. (2012) and Michez et al. (2009) are the only two studies so far that 

have attempted to use geometric morphometrics to construct a relationship tree for bees. The 

former employed clustering methods to generate a phenetic relationship, whereas the latter used 

a matrix of similarities based on Euclidian distances to construct a Neighbour-joining tree. 

Neither of the studies performed a maximum parsimony analysis to infer phylogenetic 

relationships from shape data.  

Perrard et al. (2016) conducted the first study employing LAUP for Vespinae wasps and, in 

addition to conventional analyses, ran simulations to test for accuracy and effectiveness of 

landmark data. Their results suggested that methods available at the time of study implementing 

landmarks might overestimate resolution of nodes, and stressed the importance of resampling in 

TNT to collapse those nodes that were weakly supported. In addition, they found that wing 

venation is not a very reliable character when used alone for that group, however, they did find 

that it can provide useful insight into unresolved clades. As opposed to Perrard et al. (2016) this 

study uses newly developed methods for landmark analyses under parsimony made available by 

the new version of TNT (Goloboff and Catalano 2016). This new methodology serves to solve 

the issue of overestimated resolution . In contrast to Perrard et al. (2016), wing venation in this 

study has been, for the most part, useful, with strong phylogenetic signal for 3 of the 4 

configurations. However, analyses of the shape data herein suggest that more intricate forewing 

configurations are more useful in phylogenetic analyses as well as for differentiating between 

morphogroups as opposed to shapes with fewer landmark points. C4, containing only three 

landmarks, does not possess a significant phylogenetic signal nor is it useful in assigning 

specimens into species or morphogroups. It is possible that C4 is not an informative character 

due to insufficient shape information integrated into that confirmation by only three landmarks. 
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It seems that a balance needs to be found between the number of configurations used in the 

LAUP and the number of landmarks in each configuration, since Catalano and Torres (2017) 

recommend the use of more than one configuration in LAUP, and Roth (1993) as well as the 

results of shape analyses presented herein reveal that the use of more landmarks in order to 

encompass more structural variation can be more useful. Therefore, when a structure is broken 

up into configurations, it might be helpful to favour fewer configurations containing more 

landmarks in each.  

Overall forewing venation patterns were significantly different between the longiceps and 

the megalostigma morphogroups. Species of the megalostigma morphogroup possess a 

seemingly more swollen stigma and a smaller second submarginal cell with respect to the rest of 

the structure compared to the species of the aequatoriensis group, while in C. longiceps of the 

longiceps group the stigma is also more swollen and pronounced occupying an intermediate 

position in the phylogeny. Danforth et al. (1989) discusses adaptive variation in the 

hymenopteran stigma and notes that stigma size tends to be larger in proportion to the rest of the 

wing in smaller individuals. In this case, however, notably larger bees of the megalostigma group 

possess a larger stigma. Danforth et al. (1989) mentioned that the stigma potentially serves as a 

means of shifting a centre of mass of the animal in flight and enhancing changes of wing shape 

in flight, however, but did not provide any insight into flight patterns associated with various 

stigma sizes.  

Geographic distribution of the megalostigma and aequatoriensis clades reveal interesting 

patterns. Members of the megalostigma group tend to inhabit low elevation areas ranging from 

270-1944m, whereas those of the aequatoriensis group occupy higher altitudes, ranging from 

(1125-3694m). Chilicola longiceps shares characteristics of the megalostigma group by 
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inhabiting areas as low as sea level and up to 1822m. In addition, with the exception of one 

record of C. megalostigma, semi-arid and dry sub-humid habitats are inhabited predominantly by 

longiceps, while humid areas are inhabited by both clades (Figure 15).  

Michener’s (1992) suggestion that the longiceps group might be paraphyletic is strongly 

supported by the phylogenetic results: the highest node support within C. (Hylaeosoma) places 

C. longiceps within the megalostigma group.  

The fossil placement in both weighted and unweighted trees suggests that C. (Hylaeosoma) 

is likely much older than the fossils’ estimated age of 10-15 million year (Michener and Poinar 

1996, Engel 1999). Chilicola longiceps, C. boliviana and C. lambayequense are all earlier 

diverging species than at least one of the fossils, while implied weight analysis suggests that C. 

boyacense and C. smithpardoi are also earlier diverging than either of the fossil species, 

suggesting that these extant lineages have survived for more than  10-15 million years.  

Previous studies have incorporated Chilicola (Hylaeosoma) spp. fossils in order to 

calibrate Colletidae phylogeny. Almeida et al. (2011) used a Bayesian framework with assigned 

lognormal or normal a priori age to three nodes within Colletidae, one of which was 

Xeromelissinae, based on Chilicola (Hylaeosoma) spp. fossils. The resulting node ages for 

Colletidae, Xeromelissinae and Chilicola were 71 Ma, 42 Ma and 26 Ma, respectively. Cardinal 

and Danforth (2013) estimated divergence times for all the major groups of bees, employing a 

Bayesian framework with an uncorrelated relaxed-clock model, which allows for the rate of 

evolution among tree branches to vary, with probability of the ages applied to 15 nodes. Their 

results suggested a somewhat later age for Colletidae (68 Ma) and a notably later age for 

Xeromelissinae (25 Ma). Kayaalp et al. (2017) have used a 68 Ma node from Almeida et al. 

(2011) for Euryglossinae and Scrapterinae (two subfamilies of Colletidae otherwise not treated 
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herein) and have estimated a rather recent diversification of Xeromelissinae (17 Ma). Based on 

the findings of this study, it is probable that Kayaalp et al. (2017) underestimated the age of the 

Xeromelissinae, as demonstrated by Chilicola gracilis and Chilicola electrodominica being 

nested quite deeply among extant species of the subgenus. It is likely that Chilicola originated 

around 26 Ma, as stated by Almeida et al. (2011), giving Xeromelissinae a much older estimate 

of 42 Ma.   

With information gained in this study, a more confident date estimate can now be placed 

on the Chilicola node, from which other nodes of the Colletidae can be calibrated. Combining 

this information with molecular data from C. (Hylaeosoma) will enable more precise Bayesian 

analyses for estimating divergence times and node ages.  

Overall, geometric morphometric can be a beneficial tool when examining specimens with 

limited morphological information, such as in the study herein. LAUP has enabled placement of 

fossils into the phylogeny along with other extant taxa, and as a result provided insight into C. 

(Hylaeosoma) evolution.  
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Table 5: Elevation and climate ranges for known Chilicola (Hylaeosoma) localities. In some 

cases, labels contained elevation or latitude/longitude information only.  

Taxon Habitat humidity 
Elevation 

range (m) 

Chilicola longiceps hyper-arid, humid 4-1822 

Chilicola polita humid 900-1942 

Chilicola yanezae humid 1000-1944 

Chilicola herberti humid -- 

Chilicola megalostigma semi-arid, humid 270-900 

Chilicola boliviana humid 1500 

Chilicola smithpardoi humid 1125 

Chilicola rufotergata hyper-arid 3299 

Chilicola liudmilae dry sub-humid 2019 

Chilicola belli semi-arid, humid 1400-2120 

Chilicola mexicana humid 1130-3694 

Chilicola involuta semi-arid 3150-3200 

Chilicola paveli humid 2300 

Chilicola aequatoriensis humid 1900-2930 

 

 
Figure 15: The map demonstrates the climatic divisions used in Table 5. The World Atlas of 

Desertification was published by UNEP in 1992 as the result of a cooperative effort between 

UNEP's Desertification Control Programme Activity Centre (DC/PAC), the Global Environment 

Monitoring System (GEMS) and the Global Resource Information Database (GRID). 
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