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Abstract

Taxonomy has far-reaching effects throughout biology, and incorrect taxonomy can be detrimental in many ways. Poly-

morphic species complexes, many of which exist in the bee genus Anthophora Latreille, lend themselves to such difficul-

ties. This study employs environmental niche mapping (ENM) and traditional morphological analyses to investigate the 

validity of the subjective synonymy of Anthophora (Heliophila) curta Provancher with the senior synonym A. squammu-

losa Dours. Eleven of fifty morphological characters consistently differentiate the two putative species, with an additional 

five characters sometimes separating them. Additionally, based on over 1000 georeferenced museum specimens, the geo-

graphic ranges of the two taxa do not overlap. The two entities also react differently to the bioclimatic variables based on 

correlation analysis. We further tested the two-species hypothesis by constructing ENMs with informative bioclimatic 

variables associated with locality records. Their modelled distributions overlapped less than 1%, suggesting discrete en-

vironmental boundaries. The variables which contributed most to each species’ model also differed. These differences are 

explored in relation to their habitats. The combined morphological and biogeographic analysis indicates that A. curta and 

A. squammulosa are distinct species. Based on the accumulated evidence the synonymy is formally rejected and A. curta 

is recognized as a valid species. Five additional taxa (A. bispinosa Cockerell, A. franciscana Cockerell, A. usticauda Cock-

erell, A. u. cinerior Cockerell, A. zamoranella Cockerell) are newly synonymized with A. squammulosa and Anthophora 

curta var. melanops Cockerell is newly synonymized with A. curta. Implications outside of taxonomy are discussed.
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Introduction

The Anthophorini (Hymenoptera: Apidae) are a tribe of large to small bees (6-30mm) known for their fast flight 

and generalist floral tendencies (Michener, 2007). A large number of synonymies were made in Brooks’ (1988) 

review of the tribe Anthophorini without any formal argument. One such synonymy was that of Anthophora 

(Heliophila) curta Provancher, 1895 with the senior synonym Anthophora (Heliophila) squammulosa Dours, 1870 

(Fig. 1). This synonymy came into question during the course of a revision of the New World Anthophora

(Heliophila) Klug. Upon initial review of determined specimens, there appeared to be two phenotypes of A. 

squammulosa. The distribution of these two entities appeared disjunct, with a northern form in the southwestern 

United States that encompassed the type locality of A. curta and a second form limited to Mexico that included the 

type locality of A. squammulosa. Several morphological characters also seemed to distinguish the two, while others 

appeared to intergrade between the two entities, suggesting the need to re-examine this synonymy. The situation 

was further obscured by four additional, currently recognized species from Central America and three historical 

subspecies in the complex. Caution in analysis of morphological characters is prudent as there are numerous 

polymorphic species in Anthophorini (Brooks, 1983; Brooks, 1988). As morphology alone has proven inadequate 

for distinguishing some Anthophora Latreille, the incorporation of additional sources of information becomes 

beneficial. Molecular data is often used under these conditions but recent material for DNA extraction was 
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study has major implications for the conservation status of these species. With the separation of A. curta from A. 

squammulosa, the latter’s geographic range and climatic niche are much reduced. The unique distribution of A. 

squammulosa, separate from all other A. (Heliophila), becomes especially apparent. This is of conservation 

importance because much of Mexico’s forests, especially the dry forests, are being logged (Myers et al., 2000; 

Olson & Dinerstein, 2002). Based on projections by the WWF, virtually all of the ecoregions in which A. 

squammulosa has been detected are soon to be in critical or endangered status (Fig. 5). In contrast, A. curta inhabits 

a number of ecoregions projected to be relatively stable or only vulnerable in the future. The incorrect synonymy of 

these two species obscured the potential threat to A. squammulosa posed by habitat loss. Only through the 

combination of traditional taxonomy and ENMs did this become apparent. This study demonstrates the value of 

ENMs in taxonomic studies where molecular data are not available and suggests its usefulness in future studies.
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APPENDIX 1. Detailed descriptions of the useful characters from the morphological analysis. Numbers here correspond 

to those of the in-line Table 1. 

1. Scutum surface sculpting—Differentiates both sexes

The scutum in Anthophora curta is pitted throughout as in Anthophora squammulosa. Despite this, clear reflections are 

visible throughout the scutum due to its smooth surface. In contrast, A. squammulosa has a more tessellate scutum and very 

few, if any, reflections as a result. It should be noted that the anterior limit of the scutum is smooth and shiny in both species.

2. Wing 1st submarginal cell setae—Differentiates both sexes

There are at most setae along the veins of the first submarginal cell in A. curta, as is typical for the New World A. 

(Heliophila). Anthophora squammulosa is the only species of New World A. (Heliophila) with setae reaching into the first 

submarginal cell. There are normally at least five such setae in the cell, although rarely they may be worn off and only the point 

of attachment is visible. In such a case, this point of attachment will often appear similar to, although less well-defined than, the 

papillae seen at the edge of the wing in Anthophora.

3. Propodeal enclosure surface—Differentiates both sexes

The propodeal enclosures are quite similar in extent in these two species, but within them the level of tessellation is 

distinctly different. The propodeal enclosure of A. curta is only weakly tessellate, allowing for an appreciable degree of 

reflection. The propodeal enclosure of A. squammulosa is comparatively more coarsely tessellate, giving it a duller appearance 

overall.

4. Mandible form—Differentiates females

The female mandible of A. curta is a short, linear blade as is typical of the New World A. (Heliophila). The tip of the 

mandible in A. squammulosa is comparatively much closer to that of A. peritomae, which has an elongate, scoop-like mandible 

tip. Although not as greatly enlarged as that of A. peritomae, the scoop of A. squammulosa is still distinctly elongate and the 

subapical tooth appears slightly reduced in comparison as a result. 

5. Legs overall setae color—Differentiates females

The legs of A. squammulosa are clothed in noticeably darker setae than those of A. curta. This is most obvious when 

looking at the long fringe of setae on the posterior of the fore leg’s tibia and basitarsus, which are a smoky gray to black in A. 

squammulosa and a white to light brown color in A. curta. This is also seen on the inner edge of the mid and hind femur, where 

the white setae of A. curta are again opposed by the smoky black setae of A. squammulosa. 

 

6. T1 erect setae color—Differentiates females

There are very long, erect setae present on T1 in addition to the appressed setae. These setae are all white in A. curta. In A. 

squammulosa, an appreciable number of these erect setae are instead black, intermixed with the dominant white setae. This 

may not be the case in specimens whose setae have been worn off.

7. Female S5 setae color—Differentiates females

In the apical half of S5, there are relatively longer setae in both species. These setae are typically a mix of white to light 

brown in A. curta, while in A. squammulosa they are largely dark brown to black, with few if any light setae.

8. Scape integument color—Differentiates males

The integument of the scape is quite commonly maculated in the New World A. (Heliophila), this maculation found on the 

underside such that it is visible when the antennae are raised. The species A. squammulosa follows this trend, with strong 

maculations typically present from the base to tip of the scape, although in some specimens it is somewhat reduced. There is no 

such maculation present in any observed specimens of A. curta. 
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