PUBLISHING

A new bee species of the genus Dasypoda from North Africa uncov-
ered by morphology and ultraconserved element phylogenomics (Hy-
menoptera: Melittidae)

Guillaume GhisbainA,\*, Denis MichezA , Michael G. BranstetterB, Vladimir G. RadchenkoC, Piluca Alvarez Fi-
dalgoD and Thomas J. WoodA,E

For full list of author affiliations and declarations see end of paper

\* Correspondence to:]\*Correspondence to:

Guillaume Ghisbain Laboratory of Zoology, Research Institute for Biosciences, University of Mons, Place du Parc
20, BE-7000 Mons, Belgium Email: guillaume.ghisbain@umons.ac.be

Handling Editor: Andy Austin
Received: 11 September 2024 Accepted: 8 January 2026 Published: 13 February 2026

Cite this: Ghisbain G et al. (2026) A new bee species of the genus Dasypoda from North Africa uncovered by
morphology and ultraconserved element phylogenomics (Hymenoptera: Melittidae). Invertebrate Systematics
40,1524073. doi:10.1071/1S24073

© 2026 The Author(s) (or their employer(s)). Published by CSIRO Publishing.

ABSTRACT Among the six bee families recorded from the African continent, Melittidae is a species-poor group
that includes the pantaloon bees of the genus Dasypoda Latreille. Using an integrative approach combining mor-
phological examination and phylogenomic analysis based on ultraconserved elements (UCEs), we describe and
diagnose a new species, D. (Heterodasypoda) rosaella Ghisbain & Wood, sp. nov., from Morocco and Tunisia.
This species has been historically misidentified as the European species D. (Heterodasypoda) albimana Pérez,
1905. We designate a sequenced neotype for the closely related D. albimana from southern France, facilitating
comparisons with D. (Heterodasypoda) rosaella sp. nov. and D. (Heterodasypoda) michezi Radchenko, 2017. To
further clarify the taxonomy of the genus, we confirm that D. (Heterodasypoda) bolivari Quilis is a junior syn-
onym of D. (Heterodasypoda) albimana, and retain D. (Dasypoda) panzeri Spinola, 1838 as a junior synonym of
D. (Dasypoda) hirtipes (Fabricius, 1793), although issues with the lectotype designation obscure the terra typica,
excluding this species from Egypt’ s fauna. We finally present an updated checklist and key of African Dasypoda,
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comprising 13 species, including 6 endemics. Our findings refine our understanding of African Dasypoda diver-
sity and underscore the need for integrative taxonomic approaches in resolving cryptic species complexes.

ZooBank: urn:lsid:zoobank.org:pub:AF50AD0A-A8A5-485A-A988-A4C39C0124BB

Keywords: genetics, identification key, integrative taxonomy, melittid bees, Morocco, pantaloon bees, phyloge-
netics, Tunisia, ultraconserved elements, wild bees.

Introduction

With nearly 21,000 species described globally, wild bees (Hymenoptera: Anthophila) constitute a particularly
diversified group of hymenopteran pollinators (Michener 2007). Beyond playing a key role in agricultural polli-
nation of a large proportion of the world’ s cultivated plants, bees facilitate the sexual reproduction of hundreds
ofthousands of flowering plants globally, making them essential for the functioning of ecosystems (Ollerton et al.
2011; Garibaldi et al. 2013). In recent years however, an increasing number of studies have detected sharp pat-
terns of decline in bee diversity and abundance, most clearly all in the Northern Hemisphere (Nieto et al. 2014;
LeBuhn and Vargas Luna 2021; Rasmont et al. 2021; Zattara and Aizen 2021; Ghisbain et al. 2024). Setting the
stage for present or future implementation of bee conservation schemes has therefore become a priority for an
increasing number of biologists (Winfree 2010; Drossart and Gérard 2020; Ghisbain et al. 2020a; Woodard et
al. 2020; Michez et al. 2023; Reverté et al. 2023). In this context, clearly recognisable and properly diagnosed
species constitute indispensable elements to implement local inventories for naturalists and scientists (Dubois
2003; Mace 2004; Vogel Ely et al. 2017; Boustani et al. 2021; Ghisbain et al. 2021a, 2023a, 2025; Bartomeus et
al. 2022).

With fewer than 250 valid species known globally, Melittidae is the second most species-poor family of bees after
the Australian endemic Stenotritidae (Michener 2007). Among melittid bees, the representatives of the genus
Dasypoda Latreille are a group of relatively uncommon bees known as ‘pantaloon bees’ . This small genus
includes ~40 species globally and is notable for the unique morphology of its females, which have unusually
prominent pollen-collecting hairs (scopae) on their hind legs (Michez et al. 2004a; Radchenko et al. 2019).
From the beginning of the millennium, Dasypoda bees have received increased attention from taxonomists, with
numerous species being discovered and described (Baker 2002; Michez 2002, 2005; Michez et al. 2004a). This
was further demonstrated in recent years with the discoveries of D. morawitzi Radchenko (Radchenko 2016), D.
michezi Radchenko (Radchenko 2017), D. schwarzi Radchenko & Michez (Radchenko et al. 2022), D. delectabilis
Ghisbain & Michez (Ghisbain et al. 2023b) and D. radchenkoi Ghisbain & Wood (Ghisbain et al. 2023c).

In this work, we mostly focus on the Iberian and African fauna of Dasypoda. We especially focus on the subgenus
Heterodasypoda Michez, for which a phylogenomic analysis based on ultraconserved elements (UCEs) supports
the presence of a D. rosaella sp. nov., a new species most likely endemic to North Africa. We facilitate its diag-
nosis by comparing it to the closely related and morphologically similar European taxa D. michezi Radchenko,
2017 and D. albimana Pérez, 1905, and by establishing a neotype for the latter species for which the original
type cannot be found and is presumed to be lost. We further review the type material of D. (Heterodasypoda)
bolivari Quilis, 1928, which was previously synonymised with D. albimana and review the type material of D.
(Dasypoda) panzeri Spinola, 1838, which is of doubtful identity. Based on our overall findings, we provide an
updated checklist of the Dasypoda species present in Africa and propose an updated identification key to all
Dasypoda species recorded on this continent.

Material and methods

Phylogenomics of Heterodasypoda bees

Sample collection A total of 22 individuals belonging to the subgenus Heterodasypoda were used in the phy-
logenetic analyses for this study (Supplementary Table S1). The ingroup includes six species (D. albimana Pérez,
D. michezi Radchenko, D. morotei Quilis, D. pyrotrichia Forster, D. radchenkoi Ghisbain & Wood, and D. rosaella
sp. nov.), all of which are sequenced for the first time for ultraconserved elements (hereafter referred to UCEs).
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In recent years, UCE sequencing has been used to resolve the phylogenetic relationships within an increasing
number of bee groups (Bossert et al. 2019, 2022; Branstetter et al. 2021; Odanaka et al. 2022; Orr et al. 2022;
Almeida et al. 2023; Freitas et al. 2023) and other groups of Hymenoptera (Branstetter et al. 2017a, 2017b;
Blaimer et al. 2023), above all because both recently collected and historical specimens (potentially >100 years
old) can be used as part of the analyses (Freitas et al. 2023). For the outgroup, and to root the tree, we selected
one Dasypoda belonging to the closely related subgenus Microdasypoda (D. iberica Warncke). All data are newly
presented here.

DNA sequence generation, matrix assembly and phylogenomic analysis

We employed the UCE approach to phylogenomics, combining target enrichment of UCEs with multiplexed, next-
generation sequencing (Faircloth et al. 2012, 2015; Branstetter et al. 2017a). The UCE molecular work was
performed following the methodology described in earlier research (Branstetter et al. 2021), which includes
DNA extraction, library preparation, UCE enrichment, sample pooling, and sequencing on Illumina instruments.
For UCE enrichment, we used the bee-ant version (Grab et al. 2019) of the Hymenoptera (ver. 2) UCE probe set
(Branstetter et al. 2017a). Five samples were sequenced on Illumina HiSeq 2500 (PE125, ver. 4, performed at
the University of Utah genomics core facility) and 18 samples were sequenced on HiSeq X (PE150, performed
by Novogene Inc. in Sacramento, CA, USA).

The sequenced UCE data were demultiplexed by the sequencing centre or using BBTools (ver. 39.99, see
https:// github.com/bbushnell/BBTools; Bushnell 2014). Data were later cleaned, assembled and aligned
using the Phyluce software package (ver. 1.6 and 1.7, see https://github.com/ faircloth-lab/phyluce; Faircloth
2016) following the workflow of Branstetter et al. (2021). Within the Phyluce environment, [llumiproces-
sor (ver. 2.10, see https://github.com/ faircloth-lab/illumiprocessor) and Trimmomatic (ver. 0.39, see
http://www.usadellab.org/cms/index.php?page=trimmomatic; Bolger et al 2014) were used for quality
trimming raw reads, SPAdes (ver. 3.14.1, see https://github.com/ablab/spades; Bankevich et al. 2012)
for de novo assembly of reads into contigs, and LASTZ (ver. 1.02, see https://github.com/lastz/ lastz;
Harris 2007) for identifying UCE contigs from all contigs, with the min-coverage and min-identity param-
eters set to 70 and 75 respectively. After extracting contigs, we aligned each UCE locus using MAFFT (ver.
7.130b, see https://mafft.cbrc. jp/alignment/software/; Katoh and Standley 2013) and we trimmed poorly
aligned regions (internal and external) using the program Gblocks (ver. 0.91b, see http://phylogeny.lirmm.
fr/phylo\_cgi/one\_task.cgi?task\_type=gblocks; Talavera and Castresana 2007), run with the following
reduced stringency parameters: b1:0.5, b2:0.5, b3:12, b4:7. Another Phyluce script was then used to filter the
initial set of alignments so that each alignment was required to include data for 75% of taxa. Following this
step, we concatenated the loci and conducted a quick tree search using the maximum likelihood-based program
IQ-TREE (ver. 2.2, see https://github.com/iqtree/iqtree2; Minh et al. 2020).

The preliminary tree search revealed several long-branched samples, which is likely an artefact of poor
sample quality and the challenge of aligning DNA fragments of different lengths. To remove the long
branches, we performed additional taxonbased trimming using the program Spruceup (ver. 2022.2.4, see
https://github.com/marekborowiec/spruceup; Borowiec 2019). For this analysis we used a rooted
guide tree with no branch lengths, the Jukes—Cantor distance method, a lognormal distribution, a global
cutoff of 0.93, and several manual cutoffs (Dasypoda_morotei_ BLX3284: 0.015, Dasypoda_rosaella_BLX3285:
0.015, Dasypoda_rosaella_BLX3286: 0.015, Dasypoda_rosaella_ BLX3259: 0.015). Following trimming,
we split the concatenated matrix using AMAS (ver. 0.98, see http://github.com/ marekborowiec/AMAS/;
Borowiec 2016) and then removed gap only columns from each alignment using a custom python script
(https://github.com/marekborowiec/remove\_ empty\_columns). @ We then re-concatenated the matrix
using Phyluce and performed another quick tree search using IQ-TREE to confirm that we had success-
fully shortened the long branches. We used two Phyluce scripts to calculate UCE statistics for each sample
( ‘phyluce_assembly_get_fasta_lengths’ ) (Supplementary Table S2) and for the final data matrix ( ‘phy-
luce_align_get_align_summary data’ ).

We used the Sliding-Window Site Characteristics based on entropy (SWSC-EN) approach (Tagliacollo and Lan-
fear 2018) to partition the UCE data for phylogenetic analysis. It uses a sliding window to partition UCE loci
into right flank, core, and left flank regions (see Faircloth et al. 2012 for the rationale behind this process).
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We implemented the approach using the program CURE (ver. 1.0.3, see https://github.com/ vhfsantos/CURE;
Freitas et al. 2023), which parallelises the computation. The resulting data subsets were then merged using
ModelFinder (see http://www.iqtree.org/ModelFinder/; Kalyaanamoorthy et al. 2017) in IQ-TREE 2. For this
analysis, we used the ‘rclusterf algorithm, AICc model selection criterion, and the GTR + G model of sequence
evolution. The resulting best-fit partitioning scheme included 631 data subsets and had a significantly better
log likelihood than the unpartitioned analysis. After merging subsets we inferred phylogenetic relationships
of Heterodasypoda species using IQ-TREE (ver. 2.2; Nguyen et al. 2015). For the analysis we performed full
model testing for each partition (-m MFP) and we calculated clade support by conducting 1000 replicates of
the ultrafast bootstrap (UFB) approximation (Minh et al. 2013; Hoang et al. 2018) and also 1000 replicates of
the branch-based, SH-like approximate likelihood ratio test (SH-aLRT) (Guindon et al. 2010). For these support
measures, values 295 and 280% respectively, indicate that a clade is supported. To reduce the risk of overesti-
mating branch supports with UFB we used the -bnni option in IQ-TREE, which performs an extra hill-climbing
nearest neighbour interchange search on each bootstrap alignment.

An alternative assessment of relationships and branch supports was obtained by a coalescent-based
species tree analysis on the dataset using the summary program ASTER (see https://github.com/cha
oszhang/A-pro; Zhang et al. 2025) and the weighted ASTRAL method (WASTRAL, ver. 1.15.2.3, see
https://github.com/chaoszhang/ASTER /blob/master/tutorial/ wastral.md; Zhang et al. 2018; Zhang and
Mirarab 2022). We estimated gene trees for the complete set of 1991 UCE loci using IQ-TREE 2, with the ‘'-m
MFP’ option selected for model selection and AICc selected as the model selection criterion. We generated
support values for each gene tree by performing 1000 UFB replicates. We combined the gene trees into a single
file and created a mapping file, whereby each terminal was assigned to one of the seven species. We then
conducted the wASTRAL analysis using the default local posterior probabilities for support.

COI barcode extraction

Although we focused on the analysis of UCE data for recovering phylogeny and testing species boundaries,
the 658-bp cytochrome c oxidase 1 (COI) barcode region is a useful molecular marker for bee taxonomy
and identification, given that a large reference library exists for bees and efforts have been made to sys-
tematically sequence this gene for several decades. Consequently, we attempted to extract the COI gene
as by-catch from our UCE sequence data in order to provide a molecular voucher for our data set that will
be useful for future species identification and monitoring efforts. This was done using a Phyluce script (
‘phyluce_assembly_match_contigs_to_barcodes’ ) and a bait sequence for Dasypoda hirtipes (BCHYM1435-13),
which was downloaded from the Barcode of Life Data System (BOLD) database (Ratnasingham and Hebert
2007). The script aligns the bait sequence to matching sequences in the assembly files and extracts the informa-
tion for each species. After running the script, we combined the outputs and manually checked the results for
completeness and quality. We checked and removed non-bee contaminants by querying all sequences over 80
bp in BOLD. We aligned the remaining sequences using MAFFT, checked for indels or stop codons and combined
fragmented sequences that overlapped or appeared to be of good quality. As a final quality check, we inferred a
phylogenetic tree using IQ-TREE and examined the tree for sensible placement.

Morphological examination and diagnosis

Some specimens used for the description of the new species were collected by G. Ghisbain and T. ]. Wood as part
of field trips in Morocco, whereas the other specimens were loaned from the institutions indicated below. Ref-
erence specimens of the other Heterodasypoda species are stored in the Laboratory of Zoology of the University
of Mons (Belgium). The following abbreviations (following the nomenclature of Michener 2007) were used for
morphological structures: Al, A2, etc,, first, second antennomeres; S1, S2, etc,, first, second metasomal sternum;
T1, T2, etc,, first, second metasomal tergum.
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Abbreviations of institutions

MNCN, Museo Nacional de Ciencias Naturales, Madrid, Spain; MNHN, Muséum national d' Histoire naturelle,
Paris, France; MRSN, Museo Regionale di Scienze Naturali di Torino, Turin, Italy; 00LM, Oberosterreichisches
Landesmuseum, Linz, Austria; RMNH, Naturalis Biodiversity Center, Leiden, Netherlands; UMONS, University of
Mons research collection, Mons, Belgium.

Species concept

The main species concept historically used for the description of most bee species worldwide (including nearly
all Dasypoda) was strictly ‘morphological’ (in a broad sense), i.e. mainly based on diagnostic differences in
colour patterns or in exoskeletal morphology (Michener 2007). Taking the especially well-studied bumble bees
(Bombus) as an example, taxa that diverge solely by colour pattern of the integument or of body hair have more
recently tended to be synonymised as a single species (Williams et al. 2019, 2020) or explicitly separated as
subspecies (Brasero et al. 2021; Lhomme et al. 2021; Rasmont et al. 2021; see also Ghisbain and Michez 2022).
The rationale behind grouping taxa with similar structural features is supported by the fact that hair colour is
expected to be more rapidly evolving than the sculpture of the cuticle, which is thought to be more conserved
intraspecifically (Williams et al. 2020; Rasmont et al. 2021; Wood et al. 2021; Wood 2023a). Genetic analyses
tend to confirm this trend, except for fully cryptic or near-cryptic bee species (i.e. species not or barely separable
based on phenotype) for which morphology appears to be highly conserved even in relatively distant lineages
(Williams et al. 2012, 2023; Ghisbain et al. 2020b). In the present work, we conservatively follow a unified
theoretical conceptthat considers species as ‘evolutionarily independent lineages’ (detailed in De Queiroz 2007).
As a proxy for this concept, species are recognised within an integrative framework, by considering multiple
lines of evidence if available, applicable or relevant. These lines of evidence can include biogeographical records,
ecological divergence (e.g. in habitat use or plant-pollinator interactions), genetic divergence (e.g. phylogenetic
distance or reciprocal monophyly), divergence in body hair colour and exoskeletal structure if visible. Although
no universal threshold of any of these characters can bring consensus regarding what species are, we attempt to
be transparent and consistent by evaluating divergences individually in these attributes and explicitly justifying
species delineations.

Results

UCE phylogenomics We recovered a mean of 1998 UCE loci per sample, with a range of 39-2278 loci. The
mean UCE contig length was 795 bp, with a range of 225-1615 bp. After trimming and filtering alignments, 1991
UCE alignments were retained for analysis. The concatenated matrix included 1,516,770 bp of sequence data,
37,898 informative sites, and 27.8% missing data (gaps or missing) (Supplementary Table S2).

Phylogenetic results were assessed as one source of evidence for testing species boundaries in Heterodasypoda.
We focused on monophyly and clade support as critical pieces of information to test morphology-based species
hypotheses. We also used the UCE matrix and the program MEGA11 (ver. 11.0.13, see https://www.megasoft
ware.net; Stecher et al. 2020; Tamura et al. 2021) to calculate p-distances within and among species. This was
done for descriptive purposes only and was not an explicit test of species boundaries. Phylogenomic analyses
supported the existence of the already described five species within Heterodasypoda, and of an additional unde-
scribed species from North Africa (Fig. 1). The latter taxon, described as D. rosaella sp. nov.,, is phylogenetically
close to D. albimana and D. michezi as expected by morphological examination. Using UCE-based, p-distances,
the average genetic differentiation between D. rosaella sp. nov. and D. albimana is 0.64%, and 0.54% between
D. rosaella sp. nov. and D. michezi. The analyses also support the differentiation of the newly described D.
radchenkoi Ghisbain & Wood from southern Spain from the closely related D. morotei Quilis (0.36% average
divergence). The other species included in the tree (D. pyrotrichia) is sister to the clade including D. morotei
Quilis and D. radchenkoi Ghisbain & Wood with maximum support. Sampling within D. morotei, D. rosaella sp.
nov. and D. michezi revealed additional, internal clades, but in light of other evidence, we view these clades as
representing internal genetic structure rather than evidence of species differences.
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The wASTRAL species tree analysis recovered identical relationships among species compared to the concate-
nated analysis, with all clades receiving maximum support.

DNA barcodes

We recovered full or partial COI sequence data for 18 out of the 23 samples sequenced for UCEs. We recovered
at least one sequence for each species, and for most species, we recovered one sequence that was >600 bp in
length. The exception is D. pyrotrichia, for which we only recovered a 325-bp fragment. The sequences ranged
in length from 100 to 658 bp. All barcodes have been deposited into GenBank (Supplementary Table S3).

Species delineation The undescribed North African taxon revealed in Fig. 1 shows reciprocal monophyly with
its sister taxon, Dasypoda michezi, as well as consistent morphological differentiation in exoskeletal structure
(Fig. 2—4). The taxon has, at the moment, only been collected in North Africa. It was
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Fig. 1. Phylogenetic tree of the global fauna of the bees belonging to the subgenus Heterodasypoda Michez based
on the analysis of 1991 ultraconserved elements (UCEs). The ingroup includes six species (D. albimana Pérez, D.
michezi Radchenko, D. morotei Quilis, D. pyrotrichia Forster, D. radchenkoi Ghisbain & Wood, and D. rosaella sp.
nov.), all of which are sequenced for the first time for UCEs. The scale bar indicates the number of substitutions
per site. Support values on nodes are UFB/SH-aLRT/, with only values less than 100/100 shown. The species
Dasypoda (Microdasypoda) iberica Warncke was chosen as the outgroup.

previously identified as D. albimana, a taxon that comes as a separate monophyletic clade on Fig. 1, with a



consistently divergent exoskeletal morphology. No taxon bearing the morphological features of D. albimana and
D. michezi is currently known from the authors in North Africa, suggesting a geographical separation between
the range of the new taxon and that of D. albimana and D. michezi. The overall genetic, biogeographical and
morphological differentiation between this new taxon and its European relatives leads us to describe it as a new
species for science, that we name Dasypoda rosaella Ghisbain & Wood, sp. nov.

Taxonomy

Genus Dasypoda Latreille, 1802
Type species: Andrena hirtipes Fabricius, 1793.

Comments The genus Dasypoda Latreille consists of ~40 species globally, including 20 in Europe (Ghisbain
et al. 2025) and 13 in Africa (see below). Except for one Sub-Saharan species, the group is strictly Palaearctic,
and mostly diversified in the West-Palaearctic region, especially around the Mediterranean Basin. The East-
Palaearctic fauna is much less diversified (see Wu 1978, 2000), although the taxonomy of these Asian species
requires revision (G. Ghisbain et al.,, unpubl. data). The genus Dasypoda was divided into four subgenera (Dasy-
poda Latreille s. str, Heterodasypoda Michez, Megadasypoda Michez and Microdasypoda Michez) by Michez et al.
(2004b). Multiple undescribed species were discovered in the last decade (Radchenko 2016, 2017; Radchenko
et al. 2022; Ghisbain et al. 2023b, 2023c). Here follows the description and diagnosis of a new species from
North Africa.

Subgenus Heterodasypoda Michez, 2004

Type species: Dasypoda pyrotrichia Forster, 1855.

Dasypoda rosaella Ghisbain & Wood, sp. nov.

(Fig. 2-4.)
ZooBank: urn:lsid:zoobank.org:act:B55CED5C-EF74-42C2-955D-61306CE2109A

Diagnosis Dasypoda rosaella sp. nov. belongs to the subgenus Heterodasypoda Michez (following the sub-
generic concept of Michez et al. 2004b) due to the combination of its diagnostic features. All representatives of
the subgenus Heterodasypoda are characterised by a medium to large body size (contrast Microdasypoda that
are the smallest representatives of the genus). The subgenus Heterodasypoda also significantly differs from all
other Dasypoda subgenera by the structure of the male genitalia: the gonostylus is always trilobed, with one
small inner lobe with a scaly surface, one small medial lobe and one larger outer lobe (contrast Dasypoda s. str.
in the West-Palaearctic region in which the gonostylus is bilobed with a membranous structure between the two
lobes; contrast Megadasypoda in which it is trilobed but without a scaly surface on the inner lobe; contrast Mi-
crodasypoda in which the gonostylus is either unilobed with one basal tooth, or bilobed without a membranous
structure that connects these lobes).

The apomorphies of Heterodasypoda must be regarded with a distinct combination of other characters that may
be individually shared with some other subgenera. First, the malar space of Heterodasypoda is always much
shorter than the length of the pedicel (contrast most representatives of Megadasypoda). Their maxillary palpi
and galea of all representatives are of a sub-equal length (contrast Dasypoda s. str. in which the palpi/galea ratio
isintherange of 0.5-0.75 and Megadasypoda in which itis less than 0.25). The nervulus (cu-v) of Heterodasypoda
is antefurcal (contrast most Megadasypoda). The division between the disc and the marginal area of T2 has a
relatively straight marginal line (contrast Megadasypoda and some Dasypoda s. str. in which this division is
curved). The apical lobes of S6 of Heterodasypoda have a dense pubescence (contrast Dasypoda s. str. and
Megadasypoda that have a shorter and sparser pilosity). Heterodasypoda lack lateral hooks at the basal half of
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S8 (contrast Dasypoda s. str. and some Megadasypoda). The pygidial plate of Heterodasypoda is always glabrous
(contrast Megadasypoda).

Females and males of D. rosaella sp. nov. can be separated from those of all other Heterodasypoda species by a
combination of morphological features. The punctation of the galea of D. rosaella sp. now. is irregular (Fig. 4e)
but predominantly sparse (most punctures separated by 1 puncture diameter or more), the surface between the
points is weakly shagreened (more weakly shagreened in females, slightly more strongly shagreened in males)
but essentially still shiny over its entire surface (contrast D. michezi, D. morotei and D. radchenkoi in which the
galea s fully covered with small tubercles and hence dull, and contrast D. pyrotrichia in which the galea is covered
with wave-like structures basally and hence partially dull).

In females, the centre of the scutum includes an area with dark hairs (contrast western D. pyrotrichia populations
in which the whole scutum is covered with a ginger pubescence, and eastern D. pyrotrichia populations in which
only a small number of black hairs can be found on the scutum medially). The female propodeal triangle of D.
rosaella sp. nov. is covered with fine and regular scale-like granular shagreen (Fig. 3h) (contrast D. radchenkoi in
which the propodeal triangle shows fine latitudinal ridges). The pubescence of the external face of the mesotibia
and mesobasitarsus of females is comprised of brownish and relatively short hairs (Fig. 3i), in profile view these
hairs not greatly extending beyond the posterior margin of the mesobasitarsus (contrast D. albimana for which
the pubescence of this segment is generally entirely white, the hairs of the mesobasitarsus long, in profile view
clearly extending beyond its posterior margin). The scopa of the metatibia of the female of D. rosaella sp. now.
is bicoloured orange and dark brown (Fig. 3k) (contrast with D. radchenkoi in which the scopa is uniformly
orange). The pubescence of the central part of T5 is homogeneously black in D. rosaella sp. nov. (in D. albimana
and most specimens of D. michezi the pubescence is most often brown centrally and white laterally, though dark
or abraded individuals of D. michezi can be found for which the majority of hairs of T5 are dark).

In males, a striking character is the shape of the apical part of the external lobe of the gonostylus, which is twisted,
angulous, spiky and covered with wave-like structures (Fig. 31, 4f) (contrast D. albimana in which it is flatter,
more rounded and with uniform scale-like shagreen (Fig. 4b), contrast all other



Fig. 2. Male of Dasypoda rosaella sp. nov. (a) Lateral view. (b) Dorsal view. (c) Antenna, with a focus on the
relative sizes of antennomeres 3 and 4. (d) Head in frontal view. (e) Vertex and ocellar field. (f) Lower part of
the head in oblique view, highlighting the malar space, clypeus structure and labrum. (g) Galea and maxillary
palp in oblique view. (h) Metasoma in ventral view. (i) Metasoma in dorsal view. (j) Sternum 6 in ventral view.
(k) Sterna 7 and 8 in ventral view (with external lobes of gonostylus visible around sternum 7). (I) Genitalia in



oblique lateral view.

Heterodasypoda in which the external lobe is much more lanceolate). The outer face of the external lobe of the
gonostylus also only shows scattered hairs (contrast D. michezi for which the outer face of the external lobe of
the gonostylus has a weak and anteriorly directed tuft of moderately long yellowish hairs, Fig. 4d). The genitalia
of 'D.albimana’ illustrated in fig. 56 of Radchenko (2017) actually belong to a specimen of D. rosaella sp. nov.
from North Africa. The typical external lobe of the gonostylus of the true D. albimana is illustrated here (Fig. 4b)
and can be used for reference in future research.
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Fig. 3. Female of Dasypoda rosaella sp. nov. (a) Lateral view. (b) Dorsal view. (c) Antenna, with a focus on the
relative sizes of the first flagellomeres. (d) Head in frontal view. (e) Vertex and ocellar field. (f) Lower part of
the head in oblique view, highlighting the malar space, clypeus structure and labrum. (g) Galea in oblique view.
(h) Highlight on the cuticular sculpture of propodeum. (i) Femur, tibia and basitarsus of the mid-leg in lateral
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view. (j) Last terga and pygidial plate in dorsal view. (k) Hind leg with scopa and metasoma in oblique ventral
view. (I) Metasoma in dorsal view.

Sex pairing in D. michezi and D. rosaella sp. nov. is unequivocally supported by the UCE data. Although no genetic
sequence is yet available for the female of D. albimana, pairing in this species remains unambiguous based on
morphology. In all regions where males conform to the

diagnostic features shown in Fig. 44, b, the corresponding females consistently exhibit the characteristic glossy,
sparsely punctured galea illustrated in Fig. 4a. This pattern holds in southern France, from where our neotype
originates, as well as in Catalonia, the locus typicus of D. albimana. In both of
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Fig. 4. Structure of the male galea and maxillary palp (g, ¢, ) and apex of the external lobe of the gonostylus (b,
d, f) of Dasypoda albimana (a, b), D. michezi (c, d) and D. rosaella sp. nov. (e, f).

these places, only D. albimana exists to the best of our knowledge. To support future taxonomic work, identifica-
tion of both sexes can also be assisted by sequencing the COI barcode fragment, which we provide on GenBank
(Supplementary Table S3).

Note Dasypoda delectabilis Ghisbain & Michez was also recently described from south-eastern Iran as a mem-
ber of the subgenus Heterodasypoda. The species was considered to be ‘morphologically intriguing’ by the
authors due to a previously unknown combination of morphological features of both the subgenera Heterodasy-
poda and Dasypoda s. str. (Ghisbain et al. 2023b). Preliminary unpublished UCE data suggest additional com-
plexity in the subgeneric placement of this species, which explains why no diagnosis with this species is provided
here. A detailed diagnosis of D. delectabilis with other Dasypoda bees is provided as part of the original descrip-
tion (Ghisbain et al. 2023b).

Description of male (Fig. 2, 4e-f)

Head (Fig. 2c-g) Clypeus, supraclypeal and paraocular areas covered by long and erect white to pale yellow
pilosity, with thin band of darker brown hairs along internal margin of compound eye (Fig. 2d). Clypeal surface
typically obscured by dense pilosity in well preserved specimens, densely punctate, punctures separated by <1
puncture diameter (Fig. 2f). Vertex covered with sparse and erect brown pilosity (posteriorly intermixed with
white or pale yellow hairs), vertex laterally, between lateral ocellus and the compound eye, clearly shiny, with
more or less pronounced wave-like structures (depending on the specimen) between the punctures close to the
compound eye (Fig. 2e). Gena behind compound eye shiny and densely punctate, covered with brown pilosity
(becoming pale yellow laterally). Malar space short (Fig. 2f). Mandible shagreened basally and shiny apically,
hairless and reddish. Base of mandible externally with pale yellow hairs. Galea more or less weakly sculptured
but always clearly shiny (Fig. 2g, 4e). Scape ventrally covered with dense pale yellow pilosity. Pedicel and
flagellum black. Flagellomeres largely cylindrical but slightly bent medially, slightly concave ventrally, densely
covered with very short, pale yellow pilosity. A3 longer than A4 (Fig. 2c), shorter than A4 + 5.

Mesosoma (Fig. 2a, b)

Scutum and anterior part of scutellum clearly shiny between punctures. Posterior part of scutellum, metanotum
and propodeum moderately shiny to mat and shagreened between punctures, covered with pale yellow erect
pilosity. Scutum medially with occasional discrete brown hairs. Nervulus (cu-v) antefurcal. Wing very slightly
infuscate. Femur, tibia and basitarsus with cuticle black but all tarsi dark orange. Colour of leg hairs pale yellow.
Spurs of the meso- and metatibia pale yellow.

Metasoma (Fig. 2a, b, h-1, 4f) Cuticle of tergal discs more or less shiny, covered with large punctures, inter-
spaces shagreened. Distance between punctures equals 1-3 point diameters. Apical parts of terga with cuticle
dark orange, very slightly translucent in some specimens. Tergal discs with hair yellow, with dense band of
whitish hairs apically on marginal areas (Fig. 2i). T6-7 covered with brown hairs. S1-5 densely shagreened and
punctured, covered with yellow to brownish pilosity (Fig. 2h). S6 apically with dense tufts of brown hairs that
radiate from the centres of apical processes (Fig. 2h, j). S7 with two apical spots of yellow hair and with latero-
apical processes shaped as in Fig. 2k. Apical part of S8 truncated, shaped as in Fig. 2k. Genitalia with gonostylus
in three lobes, the external lobe being twisted, angulous, spiky and covered with wave-like structures (Fig. 2I,
4f). Penis valve large and curved.

Description of female (Fig. 3) Note: the following description is based on three specimens collected from
three different localities in Morocco. Further observations of additional specimens might reveal currently un-
known intraspecific colour variability in the species.
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Head (Fig. 3c-g)

Clypeus covered with whitish pilosity, supraclypeal and paraocular areas covered with long and erect whitish
pilosity intermixed with black hairs and yellowish hairs around antennae (Fig. 3d). Clypeus strongly punctured
over its surface and shiny between punctures, punctures separated by <1 puncture diameter, becoming slightly
sparser apically (Fig. 3f). Frons and vertex covered with sparse, erect, black pilosity, with some yellowish hairs
posteriorly. Lateral parts of vertex, between lateral ocellus and compound eye weakly shagreened, broadly shin-
ing (Fig. 3e). Gena weakly sculptured, more or less shining with dense punctation, covered with black pilosity
dorsally, becoming yellowish to whitish ventrally. Malar space short (Fig. 3f) and distinctively narrower than
diameter of flagellum. Mandible strongly shagreened and shiny basally, matt apically, here its cuticle becom-
ing slightly reddish. Basal part of mandible with long yellow hairs on external margin (Fig. 3f). Galea black,
sparsely covered with large but irregular punctures, punctures separated by 0.5-1 puncture diameters, under-
lying surface finely shagreened and shiny across its entire surface (Fig. 3g, 4e). Scape ventrally covered with long
yellowish pilosity, with occasional short black hairs dorsally. Flagellum cylindrical, with black cuticle (except
for apical flagellar segments A5-12 with slightly reddish cuticle) and covered with very short whitish pilosity.
A3 clearly longer than A4 (Fig. 3¢), equalling A4 + 5.

Mesosoma (Fig. 3a, b, h) Scutum moderately shiny and strongly punctured, punctures separated by 1 punc-
ture diameter, more strongly shagreened apically. Hairs on scutum black centrally and yellowish laterally (close
to the tegulae), anteriorly, and posteriorly, so that darker pilosity appears as diffuse spot on mesosoma (Fig
3a, b). Scutellum shiny and densely punctured, metanotum less shiny, densely punctured and shagreened,
propodeum with scale-like granular shagreen over majority of its area, weakly shining (Fig. 3h). Tegula dark
brown and finely shagreened. Wing transparent, hyaline, with nervulus (cu-v) distinctively antefurcal. Profe-
mur covered with a majority of yellowish hairs (some darker hairs intermixed apically), external face of protibia
and probasitsarsus covered with dark grey pilosity, posterior face of protibia and apical part of posterior face
of profemur covered with bright orange pilosity. Mesofemur with yellowish and whitish—greyish pilosity, exter-
nal face of mesotibia basally with whitish—greyish hairs and apically with a tuft or adpressed whitish pilosity
(Fig. 3i), internal face with brown-black pilosity. Mesobasitarsus with whitish—-greyish to brownish pilosity
on external face. Metafemur with yellow pilosity. Scopa on metatibia and metabasitarsus yellow anteriorly,
brown externally and light brown posteriorly (Fig. 3k, bright orange hairs visible in image from internal side of
segments). Leg cuticle black, stained with reddish colouration on all basitarsi, tarsi and on metatibia ventrally.
Claws orange basally, dark brown apically, with strong internal tooth.

Metasoma (Fig. 3a, b, j-1)

T1 covered with semi-erect yellowish hairs, distance between points of cuticle equal to 1-2 puncture diameter,
underlying surface finely shagreened, apical margin of T1 with short white adpressed pilosity laterally, glabrous
medially (Fig. 31). T2 with disc covered with semi-erect, shorter yellowish pilosity, underlying surface matt. T3
disc covered with short, semi-erect, dark brown pilosity, underlying surface mat. T4 disc covered with short,
semi-erect, dark brown to black pilosity, underlying surface matt but with punctures more distinct than on T2-
3. Apical margins of T2-4 with short white adpressed pilosity (Fig. 3I). T5 disc covered with semi-erect black
hairs, followed by denser tuft of black hairs medially (Fig. 3j), with underlying cuticle much shinier with distinct
punctures separated by 1 or <1 point diameter. Pygidial plate strongly depressed, without apical excision, sur-
rounded by black pilosity (Fig. 3j). Hairs on S1 yellowish, dark brown on all other sterna (Fig. 3k), underlying
surface strongly sculptured.

Materials examined

Specimens collected in Morocco —the following specimen is designated as the holotype: 1 &: 1stlabel ‘Morocco:
Draa-Taf,, 21.iv.2022, Tazenakht, Anezal, 5 km NE Ait Igga, 30.7280, -7.4670, T] Wood' , 2nd label (yellow)
‘Genetic sample TJW_0900 Voucher specimen’ , 3rd label ‘[manuscript] Dasypoda albimana [printed] Det. T.
Wood 2022’ , collection RMNH, 4th label (red): 'HOLOTYPE/Dasypoda (Heterodasypoda) rosaella/Ghisbain &
Wood' .
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The following specimen is designated as a male allotype: 1 @: 1st label ‘Marokko/Oukaimeden 2700
m/28.6.1987/leg. Max. Schwarz’ , 2nd label ‘Dasypoda albimana/Pérez 1905/Det. Michez 2008’ , 3rd label
(red): 'ALLOTYPE/Dasypoda (Heterodasypoda) rosaella/Ghisbain & Wood' , collection OOOLM.

All the specimens cited hereafter are paratypes and are indicated as such with ared label ‘PARATYPE/Dasypoda
(Heterodasypoda) rosaella/ Ghisbain & Wood" . 1 B: 'Morocco, Marrak-Safi, Oukaimaden, P2030, 31.2119N,
7.8497W, 2500 m, 08.VIL.2022 -leg. G. Ghisbain' , collection UMONS. 1 &: 1st label ‘Mischliffen bei
Ifrane/MAROKKO 17.7.1975/leg. Gusenleitner 1900 m’ , 2nd label ‘[printed] Dasypoda/[manuscript] albi-
mana/Per./Det. Dr. Warncke' , collection OOLM. 11 @: 1stlabel ‘Marokko/ Oukaimeden 2700 m/25.6.1987/leg.
Max. Schwarz' , 2nd label 'Dasypoda albimana/Pérez 1905/Det. Michez 2008’ , collection OOLM. 1 B: 1st
label ‘Marokko/Oukaimeden 2700 m/26.6.1987/leg. Max. Schwarz' , 2nd label 'Dasypoda albimana/Pérez
1905/Det. Michez 2008’ , collection OOLM. 7 B: 1stlabel ‘Marokko/Oukaimeden 2700 m/27.6.1987/leg. Max.
Schwarz' , 2nd label ‘Dasypoda albimana/Pérez 1905/Det. Michez 2008’ . 10 @: 1stlabel ‘H. Atlas Oukaime-
den/MAROKKO 2600-2800 m/leg. ]. Gusenleitner 8.7.1975" , 2nd label ‘[printed] Dasypoda/[manuscript]
albimana/Per./Det. Dr. Warncke' , collection OOLM. 3 @: 1stlabel ‘Marocco/Haut-Atlas/ Oukaimeden’ , 2nd
label '25.-26.1987/leg. W. Schacht’ , 3rd label ‘Coll. K. WARNCKE/0.0.Landesmuseum/Linz/Austria-egg.
93’ , collection OOLM. 3 @: 1st label ‘Marocco/Haut-Atlas/Oukaimeden’ , 2nd label ‘27.-28.1987/ leg. W.
Schacht' , 3rd label ‘Coll. K. WARNCKE/0.0.Landesmuseum/Linz/ Austria-egg. 93’ , collection OOLM. 1 B:
1st label: ‘Morocco/40km S Guercif/15-17.5.1995/Ma Halada lgt." , 2nd label ‘Dasypoda albimana/ Pérez
1905/Det. Michez 2008’ . 1 @: 1stlabel: ° Morocco/40km S Guercif/

15-17.5.1995/Ma Halada Igt." , 2nd label 'Dasypoda albimana/Pérez 1905/ Det. Michez 2002’ . 1 @: 1stlabel
'MAROKKO/Oukaimeden H. Atlas/ 25.6.1988/leg. ]. Schmidt' , 2nd label ‘Dasypoda albimana/Pérez 1905/
Det. Michez 2008 . 1 @: 1stlabel 'MAROCCO/Moyen Atlas/v. Oorsohot, Coene/& Kruseman c.s." , 2nd label
‘MICHLIFFEN/2000 m/13-VII-1975', 3rd label ‘Dasypoda albimana/Pérez 1905 /Det. Michez 2003’ , collection
RMNH. 1 @: 1stlabel ‘Maroc. Marrakech/Oukaimeden. vallon principal/ 30.VI.2000 p.m./leg. S. Patiny’ , 2nd
label ‘Dasypoda albimana/Pérez 1905/Dét. Michez 2008’ , collection UMONS.

Specimens collected in Tunisia -2 @: 1stlabel ‘TUNISIA/10km SW LE KEF/15.4.2001/leg. M. Halada’ , 2nd
label ‘Dasypoda albimana/Pérez 1905 /Det. Michez 200[?]" , collection OOLM. 1 @: 1stlabel ‘TUNISIA/ 10km
SW LE KEF/15.4.2001/leg. M. Halada’ , 2nd label ‘Dasypoda/albimana Quilis 1928/Det. D. Michez 2002’ ,
collection OOLM.

All specimens are returned to their original institution with the exception of the holotype of D. rosaella sp. nov.,
which is deposited in the RMNH collection.

Distribution

Morocco and Tunisia; unknown or absent from Algeria (Fig. 5¢).

Remarks The flight period extends from April to July depending on altitude. The species was recently found
by G. Ghisbain and T. ]. Wood in the Anti-Atlas (Fig. 5a) and at Oukaimeden in the High-Atlas (Fig. 5b). One of
the females was observed visiting an unidentified yellow Asteraceae.

Etymology The speciesis dedicated to the Italian entomologist Paolo Rosa, a global authority on the taxonomy
of Chrysididae (Hymenoptera: Chrysidoidea), and the nerve centre of the European Project ORBIT ( ‘Developing
resources for European bee inventory and taxonomy’ ), as well as a mentor and a friend.

Neotype designation for Dasypoda albimana Pérez, 1905

One male specimen from southern France was chosen as a neotype for the taxon Dasypoda albimana Pérez,
1905 (sample BLX3287 in Fig. 1). The choice to create a neotype is motivated by the fact that it has not been
possible to locate the original type material of D. albimana used by Pérez (1905). Ornosa and Ortiz-Sanchez
(1998) noted that the type might be lost after examining numerous collections, specifically (i) the collection of
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the Department of Entomology of the Universidad Complutense de Madrid (Madrid, Spain), (ii) the Department
of Animal Biology and Ecology of the Universidad de Granada (Granada, Spain), (iii) the Estacién Experimental
de Zonas Aridas de Almeria (Almeria, Spain), (iv) the Museu de Ciénces Naturals de Barcelona (former Museu
Zoologic de Barcelona) (Barcelona, Spain), (v) the Museo Nacional de Ciencias

Fig. 5. Sites in which fresh specimens of Dasypoda rosaella sp. nov. have been recently collected by G. Ghisbain
and T. ]. Wood in Morocco, and known distribution of the species. (a) Draa-Taf (Tazenakht, Anezal, 5 km NE Ait
Igga) in the Anti-Atlas (locus typicus, in which specimen BLX3249 from Fig. 1 was collected). (b) Oukaimeden,
in the High-Atlas, where many paratypes collected in the 20th Century also come from. (c) Known distribution
of D. rosaella sp. nov. in North Africa.

Naturales (Madrid, Spain) and (vi) the Museu da Ciéncia da Universidade de Coimbra (Coimbra, Portugal). The
authors also note that they examined specimens from the MNHN that houses most of Pérez’ s specimens. In
addition, we also examined relevant specimens from the RMNH collection. Despite this in-depth search, type
material of D. albimana could not be recovered. Searches by Michez et al. (2004a) in the MNHN, where the
likelihood of finding the type is the highest, were also unsuccessful. We therefore consider the type material to
belost. Therefore, the designation of a neotype is justified and necessary in order to fix the name to the European
population from which it was described, and to ensure nomenclatural clarity and stability of the taxon relative
to D. michezi and D. rosaella sp. nov. Key identification characters to distinguish D. albimana from these two
taxa can be found in the identification key below.

Although the original description of D. albimana was made based on a female specimen (caught around
Barcelona, Spain), we chose a male neotype as this sex can be more reliably distinguished from other Het-
erodasypoda species, including D. rosaella sp. nov. (Fig. 4). This pattern is actually consistent in other
Heterodasypoda, for which females generally differ mostly by colour characters, whereas males vary also by
a combination of morphological features (Michez et al. 2004a; Radchenko 2017; Ghisbain et al. 2021b; but
see Ghisbain et al. 2023c as a counterexample). Furthermore, the most wellknown character that allows the
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identification of the female of D. albimana, i.e. the colour the pubescence of the mesotibia, can be hard to
appreciate as some darker hairs can sometimes be present on this segment ventrally or dorsally. Therefore, we
chose to select a male with both the genitalia and tongue structure properly dissected and visible as a neotype
for D. albimana. The neotype specimen comes from southern France, as suitable specimens from north-eastern
Spain of an age that could be used for genetic sequencing were not available.

The following labels are associated with the neotype of Dasypoda albimana Pérez, 1905: 1st label ‘B. du
Rhone/ Eygalieres/[manuscript] Carriere [sic]/R. Fonfria/[manuscript] 11.V.93" , 2nd label ‘Biologiezentrum
Linz,/Austria (LI)/ex. Coll. Borek Tkalcli/Eingang Nov. 2013’ , 3nd label ‘determined by Tkalcu/[sic] probably
as Dasypoda albimana [sic] Pér./labeled 2004’ , 4th label ‘Phylogenomics L_011/ BLX3287' , 5th label:
‘Phototype/D. albimana m1' , 6th label 'NEOTYPE/Dasypoda (Heterodasypoda) albimana Pérez, 1905 /Design.
Ghisbain & Wood 2023’ . The specimen is deposited in the OOLM. The galea and external lobe of the gonostylus
depicted in Fig. 4a, b belong to this specimen.

In addition, we confirm the synonymy of Dasypoda bolivari Quilis, described from ‘Vaciamadrid’' (Spain) with D.
albimana Pérez, after careful examination of the type material of D. bolivari at the MNCN by one of us (P. Alvarez
Fidalgo). Although this synonymy had already been established by Warncke (1973), an updated revision was
required to ensure that D. bolivari was not a senior synonym of D. michezi, whose distribution is now thought to
extend more widely in the Iberian Peninsula than previously suggested in Radchenko (2017) and Ghisbain et al.
(2021b) (G. Ghisbain, unpubl. data).

Distribution

To our current knowledge, D. albimana appears to be distributed in southern France, the northern half of Spain
and in a likely isolated population in the Sierra Nevada (sample BLX689 sequenced as D. albimana in Fig. 1
is a male collected there and its morphological criteria match those of the designated neotype), although the
exact boundaries of its geographical range remain unclear. A proper revision of museum material previously
identified as D. albimana is required to delineate the distribution of the species, with regard to that of the closely
related D. michezi. At the moment, both D. albimana and D. michezi are listed as ‘Data Deficient’ in the updated
Red List of European bees (Michez et al. 2026) precisely because of this lack of clarity regarding their respective
distributions.

Examination of African Dasypoda type material in the Spinola collection
(Turin, Italy)

It was recently possible to visit the Spinola collection (MRSN), which was closed and hence inaccessible during
the period in which the monographic Dasypoda revision of Michez et al. (2004a) was written. Spinola (1838)
described two species of Dasypoda, one of which is currently considered valid. The first taxon is D. (Dasypoda)
albipila Spinola, 1838, which was described from Egypt, and Baker (2002) designated a male lectotype.

The second taxon is D. (Dasypoda) panzeri Spinola, 1838. This taxon has been the subject of confusion from the
very beginning, as Spinola (1838, p. 508) referred to itas ‘Andrena succincta Panz.’ , stating that he believed that
it was actually a taxon close to but distinct from D. hirtipes. As summarised by Baker (2002), the name D. panzeri
was not described in the typical manner used by Spinola in other parts of the same publication. Baker (2002,
p.91) used the term ‘replacement name’, but we disagree with the use of this term, since Panzer (1793) did not
create a new nomenclatural act, referring to the taxon as ‘Andrena succincta Fabricius' (ultimately referring back
to Apis succincta Linnaeus, 1758, which is now Colletes succinctus), and therefore it was not a preoccupied name
that would require replacement. Dasypoda panzeri can simply be considered to be a species newly described by
Spinola, who considered it to be the same taxon as illustrated by Panzer (1793).

Spinola wrote that ‘La Dasypoda panzeri, qui ne parait pas rare en Egypte, se trouve aussi en Greéce, en Sicile et
en Italie [Dasypoda panzeri, that does not seem rare in Egypt, is also present in Greece, Sicily and Italy]’ (p.508).
In examining material preserved in the Spinola collection (see also Casolari and Casolari 1980), Baker identified
a male and female from Egypt and two males from Sicily as part of the original syntypic series used by Spinola.
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Both specimens from Egypt come from D. Waltl (see Casolari and Casolari 1980), as was the case for many of the
bee taxa described in Spinola (1838), such as D. albipila. Spinola (1838) described the species from both the male
and female sex, and Baker selected a male specimen as the lectotype, which has been labelled by someone other
than Spinola (see Baker 2002, p. 91) as coming from Egypt. Baker then identified this lectotype as D. altercator
(Harris, 1780) (functionally = D. hirtipes (Fabricius, 1793)), with the Egyptian female syntype identified as D.
sinuata Pérez, 1895. Two additional syntype males nominally from Sicily were labelled as paralectotypes (Baker
2002, p. 92).

Morphologically, the male lectotype does not appear to be D. sinuata, as it lacks the projections at the apex of the
metatibia that characterise this species in the male sex (Michez et al. 2004a). However, D. hirtipes does not occur
in North Africa outside of Morocco and has never been recorded from Egypt or the Levant (Michez et al. 2004a,
the dots in Algeria and Tunisia from Michez 2012 and Radchenko et al. 2020 are considered to be erroneous).
In this context, we are sceptical that the lectotype specimen selected by Baker is actually from Egypt. Spinola’
s specimens were never labelled directly, and instead stand over large labels indicating their name and origin.
Since Spinola’ s type series of D. panzeri contains, or at least originally contained, individuals from Greece, Italy,
and Egypt, it is not impossible that they became mixed during transfer to their more modern boxes and Baker
unintentionally selected one of the European specimens. The lectotype is accompanied by a handwritten label
indicating that this specimen comes from Egypt, but this label was not written by Spinola and has been added
more recently. Since Baker’ s lectotype designation is valid (because the specimens are genuine syntypes), and
as Spinola’ s syntypic series is polytypic and as we have no ability to determine which specimen comes from
which country, D. panzeri is best retained as a synonym of D. hirtipes but with a terra typica that is unclear.

Table 1. Dasypoda species recorded from Africa.

Records
Species in Africa  Source
Subgenus Dasypoda Latreille, 1802 s. str.
Dasypoda albipila Spinola, 1838 Algeria, Spinola (1838), Dalla Torre (1896)
Egypt
Dasypoda dusmeti Quilis, 1928 Morocco, Warncke (1973), Michez et al. (2004 a ),
Tunisia Michez (2012),Lhomme et al. (2020)
Dasypoda hirtipes (Fabricius, 1793) Morocco ~ Warncke (1973), Michez et al. (2004 a),
Michez (2012), Radchenko (2016), Lhomme et
al. (2020), Radchenko et al. (2020). The
records cited by Michez (2012) and
Radchenko et al. (2020) correspond to
different misidentified Dasypoda s. str.
species.
Dasypoda maura Pérez, 1895* Morocco, Pérez (1895), Alfken (1931), Maidl (1933),
Algeria Warncke (1973),
Note: some female specimens of D. maura Michez et al. (2004a), Louadi et al. (2007),
observed from Morocco present brown hairs Patiny and Michez (2007), Michez (2012),
intermixed with their overall orange scopa, Lhomme et al. (2020)

contrasting with all other Dasypoda s. str. that
are thought to present unicolourous scopae
(Michez etal. 2004 a, 2004 b ; Radchenko 2016).
Dasypoda oraniensis Pérez, 1895* Morocco, Pérez (1895), Michez et al. (2004 a ), Patiny
Algeria and Michez (2007), Michez (2012), Lhomme
etal. (2020)

Dasypoda riftensis Michez & Pauly, 2012* Ethiopia  Michez and Pauly (2012), A. Pauly (pers.
+ comm.)
Tanzania
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Records
Species in Africa  Source

Dasypoda sinuata Pérez, 1895 Canary Cockerell (1931), Warncke, 1973, Michez et al.
Islands, (2004 a), Michez (2012), Shebl et al. (2015),
Morocco, Lhomme etal. (2020)
Alge-
ria,Tunisia,
Libya,
Egypt

Subgenus Heterodasypoda Michez, 2004
Dasypoda rosaella Ghisbain & Wood, sp. nov.* Morocco, Michez (2003, as Dasypoda albimana

Tunisia auctorum ), Radchenko (2017, idem ), present
study.

Subgenus Megadasypoda Michez, 2004

Dasypoda visnaga (Rossi, 1790)** Morocco, Warncke (1973), Michez et al. (2004 a ),
Algeria, Michez (2012),Lhomme et al. (2020)
Tunisia

Subgenus Microdasypoda Michez, 2004

Dasypoda brevicornis Pérez, 1895* Algeria, Pérez (1895), Michez et al. (2004 a ), Patiny
Tunisia and Michez (2007), Radchenko et al. (2022)

Dasypoda cingulata Erichson, 1835 Morocco, Warncke (1973), Michez et al. (2004 a),
Algeria Michez (2012),Radchenko et al. (2022)

Dasypoda crassicornis Friese, 1896 Morocco  Warncke (1973), Michez et al. (2004 a ),

Michez (2012),Radchenko et al. (2022)
Dasypoda schwarzi Radchenko & Michez, 2022*  Morocco, Radchenko et al. (2022)
Tunisia

Species marked with an asterisk (*) are endemic to the continent, with D. riftensis being the only pantaloon bee
known from Sub-Saharan Africa. Double asterisks (**) indicate that the subgeneric classification of D. visnaga
requires more in-depth revision.

A request could be submitted to the International Commission for the Zoological Nomenclature to reject Baker”
s male lectotype and replace it with the female lectotype (which must come from Egypt since D. sinuata does
not occur in Sicily or Greece), but since this would then give D. panzeri priority over D. sinuata, this would lead
to nomenclatural instability and is not our favoured approach. Reference to D. panzeri having priority over D.
sinuata in Ghisbain et al. (20233, p. 72) resulted from a misinterpretation of the lectotype of D. panzeri, which
was thought to be conspecific with the female syntype. Under our current interpretation that maintains the
greatest nomenclatural stability, we consider the

terra typica of D. panzeri to be unclear, and therefore do not consider D. hirtipes to be part of the Egyptian fauna
(Table 1).

Updated key to the Dasypoda species of Africa

Females Note 1: the female of D. (Microdasypoda) schwarzi is unknown. Its morphology is expected to be
close to those of the consubgeneric species D. (Microdasypoda) brevicornis

and D. (Microdasypoda) crassicornis. Note 2: illustrations of the morphological characters discussed here below
are available in Michez et al. (2004a, 2004b). Further specieslevel character pictures are available in the works
of Michez and Pauly (2012, for D. riftensis) and Radchenko et al. (2022, for the North African Microdasypoda).

¢ 1 Protibia with cuticle yellowish. Tergal discs medially hairless and shiny................... Dasypoda (? Megadasy-
poda) visnaga (Rossi) Protibia with cuticle dark. Tergal discs medially at least partially hairy, with the
cuticle sculptured..........cccovreeiinnreeees 2
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¢ 2 Ratio between the length of the maxillary palpus and the galea between 0.5 and 0.75. Cuticle of the galea
never shiny between the punctures. Hairs on the marginal parts of S2-S4 forming complete wide bands
of dense, semi-erect, and long plumose hairs, which are corkscrew-shaped apically. Scopa typically uni-
colourous, rarely bicoloured. Scopal hairs conspicuously plumose...........cccccoevrrueunees Subgenus Dasypoda
Latreille s. str, 3
- Ratio between the maxillary palpus and the galea close to 1 (Fig. 4a). Cuticle of the galea either shiny
or dull between the punctures (Fig. 4a, c). Hairs on the marginal parts of the S2-S4 and of the scopa
not plumose. Scopa always bicoloured (Fig 3a, K).......cccuourirreeeiniririeeet et
9
e 3 Metatibia (beneath scopa) with a completely orange cuticle. Species from Sub-Saharan Africa
...................................................................................... Dasypoda (Dasypoda) riftensis Michez & Pauly

Metatibia with a black cuticle (at most slightly reddish locally on the apical part of the segment). Species from
North Africa........ 4

e 4 Scutum entirely covered with ginger hairs.......oe e Dasypoda
(Dasypoda) maura Pérez Hairs on scutum bicoloured, with darker hairs in the centre of the segment
........................................................................................ 5

¢ 5 Clypeus with white hairs, and face with black hairs (at most intermixed with few white-yellow hairs
but the overall appearance is black). Even in fresh specimens, apical margin of T4 with the hair band
interrupted in the centre...........ocoooeoennreeeienneceee

s Dasypoda (Dasypoda) dusmeti Quilis Clypeus with yellowish hairs, and
face never entirely black in appearance (e.g. yellowish, or yellowish with black hairs inter-
mixed). In fresh specimens, apical margin of T4 with the hair band continuous in the centre

8

e 7 Larger species (>11 mm). T2-3 with the bands interrupted. Internal face of the mesofemur with the
hairs twice as short as the width of the femur......Dasypoda (Dasypoda) sinuata Pérez Smaller species (<11
mm). In fresh specimens, T2-3 with the bands continuous. Internal face of the mesofemur with the hairs
at least as long as the width of the femur...........ccccooiiiiiinn

e Dasypoda (Dasypoda) albipila Spinola 8 Scutum shagreened between the punctures,
dull to weakly shining..........c.cccoco...... Dasypoda (Dasypoda) hirtipes (Fabricius) Scutum smooth and shiny
between punctures............cocoeeeveirinnnens

s Dasypoda (Dasypoda) oraniensis Pérez 9 Medio-apical part of the clypeus entirely
punctate, punctures separated by <0.5 puncture diameters (Fig 3f)....cccccevvrrnnnnncicneennnne.

- Dasypoda (Heterodasypoda) rosaella Ghisbain & Wood, sp. nov. Medio-apical part of the clypeus
with a clearly distinct circular area that is shiny and unpunctured...........c.cccccccceeennnnnnncnccccenens

s Subgenus Microdasypoda Michez, 10 10 Hair of the face ginger intermixed with
brown hairs........cocoveevins covinvrieecc Dasypoda (Microdasypoda) cingulata Erichson Hair on the face in-
cluding black and white.........ccccccevvrnnnenee. 11

¢ 11 Hairs on the face white medially and black laterally. Smooth area of the clypeus narrower than (or at
most equal to) half of the length of the apical width of the segment............cccocoooiinnnreirnen.

e Dasypoda (Microdasypoda) crassicornis Friese Hairs on the face intermixed black and
white. Smooth area of the clypeus clearly broader than half the length of the apical width of the
segment......Dasypoda (Microdasypoda) brevicornis Pérez
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Males

1 Protibia and A3 with cuticle yellowish...........ccovireeiiinnreeeee e Dasypoda (? Megadasy-
poda) visnaga (Rossi) Protibia and A3 with cuticle dark.........cccccoovveeeiinnneecee 2
e 2 Ratio between the length of the maxillary palpus and the galea between 0.5 and 0.75. Apex of S6 with the
cuticle distinctively visible through the pilosity. Baso-lateral part of S8 with two small teeth directed back-
wards. Gonostylus with two lobes linked with a membranous structure Subgenus......Dasypoda Latreille
s. str, 3
- Ratio between the length of the maxillary palpus and the galea between close to one (Fig. 2g). Apex
of S6 with the cuticle hidden behind a dense pilosity (Fig. 2j). Baso-lateral part of S8 without two
small teeth directed backwards. Lobes of the gonostylus not linked with a membranous structure

e Dasypoda (Dasypoda) riftensis Michez & Pauly Metatibia with a black cuticle (at most
slightly reddish locally on the apical part of the segment). Species from North Africa......4

¢ 4 Apical part of S6 laterally protruding. External lobe of the gonostylus truncated................ Dasypoda (Dasy-
poda) dusmeti Quilis Apical part of S6 laterally flat or nearly flat. External lobe of the gonostylus pointed
....................................................................... 5

e 5 Apical section of the inner side of the metatibia distinctively extended by a blade-like structure

& et Dasypoda (Dasypoda) sinuata Pérez Apical section of the inner side of the metati-
bia not extended by a blade-1ike SLIUCTUTE.........c.cccvveveeiiirierieecee s 6

¢ 6 Pilosity of the internal lobe of the gonostylus dense and dark brown..............cccccocvvnnenee. Dasypoda (Dasy-

poda) maura Pérez Pilosity of the internal lobe of the gonostylus sparse and yellow......7
e 7 S6 clearly concave apically. A3-4 of subequal length......................

s Dasypoda (Dasypoda) oraniensis Pérez S6 flat apically. =~ A3 longer than A4
................................................ 8
e 8 Tegula brown. Tergite discs with a ginger or black pilosity..........cccccveverreercinninreneenns Dasypoda (Dasypoda)

hirtipes (Fabricius)
- Tegula yellow. Tergite discs with a white pilosity..........cccccoueneee.
e Dasypoda (Dasypoda) albipila Spinola 9 S7 apically with two large lateral membra-
nous structures (Fig. 2k). Gonostylus with three distinct lobes (Fig. 2i), with a scaly surface
— ontheinternal Iobe.........ccccciirieiiieieiieeecce e e Dasypoda (Heterodasypoda) rosaella
Ghisbain & Wood, sp. nov.
S7 apically without lateral membranous structures. Gonostylus either made of one lobe with a small tooth
at the base, or with two lobes.............c.......... Subgenus Microdasypoda Michez, 10
e 10 Glossa 5 times as long as wide. S6 with apical pilosity directed laterally.......... Dasypoda (Microdasy-
poda) cingulata Erichson Glossa 2.5-3.5 as times as long as wide. S6 with apical pilosity directed radially

e 11 Face with a pure patch of white hairs surrounded by a pure black pilosity. Gonostylus made of one lobe
with a small tooth at the base................. Dasypoda (Microdasypoda) crassicornis Friese Face with black and
white hairs intermixed or completely white. Gonostylus made of two lobes.........c.ccccceoeoinnnneincnnnrcccs 12

12 Face with a yellowish pilosity intermixed with black hairs, especially on the paraocular areas. Gonostylus
with a dense pubescence on the inner side. External lobe of the gonostylus rounded apically.............. Dasypoda
(Microdasypoda) brevicornis Pérez Face with a white pilosity, except for the vertex and adjacent areas that are
intermixed with black hairs. Gonostylus with a sparse pubescence on the inner side. External lobe of gonostylus
truncated apically......c.coeeiorrreieiee e

...Dasypoda (Microdasypoda) schwarzi Radchenko & Michez

21



Discussion

We provide the description of Dasypoda rosaella Ghisbain & Wood, sp. nov, a new species of pantaloon bee
recorded from Morocco and Tunisia that was previously confused with the European endemic species D. albi-
mana. We based our decision to recognise the new taxon on both a UCEbased phylogenomic analysis and a
combination of diagnostic morphological characters in both males and females. The allopatric distribution of
this new species with its close relatives (D. albimana and D. michezi) reinforces this hypothesis. Consequently,
we now record 13 species of Dasypoda on the African continent, with only one of these found in Sub-Saharan
Africa (D. riftensis Michez & Pauly). Out of the remaining 12 North African species, 6 are endemic to Africa
whereas the 6 others also occur in Europe as defined by Rasmont et al. (2017). Only one species (D. hirtipes) is
found in Europe, Africa and Asia.

Taxonomy and ecology

The combination of morphological characters displayed by both females and males of Dasypoda rosaella sp. nov.
matches all the synapomorphies of the subgenus Heterodasypoda proposed by Michez et al. (2004b). Most
specimens examined here were previously identified as D. (Heterodasypoda) albimana and recorded as such in
Michez (2003) and subsequent publications. Although the females can generally be differentiated by size (D.
albimana typically being smaller), we believe that this character should be used with caution. Indeed, solitary
bees can vary in size at the intraspecific level only based on the quantity and quality of food they received at
their larval stage (e.g. Grula et al. 2021), and it is therefore possible that some specimens of D. rosaella sp. nov.
appear smaller than the average representative of the species. The best characters for differentiating females
remain the structure of the tongue, the colour of the hairs on the mesotibia and the colour of the hair tuft on T5.
Separating the males of both species is also relatively straightforward based on both the sculpture of the galea
and the apex of the external lobe of the gonostylus. The UCE-based phylogenomic analysis confirms the close
evolutionary relationship between the European D. albimana and D. michezi with the African D. rosaella sp. nov.,
as expected morphologically. It further suggests that D. michezi is the sister species of D. rosaella sp. nov., which
is plausible biogeographically, as the overall centre of distribution of D. michezi is closer to North Africa than
that of D. albimana. The UCE-based phylogeny acted as an especially powerful tool for confirming the accuracy
of the morphological characters shown in Fig. 4 and therefore stabilising the morphological species concept of
the three closely related species. Although all males examined from North Africa display genitalia identical to
those of the male individuals sequenced as D. rosaella sp. nov., we cannot fully exclude a possible presence of D.
albimana in Africa, but we consider it unlikely given its restricted distribution in southern France, the northern
half of Spain and the Spanish Sierra Nevada. Other representatives of Dasypoda (e.g. D. cingulata, D. crassicornis,
D. dusmeti, D. hirtipes and D. visnaga) are present both in the Iberian Peninsula and North Africa, showing that
both regions share part of their fauna. Further research conducted in North Africa should help elucidate this
matter (e.g. Wood 2023a, 2023b).

As for many melittid bees, Dasypoda rely on environments with a relatively specific flora. The subgenus Hetero-
dasypoda is predominantly associated with Cistaceae, a trait that is shared with some species belonging to its
sister subgenus Microdasypoda (Michez et al. 2004b; Radchenko et al. 2022). More work is needed to refine our
understanding of the habitats and foraged plants of D. rosaella sp. nov. across its distribution in the Maghreb.
Other observations of the species would be useful to help delineate more in detail the phenology relative to the
altitude specimens are observed at. Based on the identified material, we can estimate that the flight period of
D. rosaella sp. nov. is from (at least) April to July. Observations in Morocco indicate that D. rosaella sp. nov. is
not found in Cistaceae-rich habitats, indeed, at the locus typicus in the Anti-Atlas, the habitat was predominantly
elevated dry steppe between low-intensity agricultural fields (Fig. 5a). Flowering Cistaceae were not present,
strongly suggesting that D. rosaella sp. nov. does not use this botanical family as a major pollen source. Equally,
at Oukaimeden, no flowering Cistaceae could be found, further supporting this hypothesis (Fig. 5b). Alterna-
tively, D. rosaella sp. nov. could have a generalist diet like D. albimana. One of our females was indeed observed
visiting a yellow, unidentified Asteraceae, although we could not assess whether this visit was for collecting
pollen or solely nectar, particularly since the bee was collected at what we suspect is the very end of its flight
period (mid-July).
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Northern Africa as a bee-rich subcontinent

The known distribution of D. rosaella sp. nov. in Morocco and Tunisia strikingly recalls that of the newly de-
scribed species D. schwarzi (Radchenko et al. 2022) and some other non-melittid bees (Patiny and Michez 2007;
Wood 2023c) and suggests that the species should also be found in Algeria. The new Dasypoda described in this
work is one of the six Dasypoda species endemic to the African continent and the only endemic Heterodasypoda.

The Maghreb displays a large variety of environments, from a Mediterranean climate in the north to highly
xeric deserts southwards, and from Atlantic climates westwards to subalpine and alpine climates in its interior
mountain ranges, these predominantly found in Morocco. Despite the fascinating richness of this subcontinent,
North African countries remain relatively poorly investigated in comparison to Southern Europe, and certainly
to Northern Europe (Michez et al. 2019). Although Morocco is slightly better surveyed than its neighbours
(Lhomme et al. 2020), new bee species are continuously described or reported as newly recorded from this
country (Ortiz-Sanchez and Patiny 2019; Miiller 2020; Wood et al. 2020; Wood 2023b, 2023c). This implies
that a great deal of survey work is required to fully understand the real diversity of this region and suggests that
many species new to science are waiting to be described.

Supplementary material

Supplementary material is available online.
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