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RESEARCH ARTICLE

Taxonomic revision of the Afro-Arabian anthidiine bee
Pseudoanthidium ochrognathum sensu lato (Apoidea: Anthidiini),
based on morphological and genetic data

Max KASPAREK!, MARTIN HAUSER? & CHRISTIAN SCHMID-EGGER?

Abstract

The megachilid bee Pseudoanthidium ochrognathum (Alfken, 1933) is known from coastal and inland sand
dunes of both North Africa and the Arabian Peninsula. While we found some differences in the colour pattern and
punctation of the integument between these two populations, the DNA sequence of the mitochondrial cytochrome
¢ oxidase [ (COI) gene was found to be largely identical; the difference in the base sequence (Tamura 3-parame-
ter) was less than 1% and therefore did not support species-level distinctiveness. After examining the holotypes of
Anthidium arenosum Warncke, 1982, described from Iran, and P. micronitens Pasteels, 1981, described from Saudi
Arabia, both taxa are proposed as junior synonyms (syn. n.) of P. ochrognathum. On the other hand, Anthidium
beaumonti Benoist, 1950 (stat. res.), which was considered as a synonym of P. ochrognathum, is revealed to be dif-
ferent based on morphological and morphometric parameters, and its status as a valid species is resurrected. This
taxon includes “4. ochrognathum var. obscuratum Benoist”, which is considered herein to be a colour morph. Addi-
tionally, P. rubellulum Pasteels, 1969 (stat. res.) is treated as a valid, closely related species occurring in a limited
range in southern Israel, and is therefore removed from synonymy with P. ochrognathum. The species-level differ-
ences in colouration and punctation between P. rubellulum and P. ochrognathum are confirmed by a genetic dis-
tance of 6.0—6.7% in the COI gene. It is suggested to refer to the three species P. ochrognathum, P. beaumonti and
P. rubellulum as the P. ochrognathum species group.

Keywords: DNA barcoding; genetic distance; morphometry; synonyms; wool carder bees.

Zusammenfassung

Pseudoanthidium ochrognathum (Alfken, 1933) aus der Familie der Megachilidae ist von den Kiisten- und Bin-
nen-Sanddiinen Nordafrikas und der Arabischen Halbinsel bekannt. Obwohl wir zwischen diesen beiden Popu-
lationen einige Unterschiede im Farbmuster und der Punktierung des Integuments gefunden haben, erwies sich
die DNA-Sequenz des mitochondrialen CO/-Gens (Cytochrom-c-Oxidase-I) als weitgehend identisch. Der Unter-
schied in der Basensequenz (Tamura 3-Parameter) betrug weniger als 1% und unterstiitzte daher keine Separierung
auf Artniveau. Nach Untersuchung der Holotypen von der aus dem Iran beschriebenen Anthidium arenosum
Warncke, 1982, und der aus Saudi-Arabien beschriebenen P. micronitens Pasteels, 1981, werden diese beiden Taxa
als neue Synonyme (syn. n.) von P. ochrognathum vorgeschlagen. Andererseits zeigte sich, dass Anthidium beau-
monti Benoist, 1950 (stat. res.), bisher als Synonym von P. ochrognathum betrachtet, sich in morphologischen
und morphometrischen Merkmalen unterscheidet, so dass der Status als giiltige Art wiederhergestellt wird. Dieses
Taxon schlieBt A. ochrognathum var. obscuratum Benoist ein, das hier als Farbmorphe betrachtet wird. Dariiber
hinaus wird P. rubellulum Pasteels, 1969 (stat. res.), als giiltige, eng verwandte Art betrachtet, die in einem begren-
zten Gebiet im Siiden Israels vorkommt, und damit aus der Synonymie mit P. ochrognathum entfernt wird. Die
artiibergreifenden Unterschiede in Farbung und Punktierung zwischen P. rubellulum und P. ochrognathum werden
durch eine genetische Distanz von 6,0—-6,7% im COI-Gen bestitigt. Es wird vorgeschlagen, die drei Arten P.
ochrognathum, P. beaumonti und P. rubellulum als P. ochrognathum-Artengruppe zu bezeichnen.

Introduction

Pseudoanthidium ochrognathum (Alfken, 1933) is
a small wool carder bee of the tribe Anthidiini, which
was described from Egypt and is known from coastal
and inland sand dunes of the Arabian Peninsula and
North Africa (ALFKEN 1933). Two subsequently described
taxa, Anthidium beaumonti Benoist, 1950 from Morocco
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and Pseudoanthidium rubellulum Pasteels, 1969 from
Israel, were placed in synonymy with P. ochrognathum
by WARNCKE (1980). This remained the prevailing opin-
ion in the literature and only a few papers (LHOMME et al.
2020; AscHER & PickERING 2022; ITIS 2022) have treated
P. beaumonti as a distinct species. Material we examined
from Algeria, Chad, Egypt, Israel, Jordan, Mali, Morocco,
Oman, and the United Arab Emirates (UAE) allowed us to
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56 INTEGRATIVE SYSTEMATICS Volume 6 (2)

Fig. 1. Habitus of members of the Pseudoanthidium ochrognathum species group, females in upper row, males in lower row.
A, D. P. beaumonti (Benoist, 1950) from Morocco. B, E. P. ochrognathum (Alfken, 1933) from Morocco; C, F. P. ochrognathum
from UAE.
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Fig. 2. Results of a Principal Component Analysis (PCA) of four morphometric parameters of females of the Pseudoanthidium
ochrognathum species group. Different colours show the species/populations to which the material was assigned.

review the taxonomic relationships of these taxa. In addi-
tion to morphological and morphometric comparisons,
our analysis includes a comparison of the DNA sequence
of the mitochondrial cytochrome ¢ oxidase I (COI) gene
(DNA barcoding).

Material and methods

A total of 79 specimens of Pseudoanthidium ochrognathum
sensu lato were examined. In addition to the material in the pri-
vate collections of the authors, material was examined from the
Muséum Cantonal des Sciences Naturelles, Lausanne (Switzer-
land), the Natural History Museum, London (UK), the Natural
History Museum, University of Tartu, Tartu (Estonia), and the
Oberosterreichisches Landesmuseum, Biologiezentrum, Linz
(Austria). The reference number of the Anthidiini database of
the first author is stated for all specimens in the list of materials.

For a morphometric comparison, eye-ocellus distance, ocel-
lus-vertex distance, scutum width, and marginal cell length
were used. A multivariate Linear Discriminant Function Analy-
sis was performed to test differences between groups. The meth-
odological approach was described by Kasparex (2020a, 2020b).

Photographs were taken with a Canon MPE65/2.8 lens
mounted on a Canon EOS 6D camera equipped with a Canon
Twin Lite MT24EX Macro Flash. The camera was moved
between the shots with a Cognisys StackShot Rail and usually
between 25 and 30 photographs were taken at different focal dis-
tances. Subsequently, the pictures were stacked with the Helicon
Focus (version 8.2.0) software to create a completely in-focus
image. The resulting images were further processed with Adobe
Photoshop Elements 15.

For examination of the DNA sequences, a mid leg was
removed from fresh specimens. DNA extraction, PCR amplifi-
cation, and sequencing were conducted by the Canadian Centre
for DNA Barcoding (CCDB), Guelph using standardized high-
throughput protocols (http://ccdb.ca/resources). The mitochon-
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pronotal lamella

Fig. 3. Schematic view of the pronotal lobe in the Pseudoan-
thidium ochrognathum (A) and P. scapulare (B) species groups.

Fig. 4. Fifth sternum (S5) of Pseudoanthidium beaumonti (Ben-
oist, 1950) from Morocco (above) and P. ochrognathum (Alfken,
1933) from the UAE (below); arrows show different positions of
the combs on either side of the midline of S5.

drial cytochrome ¢ oxidase subunit 1 gene (COI) was sequenced
and the results were submitted to the Barcode of Life Data Sys-
tem (BOLD), a cloud-based data storage and analysis plat-
form developed by CCDB (http:/www.boldsystems.org). DNA
sequences were retrieved from six specimens of P. ochrog-
nathum s. 1. (Table 1). DNA alignments were made with Clustal
Alignment in the MEGAX software. The Maximum Likelihood
(ML) phylogenetic analysis was performed using MEGA ver-
sion 11.0.11 (Kumar et al. 2018). Bootstrap values were deter-
mined from 1,000 replications using the Tamura 3-parameter
model with uniform rates among sites, and are presented here
as percentages.

Genetic distance was calculated as the number of base sub-
stitutions per site from estimation of the net average between
groups of sequences. Analyses were conducted using the Tamura
3-parameter model (T92 model) (TamMUrA 1992; TamURA et al.
2021). All ambiguous positions were removed for each sequence
pair (pairwise deletion option). Evolutionary analyses were con-
ducted in MEGA X version 11.0.11 (KumaR et al. 2018).

The map was prepared with the SimpleMappr software
(SnorTtHOUSE 2010).

Volume 6 (2)
Abbreviations
CMK  Coll. Max Kasparek, Heidelberg, Germany;
CSE Coll. CHrisTIAN ScHMID-EGGER, Berlin, Germany;

CWHL Coll. WoLr-HarALD LieBiG, Bad Muskau, Germany;

MWNH Museum Wiesbaden, Naturhistorische Sammlung
(coll. MARTIN HAUSER);

MZLS Muséum Cantonal des Sciences Naturelles, Lausanne
(Switzerland);

NHMUK Natural History Museum London (United Kingdom);

OLL Oberosterreichisches Landesmuseum, Biologiezen-
trum, Linz (Austria);

SEMC  Snow Entomological Museum Collection, University of
Kansas Biodiversity Institute, Lawrence, Kansas, USA;

TUZ Natural History Museum, University of Tartu, Tartu

(Estonia).

Taxonomy
Subgeneric classification versus species groups

The taxon ochrognathum was described by ALFKEN
(1933) in the genus Anthidium Fabricius, 1804. PASTEELS
(1969a) erected the monotypic subgenus Carinellum to
accommodate this taxon, which he found to be different
from all other members of the genus. He stated that this
subgenus is very close to Paraanthidiellum Michener,
1948 (which today is considered synonymous with the
nominate subgenus of Pseudoanthidium Friese, 1898) and
differs from it by a few features: (a) the pronotal lobe is
surmounted by a very broad lamella that is raised anteri-
orly and laterally (Fig. 3); (b) the omaulus has a distinct
carina in its upper half (i.e., it does not extend to the lower
surface of the thorax); (c) the mandible of the female has
five teeth, of which the upper one strongly predominates.
Later, PasTeeLs (1969b) added P. rubellulum to this sub-
genus. MICHENER & GriswoLD (1994) thought that the few
apomorphic characters relative to other Pseudoanthidium
do not warrant giving Carinellum status as a separate sub-
genus. Consequently, they assigned the species of Carinel-
lum to the nominate subgenus of Pseudoanthidium and
regarded Carinellum as synonymous.

The type species of Pseudoanthidium s. str., P. alpi-
num (Morawitz, 1874), is insufficiently known (KASPAREK
2022; Kasparek & EBMER 2023). The habitus of the taxa
examined here is similar to that of the Pseudoanthidium
scapulare species group, which consists of ten species
(Litman et al. 2021). However, they are clearly distin-
guishable by the lamellate omaulus (angulate in the P.
scapulare species group) and the high anterolateral pro-
notal lamella that is almost as high as the pronotal lobe
is wide (lower and confined to the anterior side in the P.
scapulare group) (Fig. 3). The dentation of the mandibles,
however, was found not to be suitable for distinguishing
these two groups.
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Table 1. Material of Pseudoanthidium ochrognathum s. 1. from which DNA sequences of the mitochondrial COI gene were retrieved
for genetic barcoding. BIN is the Barcode Index Number System of BOLD Systems.

Species Collection Country Sex BIN

P. ochrognathum CSE: segl00 UAE Q BOLD:AEK7168
P. ochrognathum OLL: 011800 UAE Q BOLD:AEK7168
P. ochrognathum OLL: oll798 UAE 3 BOLD:AEK7168
P. ochrognathum WHL: whl005 Jordan 38 BOLD:AEK7168
P. ochrognathum OLL: 011823 Morocco Q BOLD:AEK7168
P. rubellulum OLL: ol1825 Israel Q BOLD:AEO7128

It is suggested to refer to P. ochrognathum and its close
relatives described below as members of the P. ochrog-
nathum species group, thus distinguishing them from the
P. scapulare species group. As the infrageneric classifi-
cation of Pseudoanthidium is not enough understood and
awaits further clarification and revision (KASPAREK &
EBMER 2023), we prefer to use species groups instead of
introducing formal new taxa.

Pseudoanthidium beaumonti (Benoist, 1950), stat. res.
(Figs. 1A, D, 3A, 4, 5A, 6C)

Anthidium beaumonti Benoist, 1950: 189. Morocco (Agadir), <,
& (MZLS; examined).

Anthidium beaumonti var. obscuratum Benoist, 1950: 189.
Morocco (Agadir), & (MZLS; examined). Homonym (ITIS
2022).

Anthidium ochrognathum ssp. beaumonti Benoist, 1950:
WARNCKE (1980).
Pseudoanthidium  (Pseudoanthidium) beaumonti (Benoist,

1950): LHomME et al. (2020).

Material examined

ALGERIA: 13, Biskra, 04.IV.1897, E. SaunDers leg.
(NHMUK).-CHAD: 18, Tibesti [Mountains], Zonar, 21.111.1953,
K. M. GuicHarD leg. (NHMUK) [PAsTEELS (1969a: 80) apparently
referred to this record without giving further details]. - EGYPT:
19, 13, Gebel Asfar [El-Gebel El-Asfar], 1V.1937, A. MocHL
leg. (NHMUK). — ISRAEL: 1, 8km NNE Ashqelon, Nizzanim
(31°45°N, 34°37°E), 13.V.1996, leg. M. Hauser (MWNH: mh091).
—19, 333, Palmachim [c. 12km S of Tel Aviv], 30.V.1075, Guich-
ARD leg. (NHMUK). — MOROCCO: 19, Essaouira (31°29°30"’N
9°45°01"’W), 18 m a.s.l., 28.1V.2015, V. Soon leg. (TUZ: tuz030,
TUZ 036630). — 13, Essaouira, 09.V.1995, Mi. Harapa leg.
(CMK: ms4312). — 399, 544, 10km E Essaouria (31°30°N
09°44°W), 22.111.1997, M. Hauskr leg. (CMK, MWNH: mh083-
90). — 399, Tamri, 23.V.1985 and 12.1V.1987, K. M. GUICHARD
leg. (NHMUK). — 299, 2483, Agadir, 24.1V.1947, 25.1V.1947,
13.VI1.1947, J. pE Beaumont leg. [holotype and paratypes of
Anthidium beaumonti and A. beaumonti var. obscuratum; lecto-
type and paralectotypes designated by G. VAN DER ZANDEN 1988
(MZLS), see Benoist (1950)]. — 1099, 33J, Agadir and Agadir
coast, 09.I11., 20.111., and 15.VI.1974, 12-16.V.1975, 11.111.1985,
G. R. Etse & K. M. GuicHArD leg. (NHMUK). — 19, Tamri,
70km N Agadir, 08.V.1995, M. Harapa leg. (CMK: ms4308). —

19, Massa, 50km S Agadir, 17.1V.1979, K. WaRNCKE leg. (CMK:
ms4638). — 1, 40km S Agadir, S Rabat, 30.V.1995, C. Scumip-
EGGER leg. (CSE: seg203). — 292, 14, Sidi Rbat, 60km S Agadir
(beach), 31.V.1995, M. Hauser leg. (MWNH: mh080-82). — 19,
6km S Sidi Ifni-Goulimine [Guelmim] Road, 29.111-01.1V.1974,
G. E. EisE leg. (NHMUK).

Diagnosis

Within the P. ochrognathum species group, P. beau-
monti is characterized by a dense, regular and deep punc-
tation of the scutum and scutellum and a completely black
T1 (often also T2), without yellow-orange markings. The
vertex has no or only small remnants of yellowish mark-
ings. In the male, the distance between the median combs
on S5 is about twice the width of a comb.

Differential diagnosis

Compared to the other species of the P. ochrognathum
species group, P. beaumonti is a somewhat larger, rela-
tively robust species. In the female, the marginal cell (as
an indicator of body size) is for example on average 1.23
mm long (n=9), whereas it is 1.04 mm (n=16) in P. ochrog-
nathum. However, there is overlap in morphometric meas-
urements. In a Principal Component Analysis with four
body measurements (ocello-ocular distance, distance
between lateral ocelli and vertex, scutum width, length of
marginal cell), the females of P. beaumonti formed a clus-
ter distinct from those of P. ochrognathum (Fig. 2). Also
a Discriminant Function Analysis carried out on the same
dataset produced almost identical results, i.e., a clear sep-
aration of the cluster containing 4. beaumonti from the
cluster containing A. ochrognathum. The two species are
thus well separated by morphometric traits.

The female of P. beaumonti is further distinguished
from P. ochrognathum by the dense, regular, and deep
punctation of the scutum and scutellum (scattered and
shallow, mostly irregular punctation with larger impunc-
tate areas in between in 4. ochrognathum), the absence
of yellow lateral maculation on T1 (and mostly also T2)
and a denser and deeper punctation on the terga (distance
between punctures on the disc of T3 up to half a punc-
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Fig. 5. Male genitalia of Pseudoanthidium beaumonti (Benoist,
1950) from Morocco (A) and P. ochrognathum (Alfken, 1933)
from the UAE (B).

ture diameter in P. beaumonti; up to two puncture diame-
ters in A. ochrognathum) (Fig. 6). It is distinguished from
P. rubellulum by the dark depressions of the terga (diffuse
red-brown bands in P. rubellulum) (Figs. 1, 9).

The male of P. beaumonti is distinguished from P.
ochrognathum by the absence of a lateral yellow spot on
T1 (rarely very small yellow spot present; yellow spot or
band present in P. ochrognathum) and deeper, larger, and
more regular punctures on the scutum, scutellum, and
terga. The median patches of combs on S5 (additional to
the combs on the lateral arms) are close to each other and
are separated by less than the width of a patch (several
patches wide in P. ochrognathum) (Fig. 4).

Description

Female. 5—6 mm long. Head: Large (as in other Pseu-
doanthidium). Clypeus black, bell-shaped. Punctation
somewhat finer apically than at base. Apical margin
emarginate, mostly entirely hidden under a moustache-
like pubescence (similar to the members of the P. scapu-
lare species group). Mandible broad with smooth surface,
red-brown with five black teeth; the uppermost tooth is
the strongest one, followed by a small tooth and three
nearly equally large teeth. White pubescence around the
antennal sockets. Small triangular red-brown macula-
tion on the pre-occipital ridge behind the eye, sometimes
reduced to a narrow line. — Mesosoma entirely black
with scattered inconspicuous white hairs on scutum and
dense white pubescence on mesepisternum. Scutum con-
vex; scutum and scutellum with dense punctation with
finely shagreened interspaces between punctures; dis-
tance between punctures less than half a puncture diam-
eter. Scutellum overhanging metanotum; apical margin
thin and laterally lamellate; pronotal lobe with high ante-
rolateral lamella. — Legs dark brown, inner faces and

Volume 6 (2)

tarsi light brown. Hair on basitarsi approximately as long
as the width of the basitarsi. — Metasoma: T1 black; T2
black, rarely with small lateral yellow spot; T3-T4 with
large lateral spot; TS black, rarely with remnant of yellow
spot; T6 black. Punctation of T1-T4 dense and deep, like
on scutum. Punctation on discs and depressions identi-
cal; broad impunctate apical zone, slightly curled upward.
Punctures on T5 and T6 sometimes confluent. T6 with
median lamellate flange.

Male. 6 mm long. Head black, rarely with a narrow
red-brown stripe along the preoccipital ridge behind the
eye; face covered by long white hair obscuring most of
the clypeus; clypeus apically retracted inwardly; mandi-
ble broad and short with three strong acute teeth; man-
dible yellow, teeth dark brown, transition zone reddish
brown; punctation of head dense and regular; scape black,
flagellomeres light brown. — Mesosoma: Punctation of
scutum shallow, punctures small; punctation less dense
than on vertex, punctures up to 1-2 puncture diameters
apart; pronotal lobe as in female; tegulum reddish brown.
— Legs: Femora dark brown with lighter apex; tibiaec and
tarsi brown to light orange-brown, but a male from Israel
with entirely orange-brown tibiae and tarsi. — Metasoma:
T1 black, T2-T4 with mediolateral yellow spot, TS-T6
black, T7 light yellowish. Terga with broad impunctate
reddish brown apical margins. S1 with long hairs at apical
margin; S2 covered with dense, felt-like pubescence with
unbranched hairs; S3 with apically hooked and waved
hairs; S4 hidden under S5; S5 with lateral arm and a broad
comb at its apex. Additionally, a comb on each side of the
middle of S5, with the distance between these two combs
less than a comb’s width (Fig. 4). — Genitalia: The shape of
the male genitalia (Fig. 5) is in accordance with the gen-
eral shape of the genitalia of the genus Pseudoanthidium.
The gonostyli are unnotched at the apex. The penis valves
are some distance apart, but touch at the tip. Not different
from P. ochrognathum (Fig. 5).

Genetic analysis
No fresh material was available for the extraction of DNA.

Taxonomic note

In addition to Anthidium beaumonti, BENoisT (1950)
described “var. obscuratum” with an entirely black clypeus.
WarnNckE (1980) regarded obscuratum as synonymous with
beaumonti (which in turn he considered as a subspecies of
ochrognathum). Nevertheless, ITIS (2022) presented obscu-
ratum as a subspecies of Pseudoanthidium beaumonti, but
noted that as per ICZN Article 45.6.4, Anthidium [Pseu-
doanthidium] beaumonti obscuratum Benoist, 1950 should
be regarded as a junior primary homonym of Anthidium
[Pseudoanthidium) obscuratum Morawitz, 1875. Examina-
tion of the holotype of obscuratum showed that its punc-
tation is completely consistent with that of A. beaumonti
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Fig. 6. Dorsal mesosoma (scutum, scutellum, and axillae) of Pseudoanthidium ochrognathum (Alfken, 1933) from Morocco (A) and
the UAE (B), and P. beaumonti (Benoist, 1950) from Morocco (C). Pseudoanthidium ochrognathum (A, B) has shallower, more scat-
tered punctures than P. beaumonti (C).

s. str., and that there are no colour or structural features
to indicate that this specimen would belong to a different
taxon. The colour pattern of the clypeus of P. beaumonti is
variable and in Morocco, 8 out of 11 males examined have
black clypei, and only three have yellow clypei (Fig. 7).

Distribution
Widely distributed in northern Africa from Morocco
and Algeria across Chad to Egypt and in Israel.

Pseudoanthidium ochrognathum (Alfken, 1933)
(Figs. 1B, C, E, F, 3A, 4, 5B, 6A, B, 7)

Anthidium ochrognathum Alfken, 1933 [“1932”]: 104. Egypt
(Giza, Abu Rawash): &, @ (Collection of the Ministry of
Agriculture in Gizeh).

Pseudoanthidium (Paraanthidiellum) micronitens Pasteels,
1981: 255, syn. n. Saudi Arabia (Hofuf): & (NHMUK;
examined).

Anthidium arenosum Warncke, 1982: 173, syn. n. IRAN
(Iranshahr, Espakeh): ¢ (OLL; examined).

Material examined

IRAN: 19 (holotype of Anthidium arenosum). Sistan and
Baluchestan Province: Iranshahr, NW Espakeh (“Rig Ispakeh”),
02.1V.1954, W. Ricuter & F. ScHAUFFELE leg. (OLL: oll1113).
— ISRAEL: 18, Hazeva [Chazewa], 27.111-03.1V.1988, K. M.
GuicHARD leg. (NHMUK). — JORDAN: 1, Madaba: Wadi al
Battan, near bridge (31.644N, 35.782E), 698 m, 19.111.2016, leg. J.
GeBERT (Wh1005). — MOROCCO: 19, 10km N Mhamid (29°55°N
05°43°W), 21-22.1V.1995, Ma. Harapa leg. (CMK: ms4309). —
19, 20km N Foum-Zguid (30°15°N 06°50°W), 29-30.1V.1995, M.
Harapa leg. (CMK: ms4310). — 19, 30km SW of Foum Zguid,
rd. no. 12 (29°54’N 07°03’W), 21.1V.2017, L. Cerny leg. (OLL:
ol1824). — 19, Foum Zguid env. (30°04’N 06°53’W), 21.1V.2017,
M. Snizek leg. (OLL: 0l1823). — 13, 5km N Zagora (30°23°N
05°51°'W), 24-25.1V.1995, M. Harapa leg. (CMK: ms4311).
— 299, Draa Valley, 30km SE Zagora (30°1I’'N 05°34’W),
28.V.1995, C. Scumip-EGGer leg. (CSE: seg201-202). — SAUDI
ARABIA: 18 (holotype of P. micronitens), Hofuf, 21.111-06.
1V.1980, K. GuicHArD leg. (NHMUK, B.M. Type Hym 17a 31215).
— UNITED ARAB EMIRATES: 399, Sharjah Breeding Cen-

tre (25°16.87°N, 55°41.44°E), 12.111.2008, leg. M. Hauser (CSE:
5eg095-097). Sharjah Desert Park (25.28°N 55.70°E), 25.V.2008,
A. v. HARTEN leg. (CSE: seg078). — 299, Desert (25°08.16’N,
55°54.45’E), 15.111.2008, M. Hauser leg. (CSE: seg098-099)
see also DATHE (2009). — 19, Mahafiz (25.20N, 55.73E), 11-19.
I11.2009, C. ScumIiD-EGGER leg. (CSE: segl00). — 299, Abu Dhabi
pr.: New Shwaib (24°44°N, 55°47°E), 08.111.2017, leg. M. HALADA
(OLL: 011795, 797). - 299, 43J, Sarjan pr.: W of Dhaid (25°17°N,
55°51’E), 02.111.2017, leg. M. HarLapa (OLL: 011796, 798-802). —
1d, Suweihan, 12.1V.1988, I. L. Hamer leg. (NHMUK). — 1J,
Abu Dhabi, 13.1V.1988, I. L. HamER leg. (NHMUK).

Material from literature and internet sources

CHAD: 1 ex., Tibesti: Wadi Wour, 7.111.1953, K. M. GuicH-
ARD leg. (SEMC) (https:/www.gbif.org) [Probably a misidenti-
fication of P. beaumonti (see under that species)]. - EGYPT: 19
(holotype of Anthidium ochrognathum), Giza: Abu Rawash [=
Abu Roash, Abu Rowasch], 7.viii.1926, R. MaBrouk leg. (Min-
istry of Agriculture, Egypt) [ALFKEN (1933); see also SALEM &
EL Azas (2017) and Ersuaier (2022)]. 13 (paratype of Anth-
idium ochrognathum), Assiout: Wadi Assiouti, 25.1V.1926,
Kassmv leg. (Plant Protection Research Institute, Giza, Egypt)
(ALFKEN 1933, see also SALEM & EL AzaB 2017 and ELSHAIER
2022). 13, Giza: Mansouria, 16V.1934, leg. R. MABROUK
(ELsHalgr 2022). — PALESTINE: West Bank (AscHER & Pick-
ERING 2022). — SUDAN: Khor Arbaat Delta [Port Sudan, Red
Sea coast], 13, 4V.1926, leg. H. B. JoHNSTON (MAVROMOUSTA-
Kis 1945) [the (very brief) description does not unambiguously
point to P. ochrognathum]. — UNITED ARAB EMIRATES:
399, Sharjah Desert Park, 12.111.2008, leg. M. Hauser. 399,
19.111.2008, leg. M. Hauser (DaThE 2009). 333, 299, Sweihan
Road, 12.1V.1988, leg. I. L. HamEer (SEMC via https://www.
gbif.org). Abu Dhabi, 12.1V.1988, leg. 1. L. Hamer (SEMC via
https://www.gbif.org).

Diagnosis
Pseudoanthidium ochrognathum is distinguished from
the other taxa in this species group by large yellow mark-
ings on T1 and a shallow and scattered punctation on the
scutum, scutellum, and terga. In the male, the combs at
the base of S5 are separated from each other by several
comb widths.
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Fig. 7. Face colour pattern variation in male Pseudoanthidium ochrognathum (Alfken, 1933); A, B: UAE; C: Morocco; D: Jordan.
A. Clypeus and parts of lower paraocular area yellow. B. Clypeus yellow, lower paraocular area black. C. Clypeus black with yel-

low median stripe. D. Face entirely black.

Differential diagnosis
See under P. beaumonti and P. rubellulum.

Description
Female. 5 mm long. Head black with yellow to orange
triangular maculation on the preoccipital ridge behind the
eye; punctation of clypeus scattered at base (with some
impunctate areas at base of clypeus and in the supracl-
ypeal area) and dense towards posterior margin; apical

margin of clypeus shallowly emarginate, mostly covered
by dense white pubescence; mandible yellow to red-brown
with five dark brown teeth (upper tooth the strongest one,
followed by a minute tooth and three large acute teeth);
scapus, pedicel, and first flagellomere dark brown or
black, other flagellomeres ochreous. — Mesosoma: Scu-
tum convexly protruding; scutum, scutellum, and axillae
polished and shining, with shallow punctures separated by
half their diameter up to 2—-3 times their diameter (scat-
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— ABABX475-22 | P. ochrognathum | oll823 | Morocco

P. ochrognathum
Morocco & Jordan

— ABABX479-22 | P. ochrognathum | whi005 | Jordan
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ABABX520-22 | P. canariense | mfu032 | Spain

ABABX149-20 | P. reticulatum | Mbou255 | Lebanon

P. rubellulum

Outgroup 1

Outgroup 2

Fig. 8. Phylogenetic tree of some members of the Pseudoanthidium ochrognathum species group, based on the mitochondrial cyto-
chrome c oxidase I (COI) gene. Numbers shown at the nodes are Maximum Likelihood bootstrap values. Pseudoanthidium canar-
iense (Mavromoustakis, 1954) and P. reticulatum (Mocsary, 1884) were used as outgroups.

tered punctation especially on scutellum); scutellum with
lamellate margin. In the material examined, scutum and
axillae with V-shaped yellow band in eastern populations,
but entirely black in western populations. — Legs: Fem-
ora dark brown with lighter apex; tibiae and tarsi brown
to light orange-brown. — Metasoma: Terga black or dark
brown with light maculation; impunctate apical margins
transparent brownish. T1 with pale yellow lateral spot,
T2-T4 with large mediolateral bands almost reaching the
middle; T5 black, sometimes with pale yellow spot, T6
with apical flange; black, apically often light brown.
Male. 5 mm long. Head black, with a yellow spot on the
preoccipital ridge behind the eye(mostly absent in western
populations). Clypeus and mandible similar to P. beaumonti.
Face covered by dense white pubescence. Colour pattern of
face highly variable (see below). — Mesosoma: Scutum con-

vex and shining with small, shallow punctures separated
by half their diameter. Yellow V-shaped marking on scu-
tum/axillae (not always present). — Legs: As in the female.
Specimens from the UAE with yellow instead of orange-
brown. — Metasoma: Similar to female. T1 with pale yellow
lateral spot, T2-T4 with pale yellow mediolateral stripes;
T5-T6 mostly black (but reddish yellow in a specimen from
Saudi Arabia), T7 pale yellow or reddish yellow with a shal-
low median apical emargination. S2 with dense felt-like
unbranched hairs, S3 with apically hooked and waved hairs;
S4 glabrous, apical margin straight; S5 with a small black
comb at the base and a broad comb at the apex of the lateral
arm (Fig. 4). The combs at the base are separated from each
other by several comb widths. — Genitalia: As in Fig. 5. No
difference was noted compared to P. beaumonti.
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Fig. 9. Pseudoanthidium rubellulum Pasteels, 1969. Female from Israel. A—C. Habitus in dorsal, lateral, and oblique views. D. Face.
E. Metasomal scopa.
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'seudoanthidium beaumonti
'seudoanthidium ochrognathum
'seudoanthidium cf. ochrognathum
'seudoanthidium rubellulum

Fig. 10. Distribution of members of the Pseudoanthidium ochrognathum species group. Pseudoanthidium cf. ochrognathum refers

to literature data (no material examined).

Variation

Specimens from the Arabian Peninsula and Iran are
more yellow than those from northern Africa. In the
female, all specimens from the UAE and Iran (N=I1)
have an orange or yellow spot behind the eye and a yellow
V-shaped marking on the scutellum/axillae. All specimens
from Morocco (N=6) have a light spot behind the eye,
while none has yellow markings on the scutum and axil-
lae. Three males from the UAE have a light spot behind
the eye and a yellow V-shaped marking on the scutum/
axillae, while one specimen does not have these yellow
markings. A specimen from Jordan has no such markings
either. A male from Morocco has light head markings, but
no yellow markings on the scutum/axillae.

The face pattern of the male is also highly variable.
The yellow pattern extends over the clypeus and the lower
paraocular area in some specimens (Fig. 7A), but the face
is entirely black in other specimens (Fig. 7D). Intermedi-
ate forms were found which had a varying extent of yellow
on the clypeus (Fig. 7B, C).

Regarding punctation, there is a tendency for both
females and males from the UAE to have a more scattered
punctation on the scutum, scutellum, and axillae than
specimens from the western part of the distribution area.
However, there is individual variation and it was not pos-
sible to quantify this character and to establish diagnostic
characteristics.

Genetic analysis
Regarding the DNA sequence of the COI gene, two speci-
mens from Jordan and Morocco emerged in a well-supported

clade (ML bootstrap value = 98%), sister to P. ochrognathum
from the UAE (Fig. 8). However, the mean genetic distance
between these two groups is only 1.14% (Table 2). As the
samples of P. ochrognathum include material from distant
places such as the UAE, Jordan, and Morocco, geographic
genetic distance is considered very low.

Taxonomic note

WaRNCKE (1982) described Anthidum arenosum (which is
recognized here as a synonym to P. ochrognathum) as very
similar to P. ochrognathum. He noticed that the punctation
of the scutum of A. arenosum is finer and more scattered
than in P. ochrognathum. In an examination of the holotype,
this was not confirmed. However, WARNCKE (1982) did not
recognize the difference between P. ochrognathum and P.
beaumonti, so he possibly compared arenosum with beau-
monti, which has a denser punctation. The holotype of P.
micronitens Pasteels, 1981 is in poor condition and this may
be the reason that PAasTeELs (1981) did not realize that it actu-
ally belongs to P. ochrognathum and is affiliated with his
previously established genus Carinellum (PASTEELS 1969a).

Flower preferences

MULLER (1996), who analysed pollen packages of anthi-
diine bees in museum material, noted that P. ochrognathum
is polylectic and that it collects pollen on five different
plant families, the most important being Brassicaceae, Bor-
aginaceae, and Leguminosae. No information is available
on where MULLER (1996) obtained his material from and
whether it agrees with the taxonomic classification applied
here. Gess & RoosenscHooN (2016) reported from the UAE
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that P. ochrognathum was most commonly observed vis-
iting flowers of the Boraginaceae Heliotropium kotschyi
Giirke and Moltkiopsis ciliata (Forssk.) I. M. Johnst., sug-
gesting a preference for this family; however, one specimen
was taken from Aerva javanica (Burm. f) Juss. ex Schult.
from the Amaranthaceae family, growing in close proxim-
ity to M. ciliata.

Distribution
Widely distributed in the Middle East and northern
Africa. The species occurs from southern Iran (Sistan and
Baluchistan) and the Arabian Peninsula (UAE) across Jor-
dan and Israel to Morocco (Fig. 10).

Pseudoanthidium rubellulum Pasteels, 1969, stat. res.
(Fig. 9)

Pseudoanthidium (Carinellum) rubellulum Pasteels, 1969b: 426.
Israel (holotype @ in coll. ByTinski-Sarz, Tel Aviv, Israel;
paratype 9 in the Royal Belgian Institute of Natural Sci-
ences, Brussels, Belgium).

Anthidium ochrognathum Alfken, 1933 (partim): WARNCKE
(1980).

Pseudoanthidium ochrognathum (Alfken, 1933) (partim):
MicHENER (2007), AscHER & PIcKERING (1922), and other
sources.

Material examined
ISRAEL: 1 @, 10 km N Nizzana [Nitzana] (30.944N,
34.401E), 10.V.2019, M. HaLADA leg. (CMK: mk901).

Material not examined
299 (holotype and paratype), ISRAEL: Urim, 17.IV.1956
(leg. Bytinski-Sarz) [holotype in coll. ByTinski-SaLz, Tel Aviv,
Israel; paratype in Institut Royal des Sciences Naturelles de Bel-
gique, Brussels (PASTEELs 1969D)].

Diagnosis
Only female known. Within the P. ochrognathum spe-
cies group, P. rubellulum is characterized by the orange
maculation on the scutellum and terga and the diffuse red-
dish brown colouration of the tergal depressions.

Volume 6 (2)

Differential diagnosis

The maculation on the scutellum and terga is yellow or
pale yellow in P. ochrognathum and P. beaumonti, while it
is orange in P. rubellulum. The tergal depressions are uni-
formly black in P. ochrognathum and P. beaumonti, while
they are diffuse red-brown in P. rubellulum. Pseudoanth-
idium rubellulum is further distinct from P. ochrognathum
by its fine, regular punctation of the scutum and scutellum
(more scattered punctation in P. ochrognathum).

Description

Female. Length: 5.5 mm. Head: Black with orange pre-
occipital band, tapering towards the middle (interrupted in
the middle in the specimen examined, not interrupted in the
type material) and extending to the upper third/middle of
the gena. Clypeus with scattered punctation at the base and
dense punctation apically. Apical margin of clypeus shal-
lowly emarginate, covered by dense pubescence. Mandible
red-brown with five black teeth (uppermost tooth strong,
second uppermost tooth very small, other teeth equally
strong). — Legs: Apices of tibiae, tarsi, and femora orange.
— Mesosoma: Scutum black with shallow, dense puncta-
tion; punctation of scutellum and axilla similar; axilla with
large orange spot; scutellum with small orange spot later-
ally. Pronotal lobe with high antero-lateral lamella. — Meta-
soma: T1-T5 with a diffuse red-brown band, broadening at
their sides, where they include an orange spot. T6 black
with an apical flange. Scopa off-white.

Male. Not known.

Genetic analysis

The genetic distance between P. rubellulum and P.
ochrognathum ranges between 6.0 and 6.7% (average:
6.4%). At the same time, the within-group genetic distance
of P. ochrognathum is 0.79% (Table 2), which is much
smaller than the intergroup distance (see above). The ana-
lyzed specimen emerged in a well-supported clade (ML
bootstrap value = 93%) sister to the P. ochrognathum lin-
eage (Fig. 8).

Table 2. Pairwise genetic distance between six specimens of the Pseudoanthidium ochrognathum species group according to the
Kimura 2-parameter model. Distance values > 5% are shown in bold. P.o. = Pseudoanthidium ochrognathum; P.x. = P. rubellulum.
ISR = Israel, JOR = Jordan, MAR = Morocco, UAE = United Arab Emirates.

P.o. seg100 P.o. 011800 P.o. 011798 P.o. whl005 P.o. 0l1823 P.r. 011825
UAE UAE UAE JOR MAR ISR
P.o. segl00: UAE -
P.o. 0l1800: UAE 0.000 -
P.o. 0l1798: UAE 0.002 0.002 -
P.o. whl005: JOR 0.009 0.011 0.009 -
P.o. 0lI823: MAR 0.011 0.009 0.008 0.008 -
P.r. 0l1825: ISR 0.066 0.070 0.067 0.067 0.065 -
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Taxonomic note

The material examined was not sufficient for a statis-
tical morphometric analysis. In accordance with PASTEELS
(1969b), the species was found to be very different from P.
ochrognathum both in colouration and punctation, and no
overlap was observed. PASTEELs (1969b) described it on the
basis of two females from Israel and discussed the possi-
bility that the taxon may be regarded as a subspecies of
P. ochrognathum. However, he argued that these two taxa
are sympatric, with no intermediates, and that they dif-
fer not only by their colour but also by the punctation of
the thorax. WARNCKE (1980) argued that, had he examined
more material, PASTEELS (1969b) would have recognized
that the punctation of the mesonotum as well as the red-
dish yellow colouration of the body are subject to great
variation. WARNCKE (1980) did not disclose what mate-
rial he examined himself, but as he did not differentiate
between P. ochrognathum and P. beaumonti, he necessar-
ily may have gotten the impression of a greater variation
than actually exists.

Biology
PasTEELS (1969b) noted that the holotype and the para-
type, two females, are pinned with their nests, whose cells
are made of plant fibres.

Identification keys

A modern identification key which includes the northern
African and the Middle Eastern Anthidiini is not available, and
despite requiring an update the key of WARNCKE (1980) is there-
fore still widely used. For species of the P. ochrognathum spe-
cies group, WARNCKE’s key to females leads to couplet 24, where
additional couplets (24a/24b) should be inserted. For males, his
key leads to couplet 25, where an additional couplet (25a) should
be inserted.

Key to females

24 Omaulus lamellate almost to lower end; inner edge of
malar area rounded ...........cocoveriiiniiiinice 24a
—  Omaulus lamellate in the upper and rounded in the lower
half; inner edge of malar area carinate, i.e., strong lateral
preoccipital carina extending nearly to the posterior man-
dibular articulation ...........c.cccoceiiviiciniinicce 25
Depressions of T1-T4 with indistinct, diffuse red-brown
band; T3-T4 with orange maculations (Fig. 9A—C)...........
....................................................................... P. rubellulum
- Depressions of T1-T4 black or dark brown; T3-T4 with
yellow maculations (Fig. IA—C) ....ccovviveiiinnicene 24b
24b T1 with yellow lateral spot (Fig. 1B, C); scutum and scutel-
lum polished, with shallow, mostly irregularly scattered
punctation (interstices up to a few puncture diameters)
(Fig. 6A, B); tegula light brown ............. P. ochrognathum
—  T1 black (Fig. 1A); scutum and scutellum with deep, reg-
ular punctation (interstices always less than a puncture
diameter) (Fig. 6C); tegula dark brown......... P. beaumonti

24a

Key to males
[The male of 4. rubellulum is not known.]

25 Omaulus lamellate to lower end; S3 with long, undulate
hairs; S5 with long lateral projection with a black comb at
its apex (Fig. 4); lower preoccipital ridge rounded ..... 25a

—  Omaulus lamellate in its upper and rounded in its lower

half; hairs on S3 normal; black combs on S5 absent; lower

gena with preoccipital lamella, upper gena rounded .... 26

T1 with yellow band or lateral yellow spot (Fig. 1E, F); scu-

tum and scutellum with shallow, often scattered punctation

(Fig. 6A, B); combs at the base of S5 separated by several

comb widths (Fig. 4) .ccccocevvenininiicns P. ochrognathum

—  T1 black (small yellow spot sometimes present laterally)
(Fig. 1D); scutum and scutellum with dense, regular punc-
tation (Fig. 6C); combs at the base of S5 separated by less
than one comb width (Fig. 4) ....ccccocevininine P. beaumonti

25a

Discussion

We have shown that Pseudoanthidium beaumonti and
P. rubellulum are distinct species and have removed them
from synonymy with P. ochrognathum. It is proposed to
treat these three species as members of a P. ochrognathum
species group. All three species live in sand dunes of the
Arabian Peninsula and northern Africa, with overlapping
distributions.

The punctation of the integument plays an important
role in distinguishing the species of the P. ochrognathum
group. The punctures on the scutum, scutellum, axillae,
and metasomal terga are very shallow and the margins are
not always clearly visible, especially in P. ochrognathum.
Note, however, that different kinds of illumination and
angles of incidence of light sometimes show different pat-
terns of punctation that are, in fact, not present. Standard
procedures for the quantitative description of punctation
are not available.

The faces of the males of both P. beaumonti and P.
ochrognathum show a high variability with respect to the
extent of yellow. The clypeus may be entirely black, black
with yellow maculation, or the yellow maculation may
extend across the lower paraocular area. Specimens with
different colour types can be found sympatrically, and this
variation does not seem to be related to geographic loca-
tion. Such intraspecific variations in the face pattern are
rare in Anthidiini. Among West Palaearctic species, sim-
ilar variations are known only in the female of Afranthid-
ium carduele (Morawitz, 1876) (see Kasparek 2022: 64).

The taxonomic status of P. ochrognathum confronts
the observer with a dilemma: The eastern population
around the Persian/Arabian Gulf can be distinguished
from the western and northern populations (Jordan and
Israel across Egypt to Morocco) by colour pattern and
often also by the punctation of the integument. Eastern
populations are usually richer in yellow than western/
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northern populations. Additionally, eastern populations
have a shinier scutum, scutellum, and axillae with shal-
low punctation and punctures often several puncture
diameters apart, while the punctation is much denser in
western populations, resulting in a less shiny integument.
Some populations in between the east and west (e.g.,
Saudi Arabia) are insufficiently known. It was consid-
ered whether the eastern and western populations could
be recognized as distinct species. However, the genetic
distance between these populations as derived from the
DNA sequence of the COI gene is very low. The genetic
distance within the eastern population varies between
0.0 and 0.2%, and the distance between the eastern and
the western populations between 0.9 and 1.1%. Sequence
divergence thresholds such as 2% or 3% have been sug-
gested for grouping specimens into provisional species
(e.g., HEBERT et al. 2004 for birds; Gis 2018 for bees
of the Halictidae family). On the other hand, KasPAREK
et al. (2023) found an average genetic distance between
two Mediterranean species of Anthidiellum of only 2.4%,
whereas the within-species genetic distance between dis-
tant populations of Rhodanthidium caturigense (Giraud,
1863) was found to vary between 1.4% and 2.7% (Kas-
PAREK 2021). In the genus Pseudoanthidium, LiTmAN et al.
(2021) found very low levels of genetic divergence at the
COI locus (< 1%) between some species of the P. scapu-
lare species group. These figures show that there are no
absolute thresholds for genetic distance in anthidiine bees
that can be used as indicators of species-level distinct-
ness. While the low genetic distance between eastern and
western/northern populations of P. ochrognathum indi-
cate that these populations belong to the same species,
a final assessment is not yet possible due to our limited
knowledge on the barcoding gap in anthidiine bees.
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