A REVIEW OF THE GENERA OF CLEPTOPARASITIC
BEES OF THE TRIBE ERICROCINI
(HYMENOPTERA: ANTHOPHORIDAE)

/ Roy R. Snelling! and Robert W. Brooks?

ABSTRACT. The genera comprising the New World bee tribe Er-
icrocini are reviewed. Each genus is separated by a key, is described,
its included species-group names listed, and pertinent morphological
features illustrated. Nine genera are recognized: Mesoplia (=Melissa)
and its new subgenus Eumelissa (type species, Melissa decorata F.
Smith), Hopliphora (=Eurytis = Oxynedys = Cyphomelissa), Me-
sonychium (=Epiclopus), Ericrocis, Abromelissa (new genus; type
species, Melissa lendliana Friese), Aglaomelissa (new genus; type
species, Melissa duckei Friese), Ctenioschelus (=Melissoda), Meso-
cheira, and Acanthopus.

A cladistic analysis of the Ericrocini is included.

Known hosts are listed in a table.

INTRODUCTION

The Ericrocini are a New World tribe of cleptoparasitic bees
largely centered in the Amazonian Basin. So far as known,
all hosts are within the related tribe Centridini. Despite their
attractive appearance, these moderate- to large-sized bees
have received scant attention from taxonomists, probably
due largely to their rarity in collections.

HISTORICAL RESUME

The first ericrocine genus to be described was Acanthopus,
proposed by Klug (1807) for a single South American species.
Lepeletier and Serville (1825) described Mesonychium
(monobasic) and Mesocheira (three species). Ctenioschelus
was described by Romand (1840) for a single, bizarre species
and in 1841 Lepeletier described Melissoda (later shown to
be isogenotypic with Ctenioschelus through synonymy), Me-
soplia and Hopliphora. Shuckard (1840) named Ischnocera,
with no included species, but it has long been recognized as
an obvious synonym of Crenioschelus.

F. Smith (1854) added two new genera, Eurytis (mono-
basic), and Melissa (four species). All these genera were placed
in his subfamily Denudatae, together with such genera as
Melecta, Thalestria, and Liogaster. He recognized Eurytis,
Melissa (=Mesoplia), Mesocheira, Ctenioschelus (=Melis-
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soda = Ischnocera) and Acanthopus. The one Nearctic genus,
Ericrocis, was described by Cresson (1887) for a single species.

Ashmead (1899) assigned these bees to the family No-
madidae, recognizing the genera Ericrocis, Eurytis (=Hopli-
phora), Melissa, Mesocheira, Mesonychium, and Acanthopus
(=Ctenioschelus). A few years later, Schrottky (1902) pro-
duced his key to the Brazilian genera of Nomadidae, rec-
ognizing Melissa, Eurytis, Mesocheira, Ctenioschelus, and
Acanthopus, to which he added two new genera: Cyphome-
lissa and Oxynedes.

For the next 40 years, Schrottky’s generic concepts were
more or less followed by Cockerell, Ducke, and Friese, the
principal describers of Neotropical bees during that time.
Generic limits were flexible and considerable confusion ex-
isted regarding the application of the names Melissa, Me-
sonychium, and Mesoplia. These three names were very in-
consistently used, but in general Melissa was used to contain
most species in preference to Mesoplia, and Mesonychium
fell heir to those species which seemed not to be Mesoplia.

The Nearctic genus, Ericrocis, was included in the Melec-
tinae by Linsley (1939) who noted, however, its uniqueness
and commented that it is “perhaps. . . an offshoot from some
group like Epicharis, which Grutte considers to be ancestral
to Acanthopus and Rathymus.” As Linsley noted, Cockerell
and Atkins (1902) had earlier emphasized the unusual fea-
tures of Ericrocis and related genera, and suggested that a
separate subfamily might be appropriate for these bees.

When Michener (1944) reorganized the higher classifica-
tion of the bees, he placed Ericrocis, and such similar genera
as Acanthopus, Mesocheira, and Ctenioschelus, in the tribe
Ericrocini, near the Centridini. He clearly set forth the dif-
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ferences between the Ericrocini and such cleptoparasitoid
groups as Melectini, Epeolini, and Nomadini.

The last author to deal with the group, more or less as a
whole, was Moure (1946). The geographic scope of this work
was limited to Brazil, but since nearly all the genera occur
there, the treatment was nearly complete. Moure recognized,
and separated in a key, Ctenioschelus, Mesonychium, Me-
soplia, Hopliphora, Cyphomelissa, Acanthopus, and Oxyne-
dis (a misspelling of Oxynedys). Under Moure’s concepts,
Mesoplia included Melissa, and Epiclopus fell into Meso-
nychium.

TERMINOLOGY

In general, the morphological terminology follows that es-
tablished by Michener (194 4), Michener and Fraser (1978),
and Winston (1979). A few terms used here necessitate ex-
planation. The interantennal distance is the shortest distance
between the inner margins of the antennal sockets. The an-
tennal socket diameter is the maximum transverse distance
across the antennal socket, from inner margin to outer mar-
gin. The antennocular distance is the shortest distance be-
tween the outer margin of the antennal socket and the inner
eye margin.

As in most bees, the short anterior face of the mesepi-
sternum and the much longer lateral face meet in a curved
surface. Sometimes, this juncture is marked by a raised ca-
rina, the anterior mesepisternal carina (amc, Fig. 70). In most
ericrocines that possess this carina, it is thin, translucent, and
lamelliform. Ventrally, the anterior mesepisternal carina usu-
ally is confluent with a carina that bounds the posterior por-
tion of the procoxal cavity; this is the acetabular carina (acc,
Fig. 70) (Bohart and Menke, 1976). In a few ericrocines (e.g.,
Acanthopus), there is a low, rounded, shiny ridge which be-
gins in front of the metacoxa and extends for a short distance
onto the lateral face of the mesepisternum, the sternopleural
ridge (spr, Fig. 70). In most genera, the mesepisternum slopes
abruptly toward the coxal cavity, but there is no definite shiny
ridge. The supraspiracular ridge originates dorsolaterally on
the propodeum and extends posteriorly, above the propodeal
spiracle. The ridge is said to be strong if it terminates in a
blunt tooth or projection, weak if it becomes evanescent
apicad.

Male genital structures are somewhat confusing. The gono-
stylus is, in dorsal view, short, broad and more or less flat-
tened. In some genera the gonostylus is simply a very broad,
somewhat flattened structure, bearing diagnostic gonostylar
setae, but with little, if any, dorsal lobe. Dorsal lobes are
present in such genera as Mesoplia, Abromelissa, and Acan-
thopus; they may be present or absent in Hopliphora. When
present, the dorsal lobe is usually narrow, thin, lightly scler-
otized and always setose (Fig. 22). A second, much shorter
and broader, lobe may also be present immediately above
the base of the longer lobe.

In some genera there is a distinctive, heavily sclerotized
plate along the inner, basal portion of the gonostylus. No
similar structure is known within the Centridini or Rha-
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thymini. For want of a better term this structure is here called
the inner apical sclerotization of the gonocoxite.

SYSTEMATICS

Although there are parasitic bee species in other families, the
greatest diversity, in numbers of genera and of species, is
within the Anthophoridae. One subfamily, the Nomadinae,
is exelusively parasitic and includes the majority of the species
in such large genera as Nomada, Hypochrotaenia, and Epeo-
lus. The few remaining parasitoid groups are mostly in the
Anthophorinae: Melectini, Rhathymini, and Ericrocini.

The most conspicuous difference between these three tribes,
as a group, and the worldwide Nomadinae is that females of
Nomadinae, with some exceptions (especially in the Old
World), possess a distinct, usually beveled, prepygidial fim-
bria or brush on the distal portion of the fifth abdominal
tergum. Most Nomadinae females, and often the males as
well, have a conspicuous, sharply defined, pygidial plate that
is commonly about one-half as broad at the base as the width
of the sixth tergum. Females of the Nomadinae (except Hex-
epeolus) have only five exposed metasomal sterna (six ex-
posed sterna in cleptoparasitic Anthophorinae) and the legs
are commonly spiculate or tuberculate. In both sexes the
second abscissa of vein M+Cu of the hind wings is usually
at least twice as long as the (usually) transverse cu-v; in those
groups in which the second abscissa is not twice as long as
cu-v, the labrum is conspicuously longer than broad. The
apical portions of the wings are not papillate, as they are in
the Ericrocini.

The Melectini are a worldwide group that includes the
genera Melecta and Thyreus and a few smaller genera. Me-
lecta is a Holarctic genus that appears to be limited to north-
ern temperate regions and Thyreus is an exclusively Old
World genus that is primarily southern, reaching South Af-
rica and Australia. The hosts are mostly within the related
pollen-gathering tribe Anthophorini, from which the Melec-
tini are presumed to be derived.

Characteristics by which the Melectini differ from the Er-
icrocini are: the marginal cell barely, or not at all, exceeds
the last submarginal cell; the mesotibial spur is not modified;
the male gonostyli are slender and elongate; the mesobasi-
tarsus is more or less rounded in cross section and is without
a cariniform ridge along the posterior margin, whereas, in
the Ericrocini they are laterally flattened, with a cariniform
ridge (except Acanthopus and Hopliphora), the labrum is
about as long as broad (except Zacosmia) and has a distinct
basal bulla on either side; and, the meso- and metatibiae of
the females are provided with coarse, spine-like setae.

The Rhathymini are exclusively Neotropical; there are fewer
than half a dozen species, all placed in the genus Rhathymus.
Known hosts are species of Centridini. The Rhathymini are,
like the Ericrocini, presumed to be derived from the Cen-
tridini and the two groups have many shared character states,
e.g., the general pattern of the wing venation, the lack of
spine-like setae on the meso- and metatibiae of the females,
the configuration of the scutellum and of the face, as well as
other features. Rhathymini differ from Ericrocini in the pres-
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ence of basal buliae on the labrum, the wings are hairy, the
papillae are smaller and have hairs, the mesotibial spur is
unmodified, and the body is without appressed, metallic scale-
like hairs.

Tribe Ericrocini

Ericrocini Cockerell and Atkins, 1902:46. Michener, 1944:
288, 1954:145.
Ctenioschelini Michener, 1965:10. NEW SYNONYMY.

Medium-sized to large, robust bees, often with distinct
patterns of white and iridescent blue, green or purple refiec-
tive scales and/cr hairs, especially on abdomen.

Head conspicuously narrower than thorax, which is broad-
er than long or deep; labrum broader than long, with trans-
verse preapical ridge or median tubercle; clypeus about twice
wider than long, apical margin broadly concave; lateral angle
confluent with inner eye margin or nearly so. Malar space
virtually absent. Mandible simple or with a single preapical
tooth; posterior angle below middle of lower end of eye.
Postflabellum present. Maxillary palpus with 1-4 segments.
Antenna short, except in male Ctenioschelus; scape robust,
shorter than combined lengths of first three flagellar seg-
ments; first flagellar segment short, little, if any, longer than
broad (except male Crenioschelus).

Pronotum short, collar closely appressed 1o front of meso-
scutum; scutellum usually bituberculate. Three submarginal
cells present in forewing; marginal cell considerably exceed-
ing third submarginal cell; distal part of wings strongly pa-
pillate, basal part sparsely hairy; jugal lobe of hindwing no
more than one-third as long as vannal lobe; second abscissa
of M+Cu sometimes absent, always shorter than obligue
cu-v and less than one-half as long as M. Mesotibial spur
bifid or multidentate at apex; tarsal claws with large inner
basal lobe or tooth; tarsal arolia absent (except Cteniosche-
{us).

Female pygidial plate often poocrly defined; prepygidial
fimbria absent; female sternum 6 with longitudinal median
carina. Male tergum 7 bilobate or bidentate at apex; gono-
stylus squamiform in dorsal view.

The tribal name Ericrocini was first proposed by Cockerell
and Atkins (1902) tc include the Nearctic genus Ericrocis.

tenioschelini was first introduced by Michener (1965). Even
though Ctenioschelus is an older generic name than Ericrocis,
the Law of Priority applies to tribal names and Ericrocini
thus remains the correct name for this group.

DISCUSSION

The affinities of the Ericrocini have been obscure, though
they have been presumed to be derived from the Centridini
which are their hosts, perhaps via the same stock from which
Epicharis is derived.

CLADISTIC ANALYSIS

The proboscis is considered to be directed downward so that
it has anterior and posterior surfaces, thus Figures 70 and 72
show the posterior surface of the labiomaxillary complex.
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The cladogram was made with aid of the computer pro-
gram PAUP (Swofford, 1984). Caenonomada, which is un-
doubtedly the centridine genus with the most ancestral traits,
was considered as the outgroup using ordered, unweighted
character (i.e., 0 = primitive, 1 = derived, 2 or more = more
derived characters of a transformation series). Polarity de-
cisions were also decided considering “primitive” antho-
phorids such as Exomalopsini and in some cases short-tongued
bees. Variables which exhibit two or more characters within
a taxon were scored as the most primitive character found
in that taxon. For example in variable 33 not all species of
Mesonychium have flattened setae, on their meso- or meta-
distitarsus, so the absence of these setae, which is a plesio-
morphy, was used for Mesonychium in the cladistic analysis.
The reasoning is that the plesiomorphic, rather than the apo-
morphic, character will best show the relationships to other
taxa. Therefore the characters of the most primitive members
would be more useful in elucidating cladogenesis.

Table 1 is a list of 67 variables relevant to the Ericrocini,
Rhathymini, and Centridini. Polarities of variables werc as-
certained by consideration of the Centridini, from which the
ericrocine bees were presumably derived. Table 2 gives the
raw data. The Centridini are solitary, nest-making bees. Be-
fore 1944 the Ceniridini had coften also included exoma-
lopsine bees, but since Michener (1944), the Centridini has
included only Ceniris and Epicharis. Snelling (1984} elevated
Ptilotopus, previously a subgenus of Centris, to generic stand-
ing. For purposes of outgroup comparisons we are including
a fourth genus Caenonomada, in the Centridini. Caenono-
mada is the most “primitive” centridine bee, having pre-
viously been placed in the Exomalopsini (Michener and
Moure, 1957). The reascns for this transfer will be given in
a subsequent paper. The Centridini may be paraphyletic.
Centris, Epicharis, and Ptilotopus share some apomorphies
with the Ericrocini, which are not shared with Caenonomada,
such as fusion of gonostylus with apex of gonocoxite, loss of
arolia, the elongate, narrowed flabellum which has a cobble-
stone-like posterior surface, profile of the scutellum vertical
to overhanging the metanotum, profile of the metanotum
more or less vertical, the elongate mesocoxae, the stigma not
extending into the marginal cell and not wider than the pre-
stigma (measured to the costal margin of the wing), and alar
papillae large and not ending in hairs [except Epicharis (Epi-
charoides) and E. (Epicharitides) which have alar papillae
small and ending in hairs]. Therefore Caenonomada may be
the sister group tc the rest of the Centridini and Ericrocini.
For purposes of this study we consider Centridini paraphy-
ietic.

The Rhathymini are shown as the sister group to Ericrocini
(Fig. 78a) or as the sister group to Ericrocini plus Centridini
(Fig. 78b). Rhathymus shares with Caenonomada and/or
Epicharis plesiomorphic hairy wings, small alar papillae end-
ing in hairs, a hairy propodeal triangle, presence of arolia,
presence of basal bullae on labrum, and unmodified meso-
tibial spurs, all of which are not shared with Ericrocini. The
many commeon synapomorphies of the Rhathymini and Er-
icrocini could be convergences somewhat reminiscent of con-
vergences beiween ericrocine and nomadine or melectine
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Table 1. List of variables. Apomorphies are discussed first under each character (plesiomorphies are in brackets; their symbols for Table 2
are 0).

l.

Labrum with preapical ridge or tubercie (1). [Labrum simple.]
This ridge is not found in Centridini and is an obvious apo-
morphy of Ericrocini.

. First flagellar segment of female differentiated, longer than oth-

ers and shorter to longer than scape (1). [First flagellar segment
of female not differentiated, more or less similar in length and
shape to following segments.] A non-differentiated first flagellar
segment is a plesiomorphy for bees in general and is typical of
sphecoid wasps, short-tongued, and exomalopsine bees. Prim-
itive centridine bees possibly had a slightly differentiated first
flagellar segment as seen in Caenonomada. The highly derived
centridines have a very long first flagellar segment. If such Cen-
tridini are ancestral to Ericrocini, their undifferentiated first fla-
gellar segment is apomorphic. If Centridini is monophyletic
(sensu Hennig), i.e., the sister group to Ericrocini, the ericrocine
first flagellar segment would be primitive.

. Inner eye margins divergent above (1). [Inner eye margins more

or less parallel.] In nearly all Ericrocini and in all Centridini the
inner eye margins are more or less parallel. The divergent eye
margins apparently have appeared twice, once in Ericrocis and
once in the AMesonychium group.

. Male flagellar segments greatly elongated, flagellum longer than

body (1). [Male flagellar segments normal, length of a segment
about equal to width.] The bizarre greatly elongated flagellum
of Ctenioschelus, reminiscent of long-horned beetles, is an ob-
vious apomorphy.

. Mandible of female simple, without subapical tooth (pollex) on

upper margin (1). {Mandible of female with subapical tooth on
upper margin.] Typically bees have toothed mandibles; loss of
this tooth is derived.

. Paraglossa two-thirds as long as prementum or longer (1). [Para-

glossa less than two-thirds as long as prementum.] Short para-
glossae are found in short-tongued and exomalopsine bees and
are considered ancestral. Centridini as well as ericrocine bees
have short paraglossae except the Hopliphora group.

. Stipes without comb (1). [Stipes with comb.] Most non-parasitic

long-tongued bees have stipital combs. Almost all parasitic an-
thophorids have lost the comb but have retained the preapical
concavity which housed the comb of bristles. The presence of
the comb is a plesiomorphy and its loss an apomorphy asso-
ciated with parasitic habits.

. Lower end of anterior conjunctival thickening [=suspensory

thickening of Winston (1979)] near basal third of prementum
(1). [Lower end of anterior conjunctival thickening near base of
prementum.] Colletid and andrenid bees have the lower end of
the anterior conjunctival thickening near the basal third of the
prementum. This is the primitive character for Apoidea, where-
as halictids and nearly all long-tongued bees have the lower end
of the anterior conjunctival thickening near the base of the pre-
mentum. Acanthopus has presumably reverted (for Apoidea) to
the ancestral condition which is an apomorphy for Ericrocini.

. First segment of labial palpus less than twice as long as second

(1). [First segment of labial palpus at least twice as long as
second.] Short-tongued bees have the first and second labial
palpal segments nearly the same length. The evolutionary trend
has been toward a shortening of the second segment and/or
lengthening of the first segment either of which is derived for

10.

I1.

12.

13.

17.

Apoidea. In the Ericrocini and Centridini the comparatively
short first segment of the labial palpus is found only in Acan-
thopus and is an apomorphy as is the apomorphy of charac-
ter 8.

Mentum appearing Y-shaped because of deep apical emargi-
nation (Fig. 73) (1). Mentum appearing U-shaped because of
deeper emargination (Fig. 71) (2). [Mentum with little if any
apical emargination.] The mentum of most long-tongued bees
is long, narrow and apically with little or no emargination. The
deep apical emargination of the mentum of the Ericrocini is
characteristic for this tribe (Fig. 73) and Nomada (Nomadinae)
although in Mesoplia the emargination is not strong (Fig. 76).
Acanthopus has the most derived mentum in that it is so deeply
divided that it appears U-shaped.

Lorum basally divided such that the loral apron is separate
sclerites held together by membrane (1). [Lorum V-shaped.] The
lorum in Centridini as well as other anthophorids is V- or Y-
shaped (Fig. 73). Acanthopus has a uniquely apomorphic lorum,
basally divided such that the loral apron (Michener, 1985) is
two sclerites held mediobasally by membrane and is fused to
the cardines (Fig. 71).

Postflabellum present (1). [Postflabellum absent.] The postfla-
bellum (Michener and Brooks, 1984) is unique to the ericrocine
bees and is an obvious apomorphy.

Forewing tips (and sometimes marginal cell) infuscated with
rest of wing clear (1). [Forewing tips coneolorous with rest of
wing, clear or infuscated.] Infuscated wing tips have appeared
convergently many times in the Apoidea. The primitive con-
dition of a concolorous wing, whether infuscated or clear, is
found in most bees including the Centridini and most Ericrocini.
Only the Ctenioschelus group and some Mesoplia have infus-
cated wing tips although they are variable in Ctenioschelus since
the Middle American populations have less distinctive infus-
cation than the Brazilian ones.

. Maxillary palpus with three or four segments (1). Maxillary

palpus with one or two segments (2). Maxillary palpus absent
or represented by a small bump fused to stipes (3). [Maxillary
palpus with five or six segments.] The maxillary palpus primi-
tively has six segments as seen in most bees including Caenon-
omada. Other centridines have five segments. The evolutionary
direction in the ericrocines has been reduction and sometimes
fusion of segments, culminating in complete loss of the palpus
in Acanthopus.

. Metasomal integument with metallic reflection (1). [Metasomal

integument without metallic reflection.] Note that this statement
refers to the color of the integument, not the metallic body hairs.
The plesiomorphic condition is found in most Centridini [Cen-
tris s. str., some C. (Paracentris), and C. (Wagenknechtia) have
metallic terga] and almost all Ericrocini where the integument
is black to red-brown with no metallic reflections. Only Abro-
melissa has the apomorphic metasomal integumental color which
is metallic blue.

. Vestiture metallic in color (1). [Vestiture non-metallic.] The

primitive condition is found in Centridini and Ericrocis. All
other ericrocines have metallic vestiture.

Profile of scutellum vertical or at least at strong angle to scutum
(1). Profile of scutellum overhanging metanotum (2). [Profile of
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Table 1.

Continued.

20.

[}
.

2725

23.

24.

scutellum with posterior part more or less horizontal te a 45°
angle.] Most of the short-tongued and exomalopsine bees have
the primitive type of scutellum as does Caenonomada. The
ericrocines, like the rest of the centridines, have an apomorphic
scutellum whose profile is vertical and additionally overhangs
the metanoturmn in Mesoplia, Abromelissa, and the Ctenioschelus
group.

. Profile of metanotum vertical (1). [Profile of metanotum slant-

ing, more or less at a 45° angle.}] Most short-tongued bees, all
exomalopsine bees and Caenonomada have the plesiomorphic
type of metanotum which slants. All the rest of the centridines
and ericrocines have an apomorphic, more or less vertical meta-
notum.

. Propodeal triangle hairless (1). [Propodeal triangle hairy.] A

propodeal triangle with hair is found in all Centridini. The Er-
icrocini have a hairless propodeal triangle which is presumably
an apomorphy, although many other bee groups possess this
character.

Propodeum in profile with horizontal basal zone short, less than
one-third as long as declivous surface (1). Propodeum in profile
entirely declivous (2). [Propodeum in prefile with horizontal
basal zone long, about two-thirds as long as declivous surface. ]
Most “primitive” anthophorids and Caenonomada have a pro-
podeum with a long horizontial basal zone. The evoluticnary
trend has been a shortening of this zone.

. Jugal lobe shortened, one-third to one-half as long as vannal

Iobe measured from wing base (1). Jugal lobe short, one-fourth
to less than one-third as long as vannal lobe (2). Jugal lobe very
short, less than one-fourth as long as vannal iobe (3). [Jugal lobe
Iong, apex much nearer vannal incision than wing base.] The
evolutionary direction has been a shortening of the jugal lobe
from a plesiomorphic long lobe of about three-fourths the length
of the vannal lobe (as in Caenonomada) 10 a smaller one.

Hindwing with second abscissa of M+ Cu almost absent to haif
the length of the crossvein cu-v (1). [Hindwing with second
abseissa of M+Cu about equal in length tc crossvein cu-v, sec-
ond abscissa of M+Cu 0.75 to less than 1.50 times as long as
crossveincu-v.Inthe Centridinithe second abscissaofthe M+ Cu
is about equal to the length of vein cu-v. The evolutionary trend
in the Ericrocini has been toward a shortening of the second
abscissa of the M +Cu which has cuiminated in its near to com-
plete absence.

Hindwing with second abscissa of M+ Cu considerably shorter
than M (1). [Hindwing with second abscissa of M +Cu about as
long as vein M.] This character is correlated with the previous
character because as the second abscissa of M+Cu shortens
(which is primitively almost equal in length to vein M as seen
in short-tongued and exomalopsine bees), vein M will obviously
be lengthened.

Hindwing with crossvein cu-v slanted toward wing base from
second abscissa of M+Cu (1). [Hindwing with crossvein cu-v
perpendicular to slanted apically to wing tip from second ab-
scissa of M+Cu.] The hindwing of short-tongued bees generally
has vein cu-v perpendicular to or slanted apically to wing tip
from the second abscissa of vein M+Cu. Generally in the de-
rived anthophorids this crossvein has become slanted toward
wing base from the second abscissa of M+Cu.

. Stigma not or scarcely extending into marginal cell, not wider

than prestigma measured to costal margin of wing (1). [Stigma

26.

27.

28.

29.

30.

31

32.

slender, posterior margin angulate at base of vein R, extending
into marginal cell but oblique and straight there, not or little
wider than prestigma.] Caenonomada has a moderately large
stigma that extends into the marginal cell. A slendering of the
stigma and its decreasing extension into the marginal cell is the
derived condition. Caenonomada has a stigma intermediate be-
tween most exomalopsines and the rest of the centridines.

Stigma about as long as prestigma (1). Stigma shorter than pre-
stigma, absent to nearly absent (2). [Stigma longer than prestig-
ma.] The plesiomorphic iong stigma as seen in Caenonomada
has apomorphically decreased in length until it is nearly absent
in the other Centridini, but it has decreased in length somewhat
less in the Ericrocini.

Wings bare or with smali patches of hair (1). [Wings hairy
throughout or at least over large areas.] Hairy wings are found
in the Exomalopsini, Melitomini, Eucerini, Caenoromada, and
Epicharis. The Ericrocini have lost the hair.

Alar papillae large, not ending in hairs (1). [Alar papillae small
and ending in hairs.] “Primitive” anthophorids, Caenonomada,
and two subgenera of Epicharis (Epicharoides and Epicharitides)
have alar papiliae that end in hairs. In the other Centridini and
the Ericrocini the papillae have become larger and have lost the
small apical hairs.

First recurrent vein distad to interstitial, or nearly so with Ist
transverse eubital vein (1). [First recurrent vein intersecting dis-
tal half of posterior margin of submarginal cell 2.] The first
recurrent vein intersects the distal half of the posterior margin
of submarginal cell 2 in all Centridini. The interstitial first re-
current and 1st transverse cubital veins in Ericrocini is an apo-
morphy. The polarity of this character is reversed for the Apoi-
dea since exomalopsine, melitomine, and eucerine bees have
the first recurrent and lst transverse cubital interstitial.

First recurrent vein (as well as second) intersecting submarginal
cell 3 (1). [First recurrent vein basad to interstitial with Ist
transverse cubital vein.] In almost all apoids the first recurrent
vein intersects submarginal cell 2 or is interstitial with the vein
shared by submarginal cells 2 and 3. It is extremely rare to find
the first and second recurrent veins entering submarginal cell 3.
This is an obvious apomorphy and unique to Acanthopusamong
the ericrocine-centridine bees.

Marginal celi short, length less than 1.2 the distance from apex
of marginal cell to wing tip (1). Marginal cell very short, length
tess than 0.7 the distance from apex of marginal cell to wing tip
or marginal cell very long, length 1.8 the distance from apex of
marginal cell to wing tip (2). [Marginal cell long, length 1.2-1.45
the distance from apex of marginal cell to wing tip.] Primitively
the marginal is long, longer than the distance from the apex of
the marginal cell to the wing tip. This plesiomorphy is seen in
exomalopsine bees as well as Epicharis and Caenonomada. This
Y-shaped variable consists of an apomorphic shortening in the
Ericrocini starting from a long marginal cell, but in Acanthopus
the evolutionary direction apparently changed to a lengthening
of the marginal cell.

Mesobasitarsus laterally compressed, posterior margin carinate
(1). [Mesobasitarsus somewhat round in cross section to slightly
compressed, posterior margin not carinate.] The posterior mar-
gin of the mesobasitarsus is commonly compressed and carinate,
terminating in a blunt tooth or spur that extends beyond the
end of the segment. Its presence, found in most ericrocines, is
an apomorphy since the Centridini lack it.
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Table 1.

Continued.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Meso- and/or metadistitarsi with flattened setae (1). [Meso- and/
or metadistitarsi normal, without flattened setae.] The dark flat-
tened setae of the meso- and/or metadistitarsi have presumably
arisen twice in the Ericrocini. Ericrocis and most Mesonychium
have this apomorphy not found in the Centridini.

Metadistitarsus five times longer than wide (1). [Metadistitarsus
at most four times longer than wide.] The greatly elongated
metadistitarsus of Acanthopus is unique in the Ericrocini and
Centridini.

Arolia absent (1). [Arolia present, small.] The primitive centri-
dine Caenonomada has small arolia. Arolia have been lost in
all other centridines and ericrocines except in Aglaomelissa and
Ctenioschelus in which they are small. The loss of arolia is
certainly an apomorphy since almost all bees and sphecoid wasps
have arolia. If the cladogram is correct it is very unlikely that
the presence of arolia in Aglaomelissa and Ctenioschelus is in-
dependently derived since the arolium is a complex structure,
composed of many parts, all of which are present in these two
as in other aroliate bees. Moreover, it would be improbable if
their presence requires five independent losses of arolia in the
other Ericrocini. We believe that, assuming the accuracy of the
cladogram, the origin of arolia in Aglaomelissa and Cteniosche-
lus is best explained as a reversion due to reactivation of genes
that were suppressed during much of centridine and ericrocine
evolution.

Mesotibial spur modified with several apical teeth (1). [Meso-
tibial spur normal, apically simple.] The modified mesotibial
spur of the Ericrocini is an obvious apomorphy which the Cen-
tridini do not possess.

Females with tooth of tarsal claw a flattened basal lobe (1).
[Female with tooth of tarsal claw not a flattened basal lobe.]
The modified tooth becoming a flattened lobe is an apomorphy
of Ericrocini which has convergently appeared at least three
times in the Anthophoridae. Almost all non-parasitic bees have
the plesiomorphic toothed claw, whereas all Ericrocini, Rhath-
ymini, Melectini, and almost all Nomadinae have the tooth a
flattened basal lobe.

Strigilar malus without teeth (1). [Strigilar malus with teeth.]
Primitively the strigilar malus has teeth as found in many short-
tongued bees. The loss of the teeth has occurred twice in the
Ericrocini, once in the Mesonychium group and again in Agla-
omelissa. This character may be of little phylogenetic signifi-
cance since it is so variable throughout the Anthophoridae but
it further unites the Mesonychium group and may prove valuable
for future studies.

Scopa absent (1). [Scopa present.] All non-parasitic female bees
have scopae [except Hylaeinae (Colletidae)]. The loss of the
scopa is an obvious apomorphy seen in the Ericrocini and to
varying degrees in all parasitic bees.

Anterior mesepisternal carina present (1). [Anterior mesepi-
sternal carina absent.] The junction of the short anterior face and
the long lateral face of the mesepisternum is rounded in Cen-
tridini. The apomorphic state has apparently appeared twice,
once in Acanthopus and again in the Ctenioschelus group though
lacking in Ctenioschelus.

Sternopleural ridge present (1). [Sternopleural ridge absent.] The
presence of the sternopleural ridge is an apomorphy found only
in the Hopliphora group.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Supraspiracular ridge well developed, terminating abruptly in a
blunt tooth-like process (1). [Supraspiracular ridge weak to ab-
sent.] The supraspiracular ridge is not developed in Centridini
and many ericrocines. It is developed in the Mesonychium and
Ctenioschelus groups (except Aglaomelissa).

Scutellum bilobed (1). Scutellum bilobed and projecting over
propodeum (2). [Scutellum not projecting over propodeum, sim-
ple.] In Centridini as in most non-parasitic anthophorids the
scutellum is not modified. The scutellum is commonly modified
in most parasitic anthophorids and all Ericrocini. The modifi-
cation in ericrocine bees is the presence of two rounded lobes
which are further modified in the Crenioschelus group (except
Aglaomelissa) as dorsoventrally flattened plate-like eminences
extending over the vertical metanotum and propodeum.

Midcoxal length 1.00-1.35 length of distance from summit of
coxa to hind wing base (1). Midcoxal length at least 1.36 length
of distance from summit of coxa to hind wing base (2). [Midcoxal
length 0.85-0.99 length of distance from summit of coxa to hind
wing base.] In many parasitic anthophorine bees the midcoxa
has become elongated as well as more exposed and hence is a
further derivation as seen in most ericrocines (except the re-
version found in the Mesonychium group) and centridines (ex-
cept Caenonomada).

Hind basitarsus of female with distal process, not provided with
a pencillus (1). [Hind basitarsus of female with distal process
ending in a pencillus.] Almost all non-parasitie anthophorid bees
have a pencillus. The loss of the pencillus in almost all parasitic
bees is an apomorphy.

Basitibial plate absent or only represented by a carina (1). [Ba-
sitibial plate of female present, well developed.] The basitibial
plate present in female Centridini has been lost in the Ericrocini
as well as most other parasitic bees and is an apomorphy.

Basitibial plate of male incomplete, represented by a scale or
series of tubercles (1). Basitibial plate absent or only represented
by a carina (2). [Basitibial plate of male present, well developed.]
Male Centridini have well-developed basitibial plates (except
Centris). The loss of these plates in male Ericrocini is an apo-
morphy.

Dorsum of metasomal tergum 1 subangulate in profile (Fig. 77)
(1). [Dorsum of metasomal tergum 1 rounded in profile (Fig.
76).] Usually, the vertical and horizontal faces of the first meta-
somal tergum, as viewed in profile, meet in a distinctly rounded
angle, the junction, however, may be so narrowly and abruptly
rounded as to appear angulate. This is an obvious apomorphy
of the Ctenioschelus group.

Prepygidial and pygidial fimbriae absent (1). [Prepygidial and
pygidial fimbriae present.] The Centridini as well as all non-
parasitic anthophorine bees have prepygidial and pygidial fim-
briae. The loss of these fimbriae in the Ericrocini is derived.

Metasomal terga with patches of appressed white hair (1). [Meta-
somal terga, without patches of appressed white hair.] The Cen-
tridini have the metasoma with long, erect to suberect hair and/
or entirely covered with appressed hair or virtually all bare.
Most ericrocines have patches of white hair either laterally on
the terga or in various patterns, but this apparently has been
reversed in the Hopliphora group and Abromelissa. This apo-
morphy has arisen many times in other parasitic anthophorids.
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