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The Biology and External Morphology of Bees

With a Synopsis of the Genera of Northwestern America

W. P. StEPHEN, G. E. BoHART, and P. F. TorcHIO

Introduction

ENTOMOLOGISTS, BOTANISTS, and AGRICULTURISTS all
have occasion to concern themselves with bees. The en-
tomologist is fascinated by their complex behavior pat-
terns, the botanist needs to evaluate their significance in
flora! biology, and the agriculturist must take them into
account as vital factors in crop production, Finally, the
apiculturist often wishes to extend-his knowledge of
bees beyond the confines of the honey bee, Recent years
have seen a revival of interest in bees by all of these
groups and, with it, a profusion of taxonomic and bio-
logical literature. This interest among scientists has been
stimulated by exciting biological and behavioral discov-
eries, attempts to determine the value of biological in-
formation, and a concern in pollinator management by
farmers engaged in the production of seed, fruit, and
vegetable crops.

It is our hope that the followir ¥ general synthesis
of knowledge about bées, with special emphasis on
northwestern genera, will be of general interest to many
entomologists, botanists, and agriculturists and may
have special value as a handbook for workers in the
Northwest, The study was prepared so that it would
be useful to students for class and field use, and apprise
workers of the present state of knowledge in bees so that
existing gaps may be more systematically filled. It has

also presented an opportunity to speculate on several
facets of systematics and ethology.

This work reviews present knowledge of the mor-
phology and biology of bees in general, but emphasizes
northwestern forms and, in many instances, uses them
as standards of reference. No attempt is made to syste-
matically cover morphological and biological informa-
tion for each taxon, although morphological information
of particular value for the separation of taxonomic
groups is included. The taxonomic treatment does not
extend below the generic level and is confined to north-
western forms except for a more comprehensive treat-
ment of families. The Northwest, as here interpreted,
includes the area west of the Rocky Mountains, bounded
on the south by the latitude 41° N, and extending north
to include British Columbia and Alaska. (See the map
inside the front cover.) Several genera included in the
key have not yet been taken in the above-defined area,
but because they are known to occur immediately to the
south or east there is a possibility that they may have
escaped detection or else that they may soon become
members of our bee fauna.

No species authors names are cited in the text;
rather, they are included in the index at the end of this
publication.

External Morphology of Bees

Adult Bees

The sections dealing with the morphological termi-
nology used in this series of studies are presented not as
definitive treatises on bee morphology, but as guides to
those structures having taxonomic significance. Much of
the terminology used herein is that of Michener (1944a)
which has been widely accepted in apoid systematics.
Our knowledge of comparative morphology in insects in
general, and Hymenoptera in particular, is still woe-
fully inadequate, and any attempt to establish a fixed
general terminology for the morphologically recogniz-
able structures in the bees would be premature. This is

not to imply that absolute structural homology may not
exist throughout Insecta and that our ultimate goal
should not be directed towards its realization, but rather
that we should adopt a standardized terminology so that
one apoid taxonomist may know immediately to which
structure the other is referring.

Classically, three body regions are designated among
insects: the head, thorax, and abdomen. Michener
(1944a) states that the use of the term mesosoma for
the fused thoracic region in the Clistogastra is morpho-
logically preferable to thorax. This region is composed
of four actual segments: the prothorax, mesothorax,
metathorax, and the first abdominal segment (the pro-
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podeum), which is sharply constricted posteriorly to
form the petiole common to bees, wasps, and ants. Mit-
chell (1960) reverts to the use of the term thorax for
this region, indicating that he prefers the older and more
generally used term for ease of reference, We follow
Mitchell’s use of the term thorax even though it includes
the first abdominal segment as an integral portion of
that structure.

The third body region, generally referred to as the
abdomen, is separated from the thorax by a very marked
constriction, This has been referred to by Michener as
the metasoma, for it consists of the second and subse-
quent morphological segments, the first being immovably
attached to the thorax. In this bulletin the term abdomen
is applied to this general body region. The term smeta-
somal is used only in its adjectival sense when referring
to the various abdominal terga or sterna. Thus the ter-
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Ficure 1.

gum of the second true abdominal segment is referred
to as the first metasomal tergum, and the tergum of the
third true morphological segment of the abdomen is re-
ferred to as the second metasomal tergum, and so on
(see Fig. 1).

The following section covers the principal morpho-
logical structures employed in species discrimination
among bees. The discussion of these structures includes
as much comparative information as is deemed neces-
sary for persons unfamiliar with the group. The illus-
trations, however, are based principally on the halictid
bee, Nomia melanderi, as it is generally one of the
most readily available species in northwestern America.
Although this bee 1s not as “primitive” as members of
the Colletidae, 1t is more so than Apis and Anthophora,
which have been used as standards of reference in pre-
vious studies (Snodgrass, 1956; Michener, 1944a).
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Ficure 2. Frontal, lateral, and ventral views of the head of Nomia melanderi.

Head

The head is hypognathous with the face perpendic-
ular to the longitudinal axis of the body (Fig. 1). The
large convex compound eyes occupy much of the lateral
surface of the head (Iig Z2a). In some genera,
such as Ceratina (Fig. 3), the compound eyes do
not nearly reach the upper margin of the sides of the
head, whereas in the males of certain species of Bombus

and Apis (Fig. 4) the compound eyes extend over the
top of the head and meet at the mid line. The inner mar-
gins of the compound eyes, inner orbital margins, may
converge below as in most colletids and halictids (Igs.
5, 6); may be parallel as in andrenids and megachilids
(Figs. 7, 8) ; or more rarely diverge as in some dufour-
eines and andrenids. In most genera of bees the eyes are
bare. However, in the American Coelioxys, Apis,
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and in the single species of Holcopasites that occurs in
the Northwest, the eyes are densely covered with short,
erect hairs,

The wertex is the top of the head, bounded anteriorly
by an imaginary horizontal line beneath the anterior
ocellus, posteriorly by the preoccipital ridge, and later-
ally by the inner margins of the compound eyes. This
region of the head contains three ocelli of varying size
(Fig. 2a). They are usually arranged in the form of a
broad triangle at the summit of the vertex, but their
position and size varies considerably in bees. For exam-
ple, in most Bombus females, they are positioned in al-
most a linear order at the summit (Fig. 9), whereas in
Apis andXylocopa males (Fig .10) they are closely ar-
ranged well down on the face. In the nocturnal bee,
Halictus (Sphecodogastra) texanus, they are unusually
large—larger than the spaces between them.

Between the imaginary line under the median ocellus
and the upper margin of the clypeus lies the frons or
frontal area, The portion of the frons lying above the
antennal sockets is called the supra-antennal area. This
area is bounded laterally by imaginary lines running ver-
tically outside of the antennal sockets. In many bees a
median elevated ridge or furrow extends dorsally from
near the anterior ocellus to below the antennal bases.
This is often referred to as the froutal line (Andrena,

Fig. 15).

Dufourea
Anthophora

%gi; 13

The antennal bases in Nomia are located about mid-
way between the vertex and the apical margin of the
clypeus. The antennal sockets are depressed, giving the
inter-antennal area a markedly convex appearance in
profile, There is a very narrow antennal sclerite about
each antennal socket, which in turn is separated from
the face by a weak antennal suture. The position of the
antennal sockets on the face is a significant taxonomic
character. The antennal sockets of most bees are located
at or near the middle of the face. In many Pseudopanur-
gus, for example, they are located well above the middle
of the face, whereas in other groups, such as Dufourea
(Fig. 11), they are well below the mid line.

Extending from the base of the antennal socket to
the epistomal suture in Nomia is a single subantennal
suture (Fig. 2a). The upper end of the subantennal
suture may be at the inner, mesal, or outer margin of
the antennal socket, depending upon the genus of bee.
Its position is highly variable and apparently is of little
phylogenetic significance. Most of the bee genera have
but a single subantennal suture arising from each an-
tennal socket. However, in genera of the family An-
drenidae there is usually an inner and an outer suban-
tennal suture arising from each socket (Fig. 15). In
some of the anthophorids, there is a suggestion of the
upper portion of an inner subantennal suture arising
from the lower inner margins of the antennal sockets.

Hylaeus

Chelostomopsis

Ficures 3-14. Frontal and lateral views of heads of twelve bee genera. Figure 4 is the head of & Apis; all others are heads

of females.
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Ficure 15. Frontal view of Andrena female head.

These partial sutures, however, are so weak that they
are very unlikely to be confused with those of the an-
drenid bees, which are complete although sometimes
difficult to discern.

That portion of the frons below the supra-antennal
area and above the epistomal suture is referred to as
the supraclypeal area. Its lateral margins are defined by
the outer subantennal sutures, where only one suture
arises from each antennal socket, or by the inner suban-
tennal sutures, where two subantennal sutures arise
from each socket. In the andrenid bees the area between
the inner and outer subantennal sutures is referred to as
the subantennal area (Fig. 15). In many bee genera the
supraclypeal area is elevated and highly convex, often
extending as a triangular piece well up into the inner
antennal area. In these genera, the supraclypeal area in-
cludes the entire elevated convexity.

The clypeus is delimited above and laterally by the
epistomal suture. In Nomaa, as in most bees, the epis-
tomal suture consists of a weakly defined dorsal por-
tion extending between the dorso-lateral margins of the
clypeus, plus the lateral arms which extend between the
dorsal segment and the extreme lateral margins of the
cypeus (Fig. 2a,b). In Nomuia the lateral arms are
weakly convex, tending to arch outward at their apices.
The lateral arms of the epistomal suture terminate mes-
ally from the anterior mandibular articulations, indicat-
ing that, in the bees at least, the structure has evolved
secondarily to meet the demands of the mouthparts and
buccal cavity, The epistomal suture is highly variable
among bee genera. The dorsal arm may be horizontal
(Anthophora, Xwylocopa, Fig. 10), strongly arched
(Anthidium, Fig. 8; Bombus, Fig. 9) or, as in the
andrenid bees having the paired antennal sutures, the
uniformity of the arch may be sharply angulate at the
point where it meets the inner subantennal suture (An-
drena, Nomadopsis, Perdita, Fig. 7). The lateral arms

of the epistomal suture exhibit considerable variation
among the bee genera, their contours apparently influ-
enced by the size and shape of the clypeus. In Colletes
and Bombus the lateral arms are straight throughout
their entire length, whereas in the anthidiines and Xylo-
copa the arms, straight through much of their total
length, curve strongly laterally to form a sharp con-
cavity in the anthidiines (Fig. 8), and an apical con-
vexity in Xylocopa (Fig. 10). In Nomia the lateral
arms are weakly convex dorsally, but at their extremi-
ties turn sharply laterad to assume a terminally concave
appearance (Fig. 2).

The anterior demarkation of the large and complex
tentorium, which braces the interior of the head, is
evidenced by a pair of anterior tentorial pits located
along the epistomal suture. In Nomua the tentorial pits
lie at the apices of the convex angles in the lateral arms
of the epistomal suture (Fig. 2). The pits are located
midway along the lateral arms of the epistomal suture
in Hylaeus; near the upper extremity of the lateral arms
in Colletes, Halictus, and Anthidiwm,; and at the junc-
tion of the outer subantennal suture and the lateral arms
of the epistomal suture in the andrenid bees (Fig. 15).

The clypeus is invariably convex in bees, although
the extent of its convexity varies among the genera. In
all bees it is produced apically over the labrum. The
high degree of variability in the shape of the clypeus
makes it a valuable structure for characterizing bee
groups. In certain anthrophorids, such as Aunthophora
(Fig. 12a,b), and Emphoropsis, the clypeus is ex-
tremely protuberant at its apex and has the lateral mar-
gins bent backwards so that they are roughly parallel
to the main axis of the body. In Nomia and Anthidium,
the clypeus is weakly convex and its lateroapical mar-
gins are almost straight (Figs. 2b, 8b). Xvylocopa (Fig.
10a,b), on the other hand, has the clypeus flattened so
that the weakly convex apical margin is difficult to dis-
tinguish.

The dimensions of the clypeus likewise vary among
the bees. In Dufourea (Fig. 11) and Holcopasites it is
approximately three times as broad as long (Figs. 6, 12).
The length and breadth of the clypeus in Colletes (Fig.
5) and Bombus are approximately equal, while in Hy-
laeus it 1s almost twice as long as broad (Fig. 13). Gen-
erally the clypeus reaches its greatest breadth at, or
near, the extremities of the epistomal arms. The apical
margin of the clypeus is entire in most bee genera, and
it is slightly concave or straight along its apex, How-
ever, in the Megachilidae the margin of the clypeus is
usually modified. Among many Osmia and Megachile,
the apex may be strongly incised or lobate; in the an-
thidiines the margin is usdally dentate ; and in Chelosto-
mopsis there is a long, protuberant median horn (Fig.
14).

The apex of the clypeus is defined by the clvpeola-
bral suture which is hidden in most bees by the over-
hanging clypeus. As with the clypeus, the labrum is
variable among bees. In most bees the labrum is subrec-
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tangular with a truncate or weakly rounded apex. It is
longer than broad in Megachile, Coelioxys, and An-
thidium, subquadrate in Awnthophora, Ceratina, and
Nomade, and approximately four times as broad as
long in Apis, Bombus (Fig. 9), and the male Nom:ia.
The labrum is subtriangular among species of Andrena
(Fig. 15), Colletes, Hylaeus, and Xylocopa. In females
of Halictus, Nomia (Fig. 2a,b), and Sphecodes, the
apex of the labrum has a pointed median process, giv-
ing this structure a subtriangular appearance and mak-
ing it appear longer than broad. In Nomie and Sphe-
codes the sides of the process are provided with a
fringe, or fimbria (Fig. 2a).

The areas on each side of the face, delimited by the
compound eyes laterally, the vertex above, the supra-
antennal area, supra-clypeus, and epistomal suture mes-
ally, and the anterior mandibular articulation below,
are referred to as the paraocular areas. These areas are
simple in Nomia and in most bee genera. However, in
Hylaeus, females of Colletes, and most andrenids, there
are distinct depressions in the upper portions of the
paraocular areas termed facial foveae (Figs. 5, 7).
These depressions are most pronounced in females of
Colletes and Andrena, where they are often covered
with exceedingly short pile which imparts a whitish
sheen to the foveae. The foveae of other andrenid bees
are often indistinct and at times difficult to distinguish,
This is particularly true among males. In Hylaeus the
facial fovea consists of a narrow groove paralleling the
upper, inner margin of the compound eye.

Many bee genera have an additional structure in the
paraocular area, the parecocular carine, which closely
parallels the inner margin of the compound eye. It is
present in most megachilids (Fig. 8) in which it ex-
tends from the apex to near the base of the inner margin
of the compound eye. In Andrena (Fig. 7), Anthophora,
Bombus (Fig. 9), and several other genera, a carina
similar to the paraocular carina is present, but the lower,
inner margin is directed towards the anterior mandib-
ular condyle.

Behind the compound eyes, there are large convex
sclerites terminating in a distinct ridge on the back of
the head. This ridge or angle, the preoccipital ridge,
borders a sharply concave area at the back of the head
which surrounds the foramen magnum from above, and
the sharply concave proboscidial fossa from below (Fig.
2¢). The latter fossa accommodates the proboscis, or
mouthparts, of the bee when it is folded at rest. A
number of sutures and sclerites of significance occur
between the foramen magnum and the preoccipital
ridge. However, since these are not referred to in the
keys or text of this bulletin, they are not treated here,
Between the compound eyes and the preoccipital ridge
lie the broad, convex genal areas (Fig. 2b). The genal
areas are variable in size among bee genera, being ex-
tremely narrow in males of Apis to three times the
width of the compound eyes in females of certain Osmia.
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Between the lower margin of the compound eye and
the base of the mandible is an area of variable length
termed the malar space or wmalar area. This region is
generally short in most bee genera. However, in Apis
and many species of Bombus (Fig. 9a) and Colletes
(Fig. 5a), it is much longer than broad. The compara-
tive length to breadth measurement of the malar space
is arrived at by drawing a line between the anterior and
posterior mandibular articulations and a parallel line at
the base of the compound eye. The breadth of the malar
space is measured as the distance between the anterior
and posterior mandibular articulations.

The antenna of Nowmia, as in all bees, consists of a
basal scape, a pedicel, and a flagellum. 1t is thought that
there are only three morphologically primitive segments
to the antenna, and that the segments of the flagellum
are secondarily differentiated. Some authors refer to
these as flagellomeres, but in this study the term flagellar
segments is retained. The flagellum of the male is com-
posed of 11 segments and that of the female has 10 seg-
ments (Figs. 16, 17). This sexual difference in segmen-
tation of the flagellum is true of all northwest bees with
the exception of Neopasites and Holcopasites in which
it is 10-segmented in both sexes. In most bees the fla-
gellar segments of the male are considerably longer than
those of the female. This i1s particularly evident among
the anthophorines and eucerines. The difference in
length of flagellar segments is more subtle in the mega-
chilids and andrenids, while in most of the smaller para-
sitic anthophorids and nomadids the flagellar segments
of both sexes are of essentially the same length, The
scape is usually considerably longer than broad, but in
many species it i1s broadened and provides valuable
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Figures 16-17. Antennae of Nomia melanderi female (16)
and Nomia melanderi male (17).



characteristics for species discrimination. The pedicel
acts as an articulatory condyle between the flagellum
and the scape and is often recessed slightly into the apex
of the latter structure.

Mouthparts. The mandibles of all bees are broadened
basally and generally taper to a much more slender
apex. The mandibles of Nowmia typify this condition
and, as in most bees, the females of the species
possess a subapical immer tooth (Fig. 2a). In Hy-
laeus, Xylocopa, (Fig. 18) and the males of Bom-
bus, the apex of the mandible is modified, giving
an impression of a bidentate condition in which
the inner tooth is slightly shorter than the outer,
The males of Apis and both sexes of Ceratina have three
small but distinct teeth apically, while both sexes of
Megachile, Osmia, and Anthidium have the apices of
the mandibles greatly broadened and possessing any-
where from two to seven teeth (Fig. 19). The number
of teeth in the mandibles is used as a subgeneric and
specific characteristic among many megachilids, but be-
cause of continual abrasions in constructing nesting
cavities by the females, these teeth are often eroded. In
some old females of this group, the apices of the man-
dibles appear to be edentate and, because of this condi-
tion, are difhcult to identify.
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Frcures 18-19. Bidentate mandible of Xylocopa (18); and
multidentate mandible of Megachile (19).

The proboscis of bees is composed of the highly
complex and modified labium and maxillae which, when
extended, form the tube through which fluids are taken
into the pharynx. Since this study attempts to provide
the student with a means of separating the various bee
genera of northwestern America, without employing
characters that are normally hidden in repose, reference
to the mouthparts is avoided whenever possible, For a
more detailed account of bee mouthparts, the student is
referred to Michener (1944a) and Snodgrass (1935).

The maxillae are illustrated in Figure 20, a and b.
The base of the proboscis is largely membranous to per-
mit folding and unfolding. The membrane 1s provided
with a number of conjunctival thickenings to support
and strengthen the proboscidal tube, One of the princi-
pal structures is the rod-like cardo (cardines) of each
maxilla. The cardo is usually slender and about the
same length as the stipes (stipites). The stipes is a
flattened sclerite lying on the side of the proboscis near
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Ficure 20. Mouthparts of Nomia melanderi: (a) anterior
view; (b) posterior view.

its base. In Nomia the stipes is approximately four
times as long as broad and is virtually hairless. In Xylo-
copa, the stipes is less than twice as long as broad and is
provided with a deep emargination subapical to the pos-
terior margins and lined with a comb of strong bristles
(Fig. 22). This subapical posterior emargination to the
stipes is found in a number of genera including Antho-
phora (Fig. 21), Bombus, and Diadasia, and is more
subtle in Apis (Fig. 25), Nomada, and Tricpeolus. In
the latter group of genera, only a few fine setae arise
from the emargination.

The maxillary palpus is attached to the distal ends of
segment-like palpifers which arise in membranous
areas above the apical processes of the stipites. In Nomia
the five-segmented palpus protrudes slightly beyond
the apex of the lacinia (Iig. 20). The maxillary pal-
pus undergoes great variation among the bees and
varies from two to five segments even among closely
related genera. It is apparent, therefore, that independ-
ent losses of maxillary palpal segments have occurred
repeatedly throughout the evolutionary history of the
group.

The lacinia in Nomaia is extremely small and rather
densely haired, and it is situated in the membrane well
above the base of the galea. The lacimae in all bees are
greatly reduced. They are the largest in Alcgachile,
Anthophora (Fig. 21), Anthidivm, and Ccratina; mem-
branous in Apis (Fig. 25) ; and absent in Collctes (Fig.
23), Halictus (Fig. 24), and Sphecodcs.
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Ficures 21-24. Outer views of maxillae of four bee genera.

The galea is an elongate, blade-like structure which
wraps about the outer surface of the proboscis. It, too,
is variable among the bees. In Nomia (Fig. 20), as well
as in Andrena, Colletes, and Hylaeus, the section of the
galea which lies above the maxillary palpus 1s as long as
the portion that lies below it. The prepalpal portion of
the galea is about twice as long as the postpalpal portion
in Halictus (Fig. 24) and Sphecodes, whereas in Apis
(Fig. 25), Bombus, Anthophora (IFig. 21), and Mega-
chile, the postpalpal portion is about as long as or longer
than the prepalpal portion, the stipes, and the cardo
combined.

Labium. The labium is the innermost structure of
the proboscis and, like the maxilla, has undergone re-
markable change in the bees. Nomia completely lacks the
submentum and the mentum, and the membranous area
in which these structures lie in other bees tends to be
slightly sclerotic in this genus (Fig. 20). The subinen-
tum consists of a broad, rather lightly sclerotized struc-
ture that fills much of the membranous area between the
cardines in the more primitive bee genera. In Colletes
(Fig. 28) the subtriangular mentum meets the cardines
subapically, whereas the lower rectangular mentum of
Hylaeus meets the cardines at their apex. Halictus and
Sphecodes, like Nowmia, lack the mentum and submen-
tum. Most bees have a greatly reduced, V-shaped sub-
mentum with the ends of the “V’’ meeting the apices of
the cardines, i.e., Apis (Fig. 25), Bombus, Anthophora
(Fig. 26), and Megachile. The mentum is a slender,
flattened sclerite that articulates with the submentum
basally and the prementum apically, It is absent in
Nomia, Halictus, and Sphecodes, but in most other bee
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genera it tends to be broadened or even bifid at its junc-
tion with the prementum,

The prementumn 1s an elongated sclerite, rather uni-
form in shape among all bees. It is sharply concave an-
teriorly. This cavity is enclosed by a membrane which
contains the muscles of the glossa, as well as providing
continuity for food passage. The labial palpi arise from
the conjunctival membrane at the apex of the premen-
tum, These structures are extremely variable and of
considerable diagnostic importance among the bees. In
Nomaa the palpi consist of four segments of approxi-
mately the same shape, the first as long as the second
and third combined (Fig. 20). Four-segmented palpi of
approximately equal length are found in Audrena, Col-
letes, Halictus, and Hylaeus. In Nomadopsis, Perdita,
and Nomada (Fig. 29), the first segment of the palpus
1s considerably elongate, flattened, and longer than the
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Ficumes 25-29. Posterior views of mouthparts of Apis melli-
fera (25); posterior view of labium of Anthophora with
enlargements of the flabellum and terminal labial palpus
(26); posterior views of labia of Halictus and Colletes (27
and 28); and posterior view of mouthparts of Nomada (29).



three apical segments combined. Among most other bees,
the first two segments are enormously distended and
flattened and usually firmly attached to each other, i.e.,
Megachile, Anthidium, Anthophora (Fig. 26), Apis
(Fig. 25), and Bombus. In the genus Proteriades, the
basal two segments of the palpi and the maxillae and
galeae are covered with hooked hairs, an adaptation for
collecting pollen from the flowers of Cryptantha.

The paraglossae also arise in the conjunctival mem-
brane at the apex of the prementum, mesad to the labial
palpi. In Nomia these are slender, rather membranous
structures which tend to lie on either side of the glossa.

The glossa also exhibits considerable variation
among bees. In Nomia it is short and slender, about
five times as long as broad, sharply pointed, and almost
spatulate in form (Fig. 20). In Andrena and Halictus
it is short, usually about as long as broad and terminat-
ing in a sharp point (Fig. 27). Colletes (Fig. 28) and
Hylaeus have a short glossa, but the apex is distinctly
bilobed. The glossa in megachilids, anthophorids, and
apids is long and slender, usually subequal to or longer
than the prementum (Figs. 25, 26). Members of the
latter group of bees all have a small, thin plate, or flabel-
lum, at the apex of the linear glossa. The flabellum is
variously modified among different bee genera (Figs.
25, 26).

Thorax

In bees, as in all clistogastrous Hymenoptera, the
true first abdominal segment is fused to the metathorax.
This segment is sharply constricted caudally, result-
ing in a short, petiolate connection between the thorax

Lateral Lobes of
P\ronotum

14 7’

'
Propleura“” -

//
Epimeron/ -

- // - =

Episternum- . SRS
<\

Katepisternum-~ N
P “‘Coxal Bases

30
Nomia melanderi

Mesoscutal Line. _

‘Propodeum  _

\ \M,etepisternum

and the remaining abdominal segments (Figs, 1, 30).
Michener (1944a) suggests that the inclusion of the
first abdominal segment with the thorax permitted a
greater development of the flight muscles in the Clisto-
gastra.

Prothorax. This first segment of the thorax is re-
duced in the bees. The pronotum in Nomia is slightly
concave when viewed in profile, and is fused to the an-
terior margin of the mesoscutum. It encircles the upper
anterior end of the mesothorax, and is produced on its
posterolateral margin into the lateral lobes of the pro-
notum (Fig, 30a). The length of the pronotum varies
greatly, as does the degree of concavity when viewed in
profile. It may vary from highly concave in Nowmia,
Halictus, and Colletes to angulate in Anthidivm and
Hoplitis (Fig. 31), to virtually straight in Apis (Fig.
32), Bombus (Fig. 34), and Dioxys (Fig. 33). In
Nomia the propleura are large, as they are in most bees.
The propleura narrow sharply toward the coxal bases
when viewed laterally, but they can be seen to extend
around to the anterior face of the first thoracic seg-
ment, where they meet but apparently do not fuse. The
prosternum is either hidden or difficult to discern with-
out relaxing the specimen, It is hidden in part by the
propleura and in part by the folded forelegs and head.

Mesothorax. This is by far the largest segment of
the thorax, and in most bees it makes up well over half
of this body region. The mesonotum in Nomia consists
of two very distinct sclerites: the very large, subquad-
rangular, anterior mesoscutum, or scutum, and a pos-
terior semi-lunar shaped sclerite, the scutellum, The two
sclerites are separated by the scuto-scutellar suture

Parapsidal
ALines

Pronotum--—— ﬁ

Jegula
’

A
Scuto-scutellar
Suture

Ficure 30. Lateral and dorsal views of the thorax of Nomia melanderi.
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Ficures 31-36. Lateral views of the thoraxes of six bee genera.

which extends across the caudal third of the mesonotum
(Fig. 30b). A number of other sclerites make up the
mesonotum, but only a few will be mentioned here. On
the latero-medial margins of the scutum lie the tegulae.
These are large, flat, disc-like structures covering the
bases of the wings. In Noma, as in most other bee gen-
era, they are opaque, brownish sclerites, distinct from
the melanic mesoscutal sclerites.

On either side of the postero-lateral margin of the
scutum lie the axillary sclerites, or axillae. In Nomia, as
in most of the other genera, these are functionally a
portion of the scutellum, but are of scutal origin. In the
parasitic genera, Coelioxys, Dioxys, (Fig. 33), and
Triepeolus, the axillae are produced posteriorly as dis-
tinct spines, or teeth,

The surface of the mesonotum has several distinct
sutures which are employed in taxonomic discrimina-
tion. There is a median mesoscutal line on the anterior
half of the scutum in Nowmia, plus two shorter impressed
parapsidal lines lying midway between the mesoscutal
line and the tegulae (Fig. 30b). The parapsidal lines
are usually much less distinct than the mesoscutal line,
and are often evident as slightly elevated, slightly im-
pressed, or merely impunctate regions of the scutum. In
Nomia the parapsidal lines are slightly impressed and
quite distinct. In most other bees, these lines are readily
recognizable, but, particularly in Osmia, the parapsidal
lines are represented by a series of coarse punctures
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found in linear sequence in this area (Fig, 158). Conse-
quently, the parapsidal lines in Osmia are termed punc-
tiform,

The scutellum in Nomia is weakly rounded when
viewed in profile, and its surface is essentially horizon-
tal. This condition is also found in Awndrena, Colletes,
Megachile, and Osmia. In Anthidium (Fig. 31) and
Coelioxys the caudal portion of the scutellum is bent
sharply ventrally, whereas in Apis and Bombus (Fig.
34) the scutellum overhangs and almost conceals the
metanotum. There 1s no evidence of a median meso-
scutellar line in Nomia, but this suture is common to a
great many bee genera.

The sclerites of the mesopleura of bees have under-
gone considerable modification. The epimeron and the
katepisternum are reduced to two very small sclerites,
the former just below the wing bases and the latter just
above the coxal bases. The episternum is greatly ex-
panded and occupies most of the mesopleural region.
In Nomia, as in most other bees, the mesepisternum is
weakly curved from the propleuron to the metepister-
num (the pleuron of thoracic segment three) (Fig. 30).
In many genera, the anterior portion of the mesepister-
num curves sharply mesad to meet the propleura, and
in Ashmeadiello (Fig. 35), Coelioxys, Dioxys (Fig. 33),
and Awnthidiellum this anterior face of the mesepister-
num is separated from the lateral face by a distinct,
raised carina,



Metathorax. The metathoracic segment like the pro-
thorax, is reduced. It lies between the large meso-
thorax and the propodeum. In Nomsia the metanotum
1s a narrow, horizontal sclerite lying immediately be-
hind the scutellum and the axillae (Fig. 30). It curves
towards the wing bases at its lateral margins, where it
meets the metapleura. A horizontal metanotum is com-
mon also to Andrena, Colletes, and Halictus, but in
Anthophora (Fig. 36), Coelioxys, Megachile, and
Osmia the metanotum slopes sharply downward poste-
riorly, and in Apis (Fig. 32) and Bombus (Fig. 34) the
metanotum is essentially vertical. In all northwestern
bees, except Dioxys, the metanotum is weakly rounded
or flattened, but in the latter genus there is a large poste-
riorly directed median tooth which overhangs the base
of the propodeum (Fig. 33).

The propodeum (or true first abdominal segment)
of Nowmia has a very narrow basal area which is nearly
horizontal in profile (Fig. 30). Caudad of the basal area,
the propodeum. slopes sharply downward towards the
petiole. The horizontal or nearly horizontal basal area
of the propodeum is common to Andrena, Colletes, Ha-
lictus, and many other primitive bee genera. The pro-
podeum in Megachile, Osinia, Anthophora (Fig. 36),
and in other more advanced genera, slopes sharply
downward, although in some of these genera there is

—————— Basitibial plate

Nomia melanderi

evidence of a very narrow horizontal area at its base. In
Apis (Fig. 32) and Bombus (Fig. 34), the propodeum

is vertical,

Legs. Each leg in all bees consists of a coxa, trochan-
ter, femur, tibia, five tarsal segments, and a pair of
terminal claws (Figs. 1, 37). A number of modifica-
tions of the segments of the legs occur in bees as well as
a marked sexual dimorphism reaching its zenith in the
anterior legs of certain species of Megachile.

The coxae are articulated to the lower portions of the
thoracic pleura, and they vary considerably in'sizeamong
the different bees. In Nomia they are entire and partially
hidden by the legs on most mounted specimens. The an-
terior coxae of some species of Colletes, Megachile, and
Xylocopa have a large protruding spine on their mesal
margins. The midcoxae of Anthophora are characterized
by a distant carina which extends from its pleural articu-
lation to the anterior articulation of the trochanter.

The trochanters are small segments, broadened bas-
ally and tapering sharply at their apices.

The femora of Nomia are approximately as long as
the tibiae. They are constricted basally in both sexes,
but in the females they are sharply expanded and robust
mediobasally, after which they taper slightly towards
their apices.

Ficures 37-38. Legs of Nomia melanderi (37, a,b, and c¢); and foreleg of Apis (38).
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The anterior and mid tibiae of the female, and all
three tibiae of the male, are approximately as long as the
femora and constricted sharply at their bases. There is
a short robust spine on the anterior apical margin of the
front and mid tibiae in both sexes of Nomia, termed the
tibial spine, and on the lower inner surface of each
tibia there are one or two long tibial spurs. The spur on
the fore tibia in Nomia, like Apis (Fig. 38), forms a
part of the strigilus, or antenna cleaner. This spur is
modified to form a spine-like base or malus which is
pointed apically and expanded into a broadened plate,
or velum, along its inner margin. The mid tibiae each
bear one elongate weakly curved spur, and each poste-
rior tibia has two (Fig. 37). This condition exists in all
northwestern bees, except that the spurs are wanting on
the mid tibiae in some Megachile and on the hind tibiae
in Apis. The hind tibiae of the males of Nomia melanderi
are greatly expanded on the antero-apical margins.
These nonmelanic protrusions are sufficiently large to
conceal the apical spurs which lie in the convoluted un-
derside of the apical tibial lobes (Fig. 37¢).

Each posterior tibia of female Nowiia bears a basi-
tibial plate on its outer surface just below its articula-
tion with the femur (Figs. 1, 37b). The basitibial plate
is very much reduced in male Nomia, and can be distin-
guished only with difficulty. The basitibial plate is pres-
ent in Andrena, Anthophora, and other bee genera, and
is absent in both sexes of Apis, Bombus, Megachile,
Osmia, and others. Xvylocopa and Ceratina have an an-
teriorly directed scale-like projection in place of the
basitibial plate which is much more evident in the
female.

The tarsi of most bees are five-segmented, and their
combined length usually exceeds that of the tibiae. The
basitarsus is very long, exceeding the length of the fol-
lowing four segments combined. In Nowmia, as in most
nonparasitic bees, the hind basitarsus is proportionately
broader than the fore and mid basitarsi. The second
tarsal segment on the rear leg of Nomia is recessed into
the apex of the basitarsus. Tarsal segments two to four
are often referred to as the medio-tarsus, while seg-
ment five is called the distitarsus. Each of the four ter-
minal tarsal segments are narrowed basally and broad-
ened apically. The distitarsus is slightly emarginate at
its apex, and in this emargination lies the unguifer, a
small sclerite that serves as an articulating point for the
bases of the claws (Fig. 39). The clows originate in
the membrane at the apex of the distitarsus and are ar-
ticulated to the end of each unguifer. The claws of both
sexes of Nomia and most other bee genera are bifid,
with the inner tooth of females markedly reduced in
size (Fig. 39). In females of Megachile, Osmia, and
Chelostoma, the claws are simple, whereas in other gen-
era, Melecta and Zacosmia, the inner tooth is flattened
and situated at the extreme base of the claw.

Arising from the membranous area between the
paired claws of Nomie, is a large well-developed mem-
branous extrusion termed the arofium (Fig. 39). The
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Ficure 39. Apex of tarsus of Nomia melanderi: (a) dorsal
view and (b) ventral view.

arolia in Andrena, Apis, Bombus, and many other gen-
era are distinct and vary in size and shape. In Mega-
chile, Coelioxys, and several other bee genera, the arolia
are absent or so reduced that they are difficult to discern,

The pollen-collecting apparatus, or scopa, of the
nonparasitic females is usually located on the posterior
legs. In Nomia long, branched pollen-collecting hairs are
found on the trochanters, femora, tibiae, and basitarsi,
as well as many long-branched hairs on the under side
of the abdomen which hold the pollen grains in a loose
mass until they can be deposited in the cell, This rather
extensive scopa on the hind legs is also common to An-
drena, Colletes, and Halictus. In Anthophora and Xylo-
copa the scopa is restricted to a dense mass of long,
simple, or highly branched hairs on the posterior tibiae
and basitarsi, while in some of the smaller andrenid bees
such as Nomadopsis and Perdita the hair composing
the scope is restricted to the posterior tibiae. The scopa
of Apis and Bombus, as well as all other nonparasitic
Apidae, is modified to form a corbicule on the outer
surface of the posterior tibia. This consists of an ex-
panded smooth area on the outer tibial surface sur-
rounded by a row of long incurved hairs which extend
over the concave median area and serve to hold a moist
pollen mass, or ball, on the hind leg.

Wings. The nomenclature applied to wing veins and
cells is as proposed by Michener (1944a) and for fur-
ther information on this topic, the student is advised to
consult that reference. An illustration of a fore and hind
wing of Nomia is provided with the veins and cells
labeled (Fig. 40). Generic peculiarities in venation of
cell structure are illustrated in the key to the bee genera
of this region on pages 34-43.

Since certain features of the wings are referred to
frequently in the key and since students may have diffi-
culty in interpreting some of these couplets, the follow-
ing discussion is provided.

The comparative sizes of the jugal lobe and the
vannal lobe of the hind wing are referred to frequently
in the generic key. The jugal is the hind lobe and the
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Ficure 40. Right forewing and hind wing of Nomia melanderi.

vannal is the fore lobe, and they are often hidden by the
wing when it is in partial or complete repose. The jugal
lobe is most difficult to see, and since comparative meas-
urements in the length of both lobes are required, it is
often necessary to rotate the specimen or at times even
to straighten the wing in order to proceed. The jugal
lobe in Nomia is approximately three fourths as long
as the jugal and vannal lobes together (Fig. 40). This
condition is also found in Halictus, Colletes, and Apis
as well as in many other genera. In Apis the incision
separating the jugal and the vannal lobes is minute. In
many genera (Diadasia, Nomadopsis, and others), the
jugal lobe is approximately one half as long as the
vannal lobe (Fig. 41). However, in Anthophora,
Megachile, Osmia, Xylocopa (Fig. 42), and oth-
ers, the jugal lobe is one third or less as long as the
vannal lobe. The jugal lobe is absent in Bombus (Fig.
44). In old individuals the posterior margins of the hind
wings are often so frayed that the lobes cannot be made
out with certainty. Choice of specimens becomes criti-
cal in this case,

Reference is also made to the comparative sizes of
the pterostigma. The pterostigma in Nomia is slightly
broader than the prestigma and is weakly convex along
its posterior margin. In Andrena, Halictus, and Hylaeus,
the pterostigma is large and the convex posterior mar-

gins extend well into the base of the marginal cell (Fig.
45). Its width, in these genera, is considerably greater
than that of the prestigma. Apis, Bombus, Xylocopa, and
Megachile have very small pterostigmata; their posterior
margins are almost straight and their width never ex-
ceeds that of the prestigma (Fig. 46).

The length and the shape of the marginal cell is also
used as a critical character in the generic key. The mar-
ginal cell in Nomma is longer than the distance from its
apex to the wing tip (Fig. 40a). Its apex is pointed and
located at the wing margin. In Panurginus and Noma-
dopsis, the apex of the marginal cell is also pointed, but
the point is not on the wing margin (Fig. 47), where-
as the apex is slightly rounded (Fig. 48) in Dianthid-
1um. In some genera the marginal cell is extremely short
(Perdita and Zacosmia) and the apex of the marginal
cell may be rounded or even truncate (Fig. 49).

Metasoma

As mentioned in the discussion of the thorax, the
first true abdominal segment is functionally part of the
thorax, and the obvious body division between the
thorax and the abdomen occurs between the first and
second true abdominal segments. For this reason the
first segment of the terminal body region, or metasoma,
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Ficures 41-49. Hind wings of Diadasia (41), Xylocopa (42), Apis (43), and Bombus (44); forewings of Halictus (45), Apis

(46), Nomadopsis (47), Dianthidium (48), and Perdita (49).

in bees is actually the second true abdominal segment, or
the first wictasomal scgment,

The male of Nomia has seven exposed metasomal
segments and the female has six. Among northwestern
bees, the male of Chelostomopsis which has only six ex-
posed metasomal terga, is the only exception.

Fach abdominal segment consists essentially of two
large sclerites: a very large abdominal “tergum” which
extends over the top and sides of the segment and over-
laps a ventral “sternum.” The sterna are much smaller
than the terga in Nomia and are only slightly curved
upwards at their lateral margins,

The first metasomal tergum in Noniia is composed of
a nearly vertical anterior face which extends from near
the base of the petiole to the horizontal dorsal face. In
Nomia these two regions are very subtly differentiated
by a weakly rounded angle that extends across the ter-
gum. In many of the megachilid genera, the anterior
and dorsal faces are separated by a distinct carina, and
there is a marked difference in puncturation, Meta-
somal terga 2 to 5 in the females of Nomia and 2 to 6
in the males have a transverse line near their bases. This
line is referred to as the gradulus, and it separates the
tergum into a basal pregradular area and an apical
postgradular area (Fig. 1).

Metasomal terga 1 through 5 in the females and 1
through 6 in the males of Nomia have apices which are
slightly depressed, very weakly punctate, and a yellow-
ish green color. In Colletes, Halictus, and certain Mega-
chile, the apices of terga 1 through 5 are sharply de-
pressed, and the depressed areas are more or less glab-
rous and provided with distinct apical hair bands, or
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fasciae, consisting of very dense, short, appressed pile.
The fasciae in these groups may be broadly interrupted,
particularly medially in older worn females.

I'n addition to the apical hair fasciae, many species of
Colletes, Megachile, and others are provided with fas-
ciae located subbasally on metasomal terga 2 through 5.
The basal fasciae are usually weaker than apical fasciae,
and they are often hidden when the terga are telescoped.

The halictine subgenus, Lasioglosswm, is distin-
guished from the closely related subgenus Halictus by
the presence of only basal fasciae; the apex of each met-
asomal tergum lacks any distinct hair banding. In Bom-
bus, among others, there is neither an apical nor a basal
fascia, but rather the entire tergum is covered with long
erect pile. In other bee genera, including Hvlacus, An-
thidium, and many parasitic genera, the surface of each
tergum is virtually bare.

The sixth metasomal tergum of female Nomia is
considerably modified. It is convex in its lateral aspect,
except for the large flat pyvgidial process that covers the
entire upper median surface and overhangs the apex of
the segment (I'ig. 50). The pvgidial platc (upper sur-
face of the pygidial process) is largely glabrous in
Nomia, with a pair of longitudinal grooves that run
much of its length. The plate is rimmed by a broad,
elevated ridge that extends about the sides and the
apex, The sides of the process, extending from the
pygidial plate to the surface of the segment, are weakly
concave and erect. Several rows of simple hairs (pre-
pygidial fimbria) occur across the base of the pygidial
plate, with the apical rows tending to be appressed to
its surface. The appressed hairs are particularly evi-
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Ficure 50. Dorsal view of fifth metasomal tergum (with pseudopygidium)

and sixth (with pygidium) of Nomia melanderi female.

dent, and they reach their greatest apical extension
along the paired longitudinal grooves of the pygidial
plate.

The pygidial plate is absent in the males of Nomia.
The seventh metasomal tergum is sharply concave in
profile, and it has a broadly rounded apex with a dis-
tinct median incision.

Pygidial plates are present in both sexes of Andrena,
Anthophora, and Halictus, but in most specimens it is
necessary to distend the abdomen in order to expose
the telescoped terminal metasomal tergum. Anthophora,
among other bee genera, has a distinct row of simple
hairs along the sides of the pygidial plate. These are re-
ferred to as the pygidial fimbria (Fig. 51).

Pygidial processes are absent in both sexes of Apis,
Colletes, Bombus, and all of the megachilids.

An expanded median area extends along the poste-
rior margin on the fifth metasomal tergum of the female
and the sixth metasomal tergum of the male of some
genera, resembling a pygidial area on the apical tergum,
This area, the pseudo-pygidium, is largest and most dis-
tinct in the parasitic bee genus Triepeolus (Fig. 52),
completely concealing the pygidium-bearing terminal
segment,

51 52
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Ficures 51-52. Dorsal view of fifth metasomal tergum (with pse
udopygidium) and sixth (with pygidium) of Anthophora edwardsii

female (51) and of Triepeolus remigatus female (52).

The metasomal sterna of bees lack the many distinct
characteristics possessed by the metasomal terga. Among
several genera, the first and the second or both of these
metasomal sterna are provided with distinct processes,
while in many other genera there are emarginations on
the sternal apices which have generic or specific signifi-
cance.

The ovipositer or sting of Nomia, and bees in gen-
eral, consists of appendages of the seventh and eighth
metasomal segments. The first and second valvifers are
believed to have arisen as the coxites of the seventh and
eighth metasomal segments, and the first and second
valvulae are believed to have their origin in the gona-
pophyses. The third valvulae or gonostyli, are presume
to be the styli of the eighth metasomal segment, and
those of the seventh are assumed to have been lost
(Michener, 1944b). There have been no significant
comparative studies in the structure of the sting among
bees, and the homologies proposed by Michener are but
tentative associations. As yet workers have examined
stings of too few genera to permit generalization as to
their specific or generic value. Most stucdies have indi-
cated that the structures lack diagnostic value.

Male genitalia. The male copulatory organs of the
bees are highly variable and possess an array of charac-
teristics of diagnostic value at the generic or specific
levels. Comparative genitalic studies have proved to be
the only means of separating the constituent species of
complexes otherwi