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Observations on the Ethology of Neotropical

Anthophorine Bees (Hymenoptera: Apoidea)’
BY

CuarLes D. NMicnexer ® and Ruvorr B. Laxce?®

Apstract.  This paper sununarizes available data on the biology of neo-
tropical anthophorine bees. It also presents new information, primarily on
nesting behavior, for members of the following genera: Paratetrapedia, Mono-
eca, Tetrapedia, Melitoma, Ptilothrix, Peponapis, Melissodes, Melissoptila,
Thygater, Anthophora, and Centris.

With few exceptions the biological characteristics of groups set forth by
Linsley, MacSwain, and Smith (1955, 1956) uare supported.

INTRODUCTION

This paper gives the results of a series of studies of bees of the
subfamily Anthophorinae (sense of Michener, 1944) and their nests
carried out principally in the State of Parand, in southern Brasil.
One purpose of this paper is to make available for comparative
study the rather fragmentary data which we have gathered on the
species mentioned below.  Another purpose is to summarize the
data now available on the biology of the nonparasitic Neotropical
members of this large group of bees, with supplementary or com-
parative information on representatives from other regions, to pro-
vide a basis for constructive comparative work on the biology of
Anthophorinae in the American tropics.

1. The preparation of this paper and the figures accompanying it was facilitated by a
grant from the National Science Foundation. “Thanks are dune to Father J. S. Moure for
identiication of the South American hees un\u-rn('d. We are also indebted to Prof.
Domiciano Dias, l‘su)l\ Superior de Agricultura “Luiz de Queiroz,” Universidade de Siao
Paulo, Piracic -aba, Sio Paulo, Brasil, and to Mr. Alvaro Wille, Mr. Carl W, Rettenmeyer and
Mr. Howell V. Daly of the University of Kansas for data which they leth(-n-d and which
we have used in this study.

2. Department of l",nt(unolm_'\ University of Kansas, Lawrence, Kansas, U, S. A, Field
work for this aulhor’s part in the study was possible t ks to a John Simon Guggenheim
Memorial Fellowship and aid kindly made available h\ the Campanha Nacional de Aper-
leicoamento de Pessoal de Nivel Superior, Rio de Janeiro; the Conscelho Nacional de Pes-
quisas, Rio de Janeiro; and the Rockefel ller Foundation, New York. In particnlar. thanks
are due to Father J. S. Moure for the use of facilities of the Scegio de Zoologia, Faculdade
de Filosofia, Universidade de Parani, Curitiba, Parand, Brasil, during a ycar of residence in
Curitiba.

3. Secgio de Zoologia. Musco Paranaense and Faculdade Catolica de Filosofia, Curitiba,
Parani, Brasil.
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Trise EXONALOPSINT

Little has been published about the nesting habits of members of
this tribe.  So far as known, all nest in the ground. A tendeney
toward communal life exists in this group. In the species discussed
below as well as in Ancyloscelis (= Leptergatis) (Brethes, 1909; Jor-
gensen, 1912a; Michener, 1954) cach female presumably makes a
separate nest and indeed in Ancyloscelis there seems to be but one
cell per burrow, but these may occur in great aggregations.  Hicks
(1936), however, recorded four pollen-laden females of Exomalop-
sis entering a single hole. and Dr. Paulo Nogueira-Neto of Sio
Paulo tells us that he observed numerous females of another species
of Exomalopsis entering a single nest.  Moreover, Rozen and Mac-
Neill (195S) surmized that various individuals of still another spe-
cies were utilizing a single burrow. and they found such burrows
in a large aggregation. Claude-Joseph (1926) found various indi-
viduals of Tapinotaspis caerulea (Friese)! using a single entrance
hole but making separate lateral branches for cells. Linsley, Mae-
Swain, and Smith (1954) desecribe how individuals of Exowmalopsis
were observed entering probably abandoned nests of other bees.
Perhaps this explains how they find nests of their own species to
form these common nests. A few tribal characters of the cells, based
only on Tapinotaspis, Paratetrapedia, Ancyloscelis, and Exomalopsis
are s follows:

Cells in series (Tapinotaspsis and often in Exomalopsis) or not
(Paratetrapedia, Ancylosceliz), not separable from surrounding
matrix, lined with waxlike material. Provisions in the form of a
firm ball or mass of various shapes [about spherical in Paratetra-
pedia and probably in Tapinotaspis, elongate with a depression on
one side in Ancyloscelis (Michener, 1954) and elongate and angu-
late in Exomalopsis (Rozen and MacNeill, 1958)]. not merely
packed ‘into the bottom of the cell. Egg laid on top of provisions
or, in Ancyloscelis, in a broad concavity along one side of an
clongated mass of provisions (Michener, 1954).

Paratetrapedia oligotricha (Moure)

This is a species of the subgenus Trigonopedia. An enormous
nest aggregation of this species was found in a vertical bank of
sandy soil in Floresta de Tijuca, Rio de Janeiro, D. F., Brasil, at an
altitude of 500 meters above sea level, on November 28, 1955.

1. This species is placed in a new subgenus of Tapinotaspis. rather than in Exomalopsis,
by Michener and Moure (1957).
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Fic. 1. Portion of a vertical bank in the Floresta de Tijuca, Rio
de Janeiro, containing an aggregation of nests of Paratetrapedia
oligotricha (Moure). The white mark at the lower right is a ruler
about 11 em. long.

There were about ten square meters densely occupied by nests
(fig. 1); in one square, 10 em. on cach side, there were 41 nests.
There was no evidence of old cells or nests of previous generations
in this bank and Dr. Carlos Alberto Campos Seabra who took one
of us to this locality had not previously seen this aggregation al-
though he is intimately acquainted with the Floresta de Tijuca.
Another bank a quarter of a mile away had been similarly densely
occupied, almost certainly by this same species, three years pre-
viously according to Dr. Scabra’s observations but in July, 1955,
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and again in November, not a bee could be found there, only old
nests with cells which contained feces and had apparently produced
a crop of bees. Tt is clear that new aggregations can form in a brief
period.  Possibly additional individuals are attracted by the odor
of those that have already started nesting.

On November 28, although the bank was thick with bees in
flight, some of which were starting their burrows, and the oldest
larvae had not finished the last of their supplies, no males were seen.
By January 9, 1956, a new generation had probably been produced,
for Dr. Seabra, who visited the bank on that day, observed both
sexes in flight and many pairs mating. Often pairs would roll down
the bank and complete copulation at the foot of the bank. Dr.
Seabra killed four pairs, taken mating, in Kahle's fixative and sent
them to us. Three of the females, on later dissection showed no
sperm cells in the spermatheca and therefore must have been mating
for the first time when captured but the fourth already had a ball
of sperms in the spermatheca. There were also sperm cells in the
common oviduct. Presumably this individual must have mated pre-
viously, as the minute spermathecal entrance as well as our knowl-
edge of the situation in Apis indicate that hours must be required
for the entrance of a large number of sperm cells into the sperma-
theca. That multiple matings are not only common but the rule in
Apis is well known (for references to pertinent literature, see Pecr,
1956); it is interesting to find evidence, however fragmentary, of
such behavior in other bees.

On February 22 activity of Paratetrapedia was continuing in the
bank according to Dr. Seabra. Although there was no certain evi-
dence that a second generation was being reared there, it is very
probable.  Unfortunately road construction resulted in destruction
of the bank so that subsequent observations were impossible.

The same species was also observed nesting in the Barigui road-
side banks near Curitiba, Parand, Brasil. The number, distribution
and orientation of the nests, as well as climatic and soil data, are
given by Michener, Lange, Bigarella, and Salamuni (1958). The
nests were very few and scattered. Doubtless because of the cool
climate of the south Brazilian plateau, the season of activity is some-
what different from that of the population at Rio de Janeiro. On
October 17, 1955, bees were still prepupae in their cells and on
March 11 and 18 nests were being constructed.

So far as known each nest is constructed by a single female bee.
The nests are more or less winding, unlined, roughly horizontal
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burrows 12 to 30 cm. deep, 5-6 mm. in diameter. Descending at
intervals from this main burrow are vertical branches 3 to 20 mm.
long, each ending in a single cell. The nest is constructed as a
short horizontal burrow which turns down near the inner end and

Fics. 2 to 4. Nests of Trigonopedia oligotricha (Moure) in various
stages of construction. Dotted areas represent pollen balls; lined burrows
are filled with carth. In left cell of fig. 3 and right of fig. 4, egg is shown
on top of pollen ball.

Fic. 5. Entrance of burrow of Tetrapedia maura Cresson.

Fics. 6 and 7. Nests of Tetrapedia maura Cresson.  Fig. 6 shows bur-
row without cells but with gray material (lined) narrowing entrance and
starting to narrow the burrow in formation of cells. Fig. 7 shows a com-
pleted nest.  Short lines in various directions represent wood particles; lined
arca represents hard gray material brought to nests by bees.  Pollen (omitted
in lower cell) has dotted lines to show margins of cavitiecs. Eggs are shown
in two upper cells. (Figures 5 to 7 modified from sketches made by Alvaro
Wille and Howell V. Daly.)
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ends at the first cell. When this cell is complete and provisioned,
the bee continues the horizontal burrow from the point where it
turned downward, at the same time filling the vertical burrow,
probably with newly exeavated material, and soon turns down to
make a second vertical burrow and cell. The process continues so
that the oldest cell is consistently nearest the entrance, the youngest
deepest in the bank (figs. 2 to 4). The numnber of cells per nest is
unknown but reaches at least four. The main burrow is apparently
never closed.

The vertical cells are 6 to 6.5 mm. in diameter, 11 to 12 mm. long,
lined with shining waxlike material. The provisions are in the form
of a rather firm ball oceupying the bottom of the cell and with the
gently curved egg lying on top. Some cells were found with cocoons
but these were probably made by a parasite; we believe that the
Paratetrapedia makes no cocoon.

Monoeca sp.

A single female of an unidentified and apparently new species of
Monoeca (= Fiorentinia) was found in a nest in a tiny bare spot
among grasses near Sao José¢ dos Pinhais, Parand, Brasil, February
21, 1956. The somewhat irregular burrow, with a tumulus of loose
soil at the entrance, was 20 ¢cm. deep, 6 mm. in diameter, and ended
in a single vertical cell lined with waxlike material and lacking
provisions. As the wing margins of the bee were entirely worn off,
and her mandibles worn until they did not meet, it was obvious
that this was not the first nest of this individual. Apparently
Monoeca makes more than one nest.

Schrottky (1901) recorded that M. schrottkyi (Friese) made
burrows over a meter deep in a bank.

TRrIBE TETRAPEDIINI

This tribe was recently separated from the Exomalopsini by
Michener and Moure (1957). The biological characters of the
tribe, here described, strongly support this separation.

The nests are execavated in wood, the vertical cells placed in series
in the burrow in the wood. The bees apparently bring in some dark
substance to form the cells and to narrow the entrance to the nest.
The pollen mass is firn and rather dry, vertically elongate, against
one side of the cell, with a concavity which is sometimes divided
by a transverse ridge. The egg is placed in a vertical position in
the lower part of the concavity. This is suggestive of Ancyloscelis
(Michener, 1954).
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Tetrapedia maura Cresson

The observations recorded below were made five miles north of
Guacimo, near Limon, Costa Rica, by Alvaro Wille and Howell V.
Daly, both of the University of Kansas, during the period February
17 to 20, 1954. About eleven nests were found in two of the vertical
supports (old, long dead trunks of small trees) of an old jungle hut.
They were protected from rain by the thatch of the hut.

In dark rainy periods there was no activity of the bees. In the
morning, sun struck the poles of the hut at 7:27 a.n.; the first Tetra-
pedia left their nests at 7:30. Before they left, they stood at the
entrances of their nests for a few minutes, then flew off with little
or no orientation flight. These bees returned in 10 to 25 minutes
without pollen, but by 8:30 bees were returning with pollen.  Many
of the pollen-collecting trips were very short, only a few minutes
long; the bees returned carrying large vellow balls of Cucurbita
pollen on the outside of each hind tibia. In rapid flight the long
legs with the pollen are folded near the under side of the body but
as the bee approaches a landing they are extended conspicuously
downward. Sometimes a dark material, apparently used in nest
construction (see below ), was carried in the scopa instead of pollen.
One bee which must have been involved in excavation was seen
several times backing out of its hole with large loads of wood
powder. On leaving the nest it hovered and dropped dust by
rubbing the legs together in flight. Sometimes a bee was seen to
enter a nest backwards. Considerable confusion was noted about
recognition of holes; sometimes bees attempted to enter holes much
too small; one bee was seen to attempt to enter its hole, then it
dragged another bec out by the leg before entering. There was no
evidence, however, that more than one bee worked jointly in a single
nest, although evidence obtained on opening nests seemed to in-
dicate that a hole may be reused. After about 10:30 a. m. activity
became less intense, and in the afternoon was very slight; the last
bee was seen entering its nest at 5:30 p. m.  Throughout the day
Coclioxys were flying about the poles, sometimes entering holes:
they may be parasites of Tetrapedia.

The nests consist of simple burrows which enter the wood ob-
liquely for about a centimeter and then turn down, vertically, paral-
lel to the surface of the pole. and extend for 3.5 to about 5 cm. (figs.
6 to 7). The burrows are oval in cross-section, 3 mm. in short di-
ameter, 5 to 6 mm. in the long diameter. The entrance is funnel-
shaped due to the placement there of a hard gray material (figs.
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5 to 7) which narrows the opening. Omne nest opened had this
material at the entrance and only a little along the walls of the
burrow (fig. 6). In others the entire burrow or much of it was
narrowed by similar material from which the cells were also formed
(fig. 7). The cells are about 10 mm. long, 8 mm. wide, end to end
in a vertieal series. Their inner walls are not smooth and shining,
but are made of the gray material mentioned above. All the nests
that contained cells had some wood particles occupying a small
space at the bottom of the nest and some had thin transverse layers
of wood particles between eells.  The number of cells per nest, in
those that seemed to be completed, was 3 or 4. One nest already
abandoned by the mother had the oblique upper part largely filled
with gray solid material.

The pollen mass is unique among known bees. It is vertically
elongate, about 9 mm. long and 5 mm. wide, against one wall of the
cell. There is a hollow, sometimes divided by a transverse ridge,
in the exposed face of the pollen mass. The egg, which is about
3.5 mm. long, is in a vertical position in the lower part of the hollow
(fig. 7). The larvae apparently feed from the surface of the pollen
mass, for cells with rather large larvae still have a laver of pollen
adhering to the wall of the cell.

TriBE EATPHORINI

Some of the biological characteristies of this tribe and of the
genera contained in it were recently summarized by Linsley, Mac-
Swain and Smith (1956). As always when generalizations are
based on few data, as is necessary in such biological studies at the
present stage of our knowledge, certain conelusions, useful at the
time, prove to be premature. The following comments, then, con-
cern additions to the valuable summaries of biological characters
listed in the above mentioned work.

At least some of the South American Ptilothrix nest in vertical
banks or in adobe walls, in contrast to North American species (see
Strand, 1909; von Ihering, 1904; Ducke, 1901; and species discussed
below). P. fructifera places its cells in series, unlike other species
of the genus whose biology is known. Diadasia chilensis (Spinola),
according to Claude-Joseph (1926), starts its turrets with the first
soil excavated from the nest. This species and possibly D. analis
(Vachal) (Bertoni, 1925), and also some Ptilothrix scem fully as
gregarious as Melitoma (Strand. 1909; von Ihering, 1904; Ducke,
1901).
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Among the most important characters are the form of the pollen
mass. which in North American species, as shown by Linsley, Mac-
Swain and Smith (1956) occupies the bottom of the cell and is not
formed into a ball, and the position of the egg, which in these spe-
cies is beneath the pollen mass. In Diadasia baeri (Vachal) (see
Janvier, 1955) and D. chilensis (Spinola) (see Claude-Joseph,
1926), the egg is placed on top of a more or less spherical pollen
mass. and Ruiz (1940, 1942) supports this statement in at least a
general way for D. chilensis. In Diadasia analis (Vachal) also,
the pollen mass is a ball, but the egg is placed at the side and be-
neath it, as in North American members of the genus (Janvier,
1955).

The observations reported below indicate that the egg of Ptilo-
thrix plumata is on the surface of the ball-like pollen mass.  As this
was based on observation of a single nest it might seem to be an
error.  Strand (1909). however, also refers to the pollen mass of
this species as a ball.  Moreover, von Thering (1904) describes the
pollen mass as an oval, and states that the egg is laid after the provi-
sioning is completed. From this we believe he meant that the egg
is on top of the provisions.!

Tribal characters, modified from those listed by Linsley, Mac-
Swain, and Smith (1956), are as follows: Nests usually with turrets
at entrances; cells arranged serially or singly, urn-shaped. the walls
constructed by the bee so that in some genera (Melitoma) the cells
are casily separable from the matrix; waxlike linings of cells ex-
ceedingly thin or perhaps absent; cell cap not lined with waxlike
material.  Provisions a firm mass usually filling lower part of cell,
sometimes ball-like.  Egg usually below mass of provisions, some-
times on top of it. Feces (or unused pollen) spread as a layer over
entire inner surface of cell, no separate pellets visible in this layer
but may be visible at top of cell.  Cocoon very thin.

Melitoma euglossoides Lepeletier and Serville
This species has been seen by one of us (C. D.M.) nesting in

large aggregations in banks near Yautepee, Morelos, Mexico and in
adobe walls near Lima, Perd, and has been recorded nesting in sim-

1. On reading the manuscript of this paper, Dr. E. G. Linsley of the University of
California made some comments that scem important in this conncction. He notes that
he and his associates have repeatedly observed partial pollen masses of Diadasia and
Ptilothrix in cells which were being provisioned.  An egg was never present nntil the pollen
mass was completed.  This indicates that the egg is laid in its position beneath or at the
side of the pollen mass after the mass is completed.  Thus von lhering's statement that
the egg is laid after provisioning is complete may not mean that the egg is on top of the
pollen. Moreover, Dr. Linsley suggests that a point of this type is very subject to observa-
tional error since pollen balls readily shake loose during cexcavation by an observer. It
would be desirable to restudy the position of the egg in the South American species that
are reported to place their eggs on top of the pollen masses.
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ilar aggregations by Bertoni (1918, 1929). Moreover, the closely
related Melitoma taurea (Say) of the United States nests in aggre-
gations (Rau, 1929). [t is therefore of interest that we found no
dense aggregations of M. cuglossoides in Brasil, but only a few
nests, sometimes entirely isolated. Raun also noticed similar scat-
tered nests for M. taurea in the United States and assumed that they
were in unsatisfactory locations where high mortality due to lack
of shelter of the bank prevented establishment of aggregations.
Doello-Jurado (1912) in Argentina recorded not only an isolated
nest of M. euglossoides but a cluster of about 25 nests in an area of
four square feet in a large bank. Most of our observations were
made in the Barigui roadside banks where, as noted by Michener,
Lange, Bigarella, and Salamuni (1958 ), this bee nests in two small,
especially hard areas of the generally hard dry-looking soil of layer
B, which is scarcely used by other bees of the region. In these two
arcas a total of 16 nests were found; sometimes two or three were
close together but most were half a meter from their nearest neigh-
bors. As Ipomoea flowers, on which these bees are largely depend-
ent, are not common in the vicinity, lack of food may be the factor
that limits population growth. In this connection, it is interesting to
note that this bee visits flowers of cotton in large numbers near
Lima, Per.

During the season of adult activity the nests usually have a dis-
tinct turret, although frequent rains often destroy it.  Only one nest
in a protected situation had a long downcurved turret. During the
rest of the year, when the adult bees are not active, the nests stand
open. One such nest was excavated on September 16, 1955. The
only two cells not moldy contained prepupae.  Adults were seen
in flight and constructing nests in late February and March, 1956.
The nests are 5 or 6 cm. deep with several branches, each of which
becomes completely filled with series of cells (figs. S and 9). Three
nests excavated after the season of adult activity had 4, 8, and 12
cells each. By contrast, three nests excavated from shaded unbaked
bricks in a porch foundation at Fazenda Salta, Sio Carlos, Sio
Paulo, Brasil on April 1, 1956, after the season of adult activity, had
only three or four cells each. At this locality Dr. Domiciano Dias
observed bees actively making and provisioning cells, and other
cells containing large larvae, as early as January 12, 1946. There is
no evidence that more than one bee works in a single nest.

The cells are urn-shaped (fig. 10), horizontal to vertical, usually
somewhat inclined, constructed of soil (as mud) in the cavity ex-
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cavated by the bee so that they are readily separated from the
matrix. The walls are about 1 mm. thick. The following measure-
ments shown as means and their standard errors (with the number
of cells measured indicated in parentheses) show the rather variable
sizes of the cells: outside length, 15.48-+.16 (18); inside length,
10.80+.17 (13); greatest outside diameter, 9.63+.13 (18); outside
diameter at neck, 7.98=+.15 (18); greatest inside diameter, 7.48+.11
(16); inside diameter at neck, 5.30+.10 (15). The outside of the
cell is rather rough, the inside very smooth and very thinly covered
with waxlike material which is not readily separable from the earth
of the cell wall and does not quite reach the cell cap. The provi-
sions, which have a yeastlike smell, are a stiff paste which occupies
the lower part of the cell and covers the egg. The cell cap shows
a conspicuous spiral pattern on the inner surface but the outer sur-
face is beautifully smooth and concave, forming the base for the
next cell in the series.

Dark feces are placed against the cell cap; the pellets are evi-
dently soft when produced for they merge together and round out
the roughness of the inner surface of the cap. A layer of white
pollen .3 to .4 mm. in thickness, perhaps fecal, perhaps merely un-
caten, lines the entire cavity quite uniformly, covering the dark
feces. A pale brown cocoon, so thin as to be very inconspicuous,
and apparently incomplete in the bottom of the cell and thickest
near the cell cap, is appressed against the pollen layer. The cocoon
is composed of fibers and the usual amorphous material.

Melitoma sp. ?

This species was first identified as M. bifax Vachal. After this
paper was in press, Father J. S. Moure examined the type of that
species in Paris and found it to be quite different. Our species is
probably undescribed.

An aggregation of five or six nests was found in a vertical earth
bank near Campo Largo, Parand, Brasil, on January 27, 1936, by
Prof. W. E. Kerr of the Universidade de Sao Paulo, Piracicaba.
The general nest form is probably similar to that of M. euglossoides.
There were no turrets, but the bees were not active at that time.
A total of 13 cells containing living bees was excavated. Of these,
two contained female pupae; five, male pupae; and six, prepupac.
In the laboratory the latter did not pupate; possibly they would
have remained as prepupae until the following summer. The pupae
matured and all became adults by February 12.
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The cells are similar to those of M. euglossoides in appearance
but differ in some details. They differ from the description given
above only as indicated below. Dimensions are as follows (based
on 4 cells): outside length, 17 to 19 mm.; inside length 13.5 to 14.2
mm.; greatest outside diameter 11.7 to 13.5 mm.; outside diameter

9

12
13
/ 14 Eg

Fics. 8 and 9. Two nests of Melitoma euglossoides Lepeletier and
Serville. Both were abandoned, but there is a possibility that the first was
abandoned because of some mishap which befell the bee and not because
she would normally have left a nest with only four cells.

Fic. 10. Longitudinal section of cell of Melitoma euglossoides Le-
peletier and Serville.

Fic. 11. Longitudinal section of cell and cocoon of Melitoma bifax
(Vachal). The coarsely stippled area represents feces, with a partial
cocoon represented by the row of fine dots around the outside of the
stippled area. The innermost line represents the cocoon proper, and the
row of fine dots outside of it represents a layer of pollen.

Fics. 12 and 13. Nests of Ptilothrix plumata Smith. Dotted area rep-
resents pollen mass with egg on top of it; lined areas represent earth
plugs. (These diagrams were modified from drawings made by Prof.
Domiciano Dias.)

Fic. 14. Nest of Ptilothrix fructifera (Holmberg). Shaded areas
represent earth plugs between cells.
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at neck, 9 to 9.8 mm.; greatest inside diameter 9.5 to 10 mm.; inside
diameter at neck 6 to 7 mm. There is a thin partial eocoon, not
attached to the cocoon proper, outside of the feces, obviously spun
before defecation (fig. 11). The feces are whitish. The white pollen
layer is thinner than in M. cuglossoides.

Ptilothrix plumata Smith

The following observations were made by Prof. Domiciano Dias
of the University of Siao Paulo who kindly allowed us to use mate-
rial from his notebooks. The identification of the bee was made by
Father |. S. Moure. The observations were made at Fazenda Salto,
Sao Carlos, Sdo Paulo, Brasil. The bees were nesting in a wall of
incompletely baked brick. On January 12, 1946, three nests were
found. One female started to dig at 1:30 p. m., worked until 5:37
making a hole 1.3 em. deep in which she spent the night. On Janu-
ary 13 the bee worked all day to make the hole 2.3 cm. deep. On
January 14 the single cell was completed, provisioned, and closed.
The nest is diagrammed in figure 12. Some other nests contained
two cells in a series (fig. 13) but obviously the bees must normally
make several nests.  Strand (1909) also records this species making
nests containing a single cell each, although much deeper, probably
because they were in a relatively soft sandy earthen bank.

During the digging process the bee makes numerous trips for
water to soften the clay; after the small turret at the entrance is
constructed she kicks pellets out of the hole with the legs as she
digs. It was noticed that the bee enters the nest rapidly, without
any wandering about or looking for the entrance.

The walls of the burrow are rather smooth but unlined. When
the nest is completed, it is closed near the surface by a mud plug.
The cell is roughly granular on the outside, its walls made of clay,
apparently the material of the brick moistened and reworked. The
inside of the cell is sinooth and thinly covered with waxlike material.
The cell cap shows a strong spiral pattern on the inside, is smooth
and concave on the outside. The pollen is a firm mass, almost a
ball, with the large curved egg (4 mm. long, .7 mm. wide) on its
top surface. Von Thering (1904) noted a coating of pollen lining
old cells, showing that this species agrees with other Emphorini in
this habit.

Father ]. S. Moure tells us that he has seen enormous numbers of
this bee nesting in a mud wall in Guarulhos, a suburb of the city of
Sdo Paulo, in February of various years, and von Thering (1904)
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and Strand (1909) also record large aggregations of this bee in
banks or termite nests.

According to Dias” description and sketch and the observations
of von Thering (1904), the nests and behavior described above
agree remarkably well with those described for the North American
species of the genus, P. bombiformis (Cresson) and sumichrasti
(Cresson ), except for (1) the shallowness of the nests, (2) the
long time required to dig them in very hard material, (3) the fact
that they are constructed in vertical walls, and (4) the position of
the egg on top of the pollen mass. Linsley, MacSwain and Smith
(1956) summarize this material for North American species and list
the publications of previous authors relating to them.

Ptilothrix fructifera (Holmberg)

An abandoned nesting site was found in a subvertical bank of
very hard soil along a gulley near Restinga Seca, 20 km. east of
Palmeira, Parand, Brasil, on January 27, 1956, and was excavated
with the help of Dr. W. E. Kerr of Piracicaba, Sio Paulo. The
nests were identifiable as those of this species by two living adult
bees found in cells; no other living bees of any stage were present
among hundreds of cells opened. The nests were so dense that
their branches interdigitated, and it was with difficulty that one
could be separated from its neighbors. Adjacent large arecas of
apparently similar banks were without nests.

The burrows, which are 9 to 10 mm. in diameter, lacked turrets.
probably due to weathering, and were not plugged near the surface.
They entered the bank for 4 to 9 cm., branched typically into two,
although some were simple and others trifid. The cells formed
series, usually of two or three, occupying nearly the entire lengths
of the branch burrows (fig. 14). The general nest architecture is
much more like that of Melitoma euglossoides than like other known
Ptilothrix. Obviously nests were sometimes re-used, for one was
found in which new cell walls had been built up in the open spaces
of two previous cells. This shows clearly that the cell walls are
constructed with moistened soil and are not made of soil in situ
treated in any way. The cell walls are often more or less separable
from the adjoining soil but the cells do not easily come out of the
soil intact, as in Melitoma. The cells are vertical to nearly horizontal,
the plug spirally marked on the inside, rough and not concave on
the outside, thus quite unlike Melitoma and other Ptilothrix. Some-
times the cells of a series are separated by several millimeters of
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Iics. 15 to 17. Nests of Peponapis fervens (Smith). Lateral burrows shown
as dotted, leading to closed cells, were completely filled with earth and their
exact positions not determined.

Fic. 18. Sectional view of cell and cocoon of Peponapis fercens (Smith).
The dotted area represents feces; the lined area was earth filled.

Fics. 19 and 20. Nests of Anthophora paranaensis Holmberg,

Fic. 21. Sectional view of cell series from nest of samme. Coarse dotted
areas in bases of cells represent feces; lined area was carth filled.
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burrow filled by loose soil; this is unlike Melitoma in which the cells
are regularly close together. Internal cell measurements are as
follows: length 12 to 15 mm.; maximum diameter 8.8 to 10 mm.;
diameter of neck 6 to 7 mm. As in Melitoma and other Ptilothrix,
a layer of white pollen is deposited, doubtless by the mature larva,
between the thinly waxed cell surface and the very thin. brown
cocoon.

Trise Eucerini

Some of the biological features of this tribe were well suinmarized
by Linsley, MacSwain, and Smith (19557, 1956). The study of
various species unfamiliar to these authors naturally necessitates
some changes in the tribal characters which they list. For example.
some Eucerini, notably Thygater analis [also Eucera longicornis
(Linnacus) see Nielsen, 1941 and Alloscirtetica gilva (Holmberg).
see Jorgensen, 1912a], nest in vertical banks as indicated below.
Thygater analis sometimes occurs in aggregations (sce Bertoni and
Schrottky, 1910 and 1911, and observations recorded below), per-
haps only because of limited nesting areas, but Alloscirtetica herbsti
(Friese) nests in large aggregations (Claude-Joseph, 1926; Ruiz,
1940) as does A. gilva (Holmberg) (Jorgensen, 1912a), A. tristri-
gata (Spinola) (Ruiz, 1940), Melissoptila dama (Vachal) (]Jor-
gensen, 1911, 1912), Eucera notata Lepeletier (Cros. 1939), and
E. longicornis (Linnaeus) (Smith, 1855). Cells are single and
vertical in most Eucerini, but as Claude-Joseph (1926) shows, they
may be horizontal or slanting in such forms as Alloscirtetica gayi
(Spinola) (chilensis Herbst) and may be end to end in modified
series in this species and also in A. tristrigata (Spinola) and herbsti
(Friese). These features may be characteristic of the genus Al-
loscirtetica and suggest that the “Tetralonia sp.” found by Janvier
(1955) using a nest entrance in common with Diadasia baeri was
an Alloscirtetica. The three species of Alloscirtetica mentioned are
in different subgenera. The cells are also horizontal in “Tetralonia”
decemcincta Janvier (1955), a species whose correct generic posi-
tion is unknown.

Much confusion has arisen from Friese’s descriptions and figures
of nests of Eucera difficilis (Dufour) (see Friese, 1919, 1923). For-
tunately Hoppner (1901) had given an accurate account of the
nesting of this same species, indicating that the food is a paste oc-

1. In their list of genera of Eucerini, these authors were much influenced by certain
errors in a previous paper of one of us (Michener, 1944). A more accurate treatment of
the genera will be found in Moure and Michener (1955).
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cupying the bottom of the cell, and not a ball as Friese states. The
matter is further clarified, for different species of Eucera by Nielsen
(1902), Nielson (1941) and for Ewucera and Tetralonia by Tuga
(1950). These authors show that in these species the food material
is packed into the bottom of the cell as in other Eucerini and is not
in the form of a ball. Tuga also makes clear with figures, as did
Hoppner verbally, the positions of the cells which were not well
illustrated by Friese.

Several species of Eucerini often make nests in which two or
more bees enter the same hole but probably each makes separate
lateral burrows or groups of cells below the surface. This is rem-
iniscent of the Exomalopsini and is recorded for such unrelated
Eucerini as Melissodes sp., Svastra (Epimelissodes) obliqua (Say)
(Custer, 1928), Svastrides melanura (Spinola), Alloscirtetica tris-
trigata (Spinola) (Claude-Joseph, 1926), and one nest of Eucera
longicornis (Linnaeus) (Nielsen 1902). It probably occurs in
Melissoptila paraguayensis ( Brethes); see below.

Tribal characters, modified from those listed by Linsley, Mac-
Swain, and Smith (1955, 1956) are as follows: Nests (in Western
Hemisphere) without turrets; cells usually arranged singly, elongate,
usually vertical, with thin waxlike linings; cell cap not lined with
waxlike material.  Provisions a rather soft mass filling bottom of
cell.  Egg on top of provisions. Feces at top (cap) of cell. Cocoon
thin, anterior end with multiple layers.

It is interesting that, although most Anthophorinae pass the
winter as prepupae, Eucera notala Lepeletier metamorphoses in
the fall and winters as an adult (Cros, 1939). This is contrary to
the principal biological character of the subfamily brought forward
by Linsley, MacSwain, and Smith (1956) to justify its clevation to
family rank.

Peponapis fervens (Smith)

This is the bee that collects pollen from flowers of squash (Cucur-
bita) in the early mornings in Argentina, Uruguay, Paraguay, and
southern Brasil, just as do species of Peponapis and Xenoglossa in
North America. Also as in North America, Peponapis occurs around
cultivated patches of squash (abobora) in regions where the plant
apparently was never wild. Our observations were made at Curi-
tiba, Parand, Brasil, where nests were found in flat ground only
a few meters from a squash patch, and at Sio Jos¢ dos Pinhais,
Parand, Brasil, where a nest was found in flat ground 50 meters or
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more from the nearest squash flowers. All excavations were made
from February 16 to 21, 1956.

There was no evidence that more than one female occupied a
single nest. Nests were found in the process of construction with
no cells, and with larvae of all ages up to prepupae. The main
burrow of each nest is vertical, very straight, 6.5 to 7.5 mm. in
diameter (figs. 15 to 17). The inner walls of the burrow are very
smooth but not lined with any visible material. Nests being ex-
cavated have large tumuli which completely close the entrances
with loose dirt through which bees dig on entering or leaving.

Lateral burrows 4 to 7 e¢m. long extend at intervals from the main
burrow; near their ends each turns downward and terminates in a
single cell. In the only nest excavated which had several (4) such
laterals and cells, the upper was the oldest. Laterals leading to
closed cells are completely filled with soil and indistinguishable or
nearly so. Cells were found from 20 to 60 cm. deep and one main
burrow extended to a depth of 63 cm. There is evidence that a
bee makes more than one nest, for a female with badly worn man-
dibles was found in a hole with only a single lateral and no com-
pleted cell.

Cells are vertical, 8 to 9 mm. in maximum diameter, 14 to 16 mm.
long, lined with a waxlike material almost to their upper ends. They
are not separable from the surrounding matrix like those of Em-
phorini but the soil on all sides of a cell, for a distance of 3 mm., is
harder than adjacent earth as though impregnated with some ma-
terial. The cell plug is rough on the inside and shows no spiral
pattern.

The cocoon spun by the mature larva is thin, although thicker than
in Melitoma, and easily pulled from the cell wall, pale brown, made
of fine fibers and a brownish amorphous material. At the upper end
the cap is conspicuously double and there is an inner flange or par-
tial third layer (fig. 18). The feces, which are in the form of small
fused pellets, are above the cap.

Male Peponapis often spend the day in closed flowers of Cucur-
bita, just as among North American species of Peponapis and Xeno-
glossa.

Melissodes nigroaenea (Smith)

A single nest in a nearly vertical bank near Sio José dos Pinhais,
Parand, Brasil, was found on February 21, 1956. It was 7.5 cm. deep
and contained two cells, one provisioned and closed and the other
empty. The cells were end to end (i. e., in series) at the bottom of
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the burrow; the provisions were a paste entirely occupying the bot-
tom of the cell. The wing margins of the bee were entirely worn
off and the mandibles were very much worn; if she produced a rea-
sonable number of cells during her life this must have been at least
her second nest.

Nests of Melissodes sexcineta (Lepeletier), another South Ameri-
can species, were described by Janvier (1955).

Melissoptila paraguayensis (Brethes)

Two nests were found in small subvertical earth banks, one near
Sao José dos Pinhais, Parand, on February 21, 1956, the other in a
suburb (Xaxim) of Curitiba, Parana, Brasil, on March 12, 1956.
The latter was 8 em. deep and ended in a single vertical empty cell.
The former was more interesting as it was 24 cm. deep and ended in
a single vertical empty cell but contained two female bees, one in
a small diverticulum near the entrance. Both bees had the wing
margins entirely worn away and the mandibles much worn. They
must have worked elsewhere, then joined, as senile bees, in this nest.

In another species, M. dama (Vachal), which, however, belongs
to another subgenus, Janvier (1933) reports that cach nest contains
6 to 10 cells.

Thygater analis (Lepeletier)

Aggregations of nests of this bee have been recorded previously
(Bertoni and Schrottky, 1910, 1911) and one of us (R. B. L.) has
studied an aggregation nesting in a small bank in the city of Curi-
tiba. At least in this latter case, however, suitable banks were very
scarce while bushes and trees of Cassia, a favorite food source for
this bee, are abundantly planted as ornamentals; we presume that
the density of nests in this case may have resulted from the small
nesting space available and not from any imnate aggregative ten-
dency. In the Barigui roadside banks, as shown by Michener.
Lange, Bigarella, and Salamuni (1958), nests of this Thygater are
widely scattered. During February and March, 1956, females of
Thygater were often seen flying about the banks as though looking
for nesting places. Special attention is characteristically given in
such flights to depressions or cavities in the banks and nests are
usually constructed in such depressions or bencath a small over-
hang. There was never any evidence of more than one bee occupy-
ing a nest.

Details of the life history of this bee will be reserved for a sub-
sequent paper by one of us (R. B.L.). Tt will suffice here to note
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that the main burrow is roughly horizontal although usually strongly
undulating and extends from 15 to 2§ cm. into the bank and that the
cells are located at the terminations of burrows descending at in-
tervals from the main burrow, one cell per branch burrow, so that
the nest plan roughly resembles that of Paratetrapedia oligotricha,
described above. The descending burrows are not really vertical
but alternate. one inclined to the right, the next to the left, etc., as
in nests of Eucera and Tetralonia (references under Tribe Eucerini,
above). The mature larvae construct light brown cocoons and pass
the winter as prepupae, pupate in the spring, and emerge as adults
in summer.

The nests attributed to this species by Janvier (1955) must have
belonged to a different form, for he records largely vertical burrows
in flat ground ending in a palmately arranged group of five or six
cells.

TRIBE ANTHOPHORIN1

Some of the biological characters of the tribe Anthophorini can be
summarized as follows (following the excellent account of Linsley,
MacSwain and Smith, 1956):

Cells usually arranged in series (sometimes very short), urn-
shaped, not separable from surrounding matrix, with thick lining of
waxlike material; inside of cell cap thinly lined with waxlike material
except in center. Provisions with a strong fermmenting odor, semi-
liquid at least at surface. Egg floating on surface of provisions.
Larval feces in bottom of cell, pellets not separate. No cocoon.

The species described below agrees with other Anthophorini in
the characters listed above; these features are therefore not re-
peated in the following account. In connection with the statement
that cells are arranged in series, attention should be called to the
twice trifid series described by Claude-Joseph (1926) for Antho-
phora incerta (Spinola), and to the description by Fahringer and
Tolg (1912) of clusters of cells in a chamber for A. garrula (Rossi).

Janvier (1955) reports two or more females entering a single nest
in Anthophora incerta Janvier (not Spinola) and A. escomeli
Brethes.

Anthophora paranaensis Holimberg

Nests of this bee were found isolated, never in aggregations, in
banks at Araucaria, Restinga Seca, Sio Jos¢ dos Pinhais and in the
Barigui roadside banks at Curitiba, all in Parand, Brasil. The first
nests were found on January 13, 1956, at which time some bees had
already completed up to three cells while others were still un-
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emerged adults in their natal cells. On January 27 two cells were
found still containing white pupae; kept in the laboratory at 20° C.
adults did not emerge until March 12. On February 21 and again
on March 3 newly started nests were found. Probably there is but
one generation per year but the time of emergence is obviously
protracted. One nest excavated on January 13 contained three cells,
one being provisioned, another containing a live mature female
Anthophora still sealed in the cell and the third containing only
mold. This indicates either an extremely long life for the maker of
this nest, or more likely, the use of an old nest by another bee.

Nests lack turrets, the soil excavated from them merely tumbling
down the bank from the nest entrance. They are most often con-
structed in very hard soil but one was found in a soft, rapidly erod-
ing bank. Burrows are 5 to 10 cmn. deep, 7.5 to 8 mm. in diameter.
and extend inward and downward. The walls of the burrow are
rough, unlined. The number of cells per nest was small in all cases.
varying from 1 to 3, and the four nests examined which were con-
structed in late February and March had only one or two cells each.
This scems to indicate that a single female makes more than one
nest. Not over two cells were ever found end to end in a series.
The cell position varies from nearly horizontal to nearly vertical.
Cells are sometimes in the end of the main burrow, sometimes in
short lateral burrows (figs. 19 and 20). Cells measured (3 in num-
ber) were 14 to 14.5 mm. long, 8.8 to 9.5 mm. in maximum width,
and 6.5 mm. in width at the mouth of the cell. The latter point is
clearly constricted in relation to the diameter of the burrow. The
cell plug is concave on the inside, without any evident spiral or other
pattern, and made of a layer of very fine soil about half a millimeter
thick (fig. 21). Eggs are white, strongly curved, of wmiform diam-
eter, 3.5 mm. long, .75 mm. thick.

It is interesting that Holmberg (1903) mentioned Coelioxys colo-
boptyche Holmberg as a parasite. presumably taken from the nest,
of Anthophora paranaensis, but did not describe the nest.

TriBr: CENTRIDINT

Little is known about the biology of members of this tribe. The
nest locations are varied; some species of Centris make burrows
in flat ground. Dr. W. E. Kerr of Piracicaba, Sio Paulo, Brasil, has
reported to us the nesting of enormous numbers of Centris aenea
Lepeletier in the flat ground about the airport at Porto Atlantida,
Mato Grosso, Brasil, in July, 1954. Mr. Carl W. Rettenmeyer has ob-
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served a female of C. poccila Lepeletier going in and out of a bur-
row in flat ground at San Carlos, Panamd, and Schrottky (1904)
records similar nesting sites for Centris.  Other species nest in banks
or mud walls (Claude-Joseph, 1926; Bertoni. 1929; Ruiz, 1940;
Vesey-FitzGerald, 1939; Jensen-Iaarup, 1908; Jorgensen, 1912a;
Janvier, 1955). Some do not make their own burrows but take
advantage of available holes, such as those in an old Sceliphron
nest (Vesey-FitzGerald, 1939) or old holes made in wood (Jorgen-
sen, 1912, 1912a, and lanipes discussed below). Sueh holes are
partially filled with earth, or in the case of C. labrosa Friese and
minuta Moesary, with leaf fragments, in which the cells are placed.

We have not observed the carrying of materials to fill holes, but
Mr. Carl W. Rettenmeyer of the University of Kansas has kindly
allowed us to extract data pertaining to this matter from notes
which he made on Barro Colorado Island, Panama Canal Zone. In
April and May, 1952, Narch, 1955, and February to July, 1956 he
noticed Centris dichrootricha Moure and C. vittata Lepeletier col-
lecting mud in a bare area near the laboratory. A minimumn of
seventy-five females of C. viftata were collecting mud at this place
during the six months of 1956 when he made these observations.
The soil was a rather loose, sandy dirt. The bees appeared rather
gregarious in their collecting. Up to four bees might be seen work-
ing in an arca 20 em. x 20 em., although similar soil, often otherwise
without bees, occupied an area of over five square meters.  As many
as ten bees might be in sight at the same time, arriving, leaving, and
gathering dirt. The bees fly low over the area and may land sev-
eral times before they start gathering soil. They visit various sec-
tions of the large area and after one bee settles, others often alight
near it.  The soil is earried on the scopa of the hind legs, like pollen,
and Mr. Rettenmeyer has specimens in which the scopa is thickly
covered with dirt. He has seen one Ceatris (possibly dichrootricha
but not collected for identification) carry soil on the scopa into a
hole in the side of one of the laboratory buildings.

Centris thoracica Lepeletier, C. sponsa Smith, and C. derasa
Lepeletier have been recorded as nesting in termite nests (Silvestri,
1903; Pickel, 1928; Vesey-FitzGerald, 1939) and this seems to be the
usual and perhaps only site for C. spounsa, according to Pickel, who
remarks that the cocoons of this species are so well constructed that
the termites are unable to perforate them. Various species are
known to nest in large aggregations, usually in banks.

Some species of Epicharis also nest in banks (Vesey-FitzGerald,
1939). E. rustica (Olivier) was seen by that author, as was E. ele-
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gans Smith at El Salto, San Luis Potosi, Mexico, by C. D. M., nesting
in banks which were so overhung in cave and mine mouths as to be
in permanent twilight.

Cells are usually arranged singly, not in series, except when (as in
fig. 24), limited space forces cells into series.  In C. autrani Vachal
(Janvier, 1955), however, the cells are arranged in rather long series
in burrows in earthen walls. In C. sponsa the cells are arranged
in series of two to four; adults emerge to the side and make scpa-
rate exit burrows, a behavior pattern which is not surprising since
termites quickly close the original nest burrow with their nesting
material (Pickel, 1928). Nests of some species have cells, one cach,
at the ends of very short laterals (Claude-Joseph, 1926). In C. fur-
cata Fabricius the cells descend directly, without individual bur-
rows, from the subhorizontal burrow ( Janvier, 1955). The cells are
elongate urn-shaped, the inner walls heavily waxed. In the two
species of Centris discussed by Claude-Joseph the cell plugs have a
hollow conical projection in the middle but this was not observed
by Vesey-FitzGerald who mentions that the cell of Centris rufo-
suffusa Cockerell is closed by a disk of waxy material, and does not
occur in C. sponsa, C. autrani, or C. furcata. Provisions are in the
form of a paste occupying the lower half of the cell and sometimes
covered with a layer of liquid. The egg is on the surface of the
provisions. The cocoon is strong and in the species discussed by
Clande-Joseph has a protuberance extending into the hollow pro-
jection of the cell cap.

Centris lanipes Fabricius

Bertoni (1918) mentions finding hundreds of nests of this spe-
cies in the mud walls of a house, and a single nest among those of
an aggregation of Melitoma. He says that the burrows, one for
cach female, penetrate horizontally or obliquely for a few centi-
meters.  In 1929 the same author mentions large mixed colonies
of these two species of bees, and mud walls completely mined over
a period of years by the Centris burrows so that the holes intercom-
municate and the cells touch one another. He also describes turrets
at the nest entrances but to us it seems likely that these belonged
to intermixed Melitoma nests since turrets are not clsewhere de-
scribed for Centris.  As there has been taxonomic confusion among
relatives of lanipes, he may not have referred to the same specices
as that discussed below.

Nests of this species were found by Father J. S. Moure in old
picces of logs and in wooden buildings near the beach at Caiobd,
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Fics. 22 to 24. Nests of Centris lanipes (Fabricius) in holes in old wood.
Frass and wood fragments in the holes are represented by short lines vari-
ously oriented; the lined areas represent sandy clay perhaps placed in the
holes by the bees.

Parand, Brasil. He kindly brought one large piece of a long dead
tree containing six Centris nests to the laboratory in Curitiba. The
journey over rough roads apparently destroved the eggs, so that
their position in the pollen mass could not be determined when the
nests were opened on December 5, 1955.

The nests were all in old holes made by wood boring Coleoptera.
These holes were often partially filled by frass and wood fragments
evidently left there by the borer. However, the outer several centi-
meters were filled by sandy clay, no doubt placed there by the bees,
and the cells were constructed in this earth (figs. 22 to 24). In one
case (fig. 22) earth formed a plug, perforated by a hole 5.5 mm. in
diameter at the entrance. In this case the large space behind the
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plug gave the impression of being a cell under construction; the
other cells in the nest were of recent construction as they contained
no larvae; probably the bee was still bringing clay to the nest when
its work was interrupted.

From two to eight cells were formed in each nest, depending
partly on the size of the space available for cell construction. The
cells occupy all possible positions from horizontal to vertical. They
are lined with waxlike material; dimensions of the cells are as fol-
lows: length 11 to 13 mm.; maximumn diameter, 6 to 7 mm.; diam-
cter at mouth of cell, 4 to 5 mm. The provisions were semiliquid.
Larvae of all sizes, but no prepupae or pupae, were found in the
cells.

Jorgensen (1912) records very similar uests of Centris nigriventris
( Burmeister) i an earth filled bamboo stem and (1912a) in aban-
doned insect burrows in posts.
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