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ABSTRACT Female Perdita portalis Timberlake are ground-nesting, partially bivoltine,
communal bees that inhabit the deserts and arid grasslands of Arizona, New Mexico, and
northern Mexico. From 2 to 29 adult females may share a single nest. Nests are commonly
reused from year to year and may become very large, with >200 overwintering prepupae,
although some new nests are started each year. By constructing artificial, below-ground
observation nests, it was possible to observe the details of cell provisioning and of female
(and male) nestmate interactions within the nest. The details of cell construction, pollen
collection, pollen ball formation, and oviposition are described. There was no evidence of
cooperation among female nestmates or reproductive division of labor, nor was there any
indication of intraspecific cleptoparasitism. The behavior of female P. portalis is compared
with the behavior of females in other species of Perdita and with what is known of the
intranest behavior of other bees.
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THE GENUS Perdita

contains >600 species of small
to minute bees which are most common in the arid
southwestern United States and northern Mexico.
All species studied to date excavate nests in the
ground, which consist of tunnels leading to cells
where pollen and nectar are stored for larval development. Most species are narrowly oligolectic,
usually restricting pollen collection to a small group
of closely related plants. Rozen (1967) and Danforth (1989) review the published information on
Perdita nesting behavior.
Although in many species of Perdita each nest
contains just one female (e.g., P. octomaculata (Say)
[Eickwort 1977]), several species are communal,
with >30 adult females per nest: e.g., P. texana
Cresson (Neff & Danforth 1991); P. opuntiae Cockerell (Bennett & Breed 1985, Custer 1928); P. mellea Timberlake (J. G. Rozen, Jr., personal communication); P. latior Cockerell (J. G. Rozen, Jr.,
personal communication); P. coreopsidis Cockerell
(Danforth 1989); P. lingualis Cockerell (Michener
1963); and P. portalis. Communal nesting by female Perdita raises a number of questions about
how females interact behaviorally within nests. Do
females cooperate in any aspect of nest construction, maintenance, defense, or foraging? Is there
reproductive division of labor? In communal nests,
females have access to the fruits of each others'
labor (the pollen and nectar needed for larval development). Does cell robbing or cleptoparasitism
occur under such circumstances? And finally, do

the intranest interactions among nestmates shed
light on theories of social evolution (Lin & Michener 1972, Eickwort 1981)? To answer these questions, one must observe females under seminatural
conditions within nests. This paper outlines the basic natural history of P. portalis and presents the
first observations on intranest behavior of a communal andrenid bee.
Although the behavior and morphology of female P. portalis are similar to those of many of its
close relatives, the males of this species are highly
unusual in having two discrete morphs differing in
both structure and behavior. One morph is capable
of flight, is relatively small-headed, and is found
regularly on Sphaeralcea St.-Hilaire (Malvaceae)
flowers, where they mate with foraging females.
First discovered by Rozen (1970), the other (derived) morph is strikingly modified, as judged by
comparison with related bees, possessing a greatly
enlarged head, enlarged facial foveae, reduced
compound eyes, elongate pointed mandibles, a
three-pronged clypeus, and reduced thoracic musculature which renders them flightless and restricted to a life within the natal nest. Unlike most of
its close relatives, which vary continuously in head
size, albeit with strong positive allometry (e.g., P.
texana), the males of P. portalis are truly dimorphic. A detailed description of male intranest behavior and comparison of the two male morphs is
presented elsewhere (Danforth 1991).
Materials and Methods
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Perdita portalis has been collected from northcentral Arizona east to the southwestern corner of
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New Mexico (Hidalgo, Grant, and Luna counties)
and south to Zacatecas state, Mexico (Timberlake
1954, 1968). Adult foraging is restricted to species
of Sphaeralcea.
This study was conducted at a locality 2 km north
of Rodeo, Hidalgo County, where ~10 nests in
1987, 24 nests in 1988, and 33 nests in 1989 were
located. Nests were also found at other localities:
30 km north of Hachita, Grant County (1988) and
9.2 km east of Animas, Hidalgo County (1989). All
localities were mixed Chihuahuan desert-grassland
habitat with scattered Sphaeralcea plants, the sole
source of pollen and nectar for this species. Sphaeralcea subhastata Coulter predominates at the Rodeo locality and S. angustifolia (Cavanilles) at the
Animas locality. All nests were found in patches of
fine claylike soil devoid of vegetation.
Nests 2 km north of Rodeo were mapped in 1988
and 1989 to determine the frequency of nest reuse
and new nest founding from year to year. As at
the other localities, nests were located only in areas
of exposed soil devoid of vegetation. Five such
areas were found on the west side of a dirt road
that extended northeast from Highway 80 to a cattle
tank and a wind-operated water pump. The five
patches together stretched «110 m. To map nests
accurately, a metal stake was placed roughly at the
center of each of the five areas and all nests were
mapped with respect to the central stakes. The
metal stakes were then mapped with respect to
each other. Mapping was done using a hand-held
compass and a 50-m measuring tape.
Nests were excavated by blowing a fine mist of
talcum powder down the tunnels and carefully digging away the soil with a penknife. Care was taken
to excavate nests early or late in the day or on
cloudy days to ensure that all resident bees would
be present. Larvae and pupae were placed in 96well tissue culture dishes for rearing in a laboratory
incubator at 30°C and 100% RH.
The body weights of adult bees and pollen balls
were measured after they had been dried for at
least 2 d at 55°C (dry weight). Prepupae (postdefecating, last instars) were weighed live. Weights were
measured to the nearest 0.01 mg.
Observation nests, similar to those used to study
intranest behavior in Lasioglossum zephyrum
(Halictidae) (Michener & Brothers 1971), were
constructed in the following way. Each observation
nest consisted of a thin layer of soil sandwiched
between two transparent red Plexiglas plates, with
a soil thickness equal to the diameter of tunnels
and cells in natural nests (2.2-2.5 mm in diameter).
A length of 16-gauge electrical wire with plastic
housing was glued to the surface of a rectangular
piece of Plexiglas (20.3 by 40.6 cm) with clear
silicone glue to form an enclosure (Fig. 1A). Approximately 1 cm was left between the wire gasket
and the edge of the Plexiglas all the way around,
and a gap of «0.5 cm was left between the ends
of the wire at the top of the Plexiglas plate. Sifted
soil from the Rodeo locality, moistened slightly,
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was gently packed into the wire enclosure on the
Plexiglas plate with a rolling pin. When the soil
was packed tightly enough that tunnels could be
cut into the soil with a razor blade, no more soil
was added. A simple system of tunnels and cells,
with one main tunnel leading to the opening at the
top of the plate connected to laterals leading to
cells, was cut into the packed soil surface (Fig. IB).
Pupae were then placed into the artificial cells with
their heads facing toward the main tunnel. From
2 to 10 female pupae were placed in each observation nest and, in some nests, 1-6 male pupae.
Finally, another rectangular piece of red Plexiglas
of the same size was placed on top and clamped
into place with 5.1-cm (2 in.) paper binder clips
(Fig. 1C). It was important to clean the surface of
the wire gasket before attaching the top plate to
ensure a tight seal between plate and gasket. Nests
were kept upright in an incubator at 30°C for 12 d before they were placed in the field.
In this study, unlike previous studies of halictine
bees in which observation nests were placed in
indoor flight rooms (Batra 1964, 1968, 1970; Stockhammer 1966; Kukuk & Schwarz 1987,1988), nests
were placed in the field so that bees could forage
under natural conditions (Fig. ID). To do this, a
hole (1.5 m deep, 1.5 m wide, 2 m long) was dug
at the Rodeo locality and covered with a 1.9-cm
(% in.) plywood top fitted with a trap door (Fig. 2).
Four slots (1.0 by 20.3 cm) were cut along one edge
of the plywood top into which the uppermost edges
of the observation nests could be fitted. The nests
were supported from beneath by a wooden shelf.
The entire plywood lid (except the trap door) was
covered with a thin layer of soil.
When adult bees eclosed in such nests, they followed the artificial main tunnel and then dug the
remaining 3-4 cm of soil to the surface. In 1988,
seven nests were constructed and three were eventually accepted by at least one female and one
macrocephalic male. In 1989, six nests were constructed and three were accepted by at least one
female. Large-headed males were deliberately excluded from the 1989 nests to observe female behavior in their absence: a situation like that in newly initiated nests before the emergence of the first
macrocephalic males. Observation nests contained
at most six adult females and four adult macrocephalic males. Fifty-six cells were completed in
the six successful observation nests. In one nest, a
single cell was completed by the solitary female
resident; whereas, in another nest, 24 cells were
completed by six female residents.
During the periods of observation, usually from
0900 to 1500 hours (PST), the behavior of all females and males in observation nests was recorded.
For females, I recorded the times of departures
from the nest, returns with and without pollen, cell
construction, pollen ball formation, egg laying, and
mating within the nest. For males, I continuously
recorded their behavior and location within the
nest (either at the nest entrance, in the main tunnel,
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Fig. 1. Observation nest construction. (A) Two pieces of Plexiglas; lower piece with gasket glued to surface.
(B) Soil rolled into lower Plexiglas plate and artificial nest tunnels and cells constructed. (C) Upper plate clamped
into place. (D) Observation hole surrounded by barbed wire fence at Rodeo locality.
in lateral tunnels leading to open cells, or in cells),
and when mating and male-male fighting occurred. In addition to this continuous record, I recorded the position and activity of each bee in the

nest at 10-min intervals throughout the observation
period (scan sampling of Altmann [1974]). Events
were recorded to the nearest second with a handheld tape recorder. A total of 69 h of observations

Fig. 2. Below-ground observation nest box at the Rodeo locality showing four active observation nests.
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Table 1. Nest excavation data

Nest

87-1
88-1
88-3
88-4
88-5
88-12
89-11
89-15
89-17
89-50
89-51
Total

Date
excavated
31 Aug.
3 Aug.
18 Aug.
18 Aug.
27 Aug.
3 Sept.
14 Aug.
21 Aug.
26 Aug.
6 Sept.
8 Sept.

Eggs &
feeding Pre-pupae
larvae
23
22
3
0
64
30
0
25
31
15
24

Pupae

11
105
13
7
41
57
92

0
6
18
0
8
5
74
6
4
0
0
—

>112
8
1
187
—

—

Broodc

Adultsb

Cell contents"

Large- Smallheaded headed

Total

99

66

66

34
133
34
7
113
92
166
43
16
211

5
11
—
—
10
3
2
21
29
10
5

1
12
—
—
6
3
2
26
0
0
1

0
1
—
—
0
0
0
3
0
0
0

—

—

—

—

>143

99
—
14
13
—
5
4
33
1
4
1
0
75

Large- Smallheaded headed
66

66

—
6
6
—
3
0
21
1
5
0
0
42

—
3
0
—
5
2
14
8
6
0
0
38

—
—
—
—
—
—

11
1
—
—
—
12

a

Contents of cells at time nest was excavated.
Number of adults collected in the nest at the time the nest was excavated.
Sex and morph of brood collected at time of excavation and those later reared to pupal or adult stage in the laboratory.
^ Number of males for which morph type was not determined.

b
c

was recorded (1988, 45.5 h; 1989, 23.5 h), plus
unrecorded time spent studying nest construction
and larval development.
Voucher specimens have been deposited in the
Snow Entomological Museum, University of Kansas, Lawrence.
Results
Nest Occupancy and Structure Based on Excavations. P. portalis is a communal bee with from
2 to 29 adult females and up to 26 adult macrocephalic males per nest (n = 9 active nests exca-
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Fig. 3. Relationship between number of macrocephalic males and number of females per nest in nests
excavated in 1987-1989 (n = 9 nests fully excavated).
Solid line indicates equal numbers of males and females.
Old, persistent nests are shown with closed circles; newly
initiated nests are shown with triangles.

vated) (Table 1). Small-headed males were found
in two nests, but they were probably recently
emerged bees which had not yet left the nest. No
small-headed males remained in observation nests.
There is evidence that the number of macrocephalic males per nest is correlated with the number of adult females per nest (Fig. 3). If we exclude
nests 89-17 and 89-50 (because, from the small
number of prepupae, they appear to be newly initiated), in the remaining seven nests the numbers
of males and females per nest are significantly correlated (p = 0.977, P < 0.01; Spearman's rank
correlation coefficient) and appear roughly equal.
Fig. 4 shows three typical nests of P. portalis.
All nests were quite shallow, extending no deeper
than «15 cm, but some nests were complex, with
>200 cells occupying an area 20 cm in diameter
(Table 1). Main tunnels usually extended straight
down and were not filled with loose soil. Cells were
coated with a waterproof lining, as in some other
panurgine bees (Rozen 1967), but pollen balls lacked
the shiny hydrophobic coating present in some species of Perdita (Danforth 1989). All nests lacked
tumuli, and entrances remained open throughout
the nesting period. Based on nest excavations, it
appeared that in the largest nests, each female occupied her own lateral burrow because each lateral
ended in a group of recently constructed cells and
a single adult female.
Nest Persistence from Year to Year. All evidence indicates that nests of P. portalis are reused
for several generations and persist for extended
periods of time. The number of completed cells in
nests can be quite large, in excess of 200 in some
nests (Table 1). Bees overwinter as prepupae, and
most cells in larger nests contain prepupae (e.g.,

Fig. 4. Nests of P. portalis. Letters refer to cell contents: e, egg; s, small larva; m, medium-sized larva; 1, large
larva. Unlabelled cells contained defecated prepupae, and cells connected to open lateral tunnels were partially
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provisioned. These three nests show the presumed ontogenetic development of nests: 89-50 represents a newly
initiated nest before the emergence of macrocephalic males; 87-1 represents a newly founded nest at the end of
the first season (five adult females were collected returning to the nest with pollen loads; note five partially provisioned
cells); 89-51 represents an old, persistent nest which contained primarily diapausing prepupae.
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nest 89-51). Evidence from excavations of nests
throughout the season and the rearing of larvae
and pupae in the laboratory suggest that all overwintering prepupae do not eclose in the same year.
For example, nest 89-11, which was excavated at
the start of the 1989 nesting season, contained a
few adults and many pupae and overwintered prepupae. Only 12 of the 92 prepupae pupated in the
laboratory during that summer; the remainder persisted as viable diapausing prepupae at least through
March 1991. This suggests that only a fraction (perhaps half) of the overwintering prepupae pupate
in any year, and most do so early in the season. As
nests were dug later and later in the season in 1989,
the number of pupae found dropped to zero (e.g.,
nests 89-50 and 89-51, both excavated in early September). Other nests with large numbers of overwintering prepupae (e.g., 88-1 and 89-15) show the
same pattern: only small proportions of them eclose
in any given year.
Because nests are large, as judged by the number
of cells, and because some prepupae may remain
in diapause for >1 yr, nests persist in the same
location from year to year. Based on nest mapping
data from 1988 and 1989 at the Rodeo locality,
nest reuse is common. Seventeen of the 33 nests
found in 1989 were within 10 cm of nests located
in 1988 (Fig. 5). Nest 89-7, for example, was extremely close to the location of nest 88-25. Fourteen
of the 24 nests found in 1988 reappeared as active
nests in 1989. In some cases, the number of nests
found at one site in 1989 exceeded the number
found at that site in 1988, possibly indicating nest
fission due to the establishment of more than one
main tunnel (e.g., nests 88-20 and 88-17 appear to
have given rise to nests 89-28, 89-29, and 89-30 in
area 2). The fact that one commonly finds old, filled
cells during nest excavation supports the idea that
nest reuse is common.
Using the nest maps from 1988, it was possible
to locate a number of newly initiated nests in 1989.
One such nest, 89-17, was excavated (Table 1). The
lack of adult macrocephalic males and the small
number of prepupae both suggest that the nest was
newly initiated. In contrast, consider nests 89-11
and 89-15, both of which had been active in 1988.
In both cases, the numbers of macrocephalic males
and females were equal and both nests contained
large numbers of diapausing prepupae. It remains
to be seen how up to 29 adult females, as seen in
nest 89-17, come together during new nest initiation.
Sex and Morph Ratio. The gender and morph
type could be determined only for offspring which
were collected as pupae or raised to the pupal stage
in the laboratory. The sex ratio of 167 offspring
reared from nests excavated in 1988 and 1989 was
55% male, 45% female (Table 1) (not significantly
different from a 1:1 sex ratio; x2 = 1-73, P < 0.5).
Of the 80 males reared and identified to morph,
52.5% were macrocephalic males and 47.5% were
small-headed males (not significantly different from
a 1:1 morph ratio; x2 = 0.20, P < 0.9).
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Female Cell Construction Behavior Based on
Observation Nests. Cell construction began in the
early evening, usually by 1900 hours, and continued at least until 0100 hours the following morning.
Each female in a communal nest constructed one
cell per evening, and there was no evidence of
cooperative cell construction. However, when two
or more females shared a common lateral, they
appeared to contribute equally to the general maintenance of that tunnel. All females participated in
keeping the main and lateral burrows open by
packing soil into the side walls of these burrows.
When excavating new tunnels or cells, females
first loosened the soil with their mandibles and,
using their legs, pushed the soil behind them into
the open lateral tunnel. Females eventually cleared
the laterals of loose soil by walking backward and
pushing the soil with their legs and metasoma into
the main tunnel or a nearby lateral.
During cell construction, females shaped the cell
wall by repeatedly packing it with the pygidial
plate and adding soil when necessary. When the
soil had been packed and smoothed sufficiently,
the hydrophobic cell lining was added. Only one
female was observed during this phase of cell construction. The female brushed the walls of the cell
with her glossa and paired, brushlike paraglossae,
beginning at the junction of the cell with the lateral
and ending with the distal-most portion of the cell.
During this process she faced away from the lateral.
Each stroke lasted roughly 4 s, and the female
brushed continuously for at least 10 min. At one
point, she turned around and made packing or
sweeping motions with her metasoma as if applying
Dufour's gland secretions, then returned to the
original position, facing away from the lateral, and
continued her brushing motions over the area
touched by the tip of her metasoma. This process
resembled the cell-lining behavior described by
Torchio et al. (1988) for Colletes kincaidii (Colletidae).
Female Cell Provisioning Behavior Based on
Observation Nests. The daily pattern of female
behavior involved cell construction, provisioning,
oviposition, and cell closure (Fig. 6, Table 2). Foraging began as early as 0945 hours, and all cell
provisioning was completed by 1500 hours (Fig.
7). Cells were completely provisioned with between four and eight foraging trips (Fig. 8). All
cells were completely provisioned in 1 d, and no
females provisioned more than one cell per day.
Females did not cooperate in cell provisioning, and
no obvious agonistic behaviors were observed among
females in the same nest. Guarding behavior was
not observed, even by females who were not provisioning cells.
The mean duration of foraging trips and stops
in the nest between trips are given in Table 2.
Females returning from foraging trips entered their
cells head first, and then turned around so that they
faced into the open lateral. The pollen loads were
removed by rubbing the two hind legs together
and remained as discrete clumps in the cell. Fe-
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Fig. 5. Map of the Rodeo locality showing five groups of nests located in areas devoid of vegetation (crosses
indicate location of metal stakes for each nest area), and nest areas 1 and 2 showing locations of nests relative to
central stakes. Nests found in 1988 shown in open circles and nests found in 1989 shown in closed circles.
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Table 2. Summary of female behavior based on data from observation nests
Behavior
Foraging behavior
Foraging trips
Stop between trips
Feeding trip
Behaviors within the nest
Pollen ball formation
Beginning of pollen ball formation until first departure from cell
Departure from cell
Mating
Egg laying
Cell closure

Duration, i ± SE

n

27.07 ± 1.36 min
67.7 ± 14.8 s
34.69 ± 14.57 min

86
88
3

19.93 ±
9.46 ±
2.68 ±
1.96 ±
18.31 ±
12.52 ±

19
16
22
16"
13
17

1.09 min
0.93 min
0.20 min
0.13 min
3.03 s
1.70 min

" One to three matings per pollen ball.

males did not form the pollen into a ball after each
trip, as in some panurgines (Rozen 1967).
Pollen loads collected from females returning to
natural nests weighed 0.89 ± 0.04 mg (n = 10),
which represents 68 ± 5.4% (n = 8) of female drybody weight (mean dry body weight, 1.44 ± 0.05
mg [n = 17]). Nectar loads of females collected
returning to nests measured 0-39 fi\ of nectar (n
= 16). On the last daily foraging trip, the bees
sometimes carried only small pollen loads (4 of 19
cells) or no pollen at all (4 of 19 cells). Nectar for
pollen ball formation is probably carried on the
final trip.
Following the last daily foraging trip, females
with full or partial pollen loads deposited the pollen
as described above, and then left the cell for 40.4
± 5.37 s (n = 12), during which time grooming
occurred in the lateral burrow leading to the provisioned cell. After grooming, they returned to the
cell and began shaping the loose pile of pollen into
a spherical ball. Females returning with no pollen
briefly groomed for 12-31 s (n = 2) in the lateral
burrow before entering the cell to begin pollen ball
formation.
When forming the pollen ball, females suspended themselves above the pollen mass by pressing
against the walls of the cell with the basitibial plates
of their hind legs. While the pollen ball was rotated
with the mid- and forelegs, the mandibles kneaded
the pollen, and nectar was regurgitated. The average time required to completely form the pollen
ball was 20 min (Table 2).
Approximately 9 min from the initiation of pollen ball formation, females always left their cells
and entered the lateral tunnel, or occasionally the
main tunnel. If a macrocephalic male was present,
mating always took place during this departure
from the cell (9 of 9 times). In nests that lacked
males, females simply groomed during this period
and then returned to the cell (10 of 10 times) and
continued pollen ball formation. In nests with macrocephalic males, one to two more copulations occurred before the egg was laid, but, unlike the first
ones, the subsequent matings were initiated when
the male entered the cell and pulled the female
out into the lateral with his mandibles. These later,

male-initiated matings were recorded in eight of
the nine cells I observed completely provisioned.
No mating was observed within nests at any other
time except during pollen ball formation, and for
every cell observed completely provisioned, females mated at least once with a resident macrocephalic male, when present, before egg laying.
Immediately after egg laying, the cell was closed
by the female. She simply walked into the lateral,
remaining facing away from the cell, and began
to make packing motions with the apex of her
metasoma. Females were never observed to use
their mandibles or legs when closing a cell. Cell
closure took «13 min (Table 2). Females then invariably left the nest and, in the three cases observed, returned approximately 35 min later (Table
2) without any pollen visible externally. This last
trip of the day is, I believe, a feeding trip, as in
some other panurgine bees: Perdita (Danforth
1989), Calliopsis (Hypomacrotera) callops (Cockerell) (Danforth 1990).
The mean durations of the behaviors listed in
Table 2 are based on observations of females in
nests with and without macrocephalic males. When
the data for each of these behaviors are analyzed
separately, there are only slight differences between females in nests with and without macrocephalic males. The mean time for pollen ball formation is only slightly, although significantly, longer
for females in nests with macrocephalic males (x
= 22.32 ± 1.77 min, n = 9) than for females in
nests without macrocephalic males (x = 17.78 ±
0.97 min, n = 10, P = 0.044). This is probably a
result of repeated matings before oviposition in
nests with macrocephalic males. Macrocephalic
males appear not to alter any other recorded aspects of the provisioning behavior of females.
In four cases, completed cells were only partially
provisioned because of the death or disappearance
of a female resident. These cells were generally
filled with dirt by the remaining residents within
3 d. No females adopted the empty or partially
provisioned cells of their absent nest mates.
Larval Development Based on Observation
Nests. Although most offspring produced in observation nests entered diapause, some larvae contin-
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Fig. 6. Summary of female behavior throughout the day (see Table 3 for detailed data).
ued development and emerged as second-generation adults the same year (partial bivoltinism, Seger
1983). This is probably true of most bees in natural
nests, as judged by the nest excavation and laboratory rearing results (see above).
In observation nests at 25-30°C, larvae completed feeding and defecated in 6-9 d (x = 7.8 ±
0.2 d, n = 25). From 3 to 7 d thereafter, they
pupated (x = 3.9 ± 0.4 d; n — 11), and in as few
as 9 d thereafter they eclosed to adults. The shortest
observed period from egg to adult was 21 d. The
red Plexiglas made it difficult to determine the
exact stage of development reached in some cells,
so these data may be subject to error.
During development, larvae initially feed on top
of the pollen ball, facing toward the back of the
cell. Larvae in the later stages of development,
when the pollen ball had been nearly consumed,
rest on their backs with the remaining pollen cradled on their venter. After all the pollen is consumed, but before defecation, larvae begin to rotate
around the transverse axis of the cell head first,
maintaining contact between their dorsal tubercles
and the wall of the cell as they do so. Up to eight
full rotations by one larva were observed in 4 h.
The period between the completion of feeding and
defecation was 1-5 d (x = 3.4 ± 0.5; n = 8). Larvae
glue their feces to the posterior part of the cell,
and diapausing larvae rest on their backs, facing
toward the cell entrance. As in other panurgines
(Rozen 1989), no cocoon is spun.
The weights of 157 live prepupae ranged from
3.5 to 10.5 mg (x = 7.55 ± 0.12) and were normally
distributed. The dry weights of 32 pollen balls
ranged from 3.4 to 6.0 mg (x = 4.81 ± 0.11) and
were also normally distributed. Dividing pollen ball
dry weight by adult dry body weight gives an estimate of the efficiency with which pollen mass is
converted into bee biomass. For an average dry
body weight of both males and females, I used a
sample of 10 small-headed males, 10 large-headed
males, and 20 females because these are roughly

the proportions of the three types based on broods
reared from nests (Table 1). Based on this estimate,
average adult body dry weight equals 1.25 ± 0.05
mg (n = 40). Conversion efficiency equals 1.25 mg/
4.81 mg or 26.0%.
Parasites and Predators. Although two female
Pseudomethoca spp. (Mutillidae) were found while
excavating nests (one Pseudomethoca toumeyi
(Fox) and one undescribed) no mutillid larvae were
found in natural nests, nor were any other parasites
found. However, in observation nests, two parasites
and one predator were discovered. On August 31,
an adult female Pseudomethoca sp. near scaevolella (Cockerell & Casad) was found in observation
nest PPO#11, which contained seven completed,
fully provisioned cells. She was resting in a filled
lateral, approximately 9 cm from the junction of
the main tunnel. Although a single female P. portalis had been seen in the nest the day before, there
were no adult Perdita in the nest the day the mutillid was found. The mutillid remained in the nest
for the next 4 d and was observed entering one cell
(F) on 2 September. On 3 September, the mutillid
left the observation nest and was collected. This
nest remained in place until 14 September, and
mutillid larvae were eventually detected in cells
B, C, and E. The larvae in cells C and E spun
cocoons and pupated by 14 September, whereas
the larva in cell B died 7 September. Only one of
the seven Perdita larvae survived to reach the prepupal stage (cell A). Apparently only cells with
defecated pupae could be parasitized. The pupa in
cell F, although entered 2 September, had not yet
defecated and was not parasitized. However, larvae
in cells E and C, the two larvae successfully parasitized, had both defecated by the time they were
attacked.
In another nest (PPO#12), a small meloid beetle
larva was seen feeding on top of a 3-d-old Perdita
larva. The nest had one adult female resident at
that time. Over the next 9 d, the beetle consumed
five Perdita larvae within the nest by burrowing
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Fig. 7. Histogram showing the percentage of returns from pollen collecting trips occurring per hour throughout
the day (n = 57 returns with pollen observed). Data based on observation nests.
Fig. 8. Histogram of the number of foraging trips made per pollen ball by females in observation nests. Nineteen
cells were observed for the complete provisioning cycle.

Although nests are shallow, burrows penetrate
through a hard-packed clay layer located 3-5 cm
below the surface. The brief season of peak Sphaeralcea bloom («4-5 wk) may also impose a reproductive cost on delayed reproduction for new nest
construction. Interestingly, in the two newly initiated nests excavated, there were 10 and 29 adult
female residents, suggesting that when new nests
are founded, many females participate. A female's
best reproductive option may be to remain in her
Discussion
mother's nest, making use of the main tunnel and
All the behavioral observations of females within laterals constructed by previous generations.
Because of the apparently high frequency of
the nest indicate that this species is communal. No
agonistic or cooperative behavior was observed, natal nest reuse, nestmates may be significantly
and each female oviposited in the cell which she more closely related to each other than to a random
had provisioned. There was no evidence of within- sample of the overall population. The degree of
nest cleptoparasitism or robbing in P. portalis. Fe- within-nest relatedness would depend, first, on the
males were never observed opening cells and tend- number and genetic relatedness of the original nest
ing larvae or removing feces, a subsocial behavior foundresses and, second, on the number of matriobserved in some Ceratina Latreille (Sakagami & lines that persist through time. The presence of
Maeta 1987) and Lasioglossum (Evylaeus) Rob- flightless, macrocephalic males that mate with feertson species (Knerer & Plateaux-Quenu 1966).
male nestmates no doubt raises the coefficient of
Communality appears to be a well-established relatedness among nestmates, but at this time it is
trait in this species. Unlike all other communal impossible to say by how much.
The biology of P. portalis is similar to that of a
Perdita studied, there were no solitary nests found.
The origin and maintenance of communality has closely related species, P. texana (Neff and Danbeen attributed to the advantages of nest defense forth 1991). Both species are communal, although
in bees (Michener 1974, Abrams & Eickwort 1981) the nests of P. portalis contain many more females
and sphecid wasps (Evans & Hook 1982). However, per nest. In both species, females provision one cell
because females were never observed spending ex- per day, and intranest mating almost certainly takes
tended periods of time at the nest entrance or de- place in P. texana as in P. portalis, although males
fending the nest against intruders, improved de- of P. texana are not dimorphic. Unlike P. portalis,
fense does not seem to be associated with communal however, P. texana nests do not appear to be reused
over many generations.
nesting in this species.
Although the information now available on inA more likely hypothesis for the maintenance of
communality is that the costs, in both time and tranest behavior of nonapid bees is primarily based
energy, of solitary nest construction may be great. on observations of only a few distantly related spe-

from cell to cell. On 10 September, the nest was
brought to the laboratory and the beetle was fed
an additional two P. portalis larvae. Unfortunately,
the beetle died before reaching the pupal stage.
Finally, one observation nest containing larvae
and pupae (but no adults) was attacked by ants
(Solenopsis molesta (Say)), which killed several pupae.

September 1991
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Table 3. Previous studies of bee behavior within nests
(excluding studies of the family Apidae)
Family and species
Colletidae
Colletes kincaidii Cockerell"
Halictidae
Lasioglossum (Chilalictus)
erythrurum (Cockerell)''
Lasioglossum (Dialictus)
zephyrum (Smith)d
L. (D.) versatum Robertson"*
L. (D.) imitatum (Smith)d
L. (Ecylaeus) spp.d
Halictus rubicundus
(Christ)*
Neocorynura fumipennis
(Friese)"
Augochlora pura (Say)"
Nomia melanderi Cockerell"
Andrenidae
Perdita portalis Timberlakeb
Megachilidae
Osmia lignaria propinqua
Cresson"
O. califomica Cresson"
O. montana Cresson0
Anthophoridae (Xylocopinae)
Xylocopa pubescens Spinolac
X. sulcatipes Maac
Ceratina japonica Cockerellc
C. flaoipes Smith0
C. Okinawa Matsumura &
Uchidac
Braunsapis sauteriella (Cockerell)c

Reference
Torchio et al. 1988
Knerer & Schwarz 1976;
Kukuk & Schwarz 1987,
1988
Batra 1964
Batra 1968
Batra 1968
Knerer & Plateaux-Quenu
1966
Batra 1968
Batra 1968
Stockhammer 1966
Batra 1970
This paper
Torchio 1989
Torchio 1989
Torchio 1989
Gerling et al. 1981, 1983
Gerling et al. 1983, Stark et
al. 1990
Sakagami & Maeta 1985,
1987
Sakagami & Maeta 1987
Sakagami & Maeta 1982
Maeta et al. 1985

" Solitary species.
b
Communal species.
c
Facultatively eusocial species.
^ Species in which eusociality is a normal stage in colony ontogeny.

cies (Table 3), it is worthwhile to compare the
behaviors observed in P. portalis with some of the
behaviors described for other species. Most of the
species listed in Table 3 show agonistic relationships among nonnestmates and even nestmates. For
example, Xylocopa sulcatipes Maa and X. pubescens Spinola females actively defend their nests
and fight with intruding conspecifics (Velthuis
1987). Other species show aggressive behavior
among nestmates; for example, most eusocial halictids, in which physical interactions determine, in
part, dominance hierarchies (Michener 1988). Furthermore, oophagy, a form of indirect aggression,
was observed in Lasioglossum (Dialictus) species,
Ceratina flavipes Smith, C. japonica Cockerell,
and Xylocopa sulcatipes (Stark et al. 1990). None
of these forms of conflict was observed in P. portalis
nests; females passed each other in tunnels with no
sign of aggression, and females were never observed destroying eggs or larvae.

Perdita portalis
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Cooperative behaviors such as oral trophallaxis
have been reported for a number of species listed
in Table 3 (e.g., L. erythrurum (Cockerell), Ceratina species, and Xylocopa species). No oral trophallaxis was observed either among females or among
females and males in P. portalis nests. However,
macrocephalic males were observed entering partially provisioned cells and manipulating the loose
pollen stored there by females, but whether males
are ingesting pollen or nectar or both is not known.
Among the species listed in Table 3, L. erythrurum, although distantly related to P. portalis, shows
the most similar type of intraspecific interactions
observed in P. portalis. As many as 10 L. erythrurum females share a nest, and there are no agonistic
interactions among nestmates (or non-nestmates),
nor is there any obvious cooperation within a nest.
Unlike P. portalis, however, nestmates of L. erythrurum share food via oral trophallaxis, both among
females and with theflightlessmacrocephalic males
present in the nest (Kukuk and Crozier, 1990).
Acknowledgment
I am grateful to C. D. Michener (University of Kansas)
and J. G. Rozen, Jr. (American Museum of Natural History) for their advice and help during this study. Without
Dr. Rozen's generous help in the field, this project would
never have been started. I thank the Resident Directors
of the American Museum of Natural History's Southwestern Research Station; Wade Sherbrooke; Pam Limberger; Kristina Schwartz; and volunteers Emily Dickinson, James A. Davidson, David Domingo, and Ernie
Luikart for their help in collecting data. I am grateful
to Karl V. Krombein (Smithsonian Institution) for identifying the mutillid. George C. Eickwort (Cornell University), John Alcock (Arizona State University), Jane
Brockmann (University of Florida), Penelope Kukuk, C.
D. Michener, and J. G. Rozen, Jr. commented on earlier
versions of this paper. This study was supported by two
Theodore Roosevelt Memorial grants from the American
Museum of Natural History and a pre-doctoral fellowship from the Smithsonian Institution. This is contribution 3045 from the Department of Entomology and the
Snow Entomological Museum, University of Kansas,
Lawrence.

References Cited
Abrams, J. & G. C. Eickwort. 1981. Nest switching
and guarding by the communal sweat bee Agapostemon virescens (Hymenoptera, Halictidae). Insectes
Soc. 28: 105-116.
Altmann, J. 1974. Observational study of animal behavior: sampling methods. Behavior 49: 227-265.
Batra, S.W.T. 1964. Behavior of the social bee, Lasioglossum zephyrum, within the nest (Hymenoptera: Halictidae). Insectes Soc. 11: 159-186.
1968. Behavior of some social and solitary halictine
bees within their nests: a comparative study. J. Kans.
Entomol. Soc. 41: 120-133.
1970. Behavior of the alkali bee, Nomia melanderi,
within the nest (Hymenoptera: Halictidae). Ann. Entomol. Soc. Am. 63: 400-406.

548

ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA

Bennett, B. & M. D. Breed. 1985. The nesting biology, mating behavior and foraging ecology of Perdita
opuntiae (Hymenoptera: Andrenidae). J. Kans. Entomol. Soc. 58: 185-194.
Custer, C. P. 1928. The bee that works stone; Perdita
opuntiae Cockerell. Psyche 35: 67-84.
Danforth, B. IN. 1989. Nesting behavior of four species
of Perdita (Hymenoptera: Andrenidae). J. Kans. Entomol. Soc. 62: 59-79.
1990. Provisioning behavior and the estimation of
investment ratios in a solitary bee, Calliopsis (Hypomacrotera) persimilis (Cockerell) (Hymenoptera:
Andrenidae). Behav. Ecol. Sociobiol. 27: 159-168.
1991. The morphology and behavior of dimorphic
males in Perdita portalis (Hymenoptera: Andrenidae). Behav. Ecol. Sociobiol. (in press).
Eickwort, G. C. 1977. Aspects of the nesting biology
and descriptions of immature stages of Perdita octomaculata and P. halictoides (Hymenoptera: Andrenidae). J. Kans. Entomol. Soc. 50: 577-599.
1981. Presocial insects, pp. 199-279. In H. R. Herman
[ed.], Social insects, vol. 2. Academic, New York.
Evans, H. E. & A. W. Hook. 1982. Communal nesting
in Australian Cerceris digger wasps, pp. 159-163. In
M. D. Breed, C. D. Michener & H. E. Evans [eds.],
biology of social insects, proceedings of the ninth
congress of the International Union for the Study of
Social Insects. Westview, Boulder, Colo.
Gerling, D., P. D. Hurd & A. Hefetz. 1981. In-nest
behavior of the carpenter bee, Xylocopa pubescens
Spinola (Hymenoptera: Anthophoridae). J. Kans. Entomol. Soc. 54: 209-218.
1983. Comparative behavioral biology of two middle
east species of carpenter bees (Xylocopa Latreille)
(Hymenoptera: Apoidea). Smithson. Contrib. Zool.
369: 1-33.
Knerer, G. & C. Plateaux-Quenu. 1966. Sur l'importance de l'ouverture des cellules a couvain dans
revolution des Halictinae. C. R. Hebd. Seances Acad.
Sci. 263: 1622-1625.
Knerer, G. & M. Schwarz. 1976. Halictine social evolution: the Australian enigma. Science 194: 445-448.
Kukuk, P. F. & R. H. Crozier. 1990. Trophallaxis in
a communal halictine bee Lasioglossum (Chilalictus)
erythrurum. Proc. Natl. Acad. Sci. U.S.A. 87: 54025404.
Kukuk, P. F. & M. Schwarz. 1987. Intranest behavior
of the communal sweat bee Lasioglossum (Chilalictus) erythrurum (Hymenoptera: Halictidae). J. Kans.
Entomol. Soc. 60: 58-64.
1988. Macrocephalic male bees as functional reproductives and probable guards. Pan-Pac. Entomol. 64:
131-137.
Lin, N. & C. D. Michener. 1972. Evolution of sociality
in insects. Q. Rev. Biol. 47: 131-159.
Maeta, Y., S. F. Sakagami & C. D. Michener. 1985.
Laboratory studies on the life cycle and nesting biology of Braunsapis sauteriella, a social xylocopine
bee (Hymenoptera: Apidae). Sociobiology 10: 17-42.
Michener, C. D. 1963. Observations on the bionomics
of a colonial bee of the genus Perdita (Hymenoptera:
Apoidea, Panurginae). J. Kans. Entomol. Soc. 36:114118.
1974. The social behavior of the bees. Harvard University Press, Cambridge, Mass.
1988. Reproduction and castes in social halictine bees,
pp. 75-119. In W. Engels [ed.], Social insects: an
evolutionary approach to castes and reproduction.
Springer, Berlin.

Vol. 84, no. 5

Michener, C. D. & D. J. Brothers. 1971. A simplified
observation nest for burrowing bees. J. Kans. Entomol. Soc. 44: 236-239.
Neff, J. L. & B. N. Danforth. 1991. The nesting and
foraging behavior of Perdita texana (Cresson) (Hymenoptera: Andrenidae). J. Kans. Entomol. Soc. (in
press).
Rozen, J. G., Jr. 1967. Review of the biology of panurgine bees, with observations on North American
forms (Hymenoptera: Andrenidae). Am. Mus. Novit.
2297: 1-44.
1970. Department of Entomology report. 102 Ann.
Rept. Am. Mus. Nat. Hist. 102: 4-5.
1989. Life history studies of the "primitive" panurgine bees (Hymenoptera: Andrenidae: Panurginae).
Am. Mus. Novit. 2962: 1-27.
Sakagami, S. F. & Y. Maeta. 1982. Further experiments on the artificial induction of multifemale associations in the principally solitary bee genus Ceratina, pp. 171-174. In M. D. Breed, C. D. Michener
& H. E. Evans [eds.], The biology of social insects.
Westview, Boulder, Colo.
1985. Multifemale nests and rudimentary castes in
the normally solitary bee Ceratina japonica (Hymenoptera: Xylocopinae). J. Kans. Entomol. Soc. 57:
639-656.
1987. Multifemale nests and rudimentary castes of an
"almost" solitary bee Ceratina flavipes, with additional observations on multifemale nests of Ceratina
japonica (Hymenoptera: Apoidea). Kontyu 55: 391409.
Seger, J. 1983. Parial bivoltinism may cause alternating sex-ratio biases that favour eusociality. Nature
301: 59-62.
Stark, R. E., A. Hefetz, D. Gerling & H. H. W. Velthuis.
1990. Reproductive competition involving oophagy
in the socially nesting bee Xylocopa sulcatipes. Naturwissenschaften 77: 38-40.
Stockhammer, K. A. 1966. Nesting habits and life
cycle of a sweat bee, Augochlora pura. J. Kans. Entomol. Soc. 39: 157-192.
Timberlake, P. H. 1954. A revisional study of the
bees in the genus Perdita F. Smith with special reference to the fauna of the Pacific coast (Hymenoptera: Apoidea) I. Univ. Calif. Publ. Entomol. 9: 345432.
1968. A revisional study of bees in the genus Perdita
F. Smith with special reference to the fauna of the
Pacific Coast (Hymenoptera: Apoidea) VII. Univ.
Calif. Publ. Entomol. 49: 1-196.
Torchio, P. F. 1989. In-nest biologies and development of immature stages of three Osmia species (Hymenoptera: Megachilidae). Ann. Entomol. Soc. Am.
85: 599-615.
Torchio, P. F., G. E. Trostle & D. J. Burdick. 1988.
The nesting biology of Colletes kincaidii Cockerell
(Hymenoptera: Colletidae) and development of its
immature forms. Ann. Entomol. Soc. Am. 81: 605625.
Velthuis, H.H.W. 1987. The evolution of sociality;
ultimate and proximate factors leading to primitive
social behavior in carpenter bees, pp. 405-430. In J.
M. Pasteels & J. L. Deneubourg [eds.], Behavior in
social insects. Experientia suppl., vol. 54. Birkhauser,
Basel, Switzerland.
Received for publication 4 September 1990; accepted
2 April 1991.

