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SOME NOTSS ON TFS BIO-RELATIONSHIP OP THE DIGGERBES, ANTHOPHORA OCCIDENTALISM AND CERTAIN INSECT
INQUILINES
The scope of this investigation is limited to some
of the activities of Anthophora occidentalis (Cresson),
the host, and the insects that hibernate within the
earthen cell of this bee.

The degree and mechanism of

infestation and the activity within the association that
is responsible for this achievement is the prime purpose
of the investigation.
The author is exceedingly grateful to Mr. C. F. W.
Muesebeck for distributing specimens through his office
to authorities for determination and for offering suggestions during the course of this study, to Mr. G. S* Vogt
for the determination of Nemognatha sp. (piezata (Fox),
and/or palliata L e e , and/or bicolor Lee.) and Homia
neomexicana (Cockerell), to Mr. W. W. Wirth for the determination of Anthrax daphne (O.-S.), to Mr. K. V. Krombein
for the determination of Anthophora occidentalis Cresson
and Melecta californica miranda (Fox), to Dr. R. W.
Strandtmann who supervised the study throughout its
entirety, and to many others for their assistance and
criticism.
Relatively few discussions of Anthophora occidentalis,
a solitary digger bee, have been published.

Chief among

these is the work of Mickel (1928) on cells of A. occidentalis procured in Colorado.

Melecta californica miranda

was first reported as being an associate of Anthophora
occidentalis in 1899 by Cockerell (Linsley, 1939). Hicks

(1934) reared Homia neomexicana (Cockerell) from cells
of Anthophora occidentalis.

The activity of Homia

neomexicana closely follows that as outlined for the genus
Homia by Linsley and MacSwain (1942b).

The works of

Linsley and MacSwain (1941), (1942a), (1942b), and (1943)
served as a pattern and guide throughout this study.
MATERIALS AND METHODS
Prom December, 1949, to March, 1950, 469 mud cells
constructed by Anthophora occidentalis were collected;
over 400 of these cells were collected March 17, 1950.
Most of the cells collected prior to this date were opened,
and the specimens within were preserved in 70^ alcohol for
later reference.

The remainder wer« placed in an attic

where the temperature more nearly approached that of field
conditions.

These cells were placed under glass containers,

and the specimens allowed to emerge.

Some of the cells

were opened sufficiently to observe the specimens.

These

were then placed in individual shell vials, labeled with
an index number, and checked for the length of the pupation
period.

The information that is incorporated into the

charts was acquired from the specimens observed under laboratory conditions.
Attempts were made to promote the mating of the five
species that emerged from the cells; however, all of these
failed with the exception of Homia neomexicana. Matirjg
the depositing of eggs, and the larvae of this species were

observed; the information obtained greatly facilitated
observations concerning this species in the field.

Ob-

servation chambers containing flowers and water were
prepared for Anthophora occidentalis, but these bees died
within two days in these confines.
All information concerning this association afield
was acquired by periodic visits to the sites of activity.
During the winter months visits were made at intervals
of one to t^'o weeks; however, when the sites became active,
visits were made at least every other day. For extended
periods they were made daily during the month of June and
early days of July.

The visits were limited chiefly to

the morning hours when the activity of the association
was at its greatest.

At midday most of the specimens

retired to the cool of a shade.

Although activity was

renewed in the late afternoon and early evening, it never
attained the morning level.

Observations of this associa-

tion were limited to one locality.

Numerous tunnels in

which Anthophora occidentalis was conducting her mining
activities were marked, and at varying degrees of completion these were opened.

It was from this form of

inspection that the order of preparation and the time
elements required for completion were obtained.

Eggs

of all species were collected when the opportunity presented itself.
The illustrations were made with the aid of a dissecting microscope and a camera lucida; 6X oculars and

IX objectives were used except for illustrations 1, 2,
3, 4, 5, 8, and 14. Every effort was made to avoid distortion.

However, the reduction in photography was not

consistent for each species. Magnifications are given
for the illustrations.
RESULTS

A.

Survey of l o c a l i t y
1.

Reservoir

In an abandoned groimd water reservoir two m.iles
northwest of Lubbock, Lubbock Coimty, Texas, colonies
and isolated tunnels bearing evidence of the mining activities of Anthophora occidentalis in former seasons were
first placed under observation December 17, 1949.

The

reservoir is *U* shaped and covers an area of approximately
ten acres; its banks are nearly vertical and vary from.
ten to fifteen feet in height.

The layer of soil of the

reservoir banks in which Anthophora occidentalis prefers
to dig is the B horizon where the carbonates, particularly
calcium, accumulate due to leaching.
a low water holding capacity.
thick.

This layer possesses

It is often 4 to 6 feet

The reservoir during the period when this investi-

gation was being conducted had no water in it; its only
source now is the rainfall, which is very light.

The cut

of the reservoir is approximately twenty-five yards wide
with a relatively even bottom, and the flora does not differ markedly from any other unsodded, untilled location in

this region.
2.

Colonial distribution

Anthophora occidentalis is a solitary bee of a gregarious nature with a strong tendency to colonize. A
colony site is often so perforated with tunnels that there
is not sufficient room remaining between the tunnels for
another one.

However, this degree of density varies to

instances when a tunnel is located quite distant from the
nearest colony.

No attempt was made to determine the

number of cells within a given area because of this variation in concentration.
3.

Tunnels and chimneys

In the embankments of the reservoir and usually at
right angles to them, Anthophora occidentalis digs tunnels
that are three-eighths of an inch in diameter and extend
six to ten inches into the soil.

A tunnel usually lies

horizontally, but it may curve gently in any direction.
At the mouth of a tunnel there is a short, curved
chimney about two inches in length extending away from
the embankment. The chimney does not differ in appearance from those reported as being characteristic of the
genus Anthophora

(Comstock, 1933).

It has a lumen the

same size as that of the tunnel and a fissure in the top.
This fissure may or may not be as long as the chimney.

In

some instances it lies close to the base of the chimney
with the outer and being entirely closed, yet in others
the fissure extends to the outer end. It always extends
linear to and on top of the chimney. By December when these

observations were begun, the majority were broken off;
those remaining were protected by some overhanging projection.
4.

Cells

Within the embankment and circumventing the periphery
of the main tionnel, the mud cells that harbor the pollen
cache and young or associate of the host bee lie with the
basal end of the cell directed away from the lirnien of the
tunnel.

The capped end of the cell opens directly into

the main stem or a short branch tunnel leading to it. A
cluster of cells frequently have a common opening to the
exterior, but the arrangement is so designed that each
individual can pass uninhibited to the exterior.
The number of cells placed about a single tunnel varies
^n some tunnels only one cell is present, but in others
there are as many as 12. Externally, a cell (Fig. 1) is
approximately 23 millimeters long and 13 millimeters wide,
with a general oval shape; the end nearest the main tunnel is flattened for the sealing cap.

Internal dimensions

are 19 millimeters long and 10 millimeters wide.

Each

cell lies in an earthen cavity fashioned for it.

Tunnels

have been opened in which the female was still working
and this cavity found without the cell.

The cell is built

within and adjacent to the chamber*s walls. When a portion of an embankment containing cells is placed under
stress sufficiently great to break it apart, the cells
fall aside in good condition.

B.

Laboratory observations
1.

Anthophora occidentalis. the host bee (Fig. 9)

During the process of collecting the cells, a sufficient number was broken open to recognize five types
of larvae.

The adult larva of A. occidentalis (Pig. 7)

is approximately 1.75 centimeters long.

During the

hibernating state it is very white, extremely soft, and
immobile.

It fails to respond to any form of stimulus.

The larva becomes more turgid as the pupation period
nears.

It remains within the cell provided by the mother

bee as the only form of protection.

The environment in

which it hibernates is quite dry, and the pollen that
remains is hard and crisp.
The length of the pupation period, based on 34
observed specimens, was between 20 and 21 days. The
shortest and longest period of time was 17 and 23 days,
respectively.

Pupation occurs without the production of

a protective pupal covering.

At the end of pupation the

pupa (Fig. 6) is very dark, becoming so by a gradual
darkening throughout the period.

At first the pupa is

completely inactive, but toward the end it is capable of
slight movements of the abdomen.

After the adult emerges

from the pupal skin, it is from one to two days before
it is capable of rapid movement.

This period of life,

however, is normally spent within the cell; it is capable
of flight immediately after it emerges from the cell.
The adult makes its exit from the earthen cell by
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gnawing through the capped end; of the specimens under
observation not one emerged in any fashion other than in
this manner.

The mandibles of the adult are extremely

strong and well adapted for digging in compact earth.
After emerging from the cell, they buzz noisily about the
glass container, making every attempt to escape.

One can

hear them several feet away, scratching on the glass containers with their mandibles.

This rapid activity continues

as long as they are alive, but they usually die within a
day if retained in a small place.
restless than the females.

The males are more

The sexes can be readily dis-

tinguished, even from a distance.

The color of the hairs

of the males is brighter, and they have a prominent white
face (Fig. 10). Males and females were placed in a small
conservatory in an effort to induce them to mate. All
attempts failed with death occuring within two days.
2.

Melecta californica miranda, a bee inquiline (Fig. 13)

The adult larva of Melecta califomica miranda (Fig. 11)
is similar to that of Anthophora occidentalis, but it is
somewhat smaller, being 1.5 centimeters long.

As an adult

larva it has a parchment-like membrane that covers it and
lines the interior of the cell. During the winter months
it is inactive and has a soft, white body.
The larva, a few days before pupating, will move when
stimulated.

Other than the parchment-like membrane that

it makes as a larva it has no pupal covering.

The pupa

(Fig. 12) is very white, and in contrast to the pupa of

^

Anthophora occidentalis. it is capable of rapid movements
of the abdomen from the onset of the period.

There is

a gradual darkening of the pupa throughout pupation and
it becomes black a few days before the adult emerges. The
average length of the pupation period, based on 3 specimens, is 20 days.
The adult of Melecta califomica miranda is smaller
and le ss vigorous than the host.

Its methods of escaping

from the cell are similar to those of Anthophora occidentalis, but if retained in captivity, it does not die as
readily as the host.
3.

Hornia neomexicana, a wingless blister beetle

(Pig. 17)
The adult larva of Homia neomexicana (Pig. 15) is
thick, elipsoid, and orange colored.

It hibernates within

the larval skin produced in the instar stage prior to that
of the hibernating state.

No signs of activity are exhi-

bited while in this stage. During pupation a second larval skin encloses the pupa (Fig. 16). It emerges from
these coverings by forcing them posteriorly with the legs.
The pupation period was checked on only one specimen; it
emerged as an adult 22 days after pupating.
The adult is a very sluggish beetle with vestigial
elytra.

This reduction is, undoubtedly, a specialization

due to a parasitic mode of existence.

The adults break

through the cell wall by means of their mandibles and
usually escape through the capped end of the cell; however, they may emerge through an opening made in the side.
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Upon emergence the abdomen of the female is greatly
distended with eggs.

On May 21, 1950, two freshly emerged

females and one newly emerged male were placed together
in a glass container. The females were partially enclosed
in the pupal skin.

As soon as they were placed together,

the male began attempting to mate with the females.

Since

the females still had part of the pupal skin attached to
them, this was impossible.

Being anxious to have them

mate if they would do so, the females were freed of this
impediment; the male mated with one of them without any
preliminary courting.

The more slender male mounted dor-

sally and held himself in position by wrapping his legs
about the female.

The females are distinguishable by a

slight difference in size.
with the other.

The next day the male mated

Whether he mated with the same female

more than once is not known; mating was not observed
after the eggs began being deposited.

On May 23, the

females began depositing eggs, and this continued for a
period of one week.

The beetles were imprisoned in a

container approximately six inches in diameter, and the
eggs were scattered over its entire surface.

The eggs

(Fig. 4) were oval with a whitish, albuminous appearance
and were 1.26 millimeters long.

Although the eggs were

kept perfectly dry, they retained a moist appearance
without color change.

The number of eggs deposited by

both females was 1353 with an average of 676 for each.
The females and the male, after mating and depositing
eggs, died before the larvae began to hatch on June 11.

11

A gravid female that had not had access to a male
was placed in a shell vial and retained here to ascertain
whether or not she would deposit eggs without having mated.
Although she was kept in seclusion for ten days, she did
not deposit a single egg.

At this time she began to ac-

quire a shrunken appearance that is peculiar to this
species prior to death; she was then preserved.

This is

a strong indication that the females will not deposit
unfertilized eggs.
The larvae (Fig. 14) emerged over a period of a week,
taking approximately 20 days for the eggs to hatch. Almost all of the eggs yielded viable specimens.

At first

the primary larvae are clear white, but within the space
of two or three hours after hatching they become dark
brown.

In contrast to the adults, the primary larvae

are very active, but they usually remain quiescent unless
stimulated.

When a small hair brush was moved past them,

they ran wildly in every direction, raising their heads
at intervals with their mandibles spread wide.

If the

brush was near enough, they would grasp a bristle with
their mandibles so tenaciously that removal without harming
them was difficult.

On one occasion a dead bee was slowly

drawn through their midst; they actually covered the bee's
jody, holding to the hairs with their mandibles.

In the

anal region these larvae possess glands that spin a web
when footing becomes unsure.

If one is elevated on a

probe and shaken, it will attach the web to the probe
and lower itself much in the manner of a spider.

All
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attempts to entice these larvae to eat pollen failed,
and about 10 days after the first hatched they began to
die.
4.

Nemognatha sp., a blister beetle (Fig. 18)

This beetle hibernates within a brown, parchmentlike capsule (Fig. 19) 1.4 centimeters long within which
it pupates.

Little information was acquired from the

three specimens that emerged from the cells imder laboratory observation.

The adult beetles are rather active,

light brown, and capable of flight.
5.

Anthrax daphne, a bee fly (Fig. 24)

The hibernating adult larva of this fly is 14 millimeters long with a typical maggot-like body (Pig. 2l).
Its body is more firm than either of the bee larvae, and
it responds with considerable activity when stimulated.
It does not produce a protective case for the hibernating
state.

In making the escape from the cell the pupa (Fig. 22)

bores through the cell wall while still enclosed in the
pupal skin. Escape is made possible by the strong teeth
at the anterior end of the pupal skin (Fig. 23). In the
pupal state it is very active, and by its ability to move
freely it forces itself out of the cell. When the pupa
is free of the cell, the fly emerges from the pupal skin
through a dorsal, anterior slit.

It forces itself free

from the pupal skin by means of the body fluids. When
the fly first emerges, the abdomen is greatly distended;
but upon excreting the exuvia accumulated during pupation,
it is reduced to normal.

After it is free, it usually

13

takes thirty to forty minutes for the adult to harden
sufficiently to fly freely.

The adult flies do not die

as readily in confinement as the adult bees, but all
attempts to Induce them to mate in 'captivity failed.
Table I gives the pupation and emergence dates and
the duration of the pupation periods of each specimen
observed.

Of the five species of insect larvae found

inhabiting the cells, the length of the pupation periods
was checked on all but Nemognatha sp.

It could not be

ascertained for this species because of the opaque covering and the small number of specimens.

Table II gives

the resultant data obtained from 436 cells observed
under laboratory conditions.

Table III gives tabulations

based on the 281 specimens that emerged from the 436
cells.

Table IV is an emergence calender.

date of emergence for each specimen.

It shows the
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TABLE I
Pupation Periods
I. Anthophora occidentalis*
Index
number

Pupation
date

Emergence
date3

A-2
A-14
A-40
A-36
A-24
A-18
A-1
A-19
A-15
A-25
A-3
A-17
A-8
A«7
A-13
A-23
A-29
A-30
A-31
A-22
A-32
A-5
A-26
A-20
A-11
A-12
A-34
A-6
A-IO
A-27
A-33
A-35
A-38
A-21
A-28
A-39
A-4
A-9
A-16
A-37

Apr. 25
ti
27
w
28
It
29
M
29
tf
30
May
2
tt
2
II
3
«
3
H
3
tl
4
n
5
11
6
tl
6
II
6
It
6
ft
6
It
6
tt
7
N
7
tt
8
«
8
tt
8
tt
9
It
9
It
9
tl
11
tl
13
tt
13
n
13
tl
13
tt
13
tt
17
It
27
June
4
died as a
died as a
died as a
died as a

May 13
It
13
It 14
It 16
It 16
It 23
tl 23
II 23
tt
23
It
23
n 25
died as a pupa
tt 25
tt
25
n 25
n 25
11 25
It
25
tt 25
It 27
tt
30
tt 26
tt 26
tt 30
died as a pupa
tt 29
It
30
June 1
It
2
tj
2
It
2
tt
2
tt
2
It
5

1

It
It

12
22

Duration of pupation
period inclusive of
both dates
19
17
17
18
18
24
22
22
21
21
23
21
20
20
20
20
20
20
21
24
17
17
23
21
22
22
21
21
21
21
21
20
21

19
"1 ^\

larva
larva
larva
larva

Average length of the pupation periods based on 34 emerging
specimens is 20.4 or between 20 and 21 days.
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TABLE I, Continued
2. Melecta califomica miranda**
Index
number

Pupation
date

Emergence
date

X-4
X-3
X-2

Apr. 26
"
29
"
30

May 16
" 18
"18

Duration of pupation
period inclusive of
both dates
21
20
19

*'K- Average length of the pupation periods based on 3 emerged
specimens is 20 days.
3. Hornia neomexicana
B-10

Apr. 30

May 20

22

4. Anthrax daphne*->»C-4
C-5
C-3
C-1
C-2
C-6
C-7

A^r. 21
21
It
24
tt
26
tt
28
It
29
It
29

May
"
"
«
"
"
»

14
13
16
19
21
22
20

24
23
23
24
24
24
22

*';Hi-Average length of the pupation periods based on 7 emerged
soecimens is 23.2 or between 23 and 24 days.
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TABLE II
Resultant data of 436 cells
Percentage

Number
Cells yielding .
viable specimens

281

64.4

Cells containing
dead adults

11

2.5

Cells containing
dead pupae

24

5.5

Cells containing
dead larvae

50

11.5

Cells that were
empty

70

16.1

436

100.0

Total

TABLE I I I
Tabulations based on the 281 specimens t h a t emerged
Species
Anthophora
occidentalis

Number
emerged

% of the
emerged
specimens

156

55.5?^

21

7.4^

Anthrax
daphne

41

14.6^

Homia
neomexicana

60

21.

Melecta
californicus
miranda

Nemognatha sp.

3

1.1^

N\imber % of males Number % of
of
for the
of
females
males
species
females for the
species
44.

87

55.8^

42.9^

12

57.1^

18

48.6^

19

51.4^

27

45.0^

33

55 ..0^

69
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TABLE XV
Iteiergance Cjalender
Nemognatha spi
l ^ t e of
tettoplftora
Mel,acta
A^thyax Homia
neomexicana
emergence ogigroentaXls caljtbxnlca daphne
mlsyanda
Peb. 28
Mar. 1
2
3
4

1
1
1
1

5

e

7
8
9

1
2

10
11
12
13
14

1

15
16
17
IB
19

:q ^^•

20
21
2^
23
24
25
26
27
28
29

Apr

30
SI
1
2
3
4
5
6
7
8

1
1

I

1
1
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TABLE IV
(con»t)
Emergence calender
Date of
Anthophora
Melecta
Anthrax Homia
Nemognatha sp
emergence occidentalis califomica daphne
neomexicana
miranda
Apr.

May

9
10
11
12
13

.
.
.
.
.

14
15
16
17
18

.
.
.
.
.

19
20
21
22
23

.
.
.
.
.

24
25
26
27
28

.
.
.
.
.

29
30
1
2
3

.
.

4
5
6
7
8

.
.
.
.
.

9
10
11
12
13

.
.
.
.
.

14
15
16
17
18

.
.
.
.
.

.
.

1

1
1
2

1

2

1
1

1
1
2

1
2
1
2

2
2

1

2

3

2

3
3

1
4

2
3

5
6

2
4
2
1
2

2
3
1

3

1
3

3
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TABIS IV
(con't)
Emergence calender
Nemognatha sp
Date of
Anthopboya
Iqlepta
Anthrax Homia
neomexicana
emergence occiaenfalis c a l i f o m i c a daphne
ff^r»"<^^

May 19
20
21
22
23
24
25
26
27
28
29
30
31
June 1
2

4
1
2
5

.

,
->

10
10
4
6
3
2
8
5
5

4
2

8
9
10
11
12

3
3
3
1
2
t

2
3
2
2

12

6
4
2
1
2

18
19
20
21
22

3

2
1

^

3
4
5
6
7

13
14
15
16
17

1

4
1
2

2
1
1

3
2
1
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C«

Field Observations
1.

Anthophora occidentalis, the host bee

Anthophora occidentalis is a rather common bee in
this region, abounding in those localities where there
are hard, vertical embankments and where water is nearby
and plentiful. The immature forms winter as adult larvae
in an earthen cell prepared by the mother bee, with pupae
becoming abundant about the middle of May.

This bee is

proterandrous, with the males appearing in the latter
part of May; the females follow five to seven days later.
It is the latter part of June before activity becomes
very pronounced and at this time activity is always greatest about the embankments in the cool parts of the morning
and evening.
vity.

The morning is the period of greatest acti-

At midday both sexes retire to the shade of the

tunnels, resting approximately one inch from its mouth or
hanging by their mandibles and legs from small twigs and
leaves of nearby trees and shrubs. The males retire
before the females.
Females frequently have been observed taking nectar
from flowers. Males have not been observed to feed. It
is not an uncommon sight to see several males lying dead
at the base of a colony site with apparently nothing
amiss; this leads one to conclude that the life span of the
male is rather short in comparison to that of the females.
The act of mating was not observed.

The males appear to

spend their time flying noisily before a colony site.
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The amount of time that elapses from the time the
female emerges until she begins her mining activities
was not determined.

The motivating forces that prompt

this bee to dig tunnels is not known; in this season all
of the females observed merely utilized old tunnels made
in former years. A female that is preparing to build
may be readily recognized; she flies back and forth before
an embankment perforated with tunnels and periodically
inspects them.

At intervals she stops long enough to

peer within before flying to the next tunnel; at other
times she enters a tunnel and remains within for some
time before passing on.

What prompts her to choose a

tunnel in which to build is not known, but when she does
select one she Immediately begins cleaning out the debris
and dropping it over the sides of the embankment.

After

employing herself industriously at this activity for some
time, she leaves to get some water from a small pond
about 75 yards away that is filled by the overflow of
a deep water well.

The water is used within the tunnel

to soften the earth and to aid in fashioning the cell.
A portion of the water is also used to wet the earth
from which the chimney is fashioned.

In building the

chimney she backs out of the tunnel carrying the earth
between her legs and under the abdomen. When she reaches
the exterior end of the tunnel, the burden is further
moistened with water.

It is then molded into the proper

shape by the last pair of legs and the tip of the abdomen.
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Cleaning the tunnel and building the cell and chimney
usually requires the labors of the first day.

In fashion-

ing the chimney the fissure in the top is made quite
deliberately.

Its shape is fashioned with the greatest

of care; she builds around the rim of the chimney until
she comes to the desired place for the opening; she then
begins to build in the opposite direction.

The purpose

of the chimney is not known, but it appears to be a
necessity as far as the bee in concerned.

Opened tun-

nels at this stage of development show that at the end
of the tunnel there is a typical cell, lacking only the
sealed cap.

On several occasions when digging to a cell

then being constructed, other cells entering the tunnel
were found to contain papae and fully developed adults
that had yet to emerge.
When all of the mining activities are complete other
than sealing the cell, the bee begins supplying the cell
with pollen.

The collecting of the pollen is as lengthy

a process as the mining activities, usually requiring
the labors of the second day.

On one occasion the soil

in front of a cell in which a bee was working was dug
away, and the bee continued with her industry.

Such

defacing of a tunnel front usually caused a bee to abandon her work, but this one entered the shortened tunnel
with her pollen supply, turned around, and faced the
exterior.

She then removed the pollen from her last pair

of legs, unloading it in the cell. When the pollen had
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been removed, she flew away in search of another load.
On the third day after the mining activities were
begun some cells were found to contain a partial supply
of powdery pollen, but other cells were finished.

It

is only by exercising extreme care that a freshly completed cell can be successfully removed from an embankment in any condition other than a mass of mud.

If the

cell is dry and in good condition, the cap can be cut
away.

The cell is partially filled with water and pollen.

The white, curved egg (Fig. 2) of A. occidentalis is 3.8
millimeters long and floats in the watery mass.

The con-

tents of the cell have an extremely pungent odor. The
liquid medium with which the pollen is moistened was not
determined.

It is most probably water and regurgitated

nectar.
The cell in which the watery pollen mass and egg
are retained owes its waterproof properties to a thin,
waxy layer that lines the interior of the cell. When
this membrane is broken, the liquid inside is immediately
absorbed by the dry cell wall.

This is, as far as it

was possible to determine, the only substance of the
entire cell that possesses any waterproof properties.
When a cell is placed in water, it crumples readily.
After the female has completed the task of sealing the
cell, she places an earthen plug at the entrance of the
tunnel.

The earth used for this purpose is obtained

by the bee by digging a short tunnel in front of the
position where it is anticipated that the main stem
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will be plugged.

The secondary tunnel is interior to

the base of the chimney and is directed into the embankment at about a 45 degree angle to the longitudinal axis
of the main stem.

The secondary tunnel is approximately

one inch long and ends blindly.

This bit of excavation

supplies a sufficient amount of earth to plug the main
tunnel•
The attention of a female is focused on one cell
at a time, completing the task at hand before beginning
a new one.

In some tunnels a newly completed cell may

be present with a partially completed cell lying close
by.

While working in a tunnel, she hastily chases away

all intruders.

On one occasion a male Homia neomexicana

entered the tunnel in which a female Anthophora occidentalis was industriously occupied.

She was quite dis-

turbed over his presence and began at once to remove the
intruder.

Peering inside the tunnel, she was seen tugging

strenuously on the beetle which she had firmly clasped
in her mandibles.

After a minute or so of struggling

she freed the tunnel of this unwanted visitor and continued with her industry.

The beetle was apparently

unharmed and exhibited no signs of having been stung.
Anthophora occidentalis is very reluctant to sting.

The

author has not experienced an attempt of these bees to
sting, although they are equipped with a well developed
stinging organ. While in the air they exhibit a very
belligerent attitude with their loud buzzes about one»s
head.
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2'

Melecta californica miranda, a bee inquiline

Melecta californica miranda is the third most abundant associate of Anthophora occidentalis.

Of the cells

of the host bee yielding specimens 7.4^ were infested with
Melecta californica miranda.

The dates of emergence and

activity of the bee coincide very closely with that of the
host.

The female of Melecta californica miranda flies

about a colony site throughout the day.

During the in-

tervals when Anthophora occidentalis is away collecting
pollen, she enters the tunnel and deposits her egg in
the cell.

She is extremely selective in choosing a cell

that is in the proper stage of development.

During the

entire day her activities are involved in choosing the
proper cell.

Although her presence is not desired around

the site by Anthophora occidentalis, who frequently chases
her away, she never becomes excited sufficiently to leave
permanently.

One partially completed cell that Melecta

californica miranda entered was marked.

She entered

while Anthophora occidentalis was away collecting pollen.
Upon extracting and opening the cell two days later, in
addition to the long curved egg of the host bee were also
two smaller eggs of the same general shape as the host
bee.

The egg of Melecta californica miranda (Fig. 3) is

1.5 millimeters long with a slender, curved, whitish
appearance.

The eggs were placed in the cell in the

same manner as the egg of the host bee; all three were
floating on the watery pollen nmss.
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3.

Hornia neomexicana, a blister beetle

Hornia neomexicana is the most abundant of the
inquiline associates of Anthophora occidentalis. Of
the cells of A. occidentalis

yielding specimens 27.4^

were Infested with the predator.

The beetles emerge

as adults in the latter part of May and the early part
of June. Females are rarely observed crawling over
the surface of a colony site; however, during the
peak of activity of these beetles, the males cover
the surface of the embankment.

They crawl slowly over

the site and seek out the females.

The female cuts

a hole in the end of the cell in which she pupated
and sticks her head through this opening awaiting the
arrival of a male. When a male approaches, she retreats
into the cell and he enters through this opening.

They

mate inside the cell, and afterwards the male may or may
not leave.

The female deposits her eggs inside the cell

in which she developed, and occasionally both female
and male die there without leaving.

Whether or not the

male normally leaves to mate with another female is not
known; however, he will mate with another female if the
opportunity presents itself.

The beetles were never

observed to feed in the adult stage, and the evidence
indicates that they do not.

The length of life as adults

is about two weeks. Before the eggs hatch many of these
beetles lie dead in the tunnels, in the cells, and at
the base of the embankment.
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On "^une 20, the first primary larvae of Hornia
neomexicana were observed crawling over the face of
the colony sites. When disturbed with a small twig,
they ran about wildly with their heads raised in the
air and their mandibles spread wide.

It is in this

manner that they gain access to the host bee, their
vehicle of transmission.

In the heat of the day most

of the larvae retreat to the shade of projections on
the embankment.

It seems quite likely that it is at

this time when the bees have retreated to the protective
shade of the tunnels that they become most heavily infested with these larvae.

Bees have been captured that

had as many as 20 of these primaries attached to the
hairs of the legs, abdomen, and thorax.

They are car-

ried by the host bee to the cell that she is preparing.
Although this is probably the most important method of
bringing about the infestation, it does not appear to
be the only means.

Larvae have also been found attached

to the hairs of Melecta califomica miranda, but they
have not been found on the fly. Anthrax daphne. The
author has sat for as long as 30 minutes watching these
small larvae trying to attach themselves to this fly.
However, the fly rests high above the ground, and each
time that the larva attempts to scale one of its legs
it is dashed away by a kick of the fly*s leg.

Occas-

ionally when a freshly made cell is opened the larvae
are abundant in the txannel.

This suggests the possibility
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that, in crawling about over a colony site, they may
enter a tunnel and cell of their own volition.
Within freshly sealed cells, the number of primary
larvae is frequently quite large and rarely is there only
one present.
dead.

However, the majority of the larvae are

On one occasion a cell was opened containing 21

larvae.

All of these except four were dead, and the bee

egg had already been consigned.

This cell was brought to

the laboratory in an attempt to rear the larvae. While
these were being observed, two of the larvae came in contact with one another; each grabbed the other with its
mandibles and they fought to the death of both.

This was

the only time that larvae of this species were ever observed to fight.

When several hundred were placed in a

small container and retained there until all died of
starvation, a belligerent, cannibalistic attitude toward
one another was never exhibited.

Belligerency after

they are sealed in the cell with pollen and the bee egg
may explain why all of the larvae except one die.

Only

one beetle ever develops within a cell.
The primary larva attacks the egg of Anthophora occidentalis by sinking its mandibles through the outer membrane of the egg.

The second instar larva eats the pollen

mass that the host supplied for its young.

In this stage

the larvae is white and once again acquires the sluggish
nature of the adult.
the primary larvae.

It still retains the general shape of
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4.

Nemognatha sp., a blister beetle

Of the observed cells yielding specimens 1.1^ were
infested by this beetle.

Apparently in this locality

Nemognatha sp. is of little importance in the association.
On June 29, these beetles were observed taking nectar from.
the wavy-leaved thistle, Carduus undulatus. on which
Anthophora occidentalis was also feeding.

It is quite

likely that this is the key to the infestation.
5.

Anthrax daphne, a bee fly

Anthrax daphne is the second most abundant associate
of Anthophora occidentalis.

Of the cells of A. occidentalis

yielding specimens 14.6% were infested with this fly.

It

is the first member of the association to emerge both In
the laboratory and in the field.

The first specimens were

observed in the field on May 7, and there is a continual
emergence from that time until July 15.

The time of their

activity differs from that of Homia neomexicana whose
period of peak activity is in the middle of June.
This fly was not observed to feed, but it probably
feeds on nectar as is reported (Comstock, 1933) to be
characteristic of the family.

Throughout the entire day

both sexes fly lazily before an embankment where the females of Anthophora occidentalis are conducting their
nesting activities. Mating occurs in regular diptera
fashion; the male and female attach at the tips of their
abdomens with their heads directed in opposite directions.
They mate while resting on the embankment, but if disturbed,
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they fly away without separating.
During the period of deposition of her eggs, the
female flies slowly back and forth before a colony site.
When she comes to a tunnel in which she desires to deposit her eggs, she hovers in mid-air about two inches
before the mouth of the tunnel. With a darting movement
toward the tunnel and with a simultaneous curving of the
abdomen so that the tip is directed forward, she throws
the egg within. If one adjusts oneself so that the light
is striking properly, it is possible to see these tiny,
white eggs, one-half millimeter long (Fig. 5), traveling
from the abdomen to the tunnel over a distance of about
one inch.

One egg is thrown in the tunnel at a time, and

the number of eggs that a female deposits in a tunnel on
each hover varies from one to twelve.
selective in placing her eggs.

She is not highly

Old and new tunnels are

used indiscriminantly, and she occasionally deposits them
in cracks in the embankment.

Some eggs were collected and

brought to the laboratory, but they failed to hatch. How
the cells become infested with the larvae was not determined.
CONCLUSIONS
Anthophora occidentalis is the key species in an
association where undetermined factors caused 35.6^ of
436 cells not to yield viable adults.
the 35.6/^ were empty cells.

However, 16.1^ of

Since A. occidentalis utilizes

the same tunnels each year, it follows that some of the
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empty cells were probably left over from former years.
In the early periods of the nesting the host builds cells
next to those containing pupae and unemerged adults. This
is good evidence that she will not open a sealed cell.
Therefore, it seems quite likely that if for some reason
the Inhabitant of a cell does not emerge, the cell will
rem-ain sealed and unmolested for several years.

Over

a period of years the number of empty cells would accumulate and give a high percentage when a n\miber is collected
and observed.

The utilization of old tunnels by A. occi-

dentalis appears to be solely for the purpose of economy.
Of 281 cells yielding specimens, 44.5^ were infested with
all four of the associate species. Mickel (1928) made
a study of the biotic factors of A. occidentalis and listed
ten associated species that were found in observations
of the cells of this bee.

The cells that he observed

were collected in Colorado.

Since there exists some

marked differences from those studied in Lubbock, it
seems quite probable that in different regions and years
the nature of an association built around the same species
varies.

Of the 85 specimens of A. occidentalis that

emerged from the cells that Mickel observed, there were
55 males and 30 females.

In the present study 156 speci-

mens emerged with 87 females and 69 males. Frisson (1922)
found the sex ratio of Anthophora abrupta Say to be in favor
of the males.

He wrote, "Not only do the males appear

first but in the colony I studied they dominated numerically
by a ratio of about two to one."
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The brief period of activity of Homia neomexicana
as adults is spent in mating and in producing eggs. There
appears to be no indication that the females will produce
unfertilized eggs.

The high infestation of the nests of

Anthophora occidentalis with this beetle is due to the
gregarious nature of the host and its tendency to utilize
old colony sites. The life cycle of the beetles appears
to be completed in one year; in no instance were adult
larvae found after the middle of June.
The infestation of the cells with Anthrax daphne
appears to be due to the placing of its eggs on the
embankments utilized by the host.

Although the larvae

were not found, the infestation is greatly facilitated
by their nearness to the cells.
Melecta californica miranda makes certain of an
infestation by a quite deliberate placement of its eggs
in partially completed cells of the host.
Individuals of Nemognatha sp. are rather numerous
as adults on flowers frequently visited by Anthophora
occidentalis.

Since the cells studied showed a low

infestation, Anthophora occidentalis is probably not
the only host.

Infestation is quite likely due to the

host's carrying the yo-ung to their nests.
Of the four species that emerge from sound cells
of Anthophora occidentalis, all gain entrance to the
cell prior to its completion.

Once within the cell any

member of this association remains as an immature form
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until the following year.

In any cell only one individual

develops, either the host or associate; if an associate,
then development is at the expense of the young of the host
species.
SUMMARY
The activities of Anthophora occidentalis. the host
bee, make possible an association of five different species.
During the summer months the host bee, A. occidentalis,
constructs mud cells and supplies them with an egg, pollen,
and nectar.

The larva develops within this cell and hiber-

nates during the winter as an adult larva.

Pupation begins

about the middle of May with the first adults appearing
around the first of June. Prom 436 cells of A. occidentalis observed under laboratory conditions, 281 specimens
were reared; the species and number of the specimens were
as follows:

Anthophora occidentalis 156, Homia neomexi-

cana 60, Anthrax daphne 41, Melecta califomica miranda 21,
and Nemognatha sp. 3.
In the field Homia neomexicana. An thorax daphne,
Melecta californica miranda, and Nemognatha sp. gain access
to the cell while it is being constructed by the host bee.
The adult female Melecta califomica miranda, an inquiline
bee, deposits her egg in the cell; the primary larvae of
Hornia neomexicana, a wingless blister beetle, are carried
to the cells by attaching themselves to the hairs of the
host bee; Anthrax daphne, a bee fly, deposits her eggs
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in the tunnels while in flight; the adult Nemognatha sp.
a blister beetle, feed on the same flowers that Anthophora
occidentalis visit, and the larvae probably are thus transported to the cells by the host.

All of these hibernate

within the closed cell as adult larvae and emerge as adults
about the same time as the host bee in May and June.
Only one insect develops within a cell, and a successful
infestation with one of these associates is brought about
at the expense of the egg or larva of Anthophora occidentalis.
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