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is applied to the leaves although the proboscis is scarcely unfolded. 
Probably this activity adds the invisible quantities of adhesive 
apparently used in cell constr uction. The leaves stick together 
only very feebly, yet they are not entirely loose when a nest is 
exposed. Some species of the genus evidently stick the leaves to­
gether much more firmly (see footnote 1 in Ferton, 1898) while 
others may use no adhesive material at all. When this activity is 
finished, the bee backs out of the cell and flies away. 

After the cell is complete, provisioned, and an egg laid, the bee 
caps the cell, using round rather than elongate pieces of petals and 
leaves. The cap is placed well down within the mouth of the cup. 
When a bee is putting in this plug, she hangs on the edge of the 
cup with her rear legs, the body in the cell and braced against the 
inner walls with the other legs, then she pushes the round piece of 
petal or leaf into the opening with her head and mandibles. ( This 
closing behavior was carefully noted only once, and may vary more 
than indicated here. ) 

PROVISIONING 

The partially exposed cells described in the preceding section 
provided an opportunity for observations of provisioning activities. 
When a bee returns to her cell with the scopa ( the long h airs on 
the under side of the abdomen) full of pollen, she quickly enters 
the cell head first and remains in this position for 20 to 45 seconds 
(average of 14 observations, 28 seconds). While in this position 
the of her abdomen, which is visible inside the cell, can be 
seen to tremble slightly. During this time the bee is no doubt 
placing nectar in the cell. After this the bee quickly b acks out of 
the cell, turns around, and backs in. When she backs out the 
pollen can still be seen in the scopa. Occasionally as she backs in, 
the beginning of probable combing motions by the rear legs to 
remove pollen from the scopa can be seen. She remains in the 
cell in this position from 40 to 65 seconds (average of 12 observa­
tions, 50 seconds), her head visible within the opening of the cell. 
Just before leaving the cell, the bee moves from side to side a little 
and often brushes the head and eyes with the front legs; then she 
crawls out and quickly Hies away. As she leaves it can be seen 
that the scopa is clean. 

Unless the cell is vertical, the bee consistently enters the cell with 
her ventral surface down during the provisioning process, not 
rotating on her long axis within the cell as when the cup is being 
constructed. 
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Observations of the accumulating provisions in the cell, made 
while the bee was away, gathering more, show them to be firm 
( not sticky as in opened cells) and with the surface Bat, at right 
angles to the Jong axis of the cell and smooth as though tamped 
down. 

The distance from which M egachile brevis \vill gather pollen is 
unknown but we have observations of pollen gathering from a few 
feet to one quarter mile from the nest, and circumstances often 
suggest that they may go much farther than this. 

Ecc LAYING 

The behavior connected with egg laying was observed five times 
in cells which were sufficiently exposed that some details of the b ee's 
activities could be seen. In each case the procedure was as de­
scribed b elow. ~Iinor variations in timing occur, of course, as can 
be judged by the variations in the length of the egg laying period 
shown in figures 8 and 9. 

On returning from her last pollen gathering trip, the bee enters 
the cell head first presumably to regurgitate nectar, then backs out 
and backs into the cell and brushes the pollen from the scopa, just 
as after any other pollen collecting trip. She then comes out of the 
cell head first, quickly turns around at the entrance and re-enters, 
head first. She now works for about 50 seconds, moving about in 
the cell and often hlrning the body on a longitudinal axis so that 
she may be clinging to the roof of the cell (if it is horizontal ) part 
of the time. During this period the apex of the abdomen (the only 
part visible) is sometimes bent downward in an unusual way. The 
bee then backs out of the cell, turns around, and backs in, remaining 
there about 45 seconds. It is during this period that the egg is laid 
on the surface of the mass of provisions. She then comes out head 
first, turns around, goes in head first again, once more working 
around the cell and curling the apex of the abdomen downward. 
This continues for about two minutes (in one case five minutes), 
after which the bee backs out and Ries away, soon to reappear with 
a petal and start capping the cell. 

In an ordinary nest in a weed stalk none of this activity is visible, 
for the hole in the stalk is large enough to allow the bee to turn 
around outside the cell but inside the stalk. It is interesting that 
in the megachi1id genus H oplitis (subgenus Alcidamea) precisely 
similar enterings and re-enterings occur at egg laying except that 
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the diameter of the hole in which the cells are constructed is so small 
that the bee must come all the way out of the nest in order to turn 
around. 

FLIGHT PATTERNS AROUND NESTS AND LEAF-GATHERING PLACES 

The most noticeable feature of the arrival at and departure from 
a nest is its rapidity. When an observer first takes his place near a 
nest, the returning bee may be somewhat disturbed and may fly 
about the vicinity or about the observer for a short time before 
entering the nest, but when she becomes used to the observer and 
her activities are undisturbed, she ordinarily flies directly toward 
the nest, often with a little zigzag motion in the last few feet of the 
approach (figure 15 ) . If the nest is among grass or weeds the bee 
may or may not have an invariable route through the obstructing 
vegetation; the flight through it is always slow, however, compared 
to flight in the open. One nest located under grass on an open 
prairie, where landmarks are presumably poor for the bees as they 
are for us, was always approached from one side, the bee swinging 
around and then zigzagging broadly in the last eight or ten feet of 
the approach ( £gure 15 ). Tl1e same bee regularly approached a 
leaf cutting place on the prairie directly, with no zigzagging what­
ever , perhaps because no great precision was required, the leaf 
cutting area being two or three feet in diameter. The most exten­
sive searching flight which we ob served in the approach to a nest 
occurred in the case of a bee which nested among small rocks along 
a roadside. Similar small rocks h ad been dumped for 100 yards 
along the r0ad and the rocky surface looked much the same every­
where. The bee was rarely able to approach its nest directly and 
often, particularly if it had been away for over five minutes, flew 
up and down over the rocks, often going as much as 20 feet in the 
wrong direction before fin ally narrowing its field of search and then 
zigzagging toward the nest. Such behavior is very striking compared 

10 feet 

150 15b 16 

F1c. 15. Patterns of arrival at nests. a, the common pattern, in which the 
bee scarcely slows down to zjgzig before entering the nest; b, a p attern jn which 
a bee regularly circled and zigzjgged rather broadly on the way to the nest. 

Fie. 16. Flight pattern of departure from a cutting place . 
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to the vast majority of nests studied, to which direct approaches 
were made by the bees, probably because brushy and weedy situa­
tions usually provide adequate landmarks. Similar difficulty in 
locating a nesting site was recorded b y Rau ( 1916) for a female 
nesting in a rai lroad tie. The bee searched the wrong tie. Presum­
ably all the ties along the track were much alike. 

In leaving the nest in favorable weather the bee comes out, im­
mediately takes wing and is gone, usually in an essentially straight 
course. OccasionaJly in cool weather, or at the first departure in 
the mon1ing, the bee crawls out of the nest and rests for a few sec­
onds to a minute or more before flying. It was noted that in leaving 
her nest on the open prairie, the bee mentioned above regularly 
spent about two seconds zigzagging or circling over the nest site. 
The same bee, leaving a leaf cutting place on the prairie usually 
zigzagged only slightly (figure 16). 

Orientation flights around a newly discovered nesting site were 
observed three times, and about a newly discovered cutting place 
once. These flights did not follow any consistent pattern such as 
flights of increasing length from the site or flights in increasingly 
large circles around it but involved mer ely irregular flights over the 
site, and in the case of the nesting places, several returns from many 
yards away. 

From the usual nest, the pollen source is more or less definitely 
in a particular direction, while sources of petals and leaves are in 
other directions. The bee, under such circumstances, often (al­
though by no means always) uses particular routes as she leaves 
the nest and returns to it. The routes of departure may or may 
not be identical to the routes for returning. Our notes contain 
numerous references to the exact way which a bee, during any one 
phase ( e. g., p ollen gathering) , foJlows a certain course, identified 
for us at least by bushes, weeds, and other fixed objects. When 
several observers could be got in the field, it was sometimes possible 
for them to take stations along the line of flight from the cutting 
place to the nest and see that the line of Hight was followed quite 
exactly time after time for the whole distance ( 150 feet ). 

On the other hand, we have watched a nest ( d, figure 8), in which 
the bee rarely took the same course in leaving on its pollen collecting 
trips. The bee flew in a generally westerly direction for pollen but 
left in directions as different as north northwest and southwest and 
sometimes returned from directions as different as 45 degrees from 
the direction taken on the outward journey. The pollen source 
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(or sources) was at least one quarter of a mile away. The same 
bee, when collecting petals ( mostly of Lythrum, one of Cassia? ) 
and leaves, flew eastward, following approximately the same course 
each time. ( There is no general rule that bees fly in the same 
direction for petals as for leaves; they may fly in opposite direc­
tions.) 

The pollen collecting flight patterns of three bees nesting in alfalfa 
fields in the region of Hutchinson, Kansas, are interesting. One 
of the bees flew consistently northward from its nest , apparently 
gathering pollen from a particular part of the £eld, which, however, 
was not different so far as we could see from other parts of the 
field. The other two bees (one of which nested within 15 feet of 
the above bee and was observed on the same day) flew from their 
nests in many directions, apparently at random, for alfalfa pollen. 
These bees were able to return directly and quickly, without search­
ing, from any direction and sometimes returned from a direction 
differing from the line of departure by as much as 90 degrees. 
All three bees flew in particular directions to gardens a1·ound nearby 
houses for petals and some of their leaves, but they obtained other 
leaves from the alfalfa plants around the nests. 

CHANCES DI" BEHAVIOR 

Because of the mobility of "A,,f egachile brevis populations and the 
tendency of the females to construct cells in different places, we 
have no records of activities throughout the lives of individual 
bees; therefore we have no knowledge of changes which may occur 
in beh avior during the life of a bee. However, in the brief period 
required for construction of single cells some observations on 
changes of activities are possible. 

It has been noted that when the female bee concludes one phase 
of its activity and goes into the next, the change in beh avior is 
abrupt and absolute. Thus wh en the bee finishes constructing the 
cell cup it promptly changes to pollen collecting behavior, and after 
the cell is provisioned and the egg laid, it promptly returns to leaf 
cutting behavior. A good example is provided by the data on 
nest "i" presented in figure 9. After each of the two egg layings 
indicated in this record, the bee, which h ad been flying in a generally 
westward direction for pol1en, came out of the nest and without the 
slightest delay flew eastward for petals. In each case she was back 
to the nest witl1 a petal within one minute. Doubtless because of 
previous experience in the area the bee was able to go quickly 
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to a petal source. Examination of figures 8 and 9 shows that first 
trips after changes in phases of activity average no longer than later 
trips. This indicates that for these bees no extensive searching for 
materials (petals, leaves and pollen) was necessary. The bees must 
have ''knmll/Il" of the sources of the m aterials at the time they left 
the nest. This is suggestive of a delayed reaction to previous con~ 
ditioning. There is some evidence to support the idea that much 
behavfor of aculeate Hymenoptera results from delayed reactions 
which were fiTSt definitely recognized among invertebrate animals 
by Baerends' ( 1941) working on Ammophila. 

There is some evidence, meager but nonetheless suggestive, that 
within any one phase of its activities, changes in sources of materials 
are made somewhat gradually. The details of a change from col­
lecting Vernonia pollen to that of Rhus were observed on August 
11, 1950, in Area 6. The bee had been gathering pale Vernonia 
pollen for several clays and had provisioned three and one half cells 
with it. In the midst of provisioning the fourth cell, as she left on a 
pollen gathering trip, she was seen to fly tow~ud some nearby Ver­
nonia and when nearly there turn and fly on a different course 
toward some Rhus bushes 100 yards away. She returned with yellow 
Rhus pollen. On her next trip, she flew again toward the V ernonia 
but quickly veered toward the Rlws. Thereafter she flew directly 
toward the Rhus from the nest, completing the fourth cell and pro­
visioning two more with its p ollen. 

Another instance of gradual change in behavior concerns leaf 
cutting operations of a bee observed in Area 3 on June 16, 1951. The 
bee had been gathering leaves of Lespedeza v irginica at a very 
rapid rate, obtaining them from a small cutting place on the prairie. 
An observer was at the nest, another at the cutting place, 150 feet 
distant. The b ee made 11 trips for leaves in rapid succession, b eing 
away from the cutting place for periods of time varying from one 
and one-half to three minutes. On the twelfth and thirteenth trips 
the bee was away from the cutting place for 7.5 and 6.5 minutes. 
Most of this time was spent in the nest but the two observers 
noted that her flight time from nest to cutting place nearly doubled 
on these two ti·ips although when she arrived at the cutting place, 
she came from the direction of the nest. On the fourteenth and 
fifteenth trips, the bee left the nest in the direction of the cutting 
place, but did not alight there. The observer there ( CD~l ) was 
virtually certain that on each trip she passed the cutting place and 
then headed in a southerly direction; at any rate an insect that 
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looked and sounded like a female M egachile brevis arrived at the 
expected time ( indicated by a shout from the observer at the nest ) 
from the direction of the nest (northwest ) and then headed south­
ward. On each of these trips the bee returned to the nest with 
a piece of rose petal. There was no indication that she returned 
to the nest via the leaf cutting place. On the fifteenth b·ip the bee 
again left the nest, headed toward the leaf cutting place but was 
not detected there; on the sixteenth trip she left the nest headed 
in a more southerly direction, presumably toward the source of 
petals. From each of these trips she returned with a piece 
of rose petal 
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PART V.-GH.OWTH AND DEVELOPMENT 

TECHNIQUE OF STUDY 

After the egg is laid in a cell and the cell is capped, the bee goes 
on to the construction and provisioning of other cells, giving no 
further attention to the egg or resultant larva. The developmental 
stages are ordinarily hidden from view. Two principal methods 
were used to study them. Cells, removed from the hollows in 
which they were constructed, were slit longitudinally on one side 
vvith a sharp blade. They could then be opened as desired for 
inspection of the contents. This method has serious disadvantages 
for the cells must be kept in a humid atmosphere to prevent desic­
cation of the pollen mass. Fungal growth therefore often occurs 
on the leaves, and later on the pollen. Moreover, the cap of the 
cell usually falls out. Since the larger larvae often press against 
the cap with their middle or posterior portions in order to force 
their heads down into the pollen, lack of the cap seems to cause 
slow feeding and sometimes larvae seem to have difficulty finding 
the food. 

A better method consists of moving pollen mass and larva into a 
glass tube having an inside diameter of about 5 mm. The tube 
should be plugged at each end with absorbent cotton, the cotton 
plugs being about 10 mm. apart at their inner ends. Mold rarely 
grows in such containers. If they become too dry water may be 
added through the plugs. 

Another good method consists of filling a Stender dish with 
paraffin, then making depressions 5 mm. in diameter and 10 mm. 
deep in the paraffin. Young larvae live very wel1 in such containers, 
humidity being provided as needed. Visibility is very good as the 
lid of the Stender dish can be removed and the contents examined 
under a binocular. Older larvae do best in tubes, however. 

Obviously all these methods involve considerable artificiality; 
this may account for some of the rather great variability noted in 
the duration of various stages. The records given below, however, 
omit cases where larvae were obviously away from their food for 
long periods or where other such avoidable abnormalities occurred. 

All records of duration of stages were obtained at room tempera­
ture during August. Most larvae were observed but once each 
day, so that the matgin of error in timing activities of short duration 
is great. 
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Ecc 

The egg is about three millimeters long or slightly less and 0.6 
or 0.7 mm. thick ( figure 18), soft and smooth on the outside, glis­
tening white in color. It is laid on the top of the pollen mass, stand­
ing up from the surface of the pollen in a slanting position (figure 
17 ). If the pollen mass becomes somewhat liquid, as often occurs, 
or if the nest is jarred in carrying it to the laboratory, the egg will 
slump down until it lies at full length on the pollen. This does not 
appear to influence development and hatching, and it may well be 
that the egg is often laid in this position. 

It is exceedingly hard to tell when the egg hatches because the 
chorion or "shell" is so thin and soft and because it disappears com­
pletely after being shed. However, segmentation, muscular move­
ments and gas filled tracheae can be seen before hatching. As soon 
as pollen is visible in the digestive tract, hatching must obviously 
have occurred. Three observations from laying time to approxi­
mate hatching time indicate that the egg stage lasts from 3 to 3.5 
days. 

LARVA 

The larva ( figures 19 to 21) is a legless whitish grub. Dorsally 
it is feebly brownish, and the apices of the mandibles are dark 
brown. Details of certain anatomical features of the mature larva 
are shown in a previous paper (Michener, 1953) . 

During the entire feeding period of the larva, from shortly after 
it emerges from the egg until feeding ceases on maturity, small 
spots which are whiter than the rest of the grayish white body can 
be seen through the integument. They have been seen as little as 
twelve hours after hatching and may appear sooner, although they 
are absent at the time of hatching. They are not part of the cuticle, 
as they can be seen moving beneath the cuticle with the movement 
of the tissues inside the body. After the larva finishes feeding these 
spots disappear and the general color of the larva b ecomes more 
white, less grayish. 

The number of larval stadia has not been definitely determined. 
The exuviae are very delicate and are probably usually eaten soon 
after ecdysis. 

In the first day of its life tl1e larva is straight and lies flat on top 
of the pollen mass. It has thick projecting folds along each side 
of the body which seem to help the small larva, 3 to 4 mm. in 
length, to float on the often quite liquid mass of food. At this stage 
the larva is unable to move about to any extent . Usually on the 
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FIG. 17. Diagrams of cell cups. a, with egg standing up from edge of mass 
of provisions; b, w ith egg as usually found, lying on provisions. 

FIG. 18. E gg of Megachile brev·is. 
Fie. 19-21. Larvae of Megachile brevis, first stage, half-grown, and ma ture. 

second day, after what is probably the £rst molt, the larva becomes 
more curved as it eats into the pollen at one side of the cell, and 
the lateral folds are far less prominent. At the beginning of this 
stage the larva when straightened out is about 5 mm. long. As it 
grows the larva becomes more strongly and permanently curved 
(so that it cannot be straightened for measurements of length ) and 
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eats the pollen down toward the base of the cell. Thus it has its 
head toward the base of the cell while it is eating. 

'!\Then about half grown, the larva usually produces its first feces. 
We have a few records, however, of individual larvae which pro­
duced no fecal material until after the pollen supply was exhausted. 

F eces are remarkably variable, not only in the time when the 
first ones appear but in their color, for they vary from white through 
testaceous to brown and black. Perhaps the color dep ends on the 
kind of pollen being eaten by the larva. They are cylin drical, often 
1.0 or 1.5 mm. long, rather firm, the first ones produced usual1y 
being smaller than later ones. They are produced in considerable 
numbers, a dozen or twenty often appearing during the first twenty­
four hours of defecation, a tota l of 40 or 50 or more being reached 
at the end of the period. 

Since the larva lies in its cell feeding with the head toward the 
base of the cell, most of the feces are deposited near the cap. They 
are often crushed against the walls of the cell by the movements 
of the Jarva. Sometimes, perhaps regularly, scattered threads of 
whitish silk spun about on the cell walls by larvae serve to hold 
the feces against the walls and to prevent contamination of the 
food by fecal material. 

Commonly about one day after the first feces are voided, the 
pollen mass is exhausted. In some cases this requires longer, even 
up to four days. The average of observations of this period on 15 
larvae is 1.9 days, but it is probable that this average is too high 
for it is during this latter pa.rt of larval feeding that abnormal 
lengthening in the larval period due to laboratory conditions ( e . g. 
pollen too moist, too dry, moldy, etc. ) is probably greatest. Not 
infrequently in the laboratory, and in nature as well, larvae leave 
some of the pollen mass at the base of the cell uneaten. This un­
consumed pollen consists of a p ad one half to one millimeter thick 
in the b ase of the cell. It is not clear whether it is left because it 
has become unsuitable as food or because the larva has finished its 
development and needs no more food , but the latter seems probable. 

After the lar va has finished feeding on the pollen mass, it spends 
at least a day before it b egins to spin its cocoon. Occasionally this 
period extends to three days, a lthough the average of 14 records 
of this p eriod is only 1.3 days. During this period the larva moves 
about considerably turning so that its head is away from the base 
of the cell and rasping the inner walls of the cell '"'ith its mandibles 
and eating some of the petals which usually form the linings of 
cells and which by this time have become soft and mushy. Evi-
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dently the larva may reverse its position in the cell more than once 
at this time for cells have been opened containing larvae which 
had finished all their provisions, turned so that their beads were 
toward the cap of the cell, part of which bad been eaten) then 
turned back so that the head was toward the base of the cell. The 
larva eats especially from the cap of the cell, so that petals and 
even the inner leaves of the cap become mere rings, for the larva 
can get at the centers but not at the margins of the disc-shaped 
pieces used in the cap. So far as known this is the fust report of 
bee larvae eating petals and leaves. One larva was observed eating 
petals from the wall of its cell a full day before it had finished 
eating pollen. Larvae reared in artificial containers without petals 
and leaves seem to develop quite normally) however, in spite of the 
lack of this food. Under artificial conditions, with larvae removed 
from their cells) the entire period from hatching until the beginning 
of cocoon spinning ranges from 5.1 to 13.3 days in summer. As 
already suggested, the maximum lengths of time almost certainly 
are abnormal. 

Perhaps throughout the entire last half of the growth period the 
larva is capable of spinning, for slits in the sides of cells are often 
found closed by a few strands of whitish silk during this period. 

Cocoon spinning requires from less than a day to tlu·ee days, the 
average of 15 individuals whose cocoon spinning was timed being 
1.4 days. 

The silk is spun from the slitlike salivary opening and is applied 
by side-to-side movements of the head and forward parts of the body 
of the larva. 

The spinning of the cocoon starts with the larva in a position with 
head away from the base of the cell. As will be explained later, the 
cocoon consists of various layers. Presumably the larva reverses its 
position in the cocoon in the process of laying down each layer. As 
a result spinning larvae may be found in almost any position within 
the cocoon. After the cocoon is complete, larvae consistently take 
up a position with the head away from the base of the cell. In de­
scribing cocoons, therefore, the end in the base of the cell is called 
posterior, the end toward the cap is called anterior. This orienta­
tion is maintained in the pupal stage so that the emerging adult has 
its head directed toward the entrance of the nest. 

After the cocoon is complete, there is a period of a day during 
which the larva inside the cocoon is able to seal with new silk any 
slit made in the cocoon for observational purposes. In one instance 
out of ten observed a larva was able to do this on a second day. 
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After this the larva appears to be unable to produce silk; at least 
it does not mend slits in its cocoon. It remains able to move for 
several days, however. The total length of the larval period after 
completion of the cocoon and b efore pupation is three to eight days 
(average of seven, 5.2 days) in summer; individuals of the fall gen­
eration pass the winter in this stage. 

CocooN 

The cocoons spun by the larvae are cylindrical with somewhat 
rounded ends. A randomly selected group of 15 varied from 
4.3 x 8.5 mm. to 5.2 x 10.0 mm. The average width in this group 
was 4.75 mm., the average length, 9.06 mm. The cocoon of a par­
tially starved larva was only 3.75 x 8 mm., but since cocoon diame­
ter ordinarily depends on cell d iameter, there probably was no rela­
tion between the starvation of this larva and the small diameter of 
its cocoon. 

The outermost fibers of the cocoon are slender whitish or pale 
brown threads which form no continuous layer but attach any feces, 
bits of pollen, or other materials to the walls of the cell and which 
cause the cocoon to adhere to the inner wall of the cell except some­
times at its anterior end, where there may or may not be a small 
space between the anterior end of the cocoon and the cap of the 
cell. The outside diameter of tlrn cocoon, therefore, is normally the 
same as the inside diameter of the cell. 

Inside of these sparse fibers is the outer cocoon. In the Coelioxys 
described below it forms a complete layer, but in NI egachile brevis 
the outer cocoon consists of a cap of coarse red threads covering 
the anterior end of the cocoon. Occasionally it is reduced to only 
a thread or two or is absent; more often it extends backward over 
the anterior end of the cocoon for a millimeter or two, and in one 
cocoon (out of 60 examined) the red fibers of the outer cocoon 
reached the middle of the cocoon. Thus the outer cocoon is always 
lacking from the posterior part of the cocoon. 

The red fibers of the outer cocoon are coarser than those used 
in any other part of the cocoon. They vary greatly from cocoon 
to cocoon in thickness. In one the coarsest of the red fibers were .08 
mm. in diameter, the finest .01 mm. in diameter with most of the 
fibers about .03 mm. in diameter. In another cocoon the coarsest 
were .04 mm., the finest .01 mm., with most of the fib ers .02 mm. 
or less in diameter. Sometimes irregular thick places on the fibers 
occur so that in one cocoon whose thickest fibers were .045 mm. in 
diameter irregular bulges reached a thickness of .065 mm. The 
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fibers of the outer cocoon are very stiff, Jie criss-crossing one another 
at irregular angles, the various thicknesses indiscriminately mixed. 
The outer cocoon is hard, firm, and thick in contrast to the rather 
delicate and tMn inner cocoon. 

The inner cocoon is firmly in contact with the outer cocoon, and 
the two can be pulled apart only with difficulty. Posterior to the 
outer cocoon, the inner cocoon is continuous with the sparse pale 
threads which are attached to the walls of the cell. These threads 
and those of the inner cocoon seem identical; they are fine, .01 to 
.001 mm. in diameter, pale brown, criss-cross one another irregu­
larly, with the various sizes intermixed. The inner cocoon is spun 
by the larva until it is opaque, but it still appears pale brown. 
A few hours later it changes to a dark brown. This presumably 
happens when a dark brown liquid (of unknown origin ) is spread 
by the larva on the inner surface of the inner cocoon. This liquid 
impregnates the inner cocoon and quickly hardens, for in every 
cocoon opened this portion of the inner cocoon consisted of fibers 
imbedded in a hard but flexible, amorphous, translucent, dark brown 
material which obviously must have been applied to the fibers as a 
liquid. This is the outer layer of the inuer cocoon. 

The inner layer, which is difficult to separate from the outer, is 
highly variable. It is always thinner than the outer layer. It may 
consist merely of pale brown fibers like those of the outer layer 
applied to the inner surface of the outer layer and giving it a silvery 
appearance seen from the inside. These fibers may be impregnated 
and joined by the amorphous brown material characteristic of the 
outer layer, or this material may be present only in the anterior part 
of the inner layer. In over 50 percent of the cocoons the inner layer 
does not reach the posterior end of the cocoon, but fades out short 
of it. In six cocoons of the 60 studied, the inner layer of the inner 
cocoon was absent. 

Rarely there are one or more small additional "layers" of inner 
cocoon, sometimes mere flakes, outside the outer layer or inside of it, 
at the anterior end of the cocoon. These layers are impregnated 
with the dark brown amorphous material. Regardless of the pres­
ence of such additional layers, there is virtually always a place 
(sometimes conspicuous and sometimes minute) in the center of 
the anterior end of the cocoon where tl1e amorphous material does 
not completely close the spaces among the fibers of any of the layers 
of the inner cocoon. This allows for ventilation of the otherwise 
airtight cocoon. This place corresponds to the conspicuous nipple 
found on the anterior end of many megachilid cocoons. 
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It seems probable that the inner cocoon of Megachile and Coe­
lioxys corresponds to the entire cocoon of Osmia and H oplitis, that 
the reduction of the nipple in "A1egachile and Coelioxys is associated 
with the addition of the outer cocoon, and that the addition of the 
tough, hard outer cocoon, especially anteriorly, is advantageous in 
protecting against invaders. 

Complexity of the cocoon in Megachile may be widespread, for 
Micheli ( 1937) describes the cocoon of M egach il e nigriventris 
Schenck as consisting of no less than five layers. 

F1c. 22. Pupa of Megachile brevis. 
Frc. 23. Adult female of M egachile brevis. 
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P UPA 

The pupa lies in the cocoon with its head away from the base of 
the cell, that is toward the entrance of the nest. At first the p upa 
is entirely whitish in color bu t after one or two d ays the eyes be­
come pink. Th~y become gradually darker duTing the following 
several days. Then other parts of the body begin to darken , the 
antennae, tars i, and tibial spurs being among the last. Finally the 
whole pupa becomes black. About a day before emergence of the 
adult, the pupa becomes soft and wrinkled in appearance. 

The total pupal period ranges from 10 to 12 days (average of 
six, 11.2 days). 

E MERGENCE 

'Vhen the adult first emerges it is wet, and it may require half a 
day or more t o d ry off and expand its wings. This occurs within 
the cocoon. After this the apparently perfect adult remains in the 
cocoon from two to five days (average of 5 observations, 3.5 days), 
then chews its way out of the cocoon. 

The adult then soon chews its ·way out of the cell. In so d oing 
it commonly chews the cap and much of the cocoon into small bits. 
If cells are in a series, it is usual for the bees to emerge at a bout 
the same time, when the uppermost bee emerges. They leave be­
hind them a tube of leaves and petals, the side walls of the cells, 
the lower or in ner end of the tube being filled with the remains of 
cocoons and ends of cells, all b roken into small pieces. 

Because of the short series often available and especially because 
of the high ra te of parasitism in long series, no significant d ata 
were gathered on whether females are usually reared in the older 
cells and males in the younger cells of a series. 

Freshly emerged bees liberated in the field visited Rowers im­
mediat ely for nectar. One female stopped to suck from a Lythrum 
flower only one foot from the point where she escaped from the 
nest. 

S u :HMARY OF D EVELOPMENTAL STAGES 

Making use of the data presented above, table VIII has b een 
constructed to summarize the duration of the stages in the life 
history of this bee. Total figures from the time of egg laying until 
emergence of the adult from the cocoon are 23.9 days for the mini­
mum column, 32 .. 3 days for the average column and 45.8 days for 
the maximum column. Probably no b ee achieves the minimum or 
maximum, as there is no reason to believe, for example, that a bee 
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with one stage minimum in duration would have the others mm1-
mum also. The average period from egg laying to adult emergence 
from the cell in the case of eight undisturbed cells was 32.2 days 
(minimum 30, maximum 35 ). This indicates that the average 
figures independently obtained in the laboratory for the lengths 
of larval stages are not greatly different from those existing in 
nature. 

T ADLE \'UL- Estimates of duration ( in days) of the stages in the life history 
of Megachile brevis under summer conditions. 

Minimum Avcrnge !\Iaximum 

egg 3 3 2 3 .5 

lan·a 
beforc s tarting cocoon 5 I 7 7 13 .3 

after starting cocoon 3 .9 6 7 12 

pupa. IO I I. 2 12 

adult 
before emerging 2 3 .5 5 

after emerging 30::!: 
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PART VI.-THE CUCKOO BEE, COELIOXYS 

SEASONAL HISTORY AND HABITATS 

Perhaps the most important natural enemy of AI egachile brevis 
is a bee of an allied genus, Coelioxys octoclentata Say. This species 
has previously been recorded as a parasite of M. brevis by Hicks 
( 1926 ). Coelioxys is a social parasite; it does not make its own 
nests but our species lays its eggs in the cells of Af egachile, where 
its young larvae kill the young Megachile larvae and then eat the 
provisions gathered by the M egachile. 

Much less information is available on the seasonal history of this 
bee than on that of M egachile brevis. Its season of Hight is prob­
ably about the same, at least individuals have been collected near 
Lawrence, Kansas, from ~lay 25 to September 25. Like the Mega­
chile, the Coelioxys is scarce early in the season, much more abun­
dant later. The number of generations per year is probably the 
same as in the Megachile, for available information on the rate of 
development of immature stages indicates that the stages are of 
about the same length as in the M egachile. The wings of the 
adults become tattered with wear as in Megachile. Overwintering, 
like that of ~I egachile, is in the mature larval stage in cocoons. 
Larvae reaching this stage after about the first week in August 
remain in this condition through fall and winter, as in the A-1ega­
chile. 

The habitats of the Coelioxys are the same as those of the Mega­
chile. The Coelioxys seems equalJy mobile, appearing wherever 
favorable flowers are to be found, in both the nesting habitats and 
the nectar habitats of the Megachile. Coelioxys are often seen 
sucking nectar from flowers, although of course they collect no 
pollen. Their choice of flowers is about the same as that of nectar 
sucking A1 egachile brevis, although perhaps they visit yellow 
Compositae more frequently. 

FrNDI c MEGACJIILE NESTS 

Female Coelioxys are sometimes seen flying over the ground or 
through weedy places, stopping to By along every dead weed stalk, 
especial1y those lying on the ground. We have never seen a 
CoeUoxys discover a Megachile nest but presume that this is the 
searching behavior. 
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Ecc LAYING 

Several Megach·ile nests which had been discovered by Coelioxys 
females h ave been observed. The Coelioxys returned to these nests 
every few hours and could fly directly to the vicinity of the nest 
apparently as easily as the Megachile. The Coelioxys usually alights 
on a t\¥ig or grass blade and remains there perfectly quiet for min­
utes at a time. Once one was observed to remain in such a posi­
tion for 72 minutes, after which it flew away without actually going 
to the nest. Sometimes after the Megachile leaves on a pollen col­
lecting h·ip the Coelioxys leaves its resting place and hovers at the 
nest entrance for a few moments before flying away. The action 
has not been observed by us but it seems certain that if the proper 
amount of pollen has been accumulated, the Coelioxys enters at 
such a time and Jays its egg in a cell which is being provisioned. 
On one occasion observations were such that it was certain that this 
egg laying by the Coelioxys must have occurred during a one minute 
period following the departure of the M egachile for her tenth load 
of poJlen for that cell. 

In view of the ability of the Coelioxys to retun1 again and again 
to a Megachile nest, having onoe found it, it is not surprising that 
whole series of Megachile cells or large parts of series are para-
sitized, while other series escape entirely. . 

The egg of the C oelioxys is deposited at the base of the pollen 
mass with one end of the egg inserted into the leaf or petal pieces 
composing the base of the cell. No doubt the slender apex of the 
abdomen of the female Coelioxys is adapted for forcing its way 
through the pollen for egg laying. This seems to be the common 
manner of ovapositing in Coelioxys (see Ferton, 1896; Graenicher, 
1927; and Iwata, 1939) but as Ferton shows, is by no means the 
only one. 

LARVA 

The first stage larva is highly specialized with a large, sclerotized 
head and huge, sharply pointed jaws (figure 24). Its body is curved, 
not straight like the first stage M egachile, and its size is larger than 
that of M egachile. On hatching, the larva works its way slowly up­
ward through the soft pollen mass, constantly opening and closing 
its mandibles. On reaching the surface of the pollen it continues 
this activity and sooner or later kills tl1e Megachile with its jaws, 
usually within a day after the "Pvl egach:ile has hatched and while it 
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is still quite immobile. After killing the host larva, the Coelioxys 
continues to move about through the mass of provisions opening and 
closing its mandibles for as much as 24 hours. 

Among first stage Coelioxys larvae there is considerable varia tion 
in the size of the mandibles. Possibly more than one species is in­
volved although this is not evident from adults nor is there a clear 
division of the first stage larvae studied into two or more separate 
types. 

There is considerable evidence that there are five larval stadia in 
Coelioxys. The development of the larva of both Coelioxys and 
Megacliile will be discussed in a later p aper. 

Frc. 24-26. L arvae of Coelioxus octodentata, first stage, half grown, and 
mature. 
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The presumed second stage larva has short but acute mandibles. 
One cell was opened in which the C oelioxys was in this stage but 
the M egachile had not been killed. This is an unusual situation, 
however. 

Subsequent stages look much like those of Megachile (see Mich­
ener, 1953) and feed on the pollen from the surface toward the 
base, not burrowing into the pollen any more than M egachile. The 
easiest way to distinguish older larvae of Coelioxys from those of 
'}-.tf. egachile is the presence of several setae on the outer surface of 
each mandible (maximum of two such setae in M egachile) and of 

28 

F IG. 27. J est of four cells of "1egachile brevis in an Ambrosia stalk. Open­
ing at top plugged with a few pieces of leaves (marked by arrow). There is 
also a plug of leaves immediately above uppermost cell. 

F1c. 28. Similar nest of six cells with plug of leaves above uppermost cell, 
which is so close to end of hollow tha t no open space exists between last cell 
constnicted and plug. 

F ie. 29. Abnormal fasciate plant of Erigeron canade11sis. A M egachile cell 
is hidden among the dense leaves near the top of this plant. 
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a genal projection just behind the mandibular base which is ab sent 
in M egachile. The duration of the larval stages averages less than 
that of Megachile, but the number of individuals is so small that 
this may not be significant. Defecation often starts well before the 
food is gone, as in the Megachile, and the positions taken by the 
larva after the presumed second stadium as well as the orientation 
of the pupa is as in Megachile. 
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FIG. 30. Nests of Megacliile brevis in various weed stalks. T he scale a t the 
left is in millime ters. a, entrance (arrow) a t center, two series of three cells 
each, one above, the other below, entrance. No entrance plug. b, Series of 
five cells, no entrance plug. c, A single cell, with plug at entrance of hollow 
(shown by arrow ). d , Series of four cells, no entrance plug. e, Series of 3 
cells, no entrance plug. This series shows how hollows of varying diameters 
can be utilized by packing extra leaves or pe tals into large hollows. This nest 
is small in diame te r at bottom, large above. 
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CocooN 

The cocoon differs markcdJy from that of Megachile brevis in that 
the outer cocoon of coarse red fibers is complete, covering the entire 
inner cocoon. Otherwise the cocoon is as in the "fi.1.egachile, varying 
wideJy in the coarseness of fibers and in the extent, nature, and 
even presence of the inner layer of the inner cocoon. 

E;\mRCENCE 

Emergence of adults occurs in the same manner as that described 
for Megachile bre1.As. 

Fie. 31. Cell of M egachile brevis (marked by X) among leaves of the plant 
shown in figure 29. 
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PART VII.-NATURAL ENEJ\IIES OF MEGACHILE BREVIS 

SUMMER 

Table IX presents data on the natural enemies of Megachile 
breuis as detcrmjned from 112 cells collected in July and August. 
These cells were left in the field at least until the larvae were half- ' 
grown, that is, long enough so that parasites would probably have 
made their attacks. Some destruction by ants and unknown preda­
tors was probably avoided by bringing the cells into the laboratory 
before emergence of the adults. Bees were considered to have 
survived if by the pupal stage no parasites were evident or if they 
went into winter as mature larvae with no evidence of parasites. 

It is significant that not a single cell parasitized by Coelioxys was 
found in any situation other than dead stalks, and that the Coelioxys 
did not appear to search except in dead stalks, where they are often 
able to parasitize one cell after another in a series. 

TAnLE JX.-Natural enemies o f Megachile brevis 

( Based on 100 cells collected in July and August ) 
Percentage of 

larvae destror1ed 
Coclioxys octodentat a Say . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Lcucospis a{finis Say (L cucospidae) ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Aprostocetus sp. ( Eulophidae) 1 • • • • . . • • • • . • • . • . • • . . • • . . . . . . . . . . • 2 
;u crisus sp. ( Pteromalidae) 1 • . 1 
l' nknown predators . . . . . . . . . . . . . . . . . 5 
Unknown caus£'s ( includin~ apparent failure of lwe to lay egg) 4 

WINTER 

\Ve do not have sufficient data on the causes of winter mortality 
in Megachile brevis. The factors listed in table IX arc probably 
all operative in winter as well as summer. Coelioxys, the principal 
natural enemy in summer, is just as important to the overwintering 
generation as to any other. There are, however, additional hazards 
to the overwinteiing brood. 

Acrobat ants ( C rematogaster ) destroy many cells of the over­
wintering generation. The dealated queens in the fall burrow into 
weed stalks and often open and pass through M egach ile cells and 
cocoons. Even if this treatment does not destroy the larvae, they 
dry out and die when exposed in this way. Colonies of the same 
ant are very common in dead weed stalks in the vicinity of Law-

1. Identified by Dr. B. D. Burks of the D ivision of Insect D etection and Identification 
United States Bureau of Entomology and Plant Quara ntine. Both of these species wer e als~ 
reared from cell~ pa rasitizl'd by Coelioxys octod l'nlata. It is possible a lthough improbable 
that Coelioxys was the host in all cases. 
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rence and often destroy Jlegachile cells in the fall. Sometimes the 
leaf fragments are carried out so that no evidence of the nest 
remains. 

Another major cause of winter mortality is trampling of nests by 
cattle and other animals, a fate much less likely during the brief 
period of a summer generation than during the winter months 
when protecting green vegetation is gone. Burning of prairie or 
pasture areas in spring or fall must also take a large toll of over­
wintering larvae. 

FinalJy it must be admitted that some larvae die in winter for 
unknown reasons possibly resulting from weather conditions. 
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PART VIIl.-POSSIBLE IMPORTANCE OF THIS BEE 
AS A POLLINATOR 

As explained in the introduction, the study here reported was 
designed, among other things, to serve as a biological basis for at­
tempts to increase the effectiveness of a leaf cutter bee, Af egachile 
brevis~ as a pollinator of alfalfa and other crops. By no means all 
of our findings are encouraging from this viewpoint and serious 
practical efforts along these lines have not yet been made. However, 
a summary of the principal facts of the life history that relate to the 
possible practical importance of this bee follows: 

Individuals of 'f..1 egachile brevis are effective alfalfa pollinators. 
Nearly every flower visited by a female while collecting pollen is 
tripped, therefore pollinated. E ach female averages over 15 flowers 
per minute, and the average polJen collecting trip on alfalfa is about 
nine minutes long. Thus in each trip about 135 flowers are p olli­
nated. If an average of 12 trips are required to provision a cell, 
1,620 flowers would be pollinated per cell provisioned. Little is 
known of the number of cells a female bee provisions, but if she 
provisions 20, she might be responsible for pollination of 32,400 
flowers. She may provision more cells; 30 is suggested as a possi­
bility earlier in this paper in connection with other data. By com­
parison, the honeybee rarely trips alfalfa flowers if other pollen 
sources are available. 

From a practical standpoint Nlegachile brevis is usually an ineffec­
tive alfalfa pollinator in Kansas and elsewhere because there are 
not enough of the bees in the fields. Probably the principal reason 
that the bees remain scarce is that there is not a continuous food 
supply. This bee passes through several generations per year. 
Thus it can build up its numbers during the summer months. How­
ever, a continuing food supply must be maintained for the various 
generations by a succession of suitable food plants if this build-up 
is to occur. A failure in the food supply causes the bees to disperse 
widely, as they are not bound to any p ermanent nesting site as are 
most solitary b ees. 

One might establish in the vicinity of an alfalfa field a succession 
of blooming plants providing pollen useful to the M egachile, such as 
false indigo (spring), wild alfalfa (ear 1 y summer ), iron weed (late 
summer ), and wild purple asters (fall ), with care being given to 
have at least some alfalfa in flower at all times when no one of the 
other plants is in bloom. Such a combination might attract and 

.. 
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maintain a large population of this bee. The wild plants could be 
mowed at the time the bees are needed for alfalfa pollination. Un­
fortunately the plants in the above mentioned series h ave different 
soil preferences, but some farms have the various necessary condi­
tions. These plants could grow as weeds in pastures adjacent to 
the alfalfa fields or in uncultivated borders or strips. 

Where such a program is impossible, one may at least attract 
some M egachile in advance of the alfalfa seed crop by stands of 
uncut alfalfa which would bloom prior to the seed crop or by 
stands of wild alfalfa. Either could be cut as the seed crop comes 
into bloom. 

Such highly attractive nectar sources as winged loosestrife and 
buck brush may also be useful in holding a M egachile population in 
the desired area. 

Nesting sites can be provided by the old stalks of large weeds 
or even by old cornstalks, broken in one or two places, and left 
lying on the ground where they will not be completely shaded by 
trees, bushes, or growing weeds. Such nesting places should be 
protected from trampling by stock and from burning. 

Leaves and petals for nest construction can usually be obtained 
in almost any situation where the other requirements for survival 
are present. Some rosebushes will probably be helpful, since rose 
leaves are much used. 

Unfortunately most of the usual farming activities are opposed 
to the survival and increase of this bee. Sowed pastures free of 
weeds, elimination of weedy fence rows and of patches of prairie, 
burning of pastures, trampling of ground by stock, and regular 
cutting for hay of entire fields so that no alfalfa flowers remain all 
conti-ibute toward decreasing the abundance of the bee. On the 
other hand, weedy and brushy pasture areas, fence rows and road­
side strips where flowers and weeds can grow unmolested and where 
the old stalks will neither be trampled nor burned in winter, and 
roadside alfalfa patches which are not or only irregularly cut, all 
favor the development of larger populations of this bee. 
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