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The research discussed in this thesis was initiated to find answers to the following questions. (i) Cari honeybees be successfully employed to pollinate alfalfa under conditions such as exist in southern Alberta? 
(2) Wriich species of native bees pollinate alfalfa In this region? (3) From knowledge gained from the above studies, what means of increasing the numbers and eff i- ciency of species found to pollinate alfalfa can be devi sed? 

The experimentation with honeybees was carried out on an Isolated, three-acre experimental field. The native bee factor was greatly reduced so that Interpolation for It was not necessary, Competing nectar and pollen sources could not be eliminated. The relative Importance of corn- peting pollen sources was calculated by analyzing pollen from a trap which had been placed on one of the 15 hives of honeybees. The smount of tripping taking place on the field minus that occurring under bee-excluding cages was positively correlated with the number of bees visiting the flowers. Seeds per pod as affected by the treatments, bees, no bees, arid control were calculated. The above data along with a consideration of weather conditions were of value in attributing the amount of seed produced to its various causes. 
After general survey had indicated which native species were important, a synecological study was under- taken in which Alberta distrition, frequency, abundance, nesting habits, pollen preferences, and flight period were the criteria considered. 



Under conditions such as exLsted in 1951, it was 
found that honeybees were of little use as pollinators 
of alfalfa. They preferred to gather pollen from sweet- 
clover, prairie clover, mustard, 8nd evening primrose. 
They did not gather pollen from alfalfa until it was too 
late for tripped flowers to produce mature seed. The 
percentage of accidental tripping accomplished by nectar- 
collecting honeybees was very low and much of the tripping 
accomplished did not result in cross-pollinetion. Hence, 
yield was lower due to a reduction in pod formation and 
number of seeds per pod. although the weather could be 
attributed a mejor role in the lack of seed set, the data 
indicate that it is unlikely that honeybees will ever be 
of importance in setting a crop of commercial value in 
this region. 

Of the 14 species of .'Tegachie and 14 species of 
Bombus which occur in the mixed prairie region of southern 
Alberta, only two of the ground-nesting species of 
egIdle, dentitarsus and rh1rta, are important at 

the present time. No member of other genera of native 
bees have been seen to pollinate alfalfa in this region. 
A study of certain phases of the bionomics of these 
important pollinator species has sho'n that their flight 
periods are different, perihirta flying from the time 
alfalfa begins to bloom and dentitarsus from about the 
beginning of the last quarter of the ribia flight 
period. Each flight period is of four to five weeks 
duration if the weather remains good. KLthough the 
flight period of dentitarsus is so late that a portion 
of the flowers tripped and cross-pollinated by it do not 
have time to produce mature seed before they are de- 
stroyed by frost, it is considered to be most important 
because it is the most freauent and abundant of all 
species. It also ethibits a greater fidelity to alfalfa 
than does Derihrta. 

The practical application of the above research 
is surarized as follows: (1) harmful inquilines can be 
destroyed by planting mustard on the nesting site and 
then killing the adult inquilines which are attracted 
to it. (2) Leaf cutting sources should be placed in the 
area between nesting sites and food source. (3) Keep 
weed growth to a minimum, esrecially fireweed, sweetclover, 
sow thistle, and Canada thistle. (4) Cut alfalfa hay 
before lt blooms to any extent. (5) Bloom should be kept 
on the field from June to August 5. (6) lfa1fa 
should be grown for seed in long, narrow fields beside 
large areas of unbroken prairie. 
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THE ROLE OF BEES IN POLLINATING ALFPLFA 
IN SOUTHERN ALBERTA 

INTROtUCTION. klfalfa is grown for seed in two 

different ecological areas in western Canada. 1Iost of 

the seed is produced in the aspen "parkiand" ecotone, 

the extent of which has been mapped by Bird (3, p.361) 

and Clarke, Campbell, and Campbell (14, p.1°). Coupland 

(i6, p.275) has mapped the mixed prairie (Stipa-Bouteloua 

Association) which is also an important alfalfa seed 

growing area. In the parkiarid region alfalfa is grown 

on dry land whereas in the mixed prairie it must be grown 

on irrigated land. As only a small portion of mixed 

prairie is irrigated the growing of alfalfa is limited. 

Most of the research on factors affecting alfalfa 

seed production has been carried out in the parkland 

region. Although the problem is fundamentally the saine 

in the two ecological areas, the important pollinator 

species are different, In parkiand, log-nesting species 

are important (38, p.40) (Si, pp.399-401) whereas, in 

mixed prairie, the important species are ground-nesting 

in habit (34, pp.47-49). This is a study of the indi- 

vidual species of pollinators or otential pollinators of 

alfalfa in the mixed prairie region. 

As exDerimentation could only be carried out on 

one species of pollinator In one field at one time, 
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and as, in the case of honeybees, several related eeri- 
ments had to be undertaken to obtain a clear picture of 

the factors involved, the research with which this study 

deals is discussed under two main headings: (i) pollin- 

ation of alfalfa by honeybees arìd (2) pollination of 

alfalfa by native bees. Sub-experiments are discussed 

separately and the various results are then brought to- 

gether under the title "Summary and Conclusions". The 

practical application of this research is discussed. 

HYPOTHESIS ND REVIEW OF LITERATLTRE. Overwhelming 

evidence is presented in the literature that alfalfa must 

be tripped before a seed crop of commercial inmortance can 

be obtained. The search for autogamous varieties is al- 

most over. Plant breeders, agronomists, plant nutrition- 

ists, entomologists, and apiculturists are gradually as- 

sembling the mosaic of the many factors involved in alfalfa 

seed setting. Little support is to be found for the hypo- 

thesis expounded by Brink and Cooper (7, pp.678-683) and 

Canson (12, pp.19-22) that a seed crop can be achieved 

without tripping. 

It is realized that pollination in the true sense 

of the word means transfer of pollen from the androecium 

to the gynoecium and that this takes place in the alfalfa 

flower before it is tripped (1, pp.164..l66) . Since the 

term "pollination" is used as a synonym for fertilization 



in papers on aJfalfa seed production, it will be used as 

such in this paper. 

The Influence of temperature on the amount of auto- 

matie tripping that takes Diace has been demonstrated in 
controlled experiments. Dwyer and 1lman (i?, p.l43) 
placed racemes of flowers in a drying oven. T'nen the tem- 

perature reached lolo F. tripping coimnenced Instantan 
eous tripping of all flowers was obtained at 104° F. It 
was also found that flowers suspended in steam commenced 

tripping at 102° F. and those immersed in water at 1000 F. 

They further stated that temperatures in alfalfa fields in 
New South Ta1es frequently exceeded the above temperatures 
in direct sunlight during the summer months, and they con- 

sidered this direct heat of more importance than that in- 

dicated by readings obtained in louvred meteorological 
boxes1 

ITiller and Saunders (42, p.42) found that the 
leaves of alfalfa consistently showed a temperature some.- 

what less than 20 F. below the temperature of the sur- 
rounding air. They obtained air temperatures with the 
same apparatus used for taking leaf temperatures (42, p.17). 
Precautions were taken to shield the thermo-junction from 

direct rays of the sun. Hence, air temperatures recorded 
by Miller and Saunders were probably quite close to those 
which would have been recorded in louvred boxes1 



The highest temperatures recorded from instruments 

in louvred boxes at Lethbridge during the 1950 end 1951 

alfalfa blooming seasons were 900 F. (August 2, 1950) and 

930 F. (July 27, 1951). If it is logical to assume that 

the flowers will be approximately the same temperatures 

as the leaves, and that temperatures in louvred boxes 

approximate those of the air in contact with alfalfa 

flowers, then temperatures at this latitude (N 49° 431) 

seldom if ever reach the point where they would induce 

automatic tripping. 

It is assumed that ease of tripping is increased 

with increased temperature up to 104° F. Evidence that 

this is the case may be derived from the literature when 

the latitude of the area in which the research was done 

is considered. Those who have made observatIons north 

of the 49th parallel reported little or no triping by 

nectar-collecting honeybees (28, p.237), (34, p.47), 

(38, D.38), (39, p.572), (51, pp.393-394), (56, p.2), 

(63, p.30'). Conversely, experiments conducted south of 

N 42° latitude demonstrate that nectar-collecting honey- 

bees are useful as pollinators of alfalfa (37, pp.38-40), 

(67, p.4l44), (73, p.487). It is realized that the 

Influence of altitude, time available to honeybees for 

tripping, and competing plants also effect the usefulness 

of honeybees as pollinators of alfalfa. 
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In 1894 Burkhill (11, pp.142_147) found that, 

although pollination took place before the alfalfa flower 

was tripped, fertilization was not achieved until the 

stigma was injured to the extent that fluid was released 

from it. He thought that the rupture of the stigma in- 

sured fertilization in about one third of the cases, He 

did not take into consideration self-sterility or ovule 

abortion, 

Piper et al (54, pp.24-25) tested Burkhill' s 

conclusion that the stigma is not susceptible to pollin- 

ation until the stigmatic cells have been ruptured, They 

removed the standard petals of flowers on different plants 

and then tripped them,or they removed the standards and 

then severed the keel at the base th a razor, In both 

cases a high percentage of these flowers produced pods. 

They concluded that the mechanical effect of the stigma 

striking the standard is not necessary to insure ferti- 

lizatlon. They did not mention whether the stigmas were 

or were not bruised, or whether any liquid could be seen 

on their surfaces. 

The well designed and executed experimental tech- 

niques used by Armstrong and White (1, pp.170-177)proved 

conclusively that the rupture of the surface of the 

stigma, along with its attendant release of liquid stig- 

matic content, is essential for pollen germination and 



fertilization of the eggs within the ovules of the alfalfa 
flower. As this is accomplished when the stigma strikes 
the standard petal during the act of tripping, the role 
and importance of tripping in alfalfa seed production is 
quite clear. 

The "oppositional-factor" hyoothesi s vii th Its 
self-sterility alleles, which results in partial self- 
incompatalDility, has been applied to alfalfa as has the 
theory of somatoplaarnic sterility by Brink and Cooper 

(8, pp.45_546) and Cooper and Brink (15, pp.4547L). 
The former is overcome by cross-pollination, the latter 
by hybrid vigour supplied by cross-pollination, Support 
for these theories can be found In the results obtained 
by hand-tripping eqjeriments. Frandsen (21, pp.1-30) 
obtained a ratio of 1:1.8 for pod setting in favour of 
hand tripping and cross-pollinating flowers over hand 
tripping and selfing. He reported an increase of 246% 

in number of seeds per pod vhen flowers were cross- 
pollinated. Piper et al (54, p.'?) found that 46.1% of 
the flowers set pods when cross-pollinated as compared 
to 32.1% when selfed, and obtaIned a ratio of 2.38:1.4 
in number of seeds per pod in favour of cross-pollination. 
They did not state the method by which pollen was applied 
except to say that it caine from another plant of the same 

variety. Jones and Olson (36, p.316) tripped the flowers 



and then sprinkled foreign pollen onto the stigma by 

tapping lt with dehiscing anthers taken from flowers on 

other plants of the same variety. They procured a ratio 
for pod setting of 1:1.6 in favour of cross-pollination, 
and an increase of 317% in the average number of seeds 
per pod. 

Thus, when alfalfa flowers are tripped and self- 
or cross-pollinated by hand, about twice as many nods per 
flower tripped and three times as many seeds per pod are 
formed when cross-pollination takes place. If this ratio 
holds under field conditions, about six times as much seed 
per tripped flower is produced by cross- as by self- 
pollination. 

In all cases, the number of seeds per pod which 
were set when flowers were cross-pollinated by hand Is 
much lower than .then pollen-gathering bees are the cross- 
pollinating agents. Then a pollen-collecting bee trips 
an alfalfa flower the sexual column rakes the ventral 
side of the bee as It springs toward the standard petal. 
If the bee has been tripping flowers on other plants, the 
sexual column will trap some foreign pollen between the 
stigma and the standard petal. This pollen will be in a 

more favourable position to germinate than will pollen 
which is sprinided onto the stigma after the flower is 
tripped. Pollen-gathering honeybees set an average of 

LI 



.74 seeds per pod (Table lob). In an area where 

Megach1e (Xanthosarus) dentitarsus Sladen was the only 
bee seen to trip alfalfa, an average of 6.34 seeds per 
nod, based on 100 pods chosen at random, was calculated. 
Fiducial limits at the one per cent level were .82 to 
6.86. 

Then the above is considered together with the 
research done by Tysdal, Kiesselbach and Westover (71, 
p.14) which reported loss of vigour through successive 
generations of selfirg, it is obvious that tripping and 

cross-pollination are essential to successful alfalfa 
seed production. 

POLLINATION OF ALFALFA BY HONEYBEES 

INTROTXTCTION. In order to assess the value of 
honeybees as pollinators of alfalfa, it was necessary to 
apportion seed set to its various causes. As interpo- 
lation for native bees was impossible, this factor had 
to be elimInated or reduced to the point where lt could 
be ignored. Pests, such as lygus bugs, that destroy buds 
and seed in immature pods, had also to be eliminated or 
greatly reduced in numbers so that injury caused by them 

would not mask the results obtained by the pollinating 
a g en t s, 



A1though an isolated experimental area was chosen, 

it was deemed necessary to determine preferred polien 

sources and their relative importance. It was also neces- 

sary to apportion seed set to the plant and to the bee. 

Two separate sub-experiments were performed to do this. 
The amount that could be attributed to the plant was 

ascertained by excluding pollinators from plants by means 

of cages. It was necessary to correlate honeybee acti- 
vity with the amount of tripping talcing place before 

attributing to honeybees a proportion of the seed set. 
The unfavourable weather encountered during the course 

of the experimentation made it necessary to consider the 
time and temperature factors. The proportions of plump 

and shrivelled seed had to be linked with the time avail- 
able to honeybees for pollination under the particular 
set of conditions encountered in l9l. 

As can be seen from the above, several distinct 
but re1ted sub_exceriments had to be carried out. Each 

will be discussed separately. Results and conclusions 
will then be brought together in a general discussIon at 
the end of this series of studies. 

The isolated field selected for this study lies in 
the river valley at the Veterinary Research Station near 
Lethbridge, Alberta (Fig. 1, 2, 3) . it is situated at 
longitude W 112° 9', latitude N 490 43', at an altitude 
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of 2800 feet. The surrounding country within a radius 

of five miles of this field is either range land, or 

wheat land where strip-farming is practised. The only 

plants competing with alfalfa for the services of the 

bees are those species growing on the range that are 

native to the region, those growing as weeds where the 

land is strip-farmed, or sweetclover, which flourishes 

in those areas of the riverbottom that are inundated 

during spring floods. 

Ladak alfalfa was planted in 35_inch rows on the 

three-acre field in the spring of 1950 (Fig. 3). It was 

planted in rows so that it could be sprinkler-irrigated 

and so that repeated samplings could be made without 

trampling the plants in the plots. 

REDUCTION OF NATIVE BEE POPULATION IN E)ERIMENTAL 

AREA. Because accurate interpolation for the native bee 

factor in an exoeriment designed to assess the value of 

honeybees would be impossible, it was decided to elimin- 

ate or greatly reduce the numbers of native bees in the 

areas 

A faunal survey, carried out in 1950, indicated 

that the population of leaf-cutter bees was small but 

that the bumblebee population was large. Species of 

sweetclover, Melijotus officinalis (L.) Lam. and alba 

Desv., vhich were growing profusely near the river, had 
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probably assisted the build-up of' the bumblebee copulation. 
Methods and rocedures. It was decided to reduce 

the bumblebee population by capturing the queens when they 

emerged from hibernation and began to forage on one of' the 

early-flowering plants. The task was begun on May 10 and 

terminated on July 16. 

iegachile spp. do not emerge from their cocoons 

until after a3falfa comes Into bloom. Those species that 
prefer alfalfa as a source of pollen to other species of 

flowering plants growing in the area had to be captured 
while they were tripping alfalfa blossoms on the experi- 
mental field. Therefore they had to be captured as soon 

as possible after they entered the field. 
After enough specimens of the harmful inauiline 

genus aathyrus Latr, had been captured for purposes of 

identification, their numbers were noted but they were 

not killed. It was hoped that they would ferret out and 

kill those bumblebee iueens that had escaped capture. 
Results. Table 1 indIcates, in phenological order, 

the Species of plants on vfnich bumblebees were captured. 
In Figure 2 can be seen the go1den_ea on which Bombus 

queens were captured. 

Bombus spp. were greatly reduced and almost ehm- 
mated before the alfalfa came into bloom (Table 2). 
The workers of the latest emerging species, Bombus 



Table 1. Time during which flowers were attractive to bumblebee 
queens in the experimental area, l9l 

Dat e ____ 
Species of flower From To 

Golden- oea ThernioDsis rhombifoija 
(Nutt.) Richards. May 10 May 31 

Common caragana, ragana arborescens Lam. 
and wolf willow, aeags commutata Bernh. June 1 June 11 

Mierican vetch, Vicia americana rubi. June 12 June 22 

Yellow sweetciover Melliotus officinali s 
(L.) Lam., and wh.ice sweetclover, ajba 
Desv, June 23 



Table 2. Numbers of Bombus queens1 captured In the exoerirnental area, 1951 

Number of cIrnens captured 
May 10- June 1- June 12- June 23- Total for 

Species of Bombus Latr. May31 June 11 June22 July i6 species 
nt;i Greene 877 460 58 O 1395 

nevadensis Cress. 142 41 68 1 252 
fervidus Fabr. 27 17 16 0 6o 

ternarius Say 39 8 8 3 58 
rufocinctus 

Cress1 

4 8 28 4 44 
occidentalls Greene 32 3 7 0 42 
edwardsji Greene 6 1 0 0 7 
terricola Kirby 4 1 1 0 6 

auricomis Robt, 1 0 2 0 3 

boreis Kirby 1 0 1 0 2 

flavifrons Cress, O i O O i 

posItus Cress, O 0 1 0 1 

Total specimens 1871 

Listed In order of relative abundance 

'j-1. 
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.rufocinctus Cress., were seen on sweetclover after July 

i6 but they paid no attention to alfalfa. Not a single 

bumblebee was captured on alfalfa. 
psithis spp. were left to help further reduce 

the bumblebee population (Table 3). 

The small, Mega spp. population was elim- 

inated for all intents and purposes (Table 4). 

Tables 2 and 4 list the species captured, in order 

o. their importance, as based on their relative numbers. 

Discussion, Bumblebees were captured on early- 

flowering species of plants before alfalfa came into 
bloom (Table 1). Leaf-cutter bees had to be captured 

while they were tripping alfalfa flowers on the exDeri_ 

mental field. But, as can be seen in Table 4, the leaf- 
cutter population was small and they did not visit the 

experimental field until late in the season, 

Conclusions. The bumblebee factor was reduced to 

the point where it could be ignored when the amount of 

tripping taking place and the seed yields were being con- 

sidered, It is doubtful that the small population of 

leaf-cutter bees, which did not enter the picture until 
late in the season, could have been much of a factor. 

T} AIOUNT OF TRIPPING ND THE NUMBER OF HONEYBEES. 

is has been shown in the previous suexperiment, the 

native bee fsctor was reduced to the point where it is 



Table 3. Numbers of psthyrus queens recorded from exnerrcìental area, 1951 

- Number of specimens captured - 
Species of May lo- June 1- June 12- June 23- Total for 

psithyrus Lep. Nay 31 June 11 June 22 July 16 species - 

(Greene) 0 4 4 0 8 

insularis (F. Sm.) 0 0 8 1 9 

o 6 o lo i6 

Total specimens 33 

2 
psithyruu spp. observed but not captured 



Table 4. Numbers of achie fia1es captured at the exoerimental site, 1951 

Number of sDecimens caDtured 
Aug. 14-. Aug. 17- Aug. 21- Total for 

Species of Jegachi1e Latr. Aug. i6 Aug. 21 Sept. 4 species 
dentitar sus Sladen 5 8 1 13 
frigide frigide Sm. 

rnelanoDhaea 
melenohaea Sin. 

gerjhjrta Ckll. 

5 17 12 

0 1 0 1 

0 1 0 1 

Total specimens 27 
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likely that it will not have to be considered. Hence, 

most of the tripping taking place on the exoerimental 

field can be attributed to the inherent ability of the 
plant and to the honeybee. 

Methods and Drocedures. Counts on honeybees and 

tripped f].owers were made on the bee-excluding (caged) 

plots and control (open field) plots in each of the four 
randomized blocks that were laid out on the exoerimental 
field (Fig. 1) 

According to Tysdal (69, p.571) , a f].ower that has 
been tripped may start wilting almost immeditely and, 

within two to four hours, have the standard petal wrapped 

tightly around the staminal column. Freshly tripped 
flowers, that is, flowers on vthich the standard petal had 

not folded so as to begin to hide the sexual column, were 

counted on So racemes that were selected at random on each 

of the bee-excluding and control plots. The number of 
honeybees on the two central, m-foot rows in each control 
plot was recorded just before the taking of counts on 

freshly tripped flowers. 

Sampling was begun on July 13. The 15' hives of 
honeybees had been placed beside the experimental field 
the evening of July 12 (Fig. 7). There were no honeybees 
present on the field prior to the morning of July 13. 



Although the alfalfa was planted in 35_inch rows, 

the growth overlapped in most cases by the time the field 
came into bloom (Fig. 4, 5, 6, 7) . Because continued 

saìripliflg of the plots would cause excessive damage, which 

would bias results, it was decided to count the number of 

freshly tripped flowers on 100 racemes and the number of 

bees per 100 linear yards of row. These counts were made 

on that part of the field not occupied by the randomized 

blocks. A count on honeybees per linear yard was made 

every five paces along a row, the rows having been chosen 

at random. Recemes were selected on plants far enough 

along the row that the sampler could not determine in 
advance the presence or absence of tripped flowers. This 

sampling method was also used a an indicator as to when 

to take counts on the plots. 
Resu'ts. The data on freshly tripped flowers per 

50 racemes and on honeybees per 40 feet of row are a 

sembled in Tables 5 and 6 respectively. In no case was 

there a daily niean of more than 0.35 flowers per raceme 

seen to be freshly tripped (data for July 13 in Table 5). 

Similarly there were not more than 0.59 honeybees per 

yard of row (data for August 17 in Table 8). 

The amount of tripping credited to honeybees Is 
so small that it is masked, at times, by the small amount 

of automatic tripping that is taking place (data for July 
14 and August 1 in Table 5). 
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FIg. 4. ReplIcation A of randomized block 
design (flg. 1) on experimental 
field, Aug. 13, 1951 

Fig. 5. ReplIcations B, C, and D of 
randomized block design (Fig. 1), 
Aug. 13, 1951 



Fig. 6, Condition of bloom on experimental field, Aug, 13, 1951 

Fig, 7. Fifteen hives of honeybees beside 
the three-acre exnerimental field, 
Aug, 13, 1951 - 



Table 5. The number of freshly tripped flowers per So racemes on plots at 
experimental site, 1951 

BLU CK S 

Sampling A C D Sum -- 
_date_- Caged Open Caged Open Caged Open Caged Open Caged Open - 
July 13, 1951 2 12 9 i6 2 28 1 14 14 70 

July 14, 1951 8 2 8 lO 13 11 4 7 33 30 

Julyl9,1951 0 7 0 2 2 2 0 5 2 i6 

July 27, 1951 9 9 5 5 iS 22 4 6 33 42 

Aug. 1, 1951 5 3 0 4 1 3 4 1 10 ii 
Aug. iS, 1951 3 i5 1 12 9 i? 8 22 21 66 

Aug.20,1951 i 6 1 17 1 12 2 7 5 42 

Sum 28 S4 24 66 43 95 23 62 118 277 

Mean 4.00 7.71 3.43 9.43 6.14 13.57 3.29 8.86 - 
NJ 



Table 6. The number of horeybees per 40 feet of row3 on 
open plots at experimental site, 1951 - 

Number of honeybees 
- per 40 feet of row 

Sampling date 1 2 3 4 Sum 

July 19, 1951 2 2 5 1 10 

Aug. 1,1951 1 4 2 0 7 

Aug. 15, 1951 6 3 7 9 25 

Aug.20,195]. 6 7 3 6 22 
Sum 15 i6 17 i6 64 

Mean 3.75 4,00 4.25 
- 

4.00 

3 From the two central rows of each plot 
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Figure 6 indicates the condition of bloom on the 

open field on August 13, 1951. The amount of tripping 
that took place on block D (Fig. 8) is mirrored in the 
amount of bloom remaining on the plots 1 (open) and D2 

(caged without bees) as compared to D3 (caged with bees) 

Those data from Tables 5 and 6 that could be cor- 

related are assembled in Table 7. They were anslyzed by 

taking the difference between the counts of freshly trip- 
ped flowers on the control and bee-excluding plots and 

determining the correlation between the number of freshly 
tripped flowers and the number of bees present. A cor- 

relation coefficient of .6344 was calculated. 
Freshly tripped flowers per 100 racemes and honey- 

bees per 100 yards of row are recorded in Table 8. Here, 

the correlation coefficient was 4 3834. 

Discussion. Jthough the numbers of honeybees 

that were gathering nectar from alfalfa were very small 

and the amount of tripping was correspondingly small, 
there was a positive correlation between the amount of 
tripping and the number of bees This correlation is 
not especially high but it is good considering the small 

amount of tripping taking place and the few data avafl- 
abl e, 

In the case of the data in Table 8, it was not 
possible to apportion the tripping to the plant and to 



D2 

D 
3 

Fig. 8. Condition of bloom on plots 
D1 (open), D (bee excluding) 
and D (bee Thcluding), Aug, 
13, 195]. 
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Table 7 The number of honeybees and the amount of 
tripping taking place on the experimental 
field, 1951 

Dati951 x=honeybees4tripped 
y= f r e shl y 

flowers5 xy 

July19 2 7 14 

2 2 4 

5 0 0 

1 5 5 

Aug. 1 1 -2 -2 

4 4 i6 

2 2 4 

C -3 0 

Aug. 15 6 12 72 

3 11 33 

7 8 56 

9 14 126 

Aug.20 6 5 30 

7 16 112 

3 11 33 

-____ 6 5 

____± 97 
2 3o 
_ 

1063 

__529 

r +.6344 
4 
Honeybees per 40 feet of row 

S Freshly tripped flowers per So racemes on open 
plots minus freshly tripped flowers per So 
racemes on bee-excluded plots 
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Table 8. Freshly tripped flowers per loo 
racernes and honeybees per 100 
square yards at experimental 
site, 195Ï 

- Freshly tripped 
flowers per Honeybees per 

Date, 1951 100 racemes 100 square yds. 

July13 30 17 

tI 14 11 16 

16 13 25 

19 14 37 

" 25 6 23 

t? 29 6 15 

Aug. 14 29 52 

17 17 59 
-fl r - +. 

As the foliage between rows was touching in 
most cases and. rows were 35 inches apart, a 
count on a linear yard of row was considered 
to be a sauare-yard count 



the honeybee. The low positive correlation is probably 

due to the fact that automatic tripping was not sub- 

tracted from the total amount recorded, 

ConcJusior, Tripping of alfalfa at the experi- 

mental field can be attributed to the inherent ability 
of the plant and to the honeybee. 

The small amount of tripping recorded and the posi- 

tive correlation achieved indicate that the leaf-cutter 
bees had not been permitted to do much tripping. 

AMOUNT OF THIPPING BY NECTAR-COLLECTING HONEYBEES. 

With the possible exception of Lejeune and Olson (39, 

p.572) , who recorded that, in rianitoba, honeybees were 

seen to trip at the rates of 28 and 17.1 ner cent of the 
flowers visited on June 22 arid June 23, respectively, and 

then were not seen to trip again for the remainder of the 
season, no one working on alfalfa pollination north of the 
49th parallel has ever seen a honeybee collecting pollen 
from alfalfa. 

Gray (28, p.23'7), Hay (32, pp.289-290), Peck and 

Bolton (51, pp.393-394), Salt (56, p.2), and Sladen (63, 

p.301) observed honeybees visiting alfalfa blossoms in 
western Canada. Of the above workers, only Peck and 

Bolton and Gray observed nectar-collecting honeybees 

tripping alfalfa flowers. Only one honeybee was observed 
to trip a flower by Gray. Peck and Bolton saw so few that 



they concluded that honeybees were of little use as 

pollinators of alfalfa in northern Saskatchewan. 

fectar-collecting honeybees have been credited 

with setting crops of alfalfa seed by Tysdal (69, p.582), 

Hare and Vansell (31, pp.467-469), Vensell and Todd (74, 

pp.475-480) and Canson et al (13, pp.53-60). 

Tysdal (69, p,582) compiled observations made in 

Ohio, Wyoming, and Nebraska and found that an average of 

1.1 per cent of the flowers were tripped. The percentage 

of tripping by nectar-collecting honeybees in Ohio was 

2.7 in 1939 as compared with 0.3 in 1938 and o.6 in 1939 

1n Nebraska, and 1.7 per cent in 1939 in Wyoming. Carlson 

et al (13, p.54) reported that tripping by nectar- 

collecting honeybees in Utah usually varies from o.5 to 

2.0 per cent. They state that an average of two honey- 

bees per sauare yard, tripping at the rate of l. per 

cent of the flowers visited over a three-week period, 

would set about 70 pounds of seed per acree 

Methods and procedures, To secure an accurate 

estimate of the amount of tripping accomplished by nectar- 

collecting honeybees, individual bees were minutely o. 

served until about 1,000 visits to alfalfa flowers had 

been recorded, The number of bees, the number of visits 

observed per bee, and the number of flowers tripped by 

each bee was recorded. This tyìe of count was made on 
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seven different occasions during the 1950 and 1951 

sea sons. 

Results. The amount of tripping acconp1ished by 

nectar-collecting honeybees is recorded in Table 9. The 

average number of flowers visited per flower tripped was 

164. The mean percentage of tripping was 0.70. 
Discussion. On the basis of the results obtained 

in Utah it is estimated that a population of two nectar- 
collecting honeybees per souare yard tripping at the rate 
of 0.70 per cent would set about 32 pounds of seed per 
acre in a 21-day period. 

In most cases the bees seen to trip alfalfa flowers 
did so without coming in contact with the sexual column. 

They often tripped, with a hind leg, a flower below the 
one from which they were obtaining nectar, t other 
times the flower was tripped when the honeybee began to 
climb onto the keel or when it lit on the keel. In most 

cases the sexual column sprang forward in front of the 
honeybee without corning in contact with it. In a few 

cases the bee was slapped by the semal column and 

occasionally its tongue or head was temporarily trapped 
by it. 

Dwyer and Ailman (17, p.144) reported that viable 
pollen was found on the standard petals of untripped 
alfalfa flowers in New South Viales. 1'friether sufficient 



Table 9. Amount of' tripping of alfslf a flowers by nectar-collecting 
honeybees in southern Alberta, 1950 and 1951 

__________________- 
No, bees x = No. visits y No. flowers X 

Date Place observed observed tripped y 

Aug. 7, 1950 Scandia 13 1073 5 214.6 
Aug. 25, 1950 Lethbridge 21 1143 il 103.9 
Aug, 28, 1950 't 5 1028 1C 102.8 

July 13, 1951 " 12 563 3 187.7 
July 19, 1951 " 19 1078 4 269.5 
Aug. iS, 1951 " 18 1141 8 142.6 
Aug. 21, 1951 " - 10 - 1012 - 8 126.5 -- Sum 98 7038 49 1147,6 

__________________- Mean .696% 163.9 
i 23.60 

t(k Fiducial limits 
eS .01 .05 ____ .01 

57,75 87,49 221,65 to 1c6.i5 251.39 to 76.41 

Meaer_cent o.5 to 0.94 0.41 to 1.31 _ 
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foreign pollen to cross-pollinate most of the 10-12 ovules 

per flower would be trapped by the sexual column when it 

was tripped is not Imown. Unless sufficient viable pollen 

had been deposited previously on that part of the standard 

petal that was slapped by the stigma, cross-pollination 

would not take place. 

cJjsions. On the basis of the percentage of 

tripping achieved by nectar-collecting honeybees in soutb 

em Alberta, it would take twice as many bees as are used 

In Utah or Wyoming and about three times as many in Ohio 

to produce as much seeds 

It is unlikely that accidental tripping by nectar 

collectors results in cross-pollination. 

SEEDS pER POD. 'Jhen it was noted that the bad 

weather had prevented maturation of the seed in a large 

percentage of the pods, it was decided to sample for 

plump and shrivelled seeds so that an estimate of the 

amount of seed that had been lost to frost could be made. 

The light, Immature, shrivelled seed would be lost from 

yield samples when they were threshed. Even if most of 

the shrivelled seed could be 'aved, relative amounts of 

plump and shrivelled seed could not be calculated on a 

"by weight" basis. 

It is realized that factors other than weather are 

responsible for shrivelled seeds Lygus bugs have been 
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credited with the destruction of seed in green pods. How- 

ever, as lygus bugs were controlled by the application of 

chlorinated camphene (toxaphene) water emulsion on July 

6, they are not considered to be a factor here. There- 

fore, most of the shrivelled seed can be attributed to 

frost. 
Methods edur. The pod sample was taken 

from that part of the plot which remained after the yield 

sample had been removed. As flowers may have been trip- 
ped when they were buffeted against the sides of the 

cages by the wind, the samples were taken from the inner 

sides of the remaining rows, It was found that a 100- 

pod sample could be taken from the bee-excluding plots. 
1though many more pods were available on the bee-including 

and open plots, the sample taken for analysis could be 

only 100 pods (Fig. 9). 
From each of the 12 plots of the randomized block, 

100 pods were piclred at random, Each pod was threshed by 

hand, and the seeds were counted and categorized as either 
plump or shrivelled. 

Results, A compilation of the number of shrivelled 
seeds, plump seeds, and total seeds per 100 pods is found 

in Tables 10, lOa, arid lOb, respectively. All three parts 
of Table 10 were examined by the analysis of variance and, 

in every case, the treatments were significantly different 
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Fig. 9. pod formation on plots B1 

(bee including), B2 (bee 

excluding) and B. [open) , 

Sept. 10, 195]. - 



Table IO. Number of shrivelled seeds per loo pods on plots at 
experimental sIte, 1951 

B L O C K S Relative Treatments - A B C D Sum Mean prcentage 
Caged without bees 66 66 103 144 379 95 35.0 

Caged with bees 125 193 252 313 883 2 38.5 

Open - 234 255 364 2110 1093 273 56.5 
Sum 425 514 719 697 2355 - 

Sourc e 

Treatment s 
Blocks 
Error 
To t al 

159.5 

DF. S.S 

2 67326,0000 
3 20361.5833 
6 14424.666 

102112.2 00 

M S -. _._ 

33663.0000 
6787 1944 
2404.1111 

l4.CO2 
2.8 232 



Table loa. Number of plump seeds per 100 pods on plots at 
exoerimental site, 1951 

- B L O C K S Relative 
Treatments A B C D Sum Mean percentage 

Caged without bees 190 202 154 i66 712 178 65.o 

Caged with bees 400 363 295 250 1308 327 6i.5 

Open 202 197 206235 840 210 43.5 

Sum 792 762 655 651 2860 - - 

Saure e 

Treatment s 
Bio ck s 
Error 
Total 

135.3 

D.F. 

2 49218.6667 
5278,0000 

10614 OOQ 
65ll 

C' 
i 

24609.3334 
1759.3333 
1769.0000 

13.9li 
less than i 



Table lOb. Total seeds per 100 pods on plots at 
exoerimental site, 1951 

BL OC K S ___ 
Treatments A - B C D - Sum Ilean 

Caged without bees 256 268 257 310 1091 272 

Caged with bees 525 556 547 563 2191 574 

Open 436 452 570 475 1933 483 

Sum 1217 1276 1374 1348 5215 - 

Source 

Treatments 2 165460.6667 
Blocks 3 5062.9167 Error 6 - 8497. _ 

33 Total 11 179020,9167 

d01 = 122.4 

82730. 3334 
1687.6389 

4l 6 2222 

58. 4l6 
1.192 

co 
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at the i per cent level. A modification of the t-test 
(a01 t01 

j 
M.S. Error 2) was used to determine 

the critical differences for the treatment totals at the 
i per cent level. 

In the following analyses, significance was deter- 
mined at the 1 per cent level. 

The number of' shrivelled seeds per 100 pods from 

the open plots was significantly greater than from the 
bee-included or -excluded plots. The bee-Included plots 
produced significantly more shrivelled seeds per 100 pods 
than the bee-excluded plots. 

The bee-included plots produced significantly more 

plump seeds per 100 pods than either the bee-excluded or 
open plots. The amount of plump seed per 100 pods produced 
on the open plots is not significantly different at the 1 

per cent level from that produced on the bee-excluding 
plot S. 

The total number of seeds per 100 pods from the 
bee-included plots is significantly greater than that pro- 
duced by either the open or bee-excluded plots. The open 
plots produced significantly more seeds per 100 pods than 
did the bee-excluded plots. 

Discussion. The above data indicate that more 

cross-Dolilnation took place on the bee-Included than on 



the open plots. Pollen-gathering bees were seen to work 

under the bee-including cages whereas no honeybees were 

seen to gather pollen on the open field, They also indi- 

cate that the tripping took place later on the open plots 

than on either the bee-included or -excluded plots. Trip- 

ping was earliest on the bee-excluding plots. This indi- 

cates that automatic tripping occurred earl±er than did 

that by nectar-collecting honeybees on the open field or 

by pollen collectors under the cages. 

These data help confirm the findings of those re- 

searchers who have reported that self-pollinated flowers 

set considerably fewer seeds per pod than cross-pollinated 

flowers. 

Conclusions. Nectar-collecting honeybees do not 

achieve as much cross-pollination as do pollen-collecting 

honeybees. Hence, pod formation on the open field will 

not mirror seed yield because the number of seeds per pod 

are significantly lower where honeybees were not forced 

to gather pollen. 

Most of the flowers tripped by nectar-collecting 

honeybees on the open field were tripped too late to 

enable the plant to produce mature seed, 

TIME AVAILABLE TO HONEYBEES FOR TIE PROIXJCTION OF 

MATURE SEED, The need for information such as is pre- 

sented here became apparent when it was realized that 
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the bad weather encountered during the season would have 

an adverse effect on seed yield. In 1951, the sDring was 

very late. Vthereas alfalfa was in bloom about June 15, 

1950, it was not until July 12, 1951, that it was thought 
that there was enough bloom to attract honeybees. 

Even if the weather had not been bad it is logical 
to assume that there is more time available to honeybees 

for the production of mature alfalfa seed in more south- 
ern regions. In Utah seed growers are advised to keep 

bloom on the field for the 60-day period immediately 
preceding August 15, the date after which most of the 
seed set will be caught by frost (12, p.59). 

A comparison of the data on the number of hours 
that could be used by honeybees to trip alfalfa flowers, 
which in turn would produce mature seed before the first 
killing frost, might help to determine one of the reasons 
why honeybees may be more useful as pollinators of alfalfa 
at more southern latitudes. This comparison would also 
shed light on large, year-to-year fluctuations in seed 

yields that occur in the same area. 
As honeybees seldom perform any useful work at 

temperatures below 50 or above 100 degrees F. (29, p.127) , 

hours of daylight with temperatures below 50 or above 100° 
F. w:1.11 not he considered, It is realized that within 
this temperature range there is an optimum forflight 
activity. According to Grout (29, p.128) , honeybee 
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activity tends to slow down at temperatures below 70 and 

above 95 degrees F. Because it is not known how to inter- 

polate for this optimum, it will have to be ignored. 

Flying time was computed on an hourly rather than a daily 

basis for two reasons: (1) The period from sunrise to 

sunset varies during the growing season, and (2) The 

more northern the latitude the longer the day during the 

growing season. 

It is realized that precipitation, wind, and inter- 

actions between any or all combinations of temperature, 

precipitation, and wind should also be considered. But 

it is not kno;rn at what wind velocity honeybees stop 

flying in this region or what amount of precipitation 

puts an end to flight activities As the tyoe of preci- 

pitation that brings an end to bee activity for a day or 

more usually causes the temperature to fall below So 

degrees F., the deletion of these hours from the flight 

records is made when temperature, the most important 

factor, is being considered 

Methods rocedures Temperature records were 

compiled at the Lethbridge weather station, which is 

situated at latitude N 49° 38', longitude W 113° 12', 

and at ari altitude of 3050 feet. 

The compilation of the number of flying hours was 

begun on the day it was considered feasible to place 
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honeybeesbeside the field to be pollinated. (This may 

be a variable in that it is necessary to judge when 

there is enough bloom on the field to hold the attention 

of the bees.) Compilation was ended on the day before 

the first killing frost (28° F.). 

Listed in chronological order are the steps that 

were taken to compile the data on flying hours: (1) 

Determine the number of hours of daylight for each day 

of the above period by consulting sunrise and sunset 

records. (2) Record the number of hourly records with 

temperatures of 50 to 100 degrees F. inclusive for each 

day of the above period. Temperature records are re- 

corded every hour on the half hour at the Lethbridge 

weather station. (3) Note the day on which the field 

was no longer in bloom. (4) Calculate the number of 

flying hours for the particular season by totalling the 

number of hours from the date honeybees were placed be- 

side the field until the day their services would no 

longer be of use. This latter date Is either the day 

flowering was ended or the day on which fertilized 

flowers would not have sufficient time to nroduce mature, 

frost_resistant seed. In either case, the earliest date 

is the one taken. 

The last pollination date for the maturation of 

seed was based on the estimate of Dr. J. L. Bolton, 
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Dominion Forage Crop Laboratory, Saskatoon, Saskatchewan, 

who estimated that, with weather conditions such as existed 

this season, lt would take between 40 and 6o days for the 

maturation of' seed after fertilization of the flowers. 

Dr. Dalton further stated that alfalfa requires 30 days, 

from the time the flower is tripped until the seed is 

ripe, in the greenhouse and in the field during July 

and early August. He also rointed out that, as the days 

shorten and the nights become cooler, ripening Is con- 

siderably lengthened. In TJtah, about six weeks is r 

quired for the seed to mature after the flowers are 

tripped (13, p.14). 

For the 1951 season, the arbitrary fIgure of So 

days was taken as the time reciuired to mature seed after 

the flowers were tripped. It was considered that 40 days 

were necessary in 1950. 

Results, At Lethbridge, Alberta, the seed-setting 

sCason was from June 15 to September 13 inclusive in 1950 

as compared tth July 13 to September 23 inclusive in 

1951. 

If 40 days were required for the maturation of seed 

in 1950, honeybees had at their disposal 772 flying hours 

(So days) during vbich they could visit alfalfa flowers, 

Similarly, If 50 days were required in 1951, only 361 

hours (23 deys) were at the dspose1 of the honeybees that 

season (Table 11). 



45 

Table 11. Time available to honeybees for the 
production of mature seed at Lethbridge, 
1951 

Total from Time available if 30, date bees zio, So, or 60 days were 
placed be- needed for maturation 
side field of seed 

Year to frost 30 '10 60 
Hours 1323 921 772 6i8 459 1950 
Days 90 60 So 40 30 
Hours 910 644 504 361 208 1951 
Days 73 43 33 23 13 

Table 12. The number of hours with temperatures 
above 490 F. per 30-, 40-, 50-, and 60-day period before date of first killing frost at Lethbridge, 1951 

Days before date of rs above 92J first killing frost 1950 195]. 

30 402 266 

40 551 406 

50 705 549 

60 ______________________ 702 



During the 40-day period before the first killing 
frost in 1950, 551 hours with temperature readings above 
490 F. were recorded as compared with 549 hours for the 
50-day period in 1951 (Table 12). 

If 40 days were required for the maturation of 

seed in 1950 and 50 days in 1951, seed that was set after 
August 4, 1950, and August 5, 1951, would not have reached 
maturity in time to escape frost damage. 

Discussion, The data presented here are, of 
necessity, largely hypothetical. Miong 

they are hypothetical is that the exact 
required for seed to ripen after the fi 
is not Imown, flor is the temDerature at 
alfalfa seed is frozen, 

the reasons why 

number of days 

Dwers are tripped 
which immature 

The parallel seen in Table 12 between the hours 
above 49° F, for the 30- ard 40_, 40- and 50-, 50- and 6o- 

day periods in 1950 and 1951 respectively may indicate 
that seed took 10 days longer to ripen in 1951 than In 
1950. 

2Qflcjusions. If the pollinating periods in Utah 
and Klberta begin at the same time, the period in Alberta 
is about lO days s1orter than in TJtah 

The total time available for pollination of alfalfa 
at Lethbrldge was twice as long in 1950 as in 1951. 
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POLLITN PREFERENCES OF HONEYBEES AT E)EMENTL 
SITE. Still another method used to help assess the value 

of honeybees as pollinators of alfalfa is that of pollen 
trapDlng. With a concentration of five hives per acre 

on alfalfa growing in an isolated area, it was hoped 

that the bees would be forced to gather pollen from al- 
falfa. If this were the case, relative amounts of afal- 

fa pollen and other species of pollen could be mea&red. 

If the bees were not forced to collect alfalfa pollen, it 
could be found from the trapped samples what species of' 

plants were preferred as pollen sources in the areas 

Hetb and rocedures A pollen trap was set in 
position under one of the l hives that had been placed 
beside the exoerimental field, Dawn-to-dusk samples 

were taken at approdmately five...day intervals beginning 

July i6 and ending August 18. Pollen was Identified by 

using macro- and micro-methods, The color of the pellets 
taken from the corbiculse of honeybees that were captured 
while collecting pollen from Imown sources was compared 

with that of pellets taken from the trap. The color 
designation was determined by comparing both known and 

unknovin pellets with the colours in Bldgway' s charts 
(4). In some cases a colour range had to be assigned 
rather than a single colour. In others, two different 
colours were assigned, It was found that the sorting of 



pollen on the basis of pellet colour was quite accurate. 

Slides were made of nollen from pellets exhlliting dif- 

ferent shades w.thjn the sarqe colour range as a check on 

the accuracy of the initial macro-na1ys1s. Slides of 

jollen grains from pellets from lmov.'n nd un1crio sources 

and from known flowers were made by midng the pollen In 

a drop of euparal. Most entornophilous pollen grains 

mounted in euparsi retain their original shapes and do 

not swell as they do vthen a stain such as basic aceto- 

carmine is used or as they do in honey. 1.en the size 

of the pollen grains was considered to be the major 

difference between species, the length and the dth (or 

diameter, in the case of round or triangular grains) of 

lo grains chosen at random were measured. ileans snd 

t.o5 s: were calculated, Shrunken, broken, or otherwise 

distorted pollen grains were not considered. 

Results, pellet colour and pollen size for the 

different kinds of pollen occurring in the samples may be 

found in Table 13. Relative amounts of the different 
kinds of nollen are recorded in Table 14-. 

The relative Importance of each kind of pollen is 
based on the mean percentage of all samples, Sweetciover 

(mostly 1otus alba Desv.) is the preferred source. 

On July i6 and 18, a legume, the pollen grains of 

which look much like those of either Petalostemon iurureus 



Table 13. Pellet color and pollen size of the pollen sources in the vicinity of the experimental site, 1951 

----- 
o1len size8 (t.p5)CsI Fiducie3. limits = Plant7 Pellet color Length Width Length Vdth Length V.dth 

________- 
J.ilotus spp. buckthorn brown to 

dresden brown 35,87 2o.AO l.4 1,62 34.42-37.32 18.78-22.02 peta].ostemon spp. mars orange or orange 
rufous 60.52 25,84 1.02 0.51 59.50-61.54 25.33..26.35 Brassica. wax yellow 47.09 27.&D 1.52 0,81 45.57-48.61 26.39-28.01 Oenothera mustard yellow 63.41 2,26 61.15-65.67 Leguininosae (nPPr petal-mars orange or orange 

ostemon) rufous 27.20 13.94 1.40 0.51 25.80-28.60 l3.43-14.-5 Medicago sativa yellow ochre to buck.. - 
thorn brown 46.92 27.03 2,16 1.84 44,76-49.08 25.19-28.87 Leguiinosae mustard yellow 39,61 26.35 1.73 1.15 37.88-41.34 25.20-2?.50 Leguminosae deep colonial buff to 
olive ochre 45.73 28.05 1.46 i.65 44,27.-47.19 26.40-29.70 Compositae, onch ? cream buff 36.89 0.82 36.07-37.71 Leguininosae, Vicia ? antimony yellow to yellow 
ochre 34.17 23.12 0.90 0.85 33,27-35.07 22.2723,97 Leguminosae dark olive buff to 
citririe drab 28.05 14.62 0.27 0.63 27.78-28,32 13.99-15.25 Çjrsium arvense cream buff 44.03 0.90 43.13-44.93 Cruciferae yellowish citrine or light yellowish olive 32.13 21.25 0.90 1.03 31.23-33.03 20.22-22.28 Leguminosae amber brown 25.50 14.79 o,8i 0.82 24.69-26.31 13.97-15,61 'Z primuline yellow 20.40 0.57 19,83-20,97 Artemisia sp, apricot yellow 22,78 15.13 0,63 0.38 22.15-23.4-1 14.75-15.51 ? colonial biff to deep 
Colonial buff 30.&D 22,44 0.00 0.77 30.600 21.67-23.21 ? deep olive buff to dark 
olive hff 4-4.20 1.52 42,68-45,72 L egumirio sae 

G1ycyrrhza ? citrine drab 34.85 25.50 1,03 0,99 33.82-35,88 24,51-26.49 ? deep olive buff 6o,86 2.21 58.65-63.07 Medicago sattva (fromfl.ower) ? 47,77 27.88 2.18 1.31 45.59_49,95 26.57-29.19 
7 Listed in order of importance 
8 Mean value for 10 grains chosen at random (measured in microns) 



Table 14. Relative amounts of pollen collected by one hive of honeybees at the experimental site, 1951 

- - - 
of total same fordatecollected in 1951 Iean 

- 
Percentage 

piant9 July 16 juay 18 July 25 Aug, 4- Aug. 10 Aug. 15 Aug.18 pereentage 

Meiflotus spp. 67.37 64.87 78.32 45,08 68.90 9?.8O 86.40 72.62 
peta3ostémo Spp. 46.83 6.5o 0.75 1.48 7.94 
Brassica 4.29 5.97 20,94 0.27 6.68 
Qenpthera 0.76 1,03 3.20 23.42 1,32 11.55 5.90 
Leguin1nosae(riearta1ostenri 23.07 23.70 4.50 
Medicago sat.va 4.15 0,85 o.7i 
Leguminosae 3.73 0.53 
Legurninosae 2.34 C.33 
Oornposltae, Sonchu ? 0,14 0.13 0.93 0.17 
Leguininosae, Vicia ? 1.09 o.i6 
Leguininosae i.00 0.14 Cjrsjurnarvense 0,33 0.23. o.o8 Cruciferae O.4O o.o6 
Legumi.riosae 0.27 0.04 

? 0.12 c.06 0.03 Artemjs1i. sp. 0.2I 0.03 
? 0.20 0.03 
? o.i8 0.03 Leguininosae, 1ycyrrh1za ? 0.14 0.02 

- 
'1 o.o6 o.oi 

- Per cent 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.01 

9 Listed in order of Importance. Relative importance is 
based on mean percentage of each kind of pollen. 
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or candidun, was competing strongly with sweetciover 

for the services of the bees. Pellet colour and shape of 

pollen grain were similar to those of Petalostem spp. 

but the size was significantly smaller (Table 13). 
On July 25 mustard was competing with sweetciover 

for the services of the honeybees, and on August 4 it was 

prairie clover. Evening primrose was a strong competitor 
on August 10 and 18. All of the sources of pollen listed 
above were much less abundant in the experimental area 
than was sweetciover. 

On August 4 and 10, pellets of what appeared to be 

alfalfa pollen were found in small sinounts (4.15 and 0.85 
per cent respectively) in the samples. Because the pellet 
colour of alfalfa pollen was not known and the size and 

shape of the pollen grains were not consistent with knovi 
alfalfa oollen, samples of pellets were sent to Dr. G. E. 

Bohart, Legume Seed Research Laboratory, Logan, Utah, 
and i.r. G. H. Vansell, Agricultural Experiment Station, 
Davis, California. In both cases, although some doubt 

was expressed, this pollen was tentatively identified 
as alfalfa pollen. It is therefore considered as alfalfa 
pollen in this paper. 

Discussion. All of the above plants that could be 

identified were found in the experimental area The kinds 
and amounts of pollen found in the trap indicate that the 
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bees did not leave the experimental area. Alfalfe thd 

not become a pollen source unìtil late in the season 

ìen the honeybees in the hive under the cage 

covering plot D3 (Fig. 1) had tripped almost all of the 

flowers on the plot, they were released, The hive had 

been under the cage for 28 days and it is therefore likely 

that the bees, which were released at the end of the 28- 

day period, knew no source of pollen or nectar other than 

alfalfa. It was thought that these honeybees, which had 

gathered both nollen and nectar from the alfalfa imder the 

cage, would collect pollen and nectar from the alfalfa 

that was still blooming profusely on the open field 

(Fig. 6). The first bees to be captured as they were 

about to enter the hive with loads of oollen were found 

to be carrying evening primrose (Oenothera sp.) pollen. 

At about the seine time, the honeybees from the hive 

with the pollen trap were also gathering Oenothera pollen 

(see data for Aug. 10 in Table 14). 

Conclusions. Sweetciover was the most important 

competitor for the services of the honeybees throughout 

the season Prairie clover, mustard, and evening prim- 

rose are important sources of pollen and important corn- 

petitors at different periods during the season. A1fa1 

fa might be utilized as a pollen source if those plants 

shown to be competitors were eliminated or greatly re- 

duced in the exDerimental areas 



SEED 'YIELDS. The preceding sub-experiments were 

designed to determine how and why the seed yield was ob-. 

tamed, Most of these su1.experiments were made po 

sible by the exoerimentl design that had been set up to 

calculate seed yield from three treatments. 

methods and Drocedures. As it was desired to 

compare three treatments, a randomized block design was 

used in which the control plots that were exposed to 

normal conditions were the same size as those covered by 

including and excluding cages, Four blocks were set out 

in areas of the field where concitions for the three 

plots in each block apneared the saine as far as crop 

coverage and soil fertility were concerned (Fig. 1). 

A 10-frame hive of honeybees was placed under 

each bee-ncluding cage (Fig, 4), 

The cages were similar to those used at Oregon 

State College by Mr, E, A, Dickason except that there 

were six-foot zippers in each corner as in the type of 

cage described by Pedersen, Todd, and Lieberman (2, 

pp.1-9) , They were made of 12-mesh, clear, plastic screen 

and were held upright by tent ìoles and guy ropes. Each 

cage covered an area 20 feet long and 12 feet wide, As 

the rows of alfalfa were 3 inches apart, the cages com- 

pletely covered four 20-foot rows. 
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To eliminate the error that might be introduced if 

alfalf8 which came in contact with the sides of the cages 

were included in yield samples, 15-foot samples from the 

central portions of the two inner rows in each plot were 

taken. Thus a 10-square-yard sample was obtained from 

each plot. 

A physiological disease struck plot C3 (caged with- 

out bees), and a storm collapsed the cage on plot D2 

(caged with bees). The disease removed the flowers on 

plot C3 and the collapsed cage knocked pods off some 

plants in plot D2. Snedecor's (66, p.264) method of suc-. 

cessive approxiniation was used to substitute values for 

these damaged plots. Analyses of variance of the revised 

results were carried out. 

Results. Table 15 records the yield data on grams 

of plump seed per 10 square yards. Pod formation on the 

plots in block B can be seen in Fig. 9, 

Treatments were highly significant (at the 1 per 

cent level) but blocks were also significant (at the 5 

per cent level). 

Discussion. Theoretically, the amount of seed 

produced on the bee-including plots minus that on the 

bee-excluding plots is the maximum amount that can be 

produced by honeybees under the particular set of con- 

ditions encoimtered during the growing season, When the 



Table 15. Grams of plump seed per 10 sq. yds. on plots on 
experimental field, 1951 

- BLOCKS 
Tre atm en t.s À B C D Sum M e an 

Caged without bees 3.6 2.5 0.0 3.1 9.2 2.30 

Caged with bees 34.6 23.2 i7.6 24.7 100.1 25.03 

Open 15.6 9.4 7.8 9.0 41.8 10.45 

Sum 53,8 35.1 26.2 18.6 133.7 

Source DF. S.S, 
Treatments 2 1060.3717 
Blocks 139.3492 Error 
Total T0 

M. S. 

530.1859 
46,4497 
9.2181 

57. 5i6 
5.0 390k 



seed set that had taken place under the bee-excluding 

cages was subtracted from that recorded from the open 

field plots, an indication as to whether the concentra- 

tion of bees on the open field was high enough would be 

reali zed, 

In the above case, yields for sil three treatments 

were so low arid the variation is so great that it would 

be useless to try to compute figures on percentages. 

The photographs of the three plots in replication 

B were taken by Mr. N. E, Kloptenborg who was asked by 

the writer to look at the plots and then take a close-up 

of what he considered a representative sample. The photo- 

graph of plot IB (open) indicates that honeybees, at the 

rate of fre hives per acre, set very little seed on the 

open f1eld where they were not forced to gather pollen. 

Even if none of the seed, which was set on the open field, 

had been destroyed by frost, the yield would have been 

very low (Fig. 9). 

Conclusions. Under conditions such as edsted at 

the exoermental site in 1951, honeybees were not able to 

set a crop of seed large enough t0 warrant the recorend- 

ation of their use as pollinators of alfalfa, 

SW.ARY AND CONCLUSIONS. The native bee factor 

did not have to be considered, Before the alfalfa carne 

.nto bloom the bumblebee factor was reduced to the point 
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where lt no longer had to be considered. It was found that 
the leaf-cutter bees did not begin to gather pollen from 

alfalfa until after the date (August 5) after which freshly 
tripped flowers would not likely have time to produce 

mature seed, The positive correlation between the amount 

of tripping taking place and the number of bees on the 

plots indicates that the effects of other bee-pollinators 
were kept to a minimum, and that honeybees can be credited 
with the amount of tripping taking place minus that at- 
tributed to the plants. ¡ai of the above data support 

the observation that no bees other than honeybees were 

seen visiting alfalfa flowers before the date after which 

flowers that were tripped would not have time to set 
mature seed. 

Honeybees can be credited with setting about 9 

pounds of seed per acre on the open field. This esti-. 
mate is based on the average amount of plump seed threshed 
from samples taken from the open plot (11.20 pounds per 
acre) minus the average amount threshed from samples 

taken from the bee-excluding plots (2.45 pounds per acre). 
Reasons for this lack of seed production include: 

(1) Sweetciover, prairie clover, mustard, and evening 

primrose were preferred to alfalfa as sources of pollen. 
(2) The period during which flowers that were tripped 
would have time to set mature seed was only about 23 days 
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In 1951 as compared with about 50 days in 1950. (3) The 

percentage of flowers tripped by nectar-collectng honey- 

bees is less than 1 per cent. (4) Honeybees preferred 

other plants to alfalfa as sources of nectar snd there- 

fore did not visit alfalfa in sufficient numbers to corn- 

pensate for the low percentage of tripping that they 

accomplish. (5) The tripping that did take place on 

the open field was later than on the bee-Including or 

bee-excluding plots and more of the seed set was caught 

by frost. (6) The pods that were formed on the open 

field had significantly fewer seeds than had pods that 

were formed under the cages where bees viere forced to 

gather pollen. 

On the basis of the results obtained in Utah it 

is estimated that in 1951 the population of one-half 

honeybee per square yard tripping at the rate of 0.70 

per cent for 23 days would set only 9 pounds of seed 

per acree S CI1 be seen this estimate closely aoDrod- 

mates the average yield obtained of 11 pounds ner acree 

Even if the season had been normal, other conditions 

being equal, the yield would still be very low. 

There is evidence that honeybees did gather pollen 

from alfalfa during the autumnal aspect, that is, when 

competing flowering growth was at a minimum in the area. 

This would Indicate that If competing pollen sources were 
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eliminated or greatly reduced within the radius of the 

flight range of the honeybee, honeybees might be utilized 

successfully as pollinators of alfalfa. In this region, 

except for small, isolated areas in the midst of unbroken 

prairie, it is most unlikely that honeybees could be 

forced to gather pollen from alfalfa. Until land is worth 

enough per acre to warrant cultural practices that will 

keep large areas as free from competing flowering plants 

as possible, honeybees will not be forced to gather pollen 

from alfalfa during that part of the season when flowers 

that are tripped would have time to set mature seed, 

All evidence points to the conclusion that, except 

perhaps under the special circumstances which include the 

absence of competing pollen and nectar sources and an 

exceptionally long pollinating Deriod, honeybees will not 

produce a crop of alfalfa seed of commercial importance in 

southern Alberta. 

POLLINAflON OF JFLFA BY NATIVE BEES 

INTRO1JCTION. In the semi-arid regions of western 

North America, bees of the genera Megachile Latr., Bombus 

Latr. and .jomia Latr. are considered the most important 

native bee pollinators of alfalfa (69, p,582), In Utah, 

Bohart (5, p.32) and Canson et al (13, p.68) consider 

melande Cicli, to he the most important in areas 



where it is prevalent. Species of Nom1 are not found in 
southern Alberta. Bombus spr. have been credited with 

pollinating alfalfa in southern Alberta. Sladen (63, 

p.30') found that: "Several sDecjes of bumblebees, fairly 
plentiful, worked more slowly and often failed to trip 
flowers." The comparison was made with certain species of 

leaf-cutter bees. Gray (28, p.237) and Salt (56, p.2) , v?no 

a1so made observations in southern Alberta, gave some credit 
to bumblebees as pollinators of alfalfa. They theorized 
that tripping was accomplished by "long-tongued" bees such 

as leaf-cutter bees and bumblebees. In 1950 Hobbs (34, 

D.&7) observed only one bumblebee tripping alfalfa, and 

:in 1951 this was again the case, It is realized that 
certain Species of bumblebees might be an important fac- 
tor in an isolated area such as that described in the 
exieriments on pollination of alfalfa by honeybees. As 

can be seen in Table 2, a potentially large population 
was present. However, in the areas where seed is gro 

commercially, they have been seen to visit and trip al- 
falfa flowers only a few times in the past six years. 
Bombus boreaais Kirby and occidentalis Greene are the 
only species that have been recorded as having tripped 
alfalfa during this period. In 1951, large numbers of 
workers and males of the common species BombuA huntil 
Greene, inctu Cress, and fervidus (Fabr.) 



6i 

were found to be gathering pollen from sweetclover which 

was growing beside alfalfa. 

During the period of this study, it was found that 

certain species of Eegachile were important pollinators 

of alfalfa. The remainder of this portion of the paper 

is devoted to a syrìecologlcal study of each of the leaf- 

cutter species that occur in southern Alberta. 

LIST OF BEES THAT OCCUR IN THE .II)D PRAIRIE REGION 

OF SOUTHERN ALBERTA. This list contains all of the known 

pollinators of alfalfa and many of the large, common 

species that could be considered potential pollinators 

of alfalfa that occur in this region. It also includes 

species of parasites and harmful inquilines of the pollin- 

ators and potential pollinators. 

MEGACHILI DAB 

Osmi (Chalosmj) texana Cress. 

Megachi (omegachil) brevis Say 

Megach (kjtomegachil) £1_eomis Ckl].. 

MegachiJ (Megachil) lnernds Prov. 

Megacbje (Megachi) montivaga Cress 

Megachi3e (Megachi]) relativa Cress. 

ìiegachie (De1omegchj1e) frigida frigida Sm. 

Megachi (Delomeg achil e) mel anoDhaea 

calqgaster Ckll. 



Mgacbil e 

mel a 

Megachile 

acblle 

Meg achlle 

eachì1e 

:eg acbile 

Meg ach il e 

Meg achil e 

Coello 

Coello x 

Coe1lo 

Coello 

Coelioxys 

API DAE 
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(DeLomegachiie) melanohaea 

oDhaea Sm. 

(Xeromegachile) manifesta Cress. 

(Xerornegachile) wheeleri Iltch. 

(Argyroile) Darallela facunda Cress. 

(Xanthosarus) dentitarsus Sladen 

(Xanthosarus) latimanus Say 

(Xanthosarus) perihirta Ckll. 

(SayaDis) nugnata ougnata Say 

moesta Cress. 

terae Ckll. 

i_ Ckll. 

ruf itarsis rufitar sis Sm, 

Robt, 

Anthophora (nthophora) occidentalis Cress. 

Bombus (Bombias) auricornis (Robt.) 

Bombus (Qmblas) nevadensis nevadensis Cress 

Bombus (Cullumanobombus) rufocinctus Cress. 

Bombus (Ciillumanobombus) rufocinctus 

var. iridls Ckll, and Port. 

Bombus (Subterraneobomb) anDositus Cress. 

Bomijus (bterraneobombu borealis Kirby 

Bombus (Feidoboniòus) californicus F. Sm. 

Bombus (Fervidobombus) fervidus (Fabr.) 
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bombus (Bombus) ace dentjs occidentalis 
Gr e en e 

Bombus (Bornbu) terricola Firby 
Bombus (ratobomb) edwardsii Cress. 
Bombus (pratobonibus) flavifrons Cress, 
Bombus (pratobombu) flavifrons var. 

dirnidiatus Ashm. 

Born bu s (flato born bu s) huntil Green e 

Bornbu (pratobombus) ternsrius Say 

p_s_1 thyrus (Ashtorìithyru) suckJeyi (Greene) 

Psithyrus (Laboriopsithyrus) inu1aris (F. Sm.) 

The species Qn and nthophora occidentalis 
are found nesting gregariously in large colonies in cut 
banks near alfalfa seed fields. Neither species has been 
seen to gather pollen or nectar from alfalfa. 

RELATIVE IMPORT1NCE OF DIFFERENT SPECIES OF MEGACHILE. 

A lack of' equipment and eerimental sites on which indi- 
vidual species could be studied prevented the execution of 
controlled experiments such as are described in the studies 
on pollination of alfalfa by honeybees. Certain criteria 
were therefore used to assess the relative importance of 
each species. These measures took into consideration the 
ecological area In v!hich seed is grown in southern Alberta, 
and certain phases of the bionomics of each of the species 
of gach that have been recorded from this region. 
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The criteria were: (1) Alberta distribution, (2) 

frequency, (3) abundance, (4) pollen preferences, (5) 

nesting habits, and (6) flight period. 

1. Alberta distribution. As alfalfa seed is 
grown in two different ecological areas in Alberta, 

namely, the rrdxed orairie and the asoen ttpark1andl eco- 

tone, data concerning a species in one area could be 

applied to the same species in the other region. In sorne 

cases, the nesting habits of a species of gj are 

not known and distribution records, by indicating the 

affinity of a species for an ecological area, may indicate 
there the nests will be found. 

A species is recorded as having been found in one 

or more of three ecological areas, (1) mixed prairie, 
(2) fescue grassland (submontane prairie) , and (3) aspen 

ttparfrjandtt ecotone. The mixed prairie region is clearly 
defined by Coupland (16, p.275), The borders of both 

fescue grassland and aspen parkiand are not e.s clearly 
defined. Coupland (16, p.274) , in his review of litera- 
ture, states that the fescue grassland lies along the 

west arid north, being associated to sorne extent vith the 

aspen oarkland. Bird (3, D.361) maps the aspen narkiand. 

Much of the alfalfa that is grown for seed lies to the 

north of the main area designated by Bird as parkiand but 

it is known that most of the alfalfa is grown, in this area, 
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on land which was hewn out of deciduous bush. At present 

a large proportion of the alfalfa seed produced in 

Alberta is grown north of latitude N 55° (Fig. 10). It 

is being grown in newly developed areas lying to the north 

of the area covered by the map in Figure lO. Budd (10, 

p.56) says that ulus tremuloides Michx. is the prin- 

cipal species of the bluff (covered by trees) in the park- 

land area, As the area designated as fescue grassland 

may be either prairie or parkland, distribution records 

from this region give no clue as to a species' preferred 

habitat, However, the distribution of a species on mixed 

prairie and/or aspen parkiand does indicate the preferred 

nesting habitat. 

2. guency. Gates (24, p.100) defines frequency 

as the uniformity with which individuals of a species are 

distributed throughout the community. Here, the community 

is considered to be the mixed prairie region of southern 

Alberta. If a species is not evenly distributed it may 

indicate that the preferred nesting habitats of the par- 

ticular species are limited. 

3. Abundance, Abundance is an appreciation of the 

relative number of individuals of each species entering 

into the constitution of the bee population of the region 

under study, according to Gates (24, r.99). en entorno- 

philous plants are grown, or grow as weeds, on irrigated 
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Fig. 10. Map of' Alberta showing extent of mixed prairie 



land in the mixed prairie region of southern Alberta, the 

species of bees that can utilize this additional source 

of food and are not limited by a lack of nesting sites or 

leaf-cutting sources will become more abundant In the par- 

ticular area, Abundance is categorized as (1) abundant, 

(2) common, and (3) rare, 
4, Ellen preferences, Although mal e Legchi e 

have been seen to trip alfalfa flowers occasionally, 
they do not excavate tunnels, make leaf-cuttings, or 

gather pollen to provision cells made with these leaf- 
cuttings. Tripping of alfalfa flowers by female leaf- 
cutter bees is a deliberate act, the crime purpose of 

their visits being to gather pollen for the provisioning 
of the cells. Hence, only records pertaining to females 
are considered, Those from Knowles (38) , Litchell (44, 

45, 46, 47, 48, 49) , Peck and Bolton (Si) , Sladen (63) 

and Stevens (66) that could be definitely linked with 

female specimens are also considered when the fidelity 
of a species to a particular flower or grout of flowers 
Is being considered. 

Careful study has shown that even when lists of 

flower records are linked only with females they can be 

misleading. If a species of plant is absent from the 
area the bee will be able to utilize another species. A 

preferred source early In the season may be abandoned for 
another source later on. 
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5. Iesting ab1ts. Scattered throughout the mixed 

prairie region of southern Alberta are the microhabitats 

of the river valleys and irrigated areas, These treed 

areas more closely resemble asen ttparklandtt ecotone than 

mixed prairie. Some of' the log-nesting species of 

Negachile that are abundant in the parkiand regions of 

western Canada are also found in the treed river vejjeys 
and irrigated areas, But, there is seldom sufficient 
moisture to initiate wet rot in fallen trees in the mixed 

prairie region and therefore the species that prefer 
this ty'te of nesting habitat are few in numbers of indi- 
viduals. Those species that tunnel into the soil are 

restricted by cultivation and irrigation but the huge 

areas of range land that, in many cases, surround the 

irrigated areas provide unlimited nesting sites. Species 

that rely on hollow-stemmed plants for nesting sites must 

also be uncommon because of the lack of perennial shrubs 

such as sumac or of weeds like mullein in the region. 
Certain hollow- or pithy-stemmed forbs such as Sonchus 

arvensis L. (perennial sow thistle) or Cirsium spp. might 

provide nesting sites for those species that utilize 
this type of habitat. Two old nests of Megachile sp. or 

spp, have been found in thistle stems, But, a three-day 
search by three individuals failed to reveal a single 
cell in jJJanthus (sunflower) , thistle, or any other likely 
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looking forb. The large livestock popultion probably 

helps to deplete the numbers of stem-inhabiting Ideachi1e 

by trampling nesting sites or eating Dotential nesting 

sites. For the above reasons a common species that is 

peculiar to mixed prairie and whose nesting habits are 

not known is thought to be a ground-nester. 

6. Flight eriod. Flight periods such as those 

compiled from collection dates by ìitchell (44, 45, 46, 47, 

48, 49) are misleading. They do not take into consideration 

yearly climatic fluctuations, the number of generations and 

the time lapse between generations, or the fact that ragged- 

winged stragglers may be found weeks after the main flight 

is over. Fabre (19, p.96) found that the flight periods of 

several species of solitary bees were only about a month 

in duration if the weather during this period remained con- 

ducive to flight activity. Species of Ilegachile must 

expend energy to tunnel, cut leaves, construct cells, and 

provision these cells with pollen. It is unlikely that 

they would survive longer than the honeybee worker whose 

life expectancy, according to Grout (29, p.119) , is not 

more than 35 or 4() days on ari average. It is therefore 

important that the beginning, peak, and end of flight 

activity be known for each of the species that pollinate 

alfalfa so that blooming can be timed with the flight of' 

the important species in the area In southern Alberta, 
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there is usually only one generation per season. In a 

few cases, a partial second generation has been noted 

but these have been too small and too 1te to be a fac- 

tor in alfalfa seed production. No species of 

emerges before alfalfa cornes into bloom in southern 

Alberta.. 

Methods and rocedures. Data on Alberta distri- 

bution, frequency, abundance, and pollen oreferences 

were obtained from survey records and field notes. then 

a specimen was captured place, date, and pollen preference 

were recorded on the labels that were pinned beneath the 

specimen. Microhabitat was considered when olace was 

being recorded, for example, W Bank Bow R. , near Prunus 

shrub, Scandia, Alta., rather than Scandia, Alta. When 

pollen preferences were recorded, flowering plants growing 

close to the host plant were also noted. 

then the specimen was identified, these data were 

recorded on the back of a map of Alberta (Fig. 10) and 

on additional sheets attached to the map. On each map, 

on which is superimposed a line separating that area 

designated by Coupland (i6, p.27) as mixed prairie, the 

Alberta distribution of a species was plotted. Differ- 

ently coloured dots were used to record distribution records 

from Sladen (63) , Mitchell (44, 4, 46, 47, 48, 49) , the 

University of Alberta collection, Edmonton, Alberta, and 
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Field Crop Insect Laboratory co11ecton, Lethbridge, 

J.lberta. Species of ITegachi re identified by the 

writer and his assistant r, C. E. Lilly. After sped- 
mens had been keyed out using Mitchell's keys (43, 44, 45, 

46, 47, 48, 49) , they were further compared v.nith speci- 

mens that had been determined by .I1tchell or Dr. O. Peck, 

Systematic Unit, Division of Entomology, Ottawa. Sub- 

generic, snecific, and subsoecific names are revised 
according to those contained in the check list of Meusebeck 

et al (So, pp.1l72-1182). 

The locations within the mixed orsirie of southern 

lberta at which a species had been taken were counted to 

obtain the freauency as recorded in Table ]6. The species 
having the greatest frequency count, that is, the species 
recorded from the largest number of localities, was arbi- 
trarily assigned a percentage frequency of 100. The per- 
centage freouencies of the remaining species were based 

on this arbitrarily selected standard (Table 16). 
Abundance was based on the number of specimens of 

each species that were captured arid recorded from mixed 

prairies A species was considered to be sbundant if 
over 100 specimens were recorded on the backs of the 
distribution maps. Those with 50 to 100 were classed as 

common. If fewer than So specimens were recorded from 

this area the species were considered to be rare. hen 
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a species was abundant and could be identified in the 

field it was noted but not captured. The rare species 

were captured v.'henever they were seen. Hence, the fig- 
ures representing the abundant species are low (Table 

16). 

After survey had indicated v.ihich species were 

important pollinators of alfalfa, life history studies 
were initiated on the imDortant species. A chokecherry 

shn.i.b (E.L!2nu virginiana L.) that grows on the bank of 

the Bow River ner Scandia, Alberta, Drovided an oppor- 

tunity to study the ground-nesting species, prihirta. 
Mr. Dale Cox, an alfalfa seed grower, had pointed out 

the shrub in 1947. It was not until 1951 that this shrub 

was able to put forth enough foliage to satisfy the deriands 

of the terihirta population for leaf cuttings (Fig. 13, 

l3a, 14-, 14a, 15). At first, attempts were made to find 
the nesting site by following to its burrow a bee that 
was burdened with a leaf-cutting. Although Derihirta 
is slowed considerably by the leaf-cutting, it is still 
too fast and too well canouf1aged to follow on foot. Hun- 

dreds of bees were pursued in this manner but only one 

nest was found. Finally, it was decided to choose a likely 
looking locale and then to sit there quietly in hopes that 
a bee had already selected a nearby clump of grass or a 
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Fig. 11. Megachile dentitarsus beginning to 
cut a Prunus viniana leaf, 
Scandia, July 26, 1951 

Fig. 12. Megachile peri hirta cutting an 
oblong piece of leaf from Prun 
virginiana, Scandia, July 6, 
l9'l 
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Ffl'. 13. Prunus virgni ana shrub on bank of 
Bow River, before flight period of nerihirta, Scandia, June 12, 191 

Fig. 13a. Chokecherry shrub after flight 
perod of ihirta, Aug. i6, 
19 1 



Fig. 14. hr8nch oi chokecherry shrub 
(Fig. 13) before flight 
period of terihirta, June 12, 
19 1 

Fig, 14a, Branch of chokecherry shrub 
(Fig, 14) after flight 
period of Derihirta 

Fig, 1. Close-up of portion of choke.- 
cherry shrub (Fig. 13) after 
flight perioi of erihirta 



76 

stone as the site of its tunnel entrance. This method, 

backed by patience and perseverance, led to the dis- 
covery of about 2D nesting sites in 1951. 

This same shrub provided an excellent means of 

plotting flight activity. In 1950, the number of bees 

leaving the shrub (Fig. 11, 12) with leaf-cuttings in a 

five-minute period were counted. In 1951, in an effort 
to smooth the curve, ten-minute counts were made. In 
both years, counts were made twice per day and an average 
was calculated. Counts were commenced soon after the date 
on vìnich the first leaf-cuttings were noted. They were 

continued, whenever possible, until activity at the shrub 
ceased. 

Counts of freshly tripped flowers per 100 racemes 
were made on an alfalfa field lying close to that hank 

of the river opposite the shrub, These were made during 
the interval between the first and second count at the 
shrub. The alfalfa flower may begin to wilt almost im- 

mediately after lt is tripped and, within two to four 
hours, have the standard petal wrapped tightly around 
the staminal column (68, p.571). Peck and Bolton (SD, 

p. 392) found that Mçgachile spp. did not fly until the 
temperature reached 670 F. and the iter has found that 
this is the case with the important pol].inating species 
in southern Jlberta. Because alfalfa flowers wilt two to 
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four hours after they are tripped and i!egachi do not fly 

until the temperature has reached 670 F., counts of 

freshly tripped flowers were not made until the tempera- 

ture had been at or above 670 F. for about three hours. 

By taking the above into consideration counts at different 

times of the day of freshly tripped flowers (flowers on 

which the standard petal had not folded so as to begin 

to hide the sexual column) will be more comparable. 

Data on the number of generations were largely 

gleaned from an examination of captured specimens. Some 

were obtained from emergence records from cells that had 

been excavated or removed rotten logs. If 

iiens taken after the main flight period of the species 

appeared to be cuite fresh, that is, if the margins of 

their vngs were not torn and the hair on their bodies 

was long and abundant, they were considered to be mein- 

bers of a second generation. The condition of the ab-. 

dominal fasciae and hair on the dorsum of the thorax were 

indicators of the amount of time and energy already spent 

1_n the adult state. Even with the earliest-emerging 

species, the number of individuals of the second genera- 

tion is small. For example, only one of the ] cells of 

frigjda that had been taken from a rotten log and 

placed in glass-topped tins emerged that season. ìore 

male, second-generation Derihirta are seen than female. 



Results. Alberta distribution, frequency, and 

abundance are condensed in Table i6. Data on nesting 

habits along with those taken frani the literature are 

found in Table 17. Those on pollen preferences of 

Megachile spp. frì southern Alberta are found in Table 18. 

In all cases the snecies of jgachi are listed in the 

approximate order of importance, this having been deduced 

from a consideration of all sx criteria. 
Data on flight periods of the two most important 

species, dentitarsus and nerihir are shown graphically 

in Figure 24, The curves depicting nerihirta activity are 

based on the number of bees leaving the shrub with leaf- 
cuttings during five- or 10-minute intervals. It has 

not been possible to plot the flight period of dentitarsus 
in a similar manner, A close watch for the emergence of 

dentitarsus males followed by observation of female acti- 
vity in alfalfa fields has given v/nat is considered to be 

a reasonable estimate of the beginning, peaks and end of 

their flight activity period for 1951. 

About July 2D, 1951, the first dentitar females 

were seen to trip alfalfa flowers. On August lO peak 

numbers were observed visiting alfalfa. Flight activity 
had almost ceased by September 5, If an activity curve 

were plotted from the above observations, as for nerihirta 
in Figure 24, this curve would be bi-modal, this being due 



Table i6. Mbrta distribution, frequency, arid abundance of stec±es of Legachile vkilch occur in southern Alberta 

- 
Frepueney in rxedrire Abundance in mjxed prIr1e 

No, of localities 
Species of Liberta from which species Percentage 1o. of specimens gachj1e distribution3-0 is recorded 're'1uency recorded Category 

dentitarsus i i6 100.0 193 Abundant 
Derihirta 1, 2 10 62 119 Abundant 
melanoDhaea 3, 2, 1 8 50.0 1? Rare 
frjida 3, 2, 1 6 37; 6 Cornnrnn 

brevis :i. 6 37; 7 Rare 
Latimanus 1, 2 2 12.5 6 Bare 
cleomis i 2 12.5 2 Rare 
relativa 3, 2, 1 5 32.3 17 Rare 
moritivaga 3, 2, 1 3 18.8 4 Rare 
jermis 3, 2, 1 3 i8.8 4 Rare 
manhfeta 1, 2 2 12. 2 Rare 

&fl_ 3, 2, 1 2 12.5 4 Rare 
vjheeleri :i, 2 9 56.3 122 Abundant 

ralLeLa 
:__ - 3 - 18.8 13 Rare 

lo Ecological areas ].isted in order of importance: (1) mixed prairie, (2) fescue grassland, (3 aspen parkiand 



Table 17. Nesting habits of species of Megachi nich occur in southern Alberta 

SpecIes Nesting habits -____________________ 
1egach S±tes - Iateri als ____ 

dentitarsus ground 

erìhirta ground (33) , (63) 

melanophaea ground (25), logs ? 

frigida rotten logs (4) 
brevis ground (33), (44), rolled leaves of plum 

(44), sumac stem (44), fnimd on corn (44) latirnanus ground (46) 

cuttings from Rosa, Prunus 
Salix 
cuttings from Prun, Salix, 
Rumex, Qflvo1\nJ.lu S 

cuttings from Salis, Poly- 
cQfly'fl E')IlObiUifl 
rose petals and leaves (33), 
yellow petals (44-) uercus (46) 

cleomis ground (33) rose leaves (33) 

lativ, sunflower stems ? (51) , tunnel in bank 
(33), logs ? (45), hole bored in log rose leaves (33) montivaga old mullein and sunflower stems (33) petals and pith (33) 

inermis decaying wood (64), hole bored in log (Si) Amelanchier, Salix 
manifesta ground ? 

ugnata logs? 
vvheeleri ground ? 

entire Sjirea vanhoutteji and Daraliela ground (20) ifolium reens leaves (2J) 

[.] 



Table i8, pollen preferences of fe1e Meachil. In southern Alberta 

. 

Number of records 

Species of Sweat Freine Other Fire-. Gwn- Sun-. Scv.-. Golden Thistle Other 1ustard 
Megschlle Alfalfa cloverclover legines reed weed flowertbistle aster (C1rs.um) comoosits (Slsynibriurn) 

dent1tirsus 63 3 7 o o i5 6 o 3 0 O O 

r1hrta 14 1 o o i o o o 3 4 1 6 

me1nohaea 6 2 0 0 0 0 0 0 0 0 0 0 

îriEi 14 0 0 0 16 o o o o o o o 

brevis 3 0 0 0 1 1 0 0 0 0 0 0 

1timanus O O O O O O O O O O O O 

cleoruls O O O O O O O O O O O C) 

re1at 2 0 0 0 3 0 0 0 0 1 0 0 

rnorìtivaga O O o o 2 0 0 0 o o o o 

inermis O O O O i O O O O O O O 

manifesta O O O O O O O O O O O O 

Dugnata o i o o o i o o o o i o 

wheelers o o o o o o o i O 5 o 

rplela o o o o o 3 4 1 0 0 0 0 



to a 13-day period of cold, rainy weather in late august 

and early September during which flight activity was at 
a standstill. The upswing after August 1 in the curves 

representing the numbers of freshly tripped flowers per 

loo racernes In Figure 24 is thought to be due to denti- 
tarsus activity. 

mere was a positive correlation of .0.640 In 1950 

and +0.547 in 1951 between the number of bees leaving the 

shrub and the amount of tripping taking place on the 

field (Fig. 24) 

Discussion. Before much was 11own about the bio- 

nomics of species of Megachie, taxonomists had split the 

genus into several subgenera on morphological affinities. 
In most cases, these affinities seem to have a bearing on 

nesting habits and pollen jreferences. Hence, species 
that belong to the same subgenus are discussed together. 

1. Subgenus Xanthosarus Robe This subgenus con- 

tains the most important group of species rrom the stand- 
point of alfalfa pollination in the mixed prairie region 
of southern Alberta. Their distribution is restricted to 

mixed prairie or fescue grassland, indicating that they are 

ground-nesting in habit. Sladen (63, p.3)1) found oerihi 
nesting gregariously in a nearly new and bare gravel rail- 
way embankment at Cochrane, Ontario. Hicks (33, pp.233 

237) has found it nesting in the ground and was present 



during the excavation of' a tunnel by a member of the 

species. Their nests have been found within a few feet of 

each other in southern Alberta (Fig. 21, 23) but ihirta 

is not considered gregarious in the sense that species 

of, for example, Nomi or aDost are gregarious. 

Although the prairie exhibits the same cover near the 

leaf-cutting source as it does as far as the eye can 

see (Fig. 18) , and although some members of the species 

excavate tunnels near this source, many build their nests 

over a quarter of a mile from the leaf-cutting source. 

Those specimens whose nests have been observed have 

selected both gravelly areas on which widely spaced clumps 

of grass and sage were growing (Fig. 21, 23) Or areas of 

light sandy loam that were thickly covered with clumps 

of Bouteloua and Stip (Fig. iBa, 19a) . In every case but 

two, the tunnel entrance was found at the base of a clump 

of grass or pasture sage (Artemisia frgida Wllld.) . In 

these two cases the tunnel entrance was between or under 

rocks (Fig. 22) . Photographs of nesting sites and exca- 

vates nests may be seen in Figures 17, 18, 18a, 19, 19e, 

J, 2Da, 21, 21a, 22, 22a, 23, 23a, and 23b. Sladen (63, 

p.3D1) suggested that prih1rta might be induced to nest 

in bare grave], piles. The few nests that had been found 

prior to 1951 indicated that they nreferred to begin the 

tunnel at the base of a plant. Hence, twelve piles of 



Fig. i6. Megachile entitarsus tripping alfalfa, Seven Persons, Alberta, 
Sent. 6, 

Fig. i6a. denttarsus tripping alfalfa, 
Seven Persons, Alberta, Sept. 6, 
195]. 



17, i.xcavated burrow of 
nerh1rta contan1ng two 
celas, Scandla, July 26, 

1951 
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Fig. 18. Macrohabltat of perihirta nesting site, Scandla, Oct. 1, 1951 

Fig. 18a, Microhabitat of Derihirta nesting 
site shown In Fig. 18 



Fig. 19. M perihi nestthg site beside one 
thé 16 grave], piles which had 

been set out as artificial nesting 
sites, Scandia, Oct. 1, l9l 

Fig. 19a. Close-.up of the perihirta nestrig 
site 1n Fig. 19 
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Fig. 20. Nesting site of erihirta, range 
land, W bank of Bow River, Scandia, 
July 26, 1951 

Fig, 20a. Excavated nesting site pictured 
In Fig. 20 showing one cell, 
July 26, 1951 



Fig, 21. Nesting sites of two perihirta 
nesr bank of Bow River, Seandia, 
July 23, 1951 

Fig, 21a. Excavated nest of site rear stake 
on the right in Fig. 21 



Fig. 22, Nesting site in gravel pile with entrce to burrow between the 
two large stones, on rangeland, 
W bank Bow M ver, Scandia, July 
26, 1951 

: 22a. Excavated site shown in Fig. 22, 
exhibiting two cells, each in a 
separate tunnel 

90 
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Fig. 23. Two nesting sites of neriha, 
Scandia, Aug. i6, l95 

Fig. 23a. Entrance to rih1rta burrow 
near stake on left of Fig. 23 

Fig. 23b Excavated nest of nerihirta, 
the entrance to which Is 
seen In Fig. 23a, 
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gravel about four feet two feet wide, and one foot 
high were placed on the prairie near the leaf-cutting 
source. Weed seed was sown on half of the piles to provide 
plants under which they could excavate tunnels. The site 
of the nest of the only bee to accept a gravel pile may 

be seen in Figure 22. On this pile were growing several 
plants of tumbling mustard (Sisyinbrium tissimuni L.). 
The basal leaves of this plant form a rosette and it was 

hoped that this would induce oerihirta to tunnel beneath 
it. À bare gravel pile may be seen near a nesting site 
in Figure 19. 

On the basis of freauency and abundance of the 
species of Xant. in the alfalfa seed growing regions 
of southern lberta, titarsu is the most important of 
the three species. The western species, ibirt, is 
rarely encountered in the eastern half of the area vinereas 
the eastern species, latlillanus, reaches the western limits 
of its distribution in southern .Alberta. perihirta 
is considered to be the most important pollinator of al- 
falfa in southern British Columbia by Sladen (63, p.331) 
arid Buckell (9, p.25) . Although the frequency of oerihirta 
is partially restricted, it is abundant in the western 
half of the mixed prairie area of southern Alberta, 
latimanus is rarely encountered in any sector of the 

areas 

However, like other members of the Xanthosarus group it Is 
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highly regarded as a pollinator of alfalfa In areas where 

it is abundant (51, p.399), (66, p.131). 

Then pollen preferences are considered the stecies 
denttarsus is shown to ethibjt a greater fidelity to al- 
falfa than erihirta (Table 18) . The main competitor for 
the services of dentitarsus is gumweed but it does not 
become a competitor until late in the season, Peck and 

:Bolton (51, p.399) list sow thistle as the only competitor 
with falfa for the services of latiman. Stevens (65, 

p.l31-133) lists many competitors but states that latimanu 
visits alfalfa freely and regularly trips the flowers. 
He reported that, from Dickinson westward in North Dakota, 

dentitarsus specimens were taken mostly from alfalfa. 
Until 1951 it was thought that rih1rta ethib±ted the same 

fidelity to alfalfa as dentitarsus but vfnen excess rainfall 
produced flowers in abundance from the woody perennial roots 
of the composite, Chrysotsis villosa (pursh.) Nutt,, j- 
iLt utilized t1'is plant as a source of Dallen in prefer 

ence to alfalfa. It also collected pollen from tumbling 
mustard that was growing close to alfalfa. Neither species 
is attracted to sweetclover when alfalfa is in bloom in 
the area1 

Since Hobbs (34, p.47-9) wrote concerning the 
bionomics of dentitarsu, lt has been found that he was 

dealing with a species complex made up of the early- 
emerging species erihirta and the late-emerging species 
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dentitarsus. The flight period attributed to dentitarsus 
is now known to be that of perihirta One important 
reason why ierihirta might be listed as being more impor- 

tant than dentitarsus as a pollinator of alfalfa is that 
its flight period occurs earlier (Fig, 24) thus allowing 
the flowers, which it trips and cross-pollinates, time 

to set mature seed. However, under conditions such as 

existed this year (Tables 11, 12) the yield of seed 

where dentitarsus was the sole pollinator species, which 

was based on 10 souare metre samples taken at random, 

was 138 pounds of plump seed per acre. In the results 
on ttTime available to honeybees for the production of 
mature seedt it was deduced that So days were probably 
needed for maturation of seed after fertilization of the 
flowers and that, therefore, the seed in pods from flowers 
tripped after August 5 would not have reached maturity in 
time to escape frost damage. This date is five days prior 
to the estImated peak of tars flight activity for 
1951. Hence most of the flowers that were cross-pollInated 
by this species did not have time to produce plump, mature 
seed, The photographs of deitarsus tripping alfalfa (Fig. 
16, l6a were taken in the area where it was the only species 
seen to trip alfalfa, 

There is only one generation of dentitarsus. 1I 

ihirta has a partial second generation but it appears 



too late to be of much use as a pollinator of alfalfa. 

This generation is usually characterized by tay males. 
2. Subgenus Delomegach Viereck. 

melanoph s. str. and its subspecies calogaster are 

considered as one in ttds discussion. Both rnelanophaea 

and frjgjda are common in the parkiand region. 

frigida is more abundant than melanophaea in southern 

Alberta (Table 16). Both are restricted to the treed 

areas on the mixed prairie. This would indicate that 

they nest in logs but Greenicher1' (2, pp.153_167) 

found the subspecies wootoni nesting in the soil as did 

Hicks (33, pp.217-252). The importance of me1anhaea 

is based on Sladents (63, p.301) appreciation of it 

rather than on what the writer has seen. Litche11 (45, 

p.193) has recorded female melanophaea from alfalfa in 

the mixed prairie regions of Alberta and 1ontana. Fe-. 

males of melanophaea were collected on alfalfa by i"r, 

H. L. Searnans12 in 1922-23. Only one female has been 

li Dr. T. B. Mitchell has informed the writer that the 
species identified by Graenicher as lanophaea is 
its subspecies otoni. 

12 
From notes made regarding specimens collected by 
Mr, Seamaris when he was Officer-in-Charge, Field 
Crop Insect Laboratory, Lethbriige. 
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recorded from alfalfa during the past six years, this 
i.n a treed river vslley. It was found commonly on sweet- 

clover in the wooded Cyoress Hills region of southeastern 
iberta in an area where there was no alfalfa. Flower 

records that could be linked with females from Liitcheli 
(45, p.193), peck and Bolton (51, p.399), Sladen (63, 

p.301) and Stevens (66, p.133) indicate that alfalfa is 
a preferred ìollen source. The data in Table i8 support 
this assumption, The two specimens listed from sweet- 

clover were collected in the Cypress Hills where no al- 
falfa was growing. Its flight period seems to be the 
sarve as that of erihirta and it would therefore be a 

valuable species if it were more cornnion In the alfalfa 
seed growing areas of southern Alberta. The literature 
and records pertainIng to this species indicate that 
It is less common now than it was prior to 1924, 

frigida s. str, is the most important pollin- 
ator of alfalfa in the aspen ?Iparkland!I ecotone according 
to Knowles (38, p.40) and Peck and Bolton (51, p.414). 
It Is log-nesting In habit and has been found nesting 
gregariously In rotten logs in the irrigated districts 
of the mixed prairie, On June 29, 1948, the writer's 
wife found a rotten log in which at least three Fida 
females were nesting gregariously. Tnen the log was 

spjJt open 51 cells were removed. Peck and Bolton 



(51, p.403) attempted to increase its numbers in the 

elfalfa seed growing regions of northern Saskatchewan by 

boring holes in logs but when emergence took place from 

the holes that had been utilized by leaf-cutter bees, it 
was found that no ri1da were present. Jlthough this 
sDecies is found in all of the older, treed areas on 

mixed prairie its numbers are not abundant. This is pro- 

bably due to a lack of the rotten logs that serve as 

nesting sites. 
fri has never been seen to gather pollen 

from alfalfa in the seed growing areas of southern 

Jaberta. In these areas it is almost always found on 

fireweed, The 12 specimens in Table 4 were taken on 

alfalfa in an area where no fireweed was oresent. 
If fireweed were eliminated and nesting sites 

were made available it might become a valuable species 

in the mixed prairie region. Its flight period, like 
that of begins soon after alfalfa comes into 
bloom. There is an insignificant, nartial second genera_ 

tion in favourable years, 

3. Subgenus 1tomegachi1e itchel1, Both species 

of tinis subgenus, brevis and cleomis, are neculiar to 

mixed prairie (Table 16) in alberta. Neither were 

recorded 'oy Knowles (37, p, 4e) or Peck and Bolton (51, 

p.399) from northern Saskatchewan. In Mitchell's review 
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of literature (44, pp.10_il) , brevis has been recorded as 

having built nests In burrows in the ground, In rolled 
leaves of' a plum tree, In a sumac stem and railroad tie, 
and t0 Corn". He states: "That some of these records 
may be erroneous with respect to the identification of the 
specimens seems ouite possible, since the species of 

Litomegachi.Le are so closely related, so variable, and 

consequently often difficult to positively Identify". 
The specimen that was found to nest in the ground and 

the one that made its nest on corn were positively identi- 
fled by Lritchell (44, pp.15-i6) as eis. Hicks (33, 

pp.228-229) observed a female of c1eoj nesting in the 
ground, The determinatIon of this specimen was confirmed 
by Mitchell (43, p.11) . If vis can utilize the various 
types of nesting habitats attributed to it, its Alberta 
distribution is not limited by a lack of nesting sites. 
It is likely that brevi s and cleomis have reached the 
northern limits of their distribution at this particular 
latitude, longitude, and altitude, 

Female specimens of brevis that could be defi- 
nitely linked with flower records from Mitchell (44, pp.15- 
18) indicate that brevis has a wide range of pollen pre- 
ferences, Records from this laboratory (Table 18) and 

from the observations made by Sladen (63, p.331) indicate 
that lt may prefer alfalfa. Little is known about the 



pollen preferences of cleomts. 

loo 

Stevens (66, p.134) records 

lt from sweetclover and prairie clover but does not say 

whether the specimens were niales or females. Two records 

from uiIitchell (44, p.37) can be definitely linked with 

females. These are on hollyhock (Althaea) and milkweed 

(.letia). 
brevi is nrohably the first s'iecies of ì.Iegacb!le 

to emerge, emerging about the time alfalfa comes into 

bloom. The beginning of the flight period of ceo is 
not Imown. 

4 Subgenus egachiie Latr. Here again the 

species of a subgenus that was erected on morthological 

grounds have important habits and characteristics in 
common. All three species that occur in southern Alberta, 

1ativa, montivaga, and inermis, are found in both the 

mixed prairie and aspen "parklandt' ecotone, relativa and 

inermis having a greater frequency in the parkiand region. 

'.LL montivaga is not common in either ecological area. In 
the mixed prairie region, all are restricted to the treed 
areas of the river valleys and irrigated areas thus Indi- 
eating that they are log-nesters. 1l are rarely found in 
the restricted areas where they occur, 

It is likely that fireweed will be the chief compe_ 

titor of alfalfa for the services of these species (Table 

18). Peck and Bolton (5Ï, p.399) collected 20 female 
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relativa on i1obium as compared with eight on alfalfa. 
montivag is recorded only from fireweed (Table 18) , 

and inernd has been recorded from fireweed by Knowles 

(38, p.40) . Peck and Bolton (51, p.399) took twice as 

many inermis on fireweed as on alfalfa. Composites, in- 

cluding perennial sow thistle, one of the noxious weeds 

that are abundant throughout the entire irrigated area, 

are also preferred pollen sources of inermis and relativa 
(51, p.399). At present none of the species of the sub- 

genus Me achie can be rated as a valuable pollinator of 

alfalfa in southern Alberta, i relativa is the most 

frequent and abundant of the three (Table 16) and has been 

taken on alfalfa in this area (Table 18) . Further Imow- 

ledge of its bionomics might lead to its increase and 

utilization for oollination of alfalfa. 
5. Subgenus Argyropile Mitchell. The Alberta 

distribution of aral1e1a is limited to mixed prairie. 
Its frequency is low and it is rarely found (Table 16) 

It too has probably reached the northern limits of its 
distribution. lle1a has been found by Fischer 

pp.49-SO) to be ground-nesting in habit. 
Its flight period coincides with the blooming of 

the composites, Heliarithus and Qindel1a. It has not 
been taken on any plant other than a composite (Table 18) 

in southern Alberta but Îviitchell (48, p.52) records it 
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from sweetciover as well as from composites. Its flight 
period, which begins during the last week in July and 

ends early in September, is too late even if lt could be 

induced to gather pollen from alfalfa. 
6. Subgenus apis Titus. The species of 

gnata s. str. is the only member of this subgenus that 
occurs in southern Alberta. It is distributed through- 
out both the parkiand and mixed prairie regions being 
more frequent and abundant in the parkland areas. In 
the mixed prairie area it is restricted to the treed 
river valleys and irrigated areas and is rare in these 
areas (Table 16). 

From its distribution it may be suspected of being 
a log-nester. No reference to its nesting habits was 

found in the literature although Mitchell (49, p.175) , 

when discussing Sayapis, indicated that he knew some- 

thing of its habits when he stated: ttThe mandibles 
in Chelostomoldes females are entirely lacking such 
cutting edges Ls are found in Syajjs7 a feature which 
seems to be correlated with differences in their nest- 
building habits." 

Although this species flies at a time when it 
would be of use as a pollinator of alfalfa, it too is 
a lover of comtjosite flowers. The only legume in south- 
em Alberta from \thich it has gathered pollen is 
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sweetciover (Table 18). Peck and Bolton (51, p.399) 

recorded equal numbers from perennial sow thistle and 

dandelion (Taxaxaci officinale Weber). 

7. Subgenus Xeromegachi Mitchell. . manifesta 

Cress.,which was listed by Sladen (63, p.301) as a 

pollinator of alfalfa in southern Alberta, has never been 

taken by the writer, Mitchell (47, p.354) records 

manifesta from Calgary. These are the only records of 

the species from Alberta. There is so little information 

concerning this species that no assumptions will be made 

here as to its notentlal value as a oollinator of alfalfa. 

It is possible that Sladen's identifications were erro- 

neous. MItchell (47, p.354) records this specIes from 

Sladen (63, p.301) indIcated that manifesta, as 

well as dentitarsus or nerih, ttvldu" (frigida) , and 

brevis, were Important pollinators of ].falfa in southern 

Alberta and British Columbia. This species is not re- 

presented in Buckellts (9, pp.25-28) list of Lritish 

Columbia species or in the Field Crop Insect Laboratory 

Collection at Lethbridge, Alberta. It seems likely that 

what Sladen called manifesta is wheeleri. If this is so, 

it is the only record of wheeJerj on alfalfa. 

wheeleri Mitchell is probably the most abundant 

species of leaf-cutter bee in the mixed prairie region. 
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Its abundance as given in Table i6 is underrated. On 

many occasions it has been observed on Grindelia tut was 

not collected. It may be restricted to sandy areas but 

erever it is found large numbers may be seen. It is 
confined to the mixed prairie and its flight period co- 

incides with the blooming of Grindelia. Its nests have 

never been found and identified but it is thought that 
lt too is a ground-nester. 

.lthough the areas in which it has been found have 

been searched for leaf-cutting sources, none has been 

found. It is likely that it uses tho1e leaves as does 

p1e1a (2, pp.49-50) , or petals. 
i'ìlitchell (47, p.323) in his summary on the habits 

of snecies of this subgenus stated:- 
"The majority of species appear to be 
adanted to sandy and often more or less 
arid regions, and many of them are quite 
highly specialized, anparent both in 
their structural characteristics and in 
the narrow range of flowers upon which 
they depend. This food limitation has 
resulted in a shortening of the flight 
period and apparently also in a geo- 
graphical localization of many of the 
Species." 

Large series have been taken on Grindelia and 

smaller numbers on gidago by the writer (Table 18). 
Even if it could be induced to gather pollen from alfalfa 
its flight period is so late that its services would be 

of little use 



'o 5 

LEAF CUTTING SOURCES. The chokecherry shrub 

(prunus virginiana L.) , pictured in Figures 13, 13a, 

14, 14a, and 15, serves to illustrate a limiting factor 
in the build-up of a pollinator population on the mixed 

prairie. Few favoured shrubs such as this can be founds 

Prairie_inhabiting species of Megachil must find wild 
rose (Rosa spp.) with sufficiently large leaves to allow 
leaf-cuttings to be made without having to cut through 
the mid-vein, or some other broad-leaved, tender-leaved 
pl2nt such as saskatoon berry (.Mieanchier alnifolia Nutt,) 
or the species of willow, Salix Nutt. 

In sorne cases windbreaks sheltering farm baildings 
on irrigated farms serve as leaf-cutting sources. Of the 
trees or shrubs used for this purpose ash (mostly Fradnus 
Dennsylvaruica Marsh. var. lariceolata (Borkh.) Sarg.) is 
preferred, If little else is available, tox elder 
negundo L. var. flterius (Britt,) Sarg.) or species of 
cordate-leaved poplars such as Poou1u sargentil Dode may 

be utilized to a small extent. 5helterbelt species such 
as bay-leaved willow (SaJx pentandra L.) and common 

caragana (Caragana arborescens Lam.) are seldom used as 
leaf-cutting sources, 

Although certain species are preferred, this having 
been deduced wherever two or more species grow side by 

side, the different species of leaf-cutter bees will utilize 



i o 6 

whatever is available. Table 17 gives some indication of 

the many Species that are used by the same species o± bee. 

These general observations indicate that leaf-cutter bees 

villi utilize any tender leaf of sufficient area to allow 

cuttings to be made on either side of the mid-rib. Hence, 

species possessing these qualities should be planted near 

the nesttng habitat. Of the species that fit the above 

requirements, the one that will withstand drought con- 

d!tions, is not eaten by ruminants, and is not attacked 

by defoliating species of insects such as tent cater- 

pillars (acosoma spp.) or leaf-cutting beetles 

(ChryorneJ spp.) would be the best, So far as is known 

there is no plant that measures up to the above conditions. 

Chokecherry is not touched by sheep or cattle but it 

is often ravaged by tent caterpillars. Each spring several 

tent caterpillar egg masses must be removed from the shrub 

shown in Figures 13 and 13a. Because chokecherry is not 

eaten by ruminanìts in this region, it would be worthwhile 

as a leaf-cutting source even if control measures for tent 

caterpillars had to be taken. Wild rose that is located 

in a habitat where it can obtain sufficient moisture will 

put forth leaves big enough to allow leaf-cutter bees to 

secure leRf-cuttings. It is not known to be attacked by 

tent caterpillars or leaf-eating beetles, 
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PD PR]DATORS. peck and l3olton (51, 

references in the literature to species 

predators of holrctic Five 

added to this list as a result of their 
Saskatchewan, 

The associations between Meçhile host 
and parasite or harmful incui11ne in southern Alberta are 
listed in Table 19. Two new genera of parasites 
Nemognatha Ill, (Meloldae) and Dasymutilia Ashm, 

(iIuti11idae) can now be added to the already long list 
published by peck and Bolton (Si, p.1-11). 

A total of 24 cells was found in the eight corn- 

pleted nests of pihirta that were excavated. From 

these cells there emerged li nerihirta, four Coe1io 

s. str. , three Dernutilln fulvohirta (Cress.) , 

and one unidentified mutillid female (Table 19) . Five 
cells produced nothing, One of these five had a iiall, 
round hole in the side of the cocoon and when it was 

opened there was no sign of the occupant, In another cell 
a dead triungulin larva was found on the surface of the 
pollen mass. One cell was not completed and the bee larvae 
in the remaining two died in the larval stage probably 
as a result of injury or desiccation. 

fltrQ. 2. parasites and predators. If topul8tions 
of the valuable leef-cutter species are to be built up and. 



Table 19. Associations of parasites with their MegachiLe hosts in southern paberta 

No. of 
- Parasites ____-___________ Hosts records 

Nemognatha lutea Lec. Megachile sp. i 

Dasyrnutilla voh1rta (Cress.) ihirta Cicli. 3 

mutlilid sp. perifttrta Ckli. i 

Coelloxys rufitarsis ruuitarsis Sm. Derihirta Cicli, 5 

Coelio moesta Cress frigida frigida &n. 2 

ioys moesta Cress. Megachile sp. in sow thistle stem i 

Coelloxys rterae Ckl]. frigide frigida n. 2 
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maintained at a higher level, ways and means of control- 
ling their enemies must be devised 

The important group of harmful inguilines belonging 
to the genus Coe].ioy could be greatly reduced by growing 

small patches of mustard (Sisymbriurn) close to the habitat 
of ground-nesting Megachile. It has been found that 
Coelioxys spp, along with male Megachile are sttracted to 
its flowers. Because male Megachile are also attracted, 
the Cojioxys would have to be netted separately and then 
destroyed. Poisoning might result in the death of male 
Megachile which, in turn, would cause the succeeding 
generation to be predominantly male (57, pp.33-39). Hicks 
(33, p.226) stated that female eliors found Megachile 
burrows by diligent search rather than by particular 
'nowers of smell or perception. This was also observed 
to be the case by the vriter. Therefore it is likely that 
a population that can nest over a large area will be less 
heavily parasitized than one that is confined. Fabre 
(19, p.104) found that when artificial domiciles were 

supplied and the bees were concentrated in a small area, 
the rate of parasitism increased tremendously. 

The wingless female of Ds'mutifla fulvohira 
probably seeks out the cells of Megachl in the srne 
manner as CoeLioxys except that it must travel on the 
ground. In the cases of' parasitism of L1egachie by 
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fulvohirta, the leaf-cutter larva had spun its cocoon. 

The mutillid probably pierced this cocoon wtth its ovi- 
nositor and laid an egg. The l.rva that emerged then 

fed on the prepupa of the ITegacile. At present the only 
hope of keeping it in check would be to give the leaf- 
cutters plenty of space nich to establish nesting 
sites and thereby make the search more difficult. 

Adult Neinognatha lute are to be found on many 

flower heads of' Cirsium spp. Lchile, especially males, 
aIso visit these flowers, Only one specimen of jutea 
has been recorded from a Megachi sp. cell (Table 19) 

Nemognatha lutes is known to be a parasite of anthidium 
sp. and it may be that the triungulins cannot secure a 

grip on the hairs of achile or are not attracted by 

Iegach as are triungulins of the genus Hprnia Riley to 

Anthophora sodalis Cress. (35, pp.61-66). It is not likely 
that this species is a serious pest of Megachi1e. 

SUMMARY ND CONCLUSIONS. Although it has been 

Imown for many years that leaf-cutter bees trip alfalfa 
flowers it has been difficult to realize that they were 

res'nonsjble for most of the seed setting that took place. 
The difficulties involved n setting up experiments to 

assess their value, the controversy as to thether alfalfa 
had to be tripped and cross-pollinated, and the inability 
of researchers to recognize species led earlier investigators 
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to look for other factors. It has been difficult to give 
credit to a species of itegachile that is so fast and flighty 
that it is seldom seen by the casual observer and is present 
in relatively small numbers. 

n accurate estimate of the value of a species as 
a pollinator of alfalfa may be obtained by making a syn- 
ecological study of Dotential pollinating species. The 

degree of accuracy of this tyoe of study is denendent 
upon the amount of knowledge that is assembled concerning 
the bionomics of each species. 

The reasons can be seen why certain aDecies are more 
important than others and vhy many are of little or no 

importance. If an attnpt to increase their numbers and 
their efficiency is to be made, it must first be established 
which species are important and in at areas each of these 
Species is important. Then, a study of those phases of 
their bionomics that might be of help in devising ways and 
means of increasing their numbers and/or their efficiency 
should be made. 

Only flower records (pollen preferences) of female 
egachje should he considered vthen habits relative to the 

value of the bee as a pollinator of alfalfa are to be 

determined. Records concerning the pollen preferences of 
the females of a species are much more valuable if other 
plants in flower at the time, which are in the vicinity of 
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the species from which the bee is gathering Dollen, are 
also recorded. 

Distribution is largely dependent upon a species' 
nesting habits. Generally, the wider a species ranges 
in Alberta the less important it is as a pollinator of 

alfalfa in the mixed prairie region. This does not apply 
to the late-emerging s'-ecies whose flight periods co- 

incide with the blooming of late-flowering composites. 

The importance of each of the 14 species of 

gachie that occur in the alfalfa seed growing region 
of southern Alberta we.s determined by considering the 
following habits end characteristics: Alberta distri- 
bution, frequency, abundance, nesting habits (sites and 

materials), flight period, and pollen preferences. Of 

the above, the most important of the habits and character- 
istics studied is flight period because man has no control 
over it. Little control over abundance can he exerted in 
the case of species that have reached the outer limits of 
their distribution in southern Alberta. In all other 
cases it is theoretically possible to change environment 

in such a way that a s-ecies will be more useful than 
before. The frequency and abundance of a species could 
be increased by providing nesting sites, materials for 
nest construction, and food sources. Efficiency would 

be increased by planting alfalfa fields and leaf-cutting 
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sources close to nesting sites. Certain species might 

be forced to gather Dollen from alfalfa if their pre- 
ferred sources viere reduced or destroyed, This last task 
is much too big to contemplate at tresent, Until farm 

lend is worth many ti.mes more than it is at present, there 
is little hope that it will be considered sufficiently 
valuable to be keot free of weeds. Hence, only species 
that nrefer alfalfa to sweetclover, sow thistle or Canada 

thistle are considered to be valuable. Fireweed is con- 

centrated on irrigation dItch banks and could be elimin- 
ated with little effort. 

Those species whose distribution to 

mixed prairies which are ground-nesting in habit, which 

prefer alfalfa nollen, and whose emergence coincides with 
the coming of alfalfa into bloom, are the most important 
pollinators of alfalfa in southern Alberta. Tinder con- 

ditions such as exist at present, the ground-nesting 
species of Megachile, dentrsus and yerihi, are the 
most important pollinators of alfalfa in southern Alberta, 

dentitarsus, although Its flight period is later than 
that of nr1hirta, is considered to be the most important 
of the two species because erihirta does not ethibit the 
fidelity to alfalfa displayed by ntitarsus. 
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PRACTICAL APPLICATION OF THIS RESEARCH. Farmers 

who groe alfalfa for seed in the mixed orairie region of 

southern Alberta are not aware of the pollinator factor 

as it e,dsts in this areas The problem has received con- 

siderable publicity in farm magazines during the past few 

years but the information that was disseminated came from 

research that was carried out in the parkiand region of 

vestern Canada or in the United States. The latter infor- 
mation was concerned chiefly with pollination of alfalfa 
by honeybees. 

As a result of this lack of' knowledge of conthtions 
as they exist in the mixed prairie area, those who try to 

grow alfalfa seed do not take advantage of these condit1ons 

Some try to obtain seed from fields situated in intensively 
cultivated areas where there is not sufficient unbroken 

prairie to support a pollinator population. Others, vtho 

live on farms that are bordered by unbroken prairie, make 

no attemtt to place the seed fields close to the nesting 
sites and thereby increase the efficiency of the bees. 
They could also increase their efficiency by planting leaf- 
cutting sources between the alfalfa fields and nesting areas 

A realization of the full significance of the pollin- 
ator factor would also induce farmers to cut alfalfa hay 

fields before they begin to bloom and in so doing concen- 

trate the bees on that part of the field to be left for seed. 
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An understanding of the reasons vfriy only those 

farmers with alfalfa fields that lie close to large 
areas of unbroken prairie cari exoect to grow alfalfa seed 

crops of commercial importance will enable prospective 
seed growers to ascertain whether they can grow seed and 

then to choose the proper sites for their alfalfa seed 

fields. As close to 500,000 additional acres of mixed 

prairie are to be irrigated by water from the St. iary's 
dam as soon as canals are completed and fields levelled, 
this information will enable prospective seed growers to 

determine whether alfalfa seed can be grown on theïr 
farms and to choose the proper sites for their seed 

fields. 
The Inowledge concerning the flight neriods and 

oeak of flight period of the species that trip and cross- 
pollinate alfalfa in the mixed prairie region, coupled 
with a 1ow1edge of when it is no longer rthwhi1e keeping 
bloom on the field, will enable the seed grower to time 
the blooming with the flight of the important pollinator 
species and will indicate to hini the length of time that 
bloom should be kent on the field. 

The exact acreage that should be planted in each 

area cannot be foreseen at present. It would most likely 
vary from field to field denending upon the ability of the 
particular area to support a pollinator population. It is 
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known that the species of leaf-cutter bees that pollinate 
alfalfa forage close to their nesting sites and therefore 
long narrow fields bordering unbroken prairie would be 

best. 

All evidence points to the conclusion that honey- 

bees cannot take the place of native bee pollinators under 

conditions such as edst in southern Alberta. However, 

there is no evidence that their nectar-gathering activities 
in alfalfa fields result in a reduction in the number of 

visits by poli en-gathering iIegachi e Therefore their 
presence is not undesIrable. 

Another service rendered by this research has been 

the advice given to plant breeders who were looking for 
areas ithere polycross nurseries would yield well. 

Therefore, in southern AJberte, alfalfa seed 

growers should consider the following recommendations: 

(i) Destroy the harmful inquilines, Coelioxy stp., by 

capturing and killing them when they visit plants In 
flower that are growing in the vicinity of the nesting 
sites of the leaf-cutter bees. (It is realized that 
this recommendation will renuire a recognition of species, 
which is lacking among laymen. Because the individuai 
leaf-cutter bee Is so valuable, it would be well worth- 

while to teach seed growers to recognize the enemies of 
the bees that help to provide them with a crop of alfalfa 
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seed.) (2) Provide leaf-cutting sources, if none is 
available or if they are scarce, in the area between 

seed field and nesting habitat. (3) Keen weed growth to 

a minimum in and around the seed-growing area, especially 
fireweed, sweetciover, perennial sow thistle, and Crnada 

thistle. (4) Cut alfalfa that is to be used for hay 

before it blooms to any extent. (5) Keep bloom on seed 

fields from about June 2D to August 5. (6) Plant long, 
narrow fields adjacent to unbroken prairie, 
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