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ABSTRACT
The foraging behavior of native solitary and primitively
social bees was analyzed by identifying scopal pollen loads.

In all

species individual bees specislized on one pollen type during single
foraging bouts.

Generalized foraging behavior at the species level

may result from switching pollens on sequential foraging bouts in
individuals or from the individuals of a colony simultaneously gathering different pollens.

Foraging behavior at the species level had a

bimodal distribution, indicating a functional division between specialists and generalists.

Though approximately 40% of the generalist

species switched pollen preferences between years, no specialist
species switched preferences between years.

Generalist species have

longer seasonal activity periods than specialists.

All specialists

were found in families (Andrenidae, Colletidae, Megachilidae) or
subfamilies (Dufoureinae) in which most species are known to be
strictly solitary.

Only generalists were found in the subfamily

Halictinae which has both social and solitary species.
Seasonal variability in flower abundance and phenology was
related to foraging preferences of bees.

Solitary and primitively

social bees, that are univoltine and cannot easily track between-year
variation in resources, preferred species with simple flowers and low
variablity in flower abundance.

Bumblebees, with greater behavioral

flexibility than solitary bees, used the more abundant and variable
flowers when they are available.

Foraging behaviors observed in
ix

x

solitary and primitively social bees may result from selection to
minimize uncertainty where floral resources are variable and unpredictable between years.
The persistance of different foraging behaviors and social
behaviors in a bee community may be maintained by the complementary
costs and benefits of each behavior.
bility in

re~ponding

Generalists have greater flexi-

to temporal variation, but this flexibility is

obtained at the expense of less efficient use of individual floral
resources.

Specialists do not switch resources and may therefore have

greater foraging efficiency, but they ·will be at a disadvantage when
there is high year-to-year variability.

Social species can retain

both flexibility and efficiency if individual colony members
specialize on different resources.

However, social bees require a

longer period to produce reproductives than do solitary bees, and may
have lowered fecundity if the blooming season is unusually short.

CHAPTER 1
FORAGING BEHAVIOR AND SOCIALITY IN A
NATIVE ROCKY MOUNTAIN BEE COMMUNITY
Introduction
The study of plant-pollinator associations has focused on

-

large, easily studied pollinators such as bumblebees and hummingbirds.
The number of species in these assemblages is relatively small, and
the differences between species in traits such as bill length, tongue
length, and body size are relatively large and easy to measure

(Brown

et ala 1978, Feinsinger 1976, Feinsinger and Colwell 1978, Inouye
1978).

Native solitary and primitively social bees have received less

attention for several reasons; they are usually smaller, more difficult to observe and difficult to identify to species.

Solitary bees

form diverse communities of many genera and many congeneric species
(Linsley 1958, Hanks and Rust 1984a).

Their diversity of species,

variety of foraging behaviors, and range of social behaviors make
native bee communities complex, but also promising systems to examine
the relationship between foraging behavior and sociality in the organization of a diverse community of pollinators.
Foraging behavior of native solitary and primitively social
bees has been characterized at the species level as oligolectic if
"the individual members of the population, throughout its range and
in the presence of other pollen sources, consistently and regularly
collect pollen from but a single plant species or a group of similar
1
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or related plant species" (Linsley and MacSwain 1957) and as polylectic if the species uses pollen from several unrelated plant species
(Linsley 1958).

Native bees actually display a broad range of beha-

vior from narrow oligoleges, utilizing the pollen from only one plant
species, to broad polyleges that gather pollen from plants in many
different families, with many intermediate examples (Eickwort and
Ginsburg 1980, Thorp 1979).
In many cases the patterns of pollen preference are established at the genus level with entire bee genera specialized on a
single plant family or genus (Linsley et ale 1963, Thorp 1979).

Even

po1ylectic bees have shown evidence of inherited preferences (Ginsberg
1983).

These patterns of invariant and inherited preferences are

evidence that foraging behavior is strongly influenced by innate
behavior.

Maintenance of host preferences in these bees has been

hypothesized to be genetically determined (Thorp 1969, 1979, Cruden
1972); passed on by preconditioning larvae to the taste and smell of
suitable pollens in the larval cell (Linsley 1958); or a combination
of genetic determination and preconditioning (Thorp 1969).
Native bees also show a wide range of social behaviors.
Three of the four bee families common in the mountains of central
Colorado (Colletidae, Andrenidae, and Megachilidae) are made up of
mostly solitary species.

In these families, females build nests in

the ground, pithy stems, or preformed cavities.

They build one cell

at a time, provision each with pollen and nectar, oviposit on the
pollen rmass, then seal the cell.

The female dies and offspring

overwinter as larvae, pupae, or adults.

They emerge in the spring in

3

lower elevations and from early to mid summer at higher elevations
(Stephen et al. 1969).
In the fourth family, the Ha1ictidae, the behavior of bees
ranges from strictly solitary to parasocia1 colonies and primitively
eusocia1 colonies (Michener 1974).
(Dufourea) are mainly solitary.

The subfamily Dufoureinae

The subfamily Ha1ictinae (Ha1ictus,

Evylaeus, Dialictus, Lasiog1ossum) shows a range of socia] behavior
with both solitary and primitively eusocia1 species found in the same
genera.

In parasocia1 colonies females, often sisters, cooperatively

provision larval cells.

Division of labor in some parasocia1 colonies

is indicated by the presence of non-reproductive females that have
slender ovaries, while other females have well developed ovaries and
are egglayers, but there are no overlapping generations.

In primi-

tively eusocia1 colonies there is a division of labor and overlapping
generations, so that a queen's daughters help raise their sisters.
However, unlike highly social bees, all workers are capable of reproducing and can survive as solitary individuals or found a colony of
their own.

Social colonies in the Ha1ictinae tend to be small,

ranging from 2 to 20 bees (Michener 1974).

As in solitary bees, the

larval food is primarily pollen mixed with some nectar.
Most studies of bee pollinator communities have focused on
resource partitioning and competition for resources, especially among
bumblebees (Inouye 1978, Pleasants 1983, 1980), but also among solitary bees (Hanks and Rust 1984a, b) and some mixed communities of
Cnative bees and honey bees (Ginsberg 1983, Schaffer et a1. 1979).
These studies have shown that local factors such as flower abundance

4
and diversity as well as the presence of potential competitors can
effect foraging patterns in bees.

However, the influence of local

factors is often not distinguished from innate characteristics of
foraging behavior that do not vary from site to site or year to year
for a given bee species.

Solitary and primitively social bees in

particular appear to have differences in foraging patterns and flower
preferences that are common to entire genera and are unlikely to be
effected by local factors (Cruden 1972, Eickwort and Ginsberg 1980,
Ginsberg 1983, Linsley 1958, Linsley et a1. 1963, Thorp 1969, 1979).
In communities of these bees it is appropriate to ask what are the
costs and benefits of different innate foraging behaviors in ecological and evolutionary time and how the costs and benefits of different
foraging and social behaviors could lead to species coexistance within
a community of social and solitary bees.
This paper addresses the following questions:

1) Are there a

functional differences in foraging behavior among bee species in a
community?

2)

How do bee species with different foraging behaviors

respond to changes in floral resources?

3)

Is there a correlation

between patterns of foraging behavior and social behaviors within the
community?

4)

If foraging behavior and social behavior are inter-

related, could resource utilization efficiency of different foraging
behaviors be important in the evolution of sociality in some groups of
bees?

5)

Can variations in the costs and benefits of different

foraging and social behaviors lead to species coexistance within a
community of bees?

5

Methods
Study Area
The study area is located in the Elk Mountain range of the
Rocky Mountains on the north side of the Gunnison Basin in central
Colorado.

The study site is located on a gentle, south-facing slope

at 2756 m, 10.5 km northeast of the town of Crested Butted in the
Brush Creek drainage.
The blooming season is relatively short due to the high altitude and deep snowpack.
high.

The diversity of flowering root perennials is

They bloom in abundance from late May/early June when the snow

melts to mid-August when lack of soil moisture causes most plants to
go dormant.

Bees and flowers were sampled from mid June through early

August in 1977, 1978, 1980, and 1981.
Plants
Flower phenology and abundance was documented by counting the
number of open flowers in 40 lx2 m quadrats.

The quadrats were placed

at 20 m intervals along two parallel transects across the hillside.
The transects were approximately 200 m long and 150 m apart.

They

were placed to span most of the variation in soil moisture and topography at the site.

The transects were located in the same place each

year; however, the individual quadrat locations varied from year to
year along the transects.

A list of flower species and their relative

abundance in each year can be found in Appendix A.

See Chapter 2 for

a more detailed description of plant sampling methods and flowering
patterns in each year.

6

Bees
I developed quantitative methods to characterize the pollen
foraging behavior of solitary and primitively social bees in the
families Colletidae, Andrenidae, Megachilidae and Halictidae.

I

focused on pollen preferences because pollen is the primary larval
food, and solitary bees show more consistent and specialized behavior
when collecting pollen than foraging for nectar (Hurd 1979, Linsley
1958).

The pollen load carried by an individual bee also provides

information on the history of flowers previously visited on a foraging
trip, in addition to the plant species on which the bee was captured.
This is important for the solitary and primitively social bees in my
study area, because most of them could not be followed while foraging
due to their small size and fast, erratic flight patterns.

In addi-

tion, the large number of bee species in several genera made bees
difficult to identify while flying.
Bees were netted by hand while foraging on and near the flower
phenology transects and deposited in individual vials labeled with
the date, time, and the plant

spec~es

on which they were collected.

Pollen was taken from the body and scopal hairs of each individual
and mounted on a permanent glycerine jelly slide stained with basic
fuchsin (Wodehouse 1931).

Two hundred grains from each individual

were counted under a phase-contrast microscope.

Pollen samples were

compared to a reference collection of pollen slides and pollen photographs from the plant species in the study area.
The foraging behavior of individual bees was characterized by
calculating the breadth of resources for each pollen load using the
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species diversity index

(MacArthur 1972), where p is the

proportion of the different pollen species in the scopal load.

The

foraging behavior of a bee species is characterized in two ways:
1)

The breadth of resources used by species as a whole is determined

by combining the pollen loads of all individuals in the species and
calculating the species niche breadth from the combined data.

Pro-

portions of the different pollen species used by bee species as a
whole were also determined from the combined individual scopal loads.
2)

The average foraging behavior of all individuals in each species

was calculated by averaging the individual niche breadths.

If the

individuals within a species forage in a relatively specialized
manner, but on different floral resources, the species value will be
significantly larger than the average individual values.

Niche

breadth values can range from 1.0 when only one kind of pollen is
used, to the total number of pollen species available at anyone time
if they are used in equal proportions.
Bees were collected 3 times per week in 1978 and 4 to 5 times
per week in other years during the times of peak flight from 9 am to
3 pm.

The number of bees collected was limited to 20 to 40 in a

single day to disturb bee populations as little as possible.
400 and 500 bees were collected each season.

BetHeen

The meadow area of

homogeneous contiguous habitat extended from several hundred

mete~s

to

several kilometers in all directions from the study plot and provided
an immigration source for bees.

I observed no reduction in bee num-

bers per census until the end of the flower bloom, indicating that my
sampling did not significantly diminish population sizes at the site.

8

. Results
Foraging behaviors of bee species on the study site were
characterized as specialist or generalist based on the bimodal pattern
observed in the frequency distribution of the proportion of the most
preferred pollen for each bee species (Figure 1).

Previous defini-

tions of foraging behavior in bees have been based upon behavior of a
species throughout its range (Linsley and MacSwain 1957).

01igo1ectic

(specialized) species have been described as those that collect pollen
from a particular species, genus, or group of genera within a plant
family, while po1y1ectic (generalized) species collect the pollen of
many different apparently unrelated plants.

However, no previous

surveys of bee foraging behavior have shown the entire range of bee
foraging behviors within a single cornrrlunity.

A bimodal frequency

distribution of the degree of flower preference for each bee species
indicates that the bee species in this community form two functional
groups.

I have labeled these groups specialists and generalists,

rather than oligolectic or po1ylectic, since my definition of foraging
behavior is functional and may change across a species range.
The most preferred pollen for generalists bee species ranged
from 23% to 69% of the pollen load.

The most preferred pollen for

specialist bee species ranged from 70% to 100% of the pollen load.
Generalists usually gathered pollen from 3 to 6 unrelated species
while specialists gathered pollen from only 1 or 2 species (see Appendix B for the pollen preferences of all bees in the community).
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Figure 1.

Frequency distribution of the proportion of the most
preferred pollen in scopal loads from bee species with
sample size greater than three./--/The division between
specialists and generalists was made at 70%.
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Specialist and generalist bee species frequently preferred the
same pollen species and showed little partitioning of available pollen
sources (Table 1).

Potenti11a gracilis was preferred by the highest

number of specialist foragers in all years and also supported the
highest number of generalist foragers in 1978 and 1981.

The other

three plants used by specialists, Penstemon rydbergii, Lupinus
argenteus, and Erigeron speciosus, were used by similar numbers of
generalists.

Potenti11a fruticosa, Taraxacum officina1e, Mertensia

Janceo1ata, Senecio intergerrimus, Arabis sp., and Lomatium sp. were
preferred by generalists but not specialists.

In general the species

preferred by generalists were found in lower abundance than those used
by both groups (See Appendix A).

The plant species used frequently by

both solitary and primitively social bees represent only a small
portion of the total number of species in the plant community in bloom
at anyone time (See Chapter 2).
Generalists did not utilize pollen species in the proportions
in which they are found in the environment.

Hanks and Rust (1983b)

found that generalist bees did collect pollen in the proportion it was
found in the environment if pollen volume rather than the number of
open flowers was used to assess the resource base.

However, general-

ists at my site generally avoid two of the most abundant flowers
Delphinium ne1soni and Lupinus argenteus which produce large amounts
of pollen.

No other generalists have been shown to randomly collect

pollen resources (Eickwort and Ginsburg 1980) and some generalists
appear to exhibit consistent inherited preferences for particular

11

Table 1.

Proportional use of different pollen plants from scopal
loads of specialist and generalist solitary and primitively
social bees.

Plant species

Bee Species
Spec.ialists Generalists
%
%
1/
1/

Bee Individuals
Specialists Generalists
%
%
/I
#

1977
Potentilla 8racilis
Penstemon rydbergii
Lupinus argenteus
Erigeron speciosus
Potentil1a fruticosa
Taraxacum officina1e
Achillea 1anu1osa
Va1eriana capitata
Arabis drummondi

3
4
2
1
0
0
0
0
0

30.0
40.0
20.0
10.0
0
0
0
0
0

2
1
3
3
3
2
0
0
0

14.3
7.1
21.4
21.4
21.4
14.3
0
0
0

102
41
10
5
21
1
0
0
0

56.4
22.6
5.5
2.8
11.6
0.6
0
0
0

66
14
28
19
42
45
4
2
2

29.1
6.2
12.3
8.4
18.5
19.8
1.8
0.9
0.9

3
1
0
0

6
0
5
3
2
1
1
1
0
0
0

31.6
0
26.3
15.6
10.5
5.3
5.3
5.3

76
2
0
0
0
11
0
0
0
0
0

85.4
2.2
0
0
0
12.4
0

0

75.0
25.0
0
0
0
0
0
0
0
0
0

51
2
22
24
11
22
7
8
9
6
4

30.2
1.2
13.0
14.2
6.5
13.0
4.1
4.7
5.3
3.6
2.4

4
3
0
0
0
0
0
0
0
0

57.1
42.9
0
0
0
0
0
0
0
0

6
2
2
2
2
1
0
0
0
0

40.0
13.3
13.3
13.3
13.3
6.7
0

81
16
0
1
0
0
7
3
1
0

74.3
14.7
0
0.9

78
37
45
31
10
16
5
34
4
3

28.9
13.7
16.7
11.4
3.7
5.9
1.8
12.6
1.5
1.1

1978
Potentilla gracilis
Erigeron speciosus
Taraxacum officina1e
Mertensia lanceo1ata
Penstemon rYdhergii
Potenti1la fruticosa
Lupinus argenteus
Lomatiu~ sp.
Delphinium ne1soni
Arabis drummondi
Va1eriana capitata

0

0
0
0
0
0

0

0
0

0

0
0
0

1981
Potentilla gracilis
Penstemon rydbergii
Arabis drummondi
Taraxacum officina1e
Lupinus argenteus
Senecio integerrimus
Potenti11a fruticosa
Va1eriana capitata
Delphinium ne1soni
Erigeron speciosus

0

0
0

0
0

6.4
2.7
0.9
0
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pollen species (Ginsburg 1983).

Generalists in my system appear to

have strong preferences for several unrelated plant species and to
avoid others.
Thirteen bee genera and 38 species were encountered in the
three years of the study.

However, four bee genera, Andrena, Osmia,

Dialictus and Evylaeus had relatively large numbers of species and
individuals in each of the three years of sampling and made up the
bulk of the bee community (Tables 2-4).

Though the genus Andrena had

both specialist and generalist species in each year most Andrena
preferred

~

gracilis.

Osmia showed a similar pattern with both

specialist and generalist species in each year sharing similar preferred pollen plants (Appendix B).
Members of the subfamily Halictinae (Evylaeus, Dialictus,
Halictus and Lasioglossum) were always found to be generalists.
Representives of these genera accounted for between 40 and 50 percent
of the generalists in each year.
have social species.

Each of these genera is known to

However, the social behavior of the Colorado

species is relatively poorly known.

Halictus rubicundus is primi-

tively social (Michener 1974), and the degree of sociality of the
other species is unknown.
Individual foragers were found to remain specialized at least
within a foragir.g bout, as measured here, regardless of whether they
belong to species classified as specialist or generalist (Tables 2-4).
High homogeneity of individual pollen loads was found in bees with
both large and small loads, indicating that individual specificity was
not a function of duration of foraging trips.

In addition, the
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Table 2.

Foraging behavior of solitary and primitively social bees in
1977 •

Species

Number of
individuals

Species
niche bread th-l~

Mean individual
niche bread th-l:·

X=

1. 79
1.45
1.17
1.27
1.41
1.30
1.11
1.45
1.89
1.02
1.39

X=

1.50
1.34
1.41
1.12
1.62
1.42
1.14
1.44
1.62
1.02
1.40-lH'r

X=

3.52
4.15
4.13
3.41
3.61
2.03
2.27
3.02
5.46
2.07
3.46
3.37
2.36
2.37
3.17
3.65
3.25

X=

1.47
1.68
1. 75
1.88
1.31
1. 78
1.54
1.95
2.31
1.30
1.61
1.32
1.60
1.53
1. 74
2.07
1. 58*-l~

Specialists (N=181)
Andrena birtwellii
Andrena cyanophila
Andrena milwaukeensis
Osmia proxima
Osmia brevis
Osmia (near proxima)
Osmia cyaneonitens
Hoplitis producta
Panerginus cressoniellis
Pseudopanergus sp.

65
43
5
23
6
5
3
11
15
5

Generalists (N=227)
Dialictus tenax
Dialictus ruidosensis
Dialictus sedi
Evylaeus niger
Evylaeus inconditus
Colletes nigrifrons
Dufourea fimbriata
Andrena placida
Andrena apacheorum
Osmia trevoris
Osmia grindeliae
Osmia giliarum
Osmia bruneri
Osmia simillima
Heterosaurus bakeri
Hoplitis fulgida

-l~

Niche Breadth = 1/

** Weighted means

45
18
6
13
10
21
45
8
3
24
8
8
3
2
11
2

2

L Pi
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Table 3.

Foraging behavior of solitary and primitively social bees in
1978.

Species

Number of
individuals

Species
niche breadth

Mean individual
niche breadth

Specialists (N=89)
Andrena birtwellii
Andrena cyanophila
Colletes nigrifrons
Pterosaurus didirupa

62
19
6
2

X=

3.80
4.23
3.28
4.32
2.96
3.03
2.45
2.89
4.07
2.09
2.39
2.45
4.84
3.59
4.23
2.14
2.81
2.61
2.01
X = 3.16

1.67
1.23
1.11
1.72
1.71
1. 75
1.21
1.92
1. 79
1.22
1.57
1.43
1.92
2.57
2.62
1.36
1.14
1.42
1.10
X = 1.63*

Generalists (N=169)
Dialictus ruidosensis
Dialictus tenax
Dialictus sedi
Evylaeus inconditus
Evylaeus niger
Halictus rubicundus
Dufourea fimbriata
Colletes kincaidii
Andrena salicifloris
Andrena w-scripta
Andrena milwaukeensis
Andrena placida
Andrena transnigra
Andrena algida
Andrena ~ 1.
Osmia proxima
Osmia grindeliae
Osmia bruneri
Lasioglossum trizonatum

*

Weighted means

7
4
3
49
5
17
10
10
14
7
6
5
4
3
3
12
6
2
2

1.30
1.55
1.29
1.20
1.35*

1.48
1. 73
1.29
1.11
X = 1.40
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Table 4.

Foraging behavior of solitary and primitively social bees in
1981.

Species

Number of
individuals

Species
niche breadth

42
20
20

1.45
1.48
1.90
1.28
1.47
1.00
1.30
1.41

Mean individual
niche breadth

Specialists (N=109)
Andrena birtwellii
Andrena cyanophi1a
'Andrena placida
Osmia brevis
Osmia bruneri
Osmj~~ superparadisica
Col1etes nigrifrons

9

6

3
9

X=

X=

1.29
1.39
1.41
1.03
1.08
1.00
1.32

1.29~~

Generalists (N=270)
Dialictus sedi
Dia1ictus ~osensis
Dialictus tenax
Evy1aeus inconditus
Evylaeus niger
Ha1ictus rubicundus
Lasiog1ossum trizonatum
Andrena candida
Andrena salicif10ris
Andrena mi1waukeensis
And~ transnigra
Osmia proxima
Osmia paradisica
Osmia trevoris
Dufourea fimbriata

21
17

2.33
6.85
3.03
3.83

6

55
3

2.71

10

3.79
2.04

7

48
27
14

3.11

5

28
17
11
2

X=

*

Weighted means

2.82
3.26
3.52
2.13
2.56
4.85
2.02
3.26

X=

~ .44
1.57
1.43
1.56
1.53
1.83
1.65
1.27
1.40
2.03
1.59
1.48
1.40
1.57
1007
1.501'<
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smaller bees in the genera Dialictus and Evylaeus carried a wider
range of pollen than larger bees such as Andrena and Osmia with correspondingly larger pollen loads, again indicating that foraging specificity as measured by pollen loads is not biased by load size.
The foraging behavior of specialist and generalist species and
individuals remained consistent in between years (Table 5).

Average

species behavior within the specialist and generalist groups is
strongly influenced by the initial classification criteria for the two
groups, and would be expected to remain relatively consistent as long
as the cutoff between the groups was the same in each year.

However,

average individual behavior in each group is not sensitive to the
classification criteria used to determine generalist and specialist
behavior and the consistency in individual behavior between years is a
real effect.

Individual specialists did not significantly differ in

foraging behavior from the species as a whole.

Generalists, however,

were much more specialized as individuals than as a species.

The

individuals of other polylectic bee species, from solitary bees to
honeybees, are also known to be specialized relative to the behavior
of the species as a whole (Eickwort and Ginsberg 1980, Linsley 1958,
Thorp 1979).

However, generalist behavior does operate to some extent

at the individual level as well as at the species level.

Generalist

individuals are more flexible than specialist individuals as indicated
by the significant difference in the dietary breadths of the two
groups (Table 5).
The ratio of specialist to generalist individuals varied
between years (Table 6).

The lowest proportion of specialists
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Table 5.

Mean values of species niche breadth (SNB) and average
individual niche breadth (INB) for specialists and generalists at Brush Creek./--/Means with an equal number of
asterisks are not significantly different from one another
by a Student-Neuman-Kue1s Test (p<.05).
Specialists
SNB
INB

Year

Generalists
SNB
INB

1977

1.391~

1. 401~

3. 251H~

1.58H ·*

1978

1.40-r.-

1.35-r.-

3 .16*1~

1.63***

1981

1 . 411~

1.291'<

3.26**

1. 501~*-r.-

Table 6.

Year

Proportion of specialist and generalist bee foragers at
Brush Creek./--/The ratios of specialist and generalist
individuals va 2ies significantly on the basis of a chi
square test (X = 21.2, p<.OI).
Species
Specialists
Generalists
%
%
#
#

Individuals
Specialists
Generalists
%
%
#
#

1977

10

38.5

16

61.5

181

44.4

227

55.6

1978

4

17 .4

19

82.6

89

34.5

169

65.5

1981

7

31.8

15

68.2

109

28.8

270

71.2
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was found in 1981 and the highest in 1977.

The ratio of specialist to

generalist species did not significantly vary between years because,
although the number of individuals in each species varied greatly, the
number of species in each category remained much more constant.

The

variation in proportions of specialists and generalists was not correlated with either the total abundance of flowers in each year or the
abundance of particular plant species in each year.

However, the pro-

portion of specialists on Lupinus amp1us was higher in 1977 (Table 1)
when the relative abundance of this plant was low than in 1978 when
the relative abundance was much higher (Appendix 2).

This suggests

that populations of specialists in one year may be effected by their
success in the previous year, although this pattern does not hold for
all species.
Five bees species (Col1etes nigrifrons, Andrena mi1waukeensis,
A. placida, Osmia bruneri, and

~

proxima) varied in their foraging

behavior between years and were classified as specialists in some
years and generalists in others.

Although the breadth of the diet

changed in these species none of these species switched their relative
foraging preferences for particular flower species.
Only bee species generalized in all years switched preferences
between years (Table 7).

These changes in preference were not corre-

lated with the abundance of plant species in either the current year
or the previous year.

All of the species in the genera Dia1ictus and

Evy1aeus switched preferences between years and these represent the
only abundant species to switch preferences between years.

All of the

members of the subfamily Ha1ictinae which has both solitary and
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Table 7.

Generalists bee species that switched foraging preferences
(most preferred pollen species) between years.

Bee species

1977
Plant species

Evylaeus niger

~

speciosus

39

T. officinale 49

Arabis sp.

50

E. inconditus

~

speciosus

40

~

P. gracilis

41

Dialictus sedi

P. fruticosa

34

T. officinale 33

Arabis sp.

56

D. ruidosinsis

T. officinale 36

M. lanceolata 41

T. officinale 24

D. tenax

T. officinale 44

M. lanceolata 30 P. gracilis

43

Lomatium sp.

39

%

Andrena transnigra
Osmia grindeliae

~

argenteus

37

1978
Plant species

gracilis

1981
% Plant species

35

31

P. gracilis

M. lanceolata 45

primitively social species were generalized.

The Halictinae accounted

for 40 to 50 percent'of all generalists in each year.
Duration of seasonal activity periods of bee species were
correlated with both the sample size of the species and the species
foraging behavior (Table 8).

A stepwise multiple regression account-

ing for the effects of sample size showed that generalized species had
longer activity periods than specialized species (partial r
N

= 65,

p(.01).

= 0.35,

Species in the subfamily Halictinae in general had

longer seasonal activity periods than other species (Table 9).

%

20
Table 8.

Seasonal activity periods for bees at Brush Creek.

Bee Species
Colletes nigrifrons
C. kincaidii
Andrena cyanophila
A. bir·twellii
A. placida
A. milwaukeensis
h apacheorum
A. salicifloris
h w-scripta
h transnigra
h algida
A. candida
Panerginus cressoniellis
Heterosaurus bakeri
Pseudopanergus sp.
Dufourea fimbriata
Osmia trevoris
ih grindeliae
O. bruneri
O. giliarum
ih (near proxima)
ih proxima
O. brevis
O. cyaneonitens
ih paradisica
ih superparadisica
Hoplitis producta
Halictus rubicundus
Lasioglossum trizonatum
Dialictus ruidosensis
D. sedi
D. tenax
Evylaeus inconditus
E. niger

1977
6/16-7/19
6/16-7/19
6/21-7/19
6/17-6/29
6/21-6/29
6/22-7/26

Activity Times
1978

1981

7/20-8/01
6/30-8/01
6/25-8/01
7/02-8/01
6/16-7/20
6/25-7/16

6/27-7/15

6/17-7/20
6/30-7/26
6/13-7/07
6/13-7/07

6/15-7/15

6/16-7/20
6/17-7/22
6/15-6/29
6/13-6/25

6/15-6/30
6/13-7/15

6/22-7/26
7/06-8/01
7/26-8/01
7/02-8/01
6/16-7/15
6/16-7/16
6/17-7/14
6/17-7/08
6/18-6/29
6/18-7/16
6/26-7/19
7/08-7/16

6/25-8/01
6/13-6/27
6/13-7/31
6/23-7/22
6/16-8/01

6/15-7/22
6/13-7/15
6/13-7/20
7/06-7/11

7/14-7/26
6/13-7/22
6/17-8/01
6/18-8/01
6/18-8/01
6/16-8/01
6/26-8/01

6/13-6/22
6/16-7/03
6/22-7/26
6/13-7/31
6/09-7/27

6/11-7/14
6/15-6/19
6/11-7/14
6/11-7/22
6/19-7/20
6/11-7/22
6/11-6/16
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Average activity periods in days for bee species.

Table 9.

1977

1981

1978

N

X

Specialists

10

18.6

3

26.3

7

23.9

Generalists

14

32.6

17

32.6

14

26.1

Ha1ictinae

5

43.0

6

37.5

7

26.9

N

X

N

X

Discussion
Foraging behaviors of bee species in this community were
divided into two groups, specialists and generalists, based on the
proportion of the preferred pollen that each species carried.

These

divisions correspond to patterns observed by other investigators and
described in the literature as 01igo1ectic (specialist) and po1y1ectic
(generalist) bees.

01igo1ecty is broadly defined by Linsley. and

MacSwain (1957) including bees that collect pollen from a single plant
species or a group of species in the same genus or family.

The

classification of specialists and generalists used here is derived
from the observed use of plant species by bees regardless of the
taxonomic similarity of those species.

This criterion is more conser-

vative than Linsley and MacSwain's definition since bee species that
used two plant congeners were considered just as generalized as bee
species that used two plant species from different genera.

However,

only one genus (Potentilla) was represented in the community by more
than one species.

Considering the two species of Potenti1la as one
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resoure class accentuates the bimodal freguency distribution of specialists and generalists, but does not change the basic patterns
observed.
Resource partitioning on the basis of flower species in this
community of solitary and primitively social bees is not apparent.
Pollen preferences were similar among congeneric species, with most of
the species in a genus using the same one or two pollens species. The
genus Andrena had between 4 and 6 species in each year that prefered
Potentilla gracilis and the genus Osmia had between 2 and 5 species
that prefered Penstemon rydbergii and from 0 to 5 species that preferred Lupinus argenteus.

This pattern of many solitary bee congeners

in a community using similar resources has been found in other studies
(Hanks and Rust 1984a, Ginsberg 1983, Cruden 1972, Thorp 1969, and
Linsley et al. 1963).

Short-term temporal partitioning is probably

also unimportant since most bees were active at the same time of day.
Seasonal separation in activity times is also insignificant due in
part to the short blooming season.
Specialists and generalists as a group also showed no evidence
of resource partitioning.

All plant species preferred by specialists

were also preferred by some generalist species.

The number of plant

species preferred by both groups was a small subset of the total
flowers available.

Specialists generally preferred the more abundant

pollen species, whereas generalists preferred both the abundant and
rarer species.
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Although resource segregation along these resource axes does
not appear to be important as a mechanism for species coexistance
among solitary and primitively social bees, the cost and benefits
associated with specialized and generalized behavior in solitary and
social bees may explain the coexistance and persistance of these
behaviors.
Individual bees .were consistently specialized whether they
belonged to species that were classified as specialists or generalists.

This pattern has been observed in many groups of solitary bees

(Grant 1950, Linsley 1958, Thorp 1979), bumblebees (Free 1970,
Heinrich 1976b, 1979) and honeybees (Free 1963).

This is strong

evidence supporting the conclusion that specialized behavior is more
efficient than generalized behavior, at least in the short-term on
the scale of single foraging bouts.

In addition, Strickler (1979)

showed that a specialist bee species foraged more efficiently on its
preferred pollen plant than four different generalist bee species.
Though specialists are more efficient than generalists, they do not
switch pollen resources between years in the face of large changes in
the density and relative abundance of their preferred pollen plants
(See Chapter 2).

The lack of flexibility in specialists could

adversely effect their relative abundance in the community if their
preferred pollen plant markedly decreases in abundance.
For example, within the genus Osmia four species preferred

L. argenteus in 1977.

Numbers of

in 1977 because of drought.

~

argenteus were strongly reduced

In the subsequent years two of these

Osmia species, a specialist and a generalist, that preferred lupine
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were absent.
~

Of the other two species" one generalist switched to

rydbergii, and the other species, a generalist, was absent in 1978

but reappeared in 1981 after a year in which lupine was extremely
abundant.
Because generalists switch resources between years, they may
be better able to adjust to changes in the flower community than
specialists.

However, a generalist will pay a price for flexibility

if she switches resources between foraging bouts, since individual
bees apparently lose efficiency each time they must learn to recognize
and manipulate a new flower type (Heinrich 1976a, 1979).

The ability

to switch resources within a season also allows an individual to live
past the blooming period of a single plant species.

Though individual

generalists may be less efficient than specialists in provisioning
brood cells per unit time, they have longer seasonal activity periods
than specialists and over their lifespan may produce a similar number
of offspring as specialists.
Generalist individuals were found to be more flexible than
specialist individuals.

This may be an indication that generalists

are more likely than specialists to sample floral resources other than
their preferred species on a foraging trip, perhaps in a similar
manner to bumblebees (Heinrich 1979).

Low level sampling of other

flower species could enable these generalists to monitor the relative
rewards of alternative floral resources and reduce the cost of switching from one preferred pollen species to another.
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Individuals from specialized species should be most efficient
at gathering pollen since they remain faithful to a single flower
species for their entire lifespan.

They are also more likely to

develop specific adaptations for collecting pollen from their preferred plant that would further increase their efficiency over morphologically unspecialized bees.

For these reasons specialists probably

have the highest short-term reproductive potential so long as their
preferred resources are abundant. The ability to produce offspring in
a short time is especially important if they are restricted to a
single plant species and unable to provision brood cells beyond the
blooming period of that species.

However, because specialists do not

switch resources they will do poorly in years when their preferred
plant is in low abundance.
The efficiency loss due to generalized behavior in individuals
will depend on the frequency with which they switch pollen sources and
the number of different pollen species they can include in their diet.
Because generalists are more flexible than specialists and can switch
preferences when their preferred resource is in low abundance they may
have a higher probability of producing offspring in any year, given
the fluctuations in flower species composition from year to year.
Although they have a lower efficiency of gathering pollen per unit
time, they have a longer reproductive lifespan, since they can switch
to a new pollen source as the blooming period for one plant ends.
Observed seasonal activity periods of generalist bees were longer than
those of specialist bee species.
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In cooperative groups of bees, individuals can remain specialized while the group as a whole is generalized.

This is the pattern

found in bumblebees and honeybees (Free 1963, Heinrich 1976a, 1979,
Eickwort and Ginsberg 1980, Thorp 1979).

Colonies can exploit the

flexibility of generalized behavior and the security that affords, and
reduce the efficiency loss associated with generalized foraging by
individuals.

They would have greater efficiency than solitary gener-

alists if social individuals switch resources over their lifespan
less often than solitary individuals.
individual could remain

fa~thful

It is possible that a social

to a single resource for its entire

lifespan and be functionally a specialist.

A colony that uses several

resources simultaneously may be able to track the abundance and quality of those resources more closely than a single individual that
periodically samples non-preferred floral resources.

If a colony

member must switch resources, the pollen brought in by its nest mates
could give valuable information on the relative abundance of alternate
pollen sources.
The genera Dialictus, Evylaeus, Lasioglossum, and Halictus in
the subfamily Halictinae are known to have both social and solitary
species.

The sociality of the species found in my study area is

unknown, except for Halictus rubicundus which is primitively social in
other areas.

However, the Halictinae were found to have the longest

seasonal activity periods of any group.
genera Evylaeus and Dialictus switched

Also, all species in the
poll~n

preferences within a

year and between years, and they appeared to more flexible than other
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generalists.

If there are social species in my systems they are

likely to be found in these genera.
The persistance of different social behaviors and foraging
behaviors in the bee community may be maintained by the costs and
benefits accruing to each behavior.

Solitary specialists have high

resource utilization efficiency, but are constrained to a short
foraging season.

They do well in years when their preferred resource

is in abundance, but poorly when their preferred resource is rare.
Solitary generalists have high flexibility but
foraging.

lo\~er

efficiency of

They may have a lower average reproductive potential than

specialists, but may be more likely to produce offspring in any given
year.

If foraging preferences are passed on to some extent by larval

preconditioning, then to prepare their offspring to take advantage of
a unknown pattern of resource availibility the following year, the
solitary generalists must switch pollen preferences, or at least
sample alternate pollen species

ofte~

enough to leave an array of

pollen types in each larval cell.
Social bees are constrained to be generalists since the life
span of the colony exceeds the blooming period of any particular
flower.

Individuals in a colony can specialize on different pollen

plants, thereby increasing foraging efficiency while the colony as
a whole remains generalized and flexible within and between years.
In addition, since larval cells are cooperatively provisioned the
larvae can be exposed to a broad range of pollen species without the
cost of switching pollen preferences as individuals. This may explain
the relative ease with which bees in social groups switch foraging
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preferences between years compared to non-social species.

However,

there are also constraints on social behavior in bees that could
explain the continued persistance of solitary generalists and
specialists:

1)

The colony as whole has higher food requirements to

produce offspring, the second brood.

2)

Most primitively social bees

produce reproductives towards the end of the blooming season, because
they overwinter as fertilized gynes In shortened blooming seasons,
the colony may produce few reproductives and the fitness for social
individuals may be lower than for solitary bees that do not produce
intermediate worker broods and typically mature over the winter.

CHAPTER 2
FLOWERING PHENOLOGY IN A SUBALPINE ROCKY MOUNTAIN MEADOW:
RESPONSE OF BEE POLLINATORS TO VARYING RESOURCES
Introduction
Biologists have long appreciated that organisms live in
habitats that not only are spatially heterogenous but also change,
often unpredictably, over time.

The importance of change is implicit

in the theory of natural selection.

However, models of individual

behavior largely ignore the role of environmental variation by
implicitly assuming that strategies always express their expected
fitness.
Recent theoretical work by Real (1980a, 1980b) and Caraco
(1980) incorporates the role of uncertainty into models of individual
behavior with the result that maximizing short-term benefit is not
always the best strategy.

They have shown that there is a tradeoff

between the expected payoff of a strategy and its variance.

For

strategies yielding identical return those with larger variances must
have disproportionately larger means and those with lower variances
can tolerate lower expected payoffs.

The result is that there may

be several equally successful alternate strategies with different
expected short-term payoffs.

This result has been demonstrated

empirically by Real (1981) who showed that for individual foragers
given a choice between two floral types with equal expected rewards,
the pollinator chooses the reward with the lower variance.
29
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Examining how an individual's behavior is influenced by
uncertainty can lead to an understanding of how species interactions
and community patterns respond to temporal variation since species
interactions and their resultant community patterns result from the
aggregation of individual behaviors.
Plant pollinator systems are popular and convenient for
examining patterns of community structure because the resources are
easily identified and patterns of resource utilization are easily
determined.

Community patterns such as a temporal sequence in the

spacing of flowering times have been attributed by some investigators
to plant competition for pollinators (Anderson and Schelfhout 1980,
Heinrich 1975, 1976a, Heithaus 1974, Pleasants 1980, 1983, Zimmerman
1980), while other researchers working in similar habitats have argued
that some of these patterns do not even exist (Poole and Rathcke 1979,
Rabinowitz et al. 1981).

Some of this confusion may be attributed to

the fact that many of these studies are conducted in highly seasonal
habitats, such as temperate montane and prairie communities, where the
timing of the bloom and the abundance of flowers may vary considerably
between years (Tepedino and Stanton 1980).

Also, many of the pollina-

tors found in seasonal habitats are univoltine bees (Stephens et al.
1969) and their abundance in any single year is dependent in large
part on resource conditions of the previous year.

When floral

conditions are unpredictable from year to year, insect abundance may
not closely track floral abundance, and competitive conditions will
vary (Dempster and Pollard 1981, Schemske et al. 1978, Tepedino and
Stanton 1981, Wiens 1977).

Only a few studies have considered the
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role of environmental variation on foraging behaviors of individual
pollinators or on the pollination success of the plants themselves.
The present paper examines pe'ltterns of yearly variation in
flowering phenology and abundance in a highly seasonal montane habitat
and the effect of this variation on plant-pollinator interactions.
The paper addresses the following questions:
patterns vary from year to year?
yearly phenological variation?

2)
3)

1)

How do blooming

What climatic factors affect
Do plant species in the community

respond differently to climatic variability?

4)

How does yearly

variation in flower abundance and phenology effect solitary bee visitation to different flower species?

5) How could variability affect

the evolution of pollinator preferences and the development of floral
characteristics that select for particular pollinators?
Methods
Study Area
The study area is located in the Elk Mountain range of the
Rocky Mountains on the north side of the Gunnison Basin in central
Colorado.

The study site is located on a gentle, south-facing slope

at 2756 m, 10.5 km northeast of the town of Crested Butte in the Brush
Creek drainage.
In this area of the Rocky Mountains, snow is present on
the ground from approximately October to May and nightly frost can
occur through July (N.O.A.A.).

Plant growth begins with snow melt

and blooming generally commences in late May/early June.

There is

a continuous drying trend in the soil despite periodic summer
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thunderstorms.

The end of the spring/summer bloom occurs in early to

mid-August, usually due to drought.

The summer rainy season, charac-

terized by localized, short, heavy thunderstorms, begins in July and
usually continues through the end of August.
The vegetation, typical of the central Rockies (Cronquist
et a1. 1972), consists of a mosaic of three general vegetation types.
Mixed stands of aspen and spruce are found on steeper slopes with
shallow soil.

The level valley-bottom soils are saturated by runoff

most of the season and are characterized by dense stands of mesophytic
vegetation such as willows and sedges.

The third major vegetation

association occurs on gentle slopes with deep, rocky, well drained
soil and is characterized by a diverse mixture of perennial forbs,
bunch grasses, and low shrubs such as Artemisia tridentata and
Potenti11a fruticosa.

The variety of flowering species in these

dry meadows is higher than in the other two vegetation types where
diversity of herbs appears to be limited by low light or saturated
soil.

I studied plants and pollinators in a typical diverse, dry

meadow community from mid June through early August in 1977, 1978,
1980, and 1981.
Plants
Flowering phenology in the study area was documented by
counting the number of open flowers in 40 1 x 2 m quadrats.

Quadrats

were placed at 20 m intervals along two parallel transects across the
hillside.

One transect was located on the lower slope and a second

transect at mids1ope.

The transects were approximately 200 m long and
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150 m apart.

They were placed to span most of the variation in soil

moisture and topography at the site.

The transects were 1.ocated in

the same place each year; however, the individual quadrat locations
varied from year to year along the transects.
Flowers were counted every three to five days.

Three general

inflorescence types were encountered: large solitary flowers,
aggregated spikes of medium sized flowers, and dense heads of small
flowers.

Solitary flowers such as Linum lewisii, Geranium fremontii,

Potenti11a gracilis, Potenti11a fruticosa, and heads of Taraxacum
officina1e were counted individually.

Va1eriana capitata and Achillea

1anu1osa, both of which have inflorescences of small, tightly-packed
flowers, were counted by the inflorescence.

An inflorescence was

counted as long as at least one flower remained in bloom.

Five

species with spicate inflorescences, Mertensia 1anceo1ata, Delphinium
ne1soni, Lupinus argenteus, Senecio integerrimus and Penstemon
rydbergii, were counted as spikes in 1977 and 1978 and by both spikes
and individual flowers in 1980 and 1981.

The average number of

flowers per spike measured in 1980 and 1981 was used to convert the·
earlier spike counts to numbers of individual flowers.
Bees
Solitary bees and bumblebees are major pollinators in montane
habitats.

Ecology and behavior of bumblebees have been the subjects

of several intensive studies (Heinrich 1976b, Inouye 1978, 1980,
Pleasants 1980, Pyke 1982).

In contrast, solitary bees have received

relatively little attention although they are more numerous and more
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diverse than bumblebees in these habitats (Stephens et al. 1969) .
. Solitary bees were selected as the emphasis of the current study
because of the diversity of both species and individual behaviors.
Social systems within the solitary bees range from solitary
to primitively socia) (Michener 1974).

In temperate montane areas

all bees are seasonal and overwinter in their nests as larvae, pupae,
or adults.

The larval food consists of pollen reixed with nectar.

Nests are built in the ground, pithy stems, or preformed cavities by
solit2ry females or by queens of social species.

Females build one

cell at a time, provision each with pollen and nectar, oviposit on the
pollen mass then seal the cell.

The offspring emerge in the spring in

lower elevations and from early to mid summer at higher elevations
(Stephens et a1. 1969).

(See Table 8 for a list of bee species and

activity periods.)
Bees were censused by using a standardized procedure to
collect individuals as they foraged from flowers throughout the
season.

Censuses were made 3 times a week in 1978 and 4 to 5 times a

week in other years during time of peak flight from 9 am to 3 pm.
Bees were netted by hand while foraging on and near the phenology
transects and deposited in individual vials labeled with the date,
time and host plant species.

An equal amount of time per flower was

spent collecting bees on each plant species so that flowers were
censused for bees in proportion to their abundance.
If a flower species had a higher local abundance away from the
study area than on the transects, I extended bee sampling into that
area and consistently included it in all future censuses.

The numher
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of bees collected was limited to 20 to 40 in a single day to disturb
bee populations as little as possible.
collected in each season.

Between 400 and 500 bees were

The meadow area of homogeneous contiguous

habitat extended from several hundred meters to several kilometers in
all directions from the 'study plot and provided an immigration source
for bees.

I observed no reduction in bee numbers per census until the

end of the flower bloom, indicating' that my sampling intensity did not
significantly diminish population sizes at the site.
Foraging behavior of individual bees was determined by identifying the pollen grains ,in a representative sample of each scopal
pollen load.

The behavior of a species was determined on the basis of

the combined pollen loads carried by all individuals of each species.
Specialist bee species were defined as those species whose combined
pollen loads consisted of 70% or more of one pollen species.

The

combined pollen loads of a generalist bee species consisted of several
plant species with no single species contributing more than 70%.

A

plant species is considered to be used by a specialist only if it is
the preferred species.

A plant species is considered to be used by a

generalist if it represents at least 10% of the total pollen carried
by the generalist bee species.

Therefore, a specialist bee species

may be scored for preference only once but a generalist bee species
may be scored several times.
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Results
One of the most striking observations in comparing flowering
over 4 years is the large yearly difference in phenological patterns
(Table 10).

The major components that vary between years are flower

abundance, timing of flowering initiation, peak bloom, and species
diversity of flowers.
vary independently.

These features of the flowering season do not
The 4 years fall into two classes.

Early flower-

ing, low flower abundance and high species diversity characterize 1977
and 1981, whereas late flowering, high flower abundance and low
species diversity characterize 1978 and 1980.
This variation in flowering phenology is strongly correlated
with yearly changes in climatic conditions (Table 11).

The winter/

spring snowpack provides most of the moisture for plant development
and flowering during the following summer and has the greatest effect
on summer flowering patterns (Harper 1981).

Summer rainfall has a

relatively small effect on summer flowering patterns.

Lower than

normal winter precipitation occurred in 1977 and 1981 resulting in low
snowpack and early snowmelt.

Late storms in 1981 resulted in snow on

the ground until mid May, however the snowpack remained low and this
did not appear to affect initiation of flowering.

In contrast, above

average winter precipitation in 1978 and 1980 resulted in a deeper
snowpack and later snowmelt in those years.
High correlations between climatic variables and characteristics of the blooming seasons are evident (Table 12).

Winter

precipitation, particularly the depth of the snowpack, had the
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Table 10.

Characteristics of the blooming season at Brush Creek, for
four years./--/Days to peak flowering are measured from
June 1. (One-way ANOVA; df=3).
1977

1978

1980

1981

19

20

25

27

11,076

41,849

35,153

10,799

Species *
Diversity/
Season

7.11

3.12

2.90

7.97

XSpecies
Diversity/
Sample

4.92

2.20

3.26

4.47

12.0

9.64

12.93

15.15

10

11

15

13

27.2

42.3

44.8

26.0

Species
Number
. Total
Flowers/
40 sq. m

F values

6. 36~H}

11. 39~H}

X Species/
Sample
Number
Sampling
Periods

6.81*~"

X days
to peak
Flowering
~~

Species
Diversity

=

1/ P

** p<.OOI

19.24*~}
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Table 11.

\veather characteristics from the Crested Butte weather
station 6.5 miles west of, and at a similar elevation to,
the study site at Brush Creek./--/Data are reported on a
monthly basis, winter values include January through May,
summer values include June through August. (From N.O.A.A).

X Maximum winter
Snow depth (inches)
Last date with
1 inch snow on
Ground

1977

1978

1980

1981

8.6

46.4

55.6

5.8

4/13

5/8

5/17

5/18

1.11

2.89

4.15

1.24

1.26

1.37

1.12

1.66

51.5

50.4

49.9

51.8

>

X winter precip.
(inches)

X summer precip.
(inches)
X summer temp.

(oF)
Winter mons. with
> normal precip.

1

4

4

1

Summer mons. with
> normal precip.

1

o

o

o

Last date of hard
freeze « 25 of)

5/22

5/19

5/30

6/16
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Table 3.

Relationship between community-wide phenological patterns
and selected climatic factors./--/Values are Pearson
Correlation Coefficents. Although the small sample size
(n=4) prevents statistical reliability, the correlation
coefficients refer to real geometric differences and reflect
relative differences in the influer.ce of environmental
factors on floral characteristics. The days to peak
flowering are counted from June 1.
Total
Flower
Density

X snow depth

X days
to peak
Flowering

X species
Diversity/
Sample

X species/
Sample

0.82

1.00

-0.85

-0.51

Precipe

0.67

0.96

-0.74

-0.31

X summer
Precipe

-0.35

-0.61

0.24

0.45

X summer
Temp.

-0.77

-0.99

0.79

0.50

0.21

0.40

-0.44

0.38

-0.64

-0.46

0.43

0.93

X winter

Last date
Snow on ground
Last date
Hard freeze
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greatest effect on flower phenology and abundance.

Summer tempera-

ture had a negative correlation with the time of peak flowering
suggesting that low summer temperatures could further delay flowering.
However, since low summer temperatures occured in the same years as
high snowpack, this correlation could be a reflection of the strong
correlation between snowpack and phenology.
The temporal pattern of flower abundance and total flower
density varies substantially between years of high and low snowpack
(Figure 2).

Wet years, with deep snowpack (1978, 1980), showed a

distinct high peak in flower numbers that was not observed in dry
years.

The large peak in numbers seen in wet years is due mainly to a

marked increase in the abundance of Lupinus argenteus.

I missed the

lupine peak in 1977 because this species bloomed exceptionally early.
However, moisture stress prevented unopened lupine buds from opening
before flowering was finished indicating that the peak was lower than
in 1978 and 1980.

In years of high snowpack the blooming season was

lengthened, despite lower summer precipitation, and plants showed less
moisture stress than in the dry years with correspondingly low snowpack.

A late, hard freeze on June 16, 1981 severely damaged the

flowering stalks of lupine and the flowering curve for that year shows
no early peak when lupine usually flowers.
The timing of the peak bloom, described as the number of days
from June 1 to the peak, varied yearly for most species (Table 13).
The thirteen species listed in Table 13 represent those flower species
with a relative abundance greater than 10% in any year or greater than
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Table 13.

The number of days from June 1st to the peak of the bloom
for the thirteen most common flower species at Brush
Creek./--/The starred values indicate species in which the
peak occurred before sampling began for that year and the
earliest sampling date is recorded as the peak.

1977 1978 1980 1981 Range

X

Early Bloomers
Taraxacum officinale

17*

14

18

IP~

4

15.0

Delphinium nelsoni

17~~

20

21

11*

10

17.2

Lupinus argenteus

17~~

30

27

11

19

21.2

Senecio integerrimus

17-l~

30

31

15

15

23.2

Valeriana capitata

17-l~

30

27

11~~

19

21.2

Potentilla gracilis

26

46

54

27

28

38.2

Potentilla fruticosa

22

64

63

52

42

50.2

Geranium fremontii

36

52

51

40

16

44.8

Linum lewisii

29

46

54

27

27

39.0

Eriogonum alpinum

29

52

51

23

29

38.8

Penstemon rydbergii

40

52

63

40

23

48.8

Achillea lanulosa

47

57

61

35

14

50.0

Erigeron speciosus

40

57

61

35

26

48.2

Late Bloomers
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10% of the bee visits in any year.

The average date of peak bloom, an

expression of timing for the entire flower association in a particular
season, varied significantly between years (Table 13; two-way ANOVA,
species vs years, p<.OOl).

Individual flower species fell into two

distinct groups based on date of their average peak bloom; those with
a mean peak before June 23 and those with a mean. peak after July 8.
The five early-blooming species are Taraxacum officinale, Delphinium
nelsoni, Lupinus argenteus, Senecio integerrimus, and Valeriana
capitata.

The eight late-blooming species are Potentilla gracilis,

Potentilla fruticosa, Geranium fremontii, Linum lewisii, Eriogonum
alpinum, Penstemon rydbergii, Achillea lanulosa, and Erigeron
speciosus.

Of the early-blooming species

~

argenteus and V. capitata

had the greatest range in time of peak bloom for the 4 years.

In

general however, late-blooming species had an even greater range in
the timing of the peak bloom than early bloomers (t=2.71, p<.OS).
Despite yearly variation in the initiation of flowering and
the timing of the peak bloom, the sequence of flowering (Figure 3)
remained consistent from year to year (Spearman's Rank Correlation,
p<.Ol).

Seasons preceded by a winter with deep snowpack have a longer

flowering period and show a distinct sequence and separation in
blooming peaks with fewer number of species in flower at anyone time.
Dry years (1977, 1981) show less differentiation in the blooming peaks
of early and late bloomers and more overlap in flowering times.
Plant species can be separated into three groups based on the
patterns of variation in density between years (Table 14).
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Table 14.

Floral density of summed over the blooming· season./--/1978
and 1980 are considered wet years due to the high snowpack
in those years. 1977 and 1981 are considered dry years.

1977

1978

1980

1981

Range

X

High varia hil.i t y /high abundance in wet years
Delphinum nelsoni

4.6

306.3

111.0

4.9

301.7

106.7

Lupinus argenteus

58.2

494.6

491.0

14.4

480.2

264.6

Low variability/high abundance in wet years
Taraxacum officinale

5.8

17.3

2,6

0.9

16.4

6.6

Potentilla gracilis

68.3

86.2

81.3

70.5

17 .9

91.7

Potentilla fruticosa

24.7

-l~

58.8

18.7

56.8

26.0

Geranium fremontii

16.7

8.2

21.5

2.5

19.0

12.2

Linum lewisii

24.7

7.6

41.9

31.4

34.3

26.4

0.7

5.5

1.4

0.4

5.1

2.0

Penstemon rydbergii

12.1

3.3

0.8

4.6

11.3

5.2

Erigeron speciosus

2.2

2.1

14.3

2.0

12.3

5.2

Eriogonum alpinum

Low variability/high abundance in dry years
Senecio integerrimus

22.7

9.3

0.3

24.3

24.0

14.2

Valeriana capitata

12.0

0.1

4.3

19.3

19.2

8.9

Achillea lanulosa

18.8

5.8

0.4

23.0

22.6

12.0

*Potentilla fruticosa bloomed in 1978 but did not occur on census
plots.
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variables considered in the placement of species into one of these
patterns of variation are 1) whether plant species have a high range
of variation in density and 2) whether the highest species abundance
occurs in wet or dry years.

The three groups are 1) species with the

highest ranges in density and high abundance in wet years 2) species
with low to moderate ranges in density and highest abundance in wet
years and 3) species with low to moderate ranges in variation and a
marked increase in density in dry years.
Patterns of bee visitation (Table 15) were relatively consistent between years considering the large yearly variation in time of
blooming and density of flowers.

Patterns of bee preference were

determined by comparing the proportion of bees visiting a flower
species in a 5-day interval to the relative abundance of that flower
species in the same 5-day interval.

If the ratio was greater than 1.0

a plant was considered to be preferred by solitary bees, and if less
than 1.0 the plant was considered to be avoided.

The average weekly

preference for each flower species and the proportion of the blooming
period during which it was preferred are measures of a flower species
overall preference to bees (Table 16).
Four species were consistently preferred by bees.
these species,

~

officinale,

~

gracilis, and

~

Three of

speciosus have open,

platform-type flowers in which pollen and nectar are easily accessible
to bees.

The fourth species,

~

rydbergii, has a short, broad tube

which requires some manipulation to obtain pollen and nectar.
these species are late bloomers except for

~

officinale.

All of

All of the

preferred species had relatively low ranges of variation in density.
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Table 15.

The number and relative proportion of flower visits by
solitary bees and primitively social bees./--/On1y one
visit is recorded per bee since bees were killed after each
visit. Bee visits were not recorded for 1980.

1977
%
#

1978
%
#

1981
%
#

M. 1anceo1ata

0

0

15

5.2

0

0

T. officinale

56

13.5

34

11.8

50

10.3

0

0

11

3.8

2

0.4

28

6.7

10

3.5

17

3.5

D. ne1sonii

h

argenteus

~

integerrimus

0

0

2

0.7

24

4.9

~

capitata

2

0.5

4

1.4

46

9.5

P. gracilis

183

44.0

151

52.6

214

43.9

P. fruticosa

32

7.7

18

6.3

0

0

G. fremontii

22

5.3

1

0.4

0

0

L. lewisii

16

3.8

11

3.8

18

3.6

1h alpinum

0

0

5

1.7

4

0.8

54

13.0

13

4.5

52

10.6

A. 1anu1osa

2

0.5

0

0

1

0.2

1h speciosus

15

3.6

5

1.7

7

1.4

6

1.4

7

2.4

53

10.8

~

rydbergii

Other
No. Bees

416

287

488

48
Table 16.

The average floral preference (ratio of relative bee
visitation to relative plant abundance) over the blooming
season and the proportion of the blooming period (in 5 day
intervals) during which a species was preferred./--/Values
greater than 1 indicate the plant species is preferred. A
plant species is considered preferred in a year when it has
an average preference greater than 1.0 for 50% or more of
its blooming period. The dashes (--) occur when a species
received no visits during that year. Bee visits were not
recorded during 1980.

1977
Pref.

% of
X
Time Pref.
Pref.

28.4

1.0

X

T. officinale

D. nelsoni
L. argenteus

1978

27.8

0
0.6

S. integerrimus

1981

% of
X
Time Pref.
Pref.

0.6

24.0

% of Overall
Pref.
Time
Pref.

0.6

0

0.2

0

0.2

0.5

0.2

0.4

0

0

2.7

0.2

0.3

0

200

0.3

0.9

0.5

4.4

0.9

V. caj2itata

0.6

0

P. gracilis

3.0

1.0

63.3

0.9

P. fruticosa

0.8

0.3

*

*

G. fremontii

1.3

0.4

0.6

0

L. lewisii

2.4

0.2

2.0

0.5

0.4

0

E. alj2inum

8.5

0.2

1.1

0.2

2.3

0.3

1.9

0.6

2.4

0.6

1.3

0.6

A. lanulosa

0.2

0

0

0.2

0

E. sj2eciosus

6.5

0.4

0.8

15.3

0.6

~

rydbergii

1.8

+

+

0
0

-+

+

+

*A relative abundance for P. fruticosa could not be determined for
this year since P. fruticosa did not occur in the census plots.
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Eight species were consistently avoided.
ne1soni and

~

Two species, D.

argenteus, have complicated flowers with specialized

morphological features which make it difficult for small solitary bees
to manipulate flowers to obtain rewards.

Although these two species

had the highest densities in two of four years, they also had the
greatest range in density over the four years.

Both of these species

are visited by bumblebees (Pleasants 1980, Inouye 1978, Pyke 1982).
The other 6 nonpreferred species have more simple flowers.

S.

integerrimus is visited by butterflies and bumblebees (Schmitt 1980),
and has florets that may be too deep to be probed by short tongued
solitary bees.

~

1anu10sa,

~

a1pinum and

~

capitata have inflores-

cences of small tightly-packed flowers and appear to be used more by
flies than by bees (Thomson 1978, and personal observation).

G.

fremontii and P. fruticosa have solitary, simple flowers but have
relatively low bee visitation.

It is possible that these two species

have pollen lacking in some nutrients (Baker and Baker 1979, Simpson
and Neff 1983).

These last six species occurred at relatively low

densities in all four years of the study.
Linum lewisii was preferred inconsistently by bees.

However, the

proportion of visits by all combined bee species to this species was
low «5%) in all four years.
in 1978 when

~

Preference for

~

lewisii was only shown

argenteus abundance was very high, resulting in lower

relative abundance of other species.

Because the preference ratio is

highly affected by the absolute abundance of a species, a low relative
abundance could result in a higher preference even though the proportion of visits to L. lewisii remained the same.
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In three years of the study, the non-preferred species
represented a far greater proportion of the available resources than
preferred species (Table 17).
~

abundance of
preferred.

argenteus and

This is largely a result of the high
~

nelsoni, both consistently non-

In 1981 the abundance of

~

argenteus was severely

depressed due to a late freeze and the proportion of preferred species
and non-preferred species was most similar in that year.
The number and proportion of visits a plant species receives
from pollinators has a significant negative correlation with the
coefficient of variation in year-to-year density for that species and
no significant correlation with mean density or relative abundance
(Table 18), suggesting that solitary bees are more sensitive to the
between year variation in flower numbers rather than the absolute
abundance of any flower species.
Discussion
Phenological variation in montane meadows is highly seasonal.
The plant community has a short blooming season which begins with
snowmelt and is ended by frost or lack of soil moisture.

The timing

of snowmelt and the depth of the snowpack vary unpredictably from
year to year.

In years with deep sno\<lpack there is abundant summer

moisture for plant development and blooming, and
later.

flowering begins

In years with light snowpack the growing season is shortened

due to moisture stress and flowering begins and terminates early.
The climatic and phenological variation in this montane
habitat is not only seasonal, but also unpredictable from year to
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Table 17.

Relative abundance of preferred and non-preferred plant
species.

Year

ReI. Abun.
Preferred
Species

ReI. Abun.
Non-preferred
Species

1977

28.2

71.8

1978

17.5

82.5

1980*

8.2

83.7

1981

49.2

50.8

Since visitation data are not available for this year, the
relative abundance of preferred species represents the four
species consistently preferred in the three other years. The
relative abundance of non-preferred species represents the five
species consistently not preferred in other years.

;r

Table 18.

Correlations between bee visitation and average flower
density and yearly variation in flower density.
No. visits/
Flower species

% visitation/
Flower species

Flower species

0.12

0.11

CV density/
Flower species

-0.71*

-0.69*

X reI. abun./
Flower species

0.31

0.30

CV reI. abun./
Flower species

-0.29

-0.330

X density/

-l~

p(.OOl (n=13)
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year.

Recent theoretical work has suggested that in variable environ-

ments there should be a tradeoff between the expected value of
resource rewards to foragers and the variance in those rewards (Caraco
1980, Real 1980a, b, 1981).
1)

This hypothesis leads to two predictions:

Rewards with a lower expected return may be preferred if they have

a higher certainty.

2)

Behaviors which sacrifice efficiency or

short-term expected gains may be favored if they offer higher longterm security.

Although much of this work has concerned the foraging

of single individuals, these predictions can be extended to apply to
species in variable habitats, particularly since the foraging behavior
of species is just the aggregate of individual behaviors.
In variable habitats three characteristics of a resource might
be important to bees: quantity, quality, and predictability within and
between years.

In these variable habitats some animals might be

expected to exhibit behaviors and resource preferences that minimize
uncertainty rather than maximize expected energetic reward (Caraco et
ale 1980, Real et ale 1982).

Since most solitary bees are univoltine

and cannot easily track between-year variation in floral resources,
behaviors to minimize uncertainty should be especially valuable for
these species.

The plants most preferred by solitary bees are rela-

tively predictable in density from year to year and this resource
reliability appears to be more important to bees than the absolute
resource abundance.

This is shown by the high negative correlation of

visitation with variance, and by the lack of correlation with mean
density.
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Variation in flowering due to climatic variation falls into
three general phenological patterns.
~

1)

Two species,

~

nelsoni and

argenteus, have high variance in abundance between years and have

very high abundance in some years.

Both of these species bloom early

in the season and have spikes bearing a moderate to large number of
medium sized flowers.

In good years, indeterminant development

produces a spike-like arrangement with large numbers of flowers.
However, the arrangement of flowers on elongated spikes appears to
increase the susceptibility of these species to desiccation in dry
years and to frost damage to the flowering stalk.

As a result, the

abundance of these species varies widely between wet and dry years,
and also among years with late spring frosts.

2)

A second group of

eight species blooms throughout the season and has flowers that are
born singly (e.g.

~

gracilis,

~

fruticosa,

~

officinale,

G. fremontii,

~

~

These flowers are less susceptible to frost damage and

alpinum).

lewisii), or on low spikes (e.g.

~

Eydbergii and

desiccation, even though several of these species bloom later into the
season when conditions are drier.

Because these species bear fewer

flowers per plant, their flowers are found in lower density than the
first group, but they are also more consistent in abundance from year
to year.

In general, these species are in highest abundance in wet

years, but included in this group are some species with inconsistent
year-to-year changes in abundance.

3)

The third group of three

species shows a marked increase in abundance in dry years, when most
other species have decreased abundances.

All of these species have

aggregated inflorescences of small to very small flowers on both long
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(~integerrimus)

and short stalks

(~capitata

and

~

lanulosa).

These flowers bloom both early and late in the season and appear to be
less susceptible to desiccation or frost damage than the first group.
In general, these species offer few rewards to bees and appear to be
pollinated primarily by butterflies or flies.
Plants in the first phenological group appear to maximize
production of flowers at the cost of increased year-to-year variability in flower number.

In years when these species are abundant,

they may receive a greater than expected number of pollinator visits
because of the large floral display they present to pollinators
(Waser 1983).

However, because of their temporal variability, these

species may not be able to support stable populations of specific
pollinators that are sufficiently abundant in all years to provide
adequate pollination.

Therefore they are more likely to rely on

generalist pollinators which can switch their foraging behavior in
response to varying flower abundances.

The two plant species in this

group also have complicated flowers which are generally not accessible
to solitary bees.

These species appear to be adapted for pollination

by bumblebees which can learn to manipulate complicated flowers.
Bumblebees have greater behavioral flexibility than generalist
solitary bees (Heinrich 1976b) and use an even wider range of floral
resources as a colony than do solitary generalist bee species.

This

behavioral flexibility of bumblebees may allow them to maintain
relatively stable population sizes despite substantial year-to-year
variation in their preferred floral resources.

In contrast,

generalist and specialist solitary bees may pass on floral preferences
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to their offspring in a much more stereotyped manner, through larval
conditioning to the taste and smell of pollen in the nest (Linsley
1958).

Consequently, the offspring of solitary bees may be less

likely to switch to a temporarily abundant flower species if it has
been in low abundance in the previous year, especially in comparison
to bumblebees, which have behavioral mechanisms for continually
sampling the abundance and availibility of a wide spectrum of floral
resources (Heinrich 1976b).
Flower species found in the second phenological group appear
to minimize year-to-year uncertainty at the expense of high flower
abundance in good years, and they show less year-to-year variability
in abundance.

These species appear to rely primarily on pollination

by solitary bees.

In general, plants in this second group of species

have solitary, simple flowers, or if they have spicate infloresences
these tend to be short and perhaps are less vulnerable to climatic
stress than those in the first group. Reduced yearly variation in
abundance would allow these species to support relatively stable
populations of solitary bees with limited flexibility in their
foraging behaviors.

The most abundant of these plants,

~

gracilis,

also supports the highest number of specialist and generalist bees and
receives the greatest proportion of visits in each year (Table 1).
Most of the other plant species supported more generalist than
specialist bees.

However,

~

rydbergii, which has short spikes of

tubular flowers that are more difficult for bees to manipulate,
supports more specialist than generalist solitary bdes (Table 1).
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The third phenological pattern is represented by plants that
are generally low in abundance but show a marked increase in both
absolute and relative abundance in dry years.
are preferred by bees in this habitat.

None of these species

Although the flowers in this

group have low variability in numbers from year to year, they are
generally low in abundance and may not offer the kinds of rewards
preferred by bees.

Butterflies and flies are pollinators of several

of these species (Thompson 1978, Schmitt 1980).
The behavior of bees in this habitat also can be categorized
into three general patterns.

1)

Bumblebees are behaviorally flexible

and long-lived relative to solitary bees. They appear to be able to
adjust their foraging preferences within a blooming season (Heinrich
1976b) to utilize the most abundant, high quality flowers as they
become available.

In addition, the colony as a whole may act as a

foraging unit that can accurately assess the quality and abundance of
floral rewards throughout the habitat from the taste, smell, and
abundance of the pollen and nectar brought in by various workers.

For

these reasons, bumblebees should be better able to respond to the high
peaks of a rich, but variable resource.

The increased learning

ability of bumblebees may have evolved to utilize the unpredictable
resources of temperate habitats while minimizing risk.

2)

Solitary

bees in general have a more stereotypical behavior than bumblebees.
Some solitary bee species specialize on one or two plant species and
do not change preferences between years.

These specialists should be

especially dependent on stable resources to persist from generation to
generation.

3)

Generalist solitary bee species are more flexible
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than specialists.

However, their behavior is still more sterotypical

than that of bumblebees, and their solitary nature precludes the
acquisition of abundant and accurate information on the diversity and
relative value of available floral resources that could be used by
bumblebee colonies with mUltiple foraging workers.

Consequently,

generalist solitary bee species use an even smaller array of resources
than bumblebee species.

The solitary bees appear to minimize uncer-

tainty by exploiting a suite of relatively stable resources.

Low

density planes tended to be visited by a larger number of solitary bee
generalists than specialists (Table 1).

As long as the preferred

flower species of generalists are relatively predictable they need not
necessarily be abundant.

The diet of generalists can be comprised of

several relatively rare species, whereas specialists of comparable
abundance must exploit more common species.
The theoretical work of Real (1980a, b, 1981), Caraco (1980)
and Rubenstein (1982) has shown how variation could be a potent selective agent in the evolution of resource exploitation strategies and
life histories.

Nevertheless, the effect of natural and unpredictable

climatic variation on the processes that structure communities has not
been sufficiently considered or appreciated in empirical studies.
Wiens (1977), however, has provided examples of situations in which
unpredictable variation might affect the importance of competition in
structuring communities.

The present study suggests that the develop-

ment of floral characteristics that restrict some pollinators or
attract others may be influenced by several factors: behavioral
constraints on different pollinators, energetic needs of pollinators,
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selection to reduce overlap in pollinators with other plant species,
or selection to reduce between-year and within-year variability in
pollinator response.

On the other hand, the plant species chosen by a

particular pollinator may be a result of selection to reduce betweenyear variability in flower abundance or within-year variability in
individual floral rewards, as well as to avoid resource overlap and
competition with other pollinators.

The patterns of plant-pollinator

interactions in variable montane and prairie habitats may not be as
simple as previous workers have implied.

Between-year and within-year

variability may be important factors influencing both the attributes
of individual species and the interactions among species in these
systems. This variablility should be given much more serious consideration in empirical as well as theoretical studies of
dynamics and community organization.

populatio~

APPENDIX A
SEASONAL RELATIVE ABUNDANCE OF FLOWERS

Relative Abundance
1978
1980

Flower Species

1977

Mertensia lanceolata
Taraxacum officinale
Delphinium nelsoni
Lupinus argenteus
Senecio integerrimus
Arabis drummondi
Geum triflorum
Lathyrus leucanthus
Vicia americana
Valeriana capitata
Potentilla gracilis
Potentilla fruticosa
Geranium fremontii
Linum lewisii
Eriogonum subalpinum
Eriogonum umbellatum
Penstemon rydbergii
Achillea lanulosa
Erigeron speciosus
Agroseris sp.
Campanula sp.
Calochortus sp.
Lomatium sp.
Microsteris gracilis
Penstemon strictus
Senecio sp.
Arabis sp.
Castilleja sp.
Galium sp.

0
0.021
0.017
0.210
0.082
0.002
0.003
O.Oll
0.002
0.043
0.247
0.089
0.060
0.089
0.003
0
0.044
0.068
0.008
0.0003
0.001
0
0
0
0
0
0
0
0

Total flm.,rers/40 sq. m.
Total species

6092
19

0.064
0.0l6
0.293
0.473
0.009
0.004
0
0.019
0.003
0.0001
0.082
0.002
0.008
0.007
0.005
0.001
0.003
0.006
0.002
0.003

a
a

0.001
0
0
0
0
0
0
41,849
20
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0.007
0.003
0.126
0.559
0.0003
0.001
0
0.006
0.002
0.005
0.092
0.067
0.024
0.048
0.002
0.002
0.001
0.001
0.016
0.001
0.0001
0.001
0.001
0.030
0.001
0.0001
0
0
0
35,153
25

1981
0.001
0.003
0.018
0.053
0.090
0
0.005
0.003
0.001
0.072
0.261
0.069
0.009
0.ll6
0.002
0.005
0.ll6
0.085
0.008
0.002
0.001
0.001

a

0.003
0.017
0.021
0.026
0.006
0.005
10,799
27

APPENDIX B
POLLEN PREFERENCES OF SOLITARY AND PRIMITIVELY SOCIAL BEES
DETERMINED FROM SCOPAL LOADS, 1977
Bee Species

Colletes nigrifrons
Andrena birtwellii
A. cyanophila
A. milwaukeensis
A. placida
A. apacheorum

Number
individuals

21
65
43
5
8
3

Pollen
species
~

~
~

h

P.

1.
Po
E.

A. amphibola

1
1
A. salicifloris
1
A. w-scripta
Panurginus cressoniellus 15
5
Pseudopanergus sp.
Heterosaurus bakeri
11

~
~
~
.!:~

.!h
b..

45
10

E. niger

13

Dialictus tenax

45

D. ruidosensis

18

D. sedi
--

6

Osmia brevis
O. bruneri
O. cyaneonitens
O. giliarum

6
3
3
8

O. gri!ldelia
O. proxima
~ (near proxima)
o. simillima
O. trevoris

8
23
5
2
24

Hoplitis producta

11

67
82
69
92
53
12
23
23
87
84
99
72

h argenteus

99
44
24
56
40
22
39
20
44
13
36
22
34
14
84
57
95
42

~

11

P.

Dufourea fimbriata
Evylaeus inconditus

gracilis
gracilis
gracilis
argenteus
gracilis
officinale
fruticosa
sEeciosus
gracilis
capitata
gracilis
gracilis
speciosus
.speciosus
fruticosa
fruticosa
speciosus
officinale
speciosus
fruticosa
officinale
fruticosa
officinale
fruticosa
fruticosa
speciosus
rydbergii
rydbergii

Po
Eo
1.
Eo
Po
1.
Po
T.
P.

Po
b..
~

~

~ q~dber8ii

rydbergii
h argenteus
~ rydbergii
h argenteus
L. leucanthus
h argenteus
T. officinale
~ rydbergii
60

Pollen
species

%

37
88
86
58
65

%

T. officina Ie
P. fruticosa
P. fruticosa
Po gracilis
L. argenteus

20

P. gracilis
V. capitata
Po fruticosa

21
12

P. fruticosa

22

P. gracilis

25

P. gracilis

Po gracilis

A. drummondi
1. officinale

34
22
13
30

P. gracilis

25

P. gracilis
A. drummondi
1. officinale

11

30

L. argenteus

30

T. officinale

24

.!:.:..

37

rz:d bergii

13

28
5
14
13

23

T. officinale
P. rz:dbergii

28
20

P. fruticosa

11

13

82

APPENDIX B (CONT.)
POLLEN PREFERENCES OF SOLITARY AND PRIMITIVELY SOCIAL BEES
DETERMINED FROM SCOPAL LOADS, 1978

Bee Species

Number
individuals

Colletes kincaidii
nigrifrons
Andrena birtwellii

~

!:....

cyano~hila

A. milwaukeensis

h algida
A.

~lacida

A. salicifloris

!:.... transnigra

10
6
. 62
19
6
3
5
14
4

A. w-scriQta
Pterosaurus didiruQa
Dufourea fimbriata

7
2
10

Halictus rubicund us
Lasioglossum trizonatum
Dialictus sedi

17
2
3

D. ruidosensis

7

D. tenax

4

Evylaeus niger

5

E. inconditus

49

Osmia bruneri

2

O. buceQhala
O. grindeliae

1
6

~

Qroxima
O. simillima
0.- trevoris

12
1
1

Pollen
species

52
,gracilis
88
gracilis
80
gracilis
73
gracilis
h argenteus 62
T. officinale 48
11
~ gracilis
58
~ gracilis
T. officinale 17
42
P. gracilis
T. officinale 13
31
Lomatium sp.
T. officinale 17
63
Po gracilis
E. sQeciosus
99
Po fruticosa 51
Me lanceolata 10
To officinale 47
T. officinale 49
T. officinale 33
31
P. gracilis
M. lanceolata 41
T. officinale 14
M. lanceolata 30
24
P. fruticosa
T. officinale 49
11
~ gracilis
35
~ gracilis
14
P. fruticosa
50
P. rydbergi:!:.
T. officinale 16
1. leucanthus 72
Me lanceolata 45
L. argenteus
22
62
~ rydbergii
L. leucanthus 94
L. argenteus
96
~
~
~
~

61

Pollen
species

%

%

P. fruticosa

24

P. fruticosa
fruticosa
Do nelsoni
Po fruticosa

19
20
14
12
10
21

Po
V.

Po

ca~itata

fruticosa

Lomatium sp.
P. gracilis
V. caQitata
Po fruticosa

18
10
21
15
28

P. gracilis

38

D. nelsoni
M. lanceolata
M. lanceolata

31
51
31

D. nelsoni

~

graciliS
officinale
T.
A. drummondi

24
14
24
19
28

M. lanceolata

28

M. lanceolat::t

33

h

25
32

~ ca~itata

A. drummondi

~

argenteus
rydbergii

M. lanceolata

27

APPENDIX B (CONT.)
POLLEN PREFERENCES OF SOLITARY AND PRIMITIVELY SOCIAL BEES
DETERMINED FROM SCOPAL LOADS, 1981

Bee Species

Number
individuals

Colletes nigrifrons
Andrena birtwellii
A. candida

9
42
48

h cyanophila
h placida
A. milwaukeensis

20
20
14

A. salicifloris

27

A. transnigra

5

Dufourea fimbriata
Halictus rubicundus

2
10

Dialictus sedi
D. ruidosensis

21
17

D. tenax

6

Evylaeus niger

3

E. inconditus
Osmia hrevis
O. bruneri
O. paradisica
~ proxima
~ superparadisica
O. trevoris

55
9
6
17

27
3
11

Pollen
species

%

87
gracilis
81
gracilis
P. gracilis
46
V. capitata
21
80
~ gracilis
P. gracilis
71
44
h argenteus
~ intergerrimus 18
43
~ gracilis
Arabis sp.
15
P. gracilis
39
Po fruticosa
20
P. gracilis
50
44
To officinale
S. intergerrimus 19
Arahis sp.
56
24
T. officinale
L. argenteus
16
43
~ gracilis
21
~ speciosus
Arahis sp.
50
18
:i:... capitata
41
~ graCilis
88
~ rydbergii
81
~ rydhergii
60
~ rydhergii
64
~ rydbergii
100
~ rydhergii
27
h argenteus
18
P. rydbergii
~
~

62

Pollen
species

%

P. fruticosa

10

Arabis sp.

17
25

Po fruticosa

v-: caEitata
v-: capitata

P. fruticosa

20
14
28

V. caEitata

38

Arabis sp.

28

P. fruticosa

Po gracilis

49
13

T. officinale

Po graCilis

33
20

T. officinale

32

T. officinale

30

Arabis sp.
T. officinale
Po gracilis
Do nelsoni
P. gracilis

28
10
16

P. gracilis
T. officinale

26
15

10

23
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