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FOREWORD

This document is the second compilation of Annual Reports on the
Extremely Low Frequency (ELF) Communications System Ecological Monitoring
Program initially authorized under Naval Electronic Systems Command Contract
N00039-81-C-0357, and being continued under Contract N00039-84-C-0070. IIT
Research Institute, as coordinator for ELF ecology studies, has subcontracted
for 10 monitoring projects with several universities and one state agency.
This compilation summarizes the activities of those projects from November
1982 through December 1983.

The purpose of the ELF Ecological Monitoring Program is to assess the
influence of electromagnetic fields associated with the ELF Communications
System on major ecosystem components. Multi-year studies are planned. The
first full year of pre-construction studies was completed in Michigan during
this reporting period. The 1982-1983 period represents a continuation of
operational studies in Wisconsin.

This document was printed from original copies of each principal investi-
gator's annual report for 1983 without change or editing by either IIT
Research Institute or the Naval Electronic Systems Command.
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g 1ll. PREFACE

In the original proposal to conduct biological research on the megachilid bees the
premise was made that many of their behavioral patterns are genetically imprinted in
the species and as a result are somewhat stylistic by nature. There is however, a certain
amount of variability within each species which allows for extrinsic factors to alter their
normal or typical behavior patterns. Indeed, if this variability were not built-in to the

-

system, the species would soon become extinct. These extrinsic factors could include

numerous climatological factors, the lack of a particular species of plant in the
immediate flight range or community of the bee, the lack of available nesting materials,
or the lack of available nesting sites. Other extrinsic factors could possibly include
human influences which might be beneficial or detrimental, depending largely on how

drastic the change in the environment induced by man and the ability of the bee to adapt

x_ ." -'l -" -" [y V‘1 l" .g .1‘ .l' ‘l“"

to any given situation. Another extrinsic factor brought about by humans could include
electromagnetic waves given off by the ELF communication system. Theore:ically,
these might alter the bee's ability to orient to nesting areas or sites, their ability to
survive under more or less constant exposures to the electromagnetic fields, or otherwise
change their behavior patterns in nest architecture, pollen collection, or other nesting

activity.

The research program was thus set up with a rather sophisticated ambient
monitoring system to measure the climatic factors which were previously known to
impinge upon the biological behavior patterns of the megachilid bees. From a scientific
perspective the premise is still very sound--to monitor those factors in the environment
which are either known to alter thei~ behavior patterns or which are suspected of doing
so. Thus, any serious alteration in behavior pattern, survival rate, or change in other
ecological relationships between the bees and their environment might be ascribed to

normally occurring phenomena within the natural environment by statistically testing
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these parameters, either singly, in various combinations, or multiples. [If these
alterations cannot be explained on the basis of statistical analysis, further statistical
testing of man-made influences such as ELF into the environment would have to be
pursued.

Because of design changes made by the U. S. Navy over the past year in both the
projected route of the antennal system and alteration from a partial under-and above-
ground system to an entirely above-ground system our own experimental design has
undergone some revision. Essentially the design change made by the U. S. Navy has
eliminated one variable from our experimental plans--the underground cable system.
Our current experimental design entails four sites--two in the immediate vicinity of the
ELF antennal system (the experimental sites) and two approximating 13-16 kilometers
distance from the cable system (the check sites). The two check sites would be far
enough away from the ELF system to obviate any presumed electromagnetic influence
upon the behavior mechanisms of the bees.

Four hutches (see Fig. 3), each with 20 nest blocks randomly distributed on the four
shelves of the hutch, were positiond at each site. Each site thus had a potential of 180
nests per hutch or 720 per site. With four sites, 2880 potential nests would available for
occupancy at any given time. To be consistent in terms of placement of the hutches at
each site, two were placed in a North-South magnetic orientation and two were placed in
an East-West orientation.

Once the ELF installation is in operation it is anticipated that equal time, effort
and expenditure of personnel would be involved at each of the sites in obtaining data
concerned with the biological ramifications of the several species of megachilids in each
of the areas.

Because the bees are so dependent upon flowering plants each of the sites has been
assessed both qualitatively and to a limited extent the more important pollen producing

plants quantitatively to assure uniformity and simiiarity between sites.
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\ In the final analysis the data thus garnered on the some twenty more common
.,u species of megachilids of the area could be treated statistically at the species level, site,
" or lumped together on an "experimental" versus "check" plot area and an evaluation J
tz"zl-_‘ made as to possible causes of any deviations in biological phenomena. Among the :
p statistical analyses which will be made are the following: T-test, rank correlation, :
. correlation, simple one way analysis of variance, a dominance index, and co-occurrence :,1:
- index. When timed sequences of events occur and are possibly lumped together as units i
® and are coupled with ambient monitoring data more sophisticated statistical analyses J
including nested analysis of variance, multiple regression, random processes, and R
canonical correlation will be made with the Cyber unit on campus. ,
4
One of the major problems with research work on univoltine species of insects is d

the fact that the data on behavioral habits obtained in the first season must await the

following year and eventual emergence as adults to attain meaningful results. Until the
Spring of 1984 and the eventual emergence of adult bees we will have no data on (1)
overwintering mortality, (2) position of the sexes within the linear nests (note Fig. 1), (3)
ratio of the sexes, (4) emergence dates of each sex, (5) rate of parasitism by
kleptoparasitic bees or other parasitic insects, and (6) positive identification of the bee
species involved with each nest. The latter (item 6 listed above) comes about with our

working with a potential of over 20 species--containing complexes in the genera

Megachile and Osmia which are virtually impossible to determine under field conditions.

This problem may partially resolve itself with emergence and identification in the Spring

of 1984 when we will have an assessment of species composition at each site.
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The common honeybee, Apis mellifera, an imported species from Europe is thought

S
DA
oo,

to be the single most important pollinator of North American flowering plants. This is
perhaps true of some species of flowering plants endemic to the Holarctic Region, or of
differing species in North America which are closely related to others in Europe, to
which the honeybee has adapted by coevolution through time for the collection of pollen
and nectar. Our native American bees, of which there are about 3500 known species,
have likewise coevolved through millenjia of time with the native North American
flowering plants. The adaptations of the bees for collection of pollen are unique and
correlate with peculiarities of floral structure with native plants. These ‘adaptations
have evolved so distinctly that some native bees are known to restrict visitation to a

single species of flower, a group of closely related species, or sometimes a group of

closely related genera for which the term oligolectic is applied. The honeybee is a

polylectic species, visiting flowers over a wide range of species whose nectar and/or :
4

pollen are readily available. E:
Overwintering studies on the honeybee would be excessively difficult to accomplish :1

in the Upper Peninsula of Michigan because of the length of the winter period (days ]
below 50°F.), extensive snow cover from mid-October through April, and excessive 3
energy requirements for the bees to overwinter. The long period of temperatures below :
operable conditions for flight of the honeybee combined with snow cover negates the ;4]
possibility for a cleansing flight of the honeybee during late winter period--the net result :1

being the death of the colony!

The experimental site being situated in the heart of the contiguous Michigamme,
Escanaba River and Ford River State Forests has not been disturbed by man's agricultur-
al efforts as much as other areas of the U.P. where agriculture has continued over a

period of years. Forage areas for honeybees have tended to be associated with

:
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agricultural areas in the U.P.--near acreages of legumes and other cropping systems
which have disturbed areas adjacent which has lead to a plant sucession and species of
plants more conducive for honeybees to use as forage.

Apiari_sts in the U.P. have long been cognizant of these facts. Colonies are placed
adjacent to agricultural lands where abundant forage potentials may be found, are killed
in late fall, and the entire honey supply is harvested. From an economic aspect it is
cheaper to begin the following season with purchased nukes from southern states than it
is to attempt to overwinter the colonies and take the chance of them being dead when
spring arrives.

For reasons outlined above, specifically: (1) that the honeybee is not native to
North America and has not co-evolved with the native North American plants and as
such are not the primary pollination agent of many plants found in the experimental site;
(2) that the native bees have co-evolved with the North American plants and are thus far
more efficient in their pollinating activities, with many of them being oligolectic; (3)
that forage areas for honeybees in the experimental area are limited; and (4) that

overwintering studies with the honeybee would be most difficult, our research efforts

will be restricted to the basic biology of our native megachilid bees.
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V. SCIENTIFIC APPROACH

A. GENERAL BIOLOGY OF A MEGACHILID BEE

The megachilid bees are solitary in respect to their nesting activities. The mated

female may construct her own hole to make a nest by burrowing into the soil or a pithy
plant stem, or make use of a previously made hole in wood such as an emergence hole of
a beetle. Researchers have made use of this need for a hole in wood by drilling holes of
varying diameters in wood and setting the blocks of wood out in nature in propitious
places. Other techniques have included soda straws, hollow thatch, or pithy stems. The
method is generally referred to as "trap-nesting."

The selection of type of nesting material and whether the hole is previously present
is dependent upon the species of bee. Once selection of a proper nesting site has been
made the female may clean the burrow of miscellaneous wood chips or other extraneous
material. In some cases, salivary secretions may be applied to the burrow walls to
further smooth them. In some members of the genus Megachile the female then departs
to the field and gathers round sections of leaves which she cuts out with her mandibles
and layers these in the bottom of the bore. In other species of megachilids resin, sand,
soil, small pebbles, masticated leaves, plant down or mixtures of the afforementioned

materials may be used. In some members of Megachile the tunnel is then lined with

oblong pieces of leaves, while other megachilid species do not line their tunnels. In any

)
i

.

PRE U A AR LY

case, a "cell" is delimited by the female bee (Fig. 1). Whether the cell wall is lined or .
not and the plant species used for these construction processes depends largely upon the

species of bee involved. The time of the season and geographic area in which

observations are made are obvious alterable factors for either a species of long longevity ;
or of wide ranging geographic distribution. 1?1
With the cormpletion of the preparation of a cell the female bee abruptly changes 2 d
'

her activity pattern to one of foraging for pollen and/or mixtures of pollen and nectar. o
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Repeated trips are made to the field for gathering of pollen -- if oligolectic, from only a
single species of flowering plant and assuring a high percentage of cross-fertilization of
the plant; if polylectic, from a variety of plant species. When these pollen stores have
reached an optimum the female bee lays an egg on the provisions and then commences to
seal-off the cell with a cell partition leaving enough room for the developing larva to
increase in size and complete its development. The cell partition is composed of the
same material as was used at the bottom of the bore.

The entire process of cell construction and provisioning may be repeated several
times along the length of the tunnel bore in a linear arrangement. Although there is a
wide variation in the numbers of cells produced it is usually dependent upon the length of
the original tunnel bore. A vestibule cell is sometimes formed between the last
provisioned cell and the nest cap. The nest cap is constructed of the same materials as
are cell partitions for the species but is usually much longer in total length. After
completion of the nest cap the female abandons the nest and may seek out another

suitable hole in which to begin another nest.

Cell Partition

/

Developing

Nest Cap

—u;:-—- -

AT

Pollen l Egg Vestibule Cell
provisions

Figure 1. Longitudinal section (schematic) of a megachilid bee trap nest illustrating

terminology used in text.
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Environmental parameters play an important role in the length of time for any of
the elucidated gathering procedures. = Among the more important are ambient
temperature, relative humidity, precipitation, barometric pressure, solar radiation, and
wind velocity. Since these animals are poikilothermic their activities are largely
governed by the ambient air temperature. Interruptions by rainfall and attendant
changes in barometric pressure could also bring about changes in behavior. Bees are
sensitive to changes in solar radiation so they may not be as active on a dull day versus a
bright sunny day. Any of the above listed parameters could have a direct influence upon
the behavior mechanisms of the bee resulting in marked differences in nest architecture,
pollen collection, plant preferences, or other behavioral parameters. By correlating
environmental factors with nest architecture or events in the biology of the native bee

by statistical methods it could be possible to pinpoint the causal agent or demonstrate

relationships.

B. TRAP NESTING METHODOLOGY 5
In the study site area five genera of megachilid bees are known to occur which are
commonly found in trap nests. These include Osmia, Hoplitis, Megachile, Coelioxys, and :l
Heriades - represented by 40 species. Of these 40 species, 15 are reported in the :::':
literature to occur in trap-nests, an additional eight species of Osmia possibly occur in 3
trap-nests, five are ground nesting, one constructs its own nests in pithy plant stems, and ij
six species of Coelioxys are kleptoparasitic in the nests of other megachilid bees. <
Nesting blocks of select white pine (19 X 19 X 153 mm) were bound together in -.j‘

units of nine. Holes of varying diameter were drilled lengthwise of each block and _‘:
randomly arranged in the pattern shown in Figure 2. The binding in units has been shown :"_‘
by the principal investigator to allow for easy manipulative handling, observation, )_‘
oy

recording of data, removal upon completion of the nest, and winter storage.
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Figure 2. Schematic diagram illustrating opposing end views and random arrangement

of varying size bores.

The assembled units were then placed in a randomized pattern, with four or five
units per shelf, on shelves of the hutches. Construction of a 4 shelved hutch is shown in
Figure 3. The randomized pattern attempts to eliminate problems with homing and the
return of the bee to the proper nest. Placement of the hutch in the environment is a
critical factor - semi-open areas with abundant flowering plants suitable for the leaf-
cutting bees involved, other plants used by the bee in nest construction, and availability

of other nesting materials being the more important.
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Figure 3. Side view of hutch construction and placement of nesting blocks.

C. OBSERVATIONS ON NESTING ACTIVITY

Data were obtained as to date and time at which a nest was founded and eventually

completed. Daily records were kept on the progress in the nesting cycle for each nest.

L" A selected number of nests were monitored by the investigative team (Fig. 4) by

visual observation to generate the following types of data: -

-
4

. .

"0
N
' r

T, v
-t oL
N
.

{ .. Numbers of trips required to provision with pollen for each cell. 1

Intervals of time necessary to unload and arrange pollen within each cell. _.;
E::.' 3. Numbers of trips to secure building materials for cell partitions. o
E: 4. Intervals of time between trips in 3 to construct cell partitions. Ei
:'.". 5. Time required for egg deposition for each cell. ;:::
r::. 6. Numbers of trips to secure materials for capping the nest. *1
7. Intervals of time between trips in 6 above to construct the nest cap. i
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Figure 4. A member of the investigative team, Adam Porter, observing and recording

data on nesting behavior of megachilid bees at the Ford II site.

Since data on field activity of megachilid bees concerning their nesting activity is
probably the element most lacking in all previous published literature the decision was
made to concentrate some of our efforts on this aspect of the project. A team of five
people were trained in techniques of watching leafcutter bees as they went about their
business of nest construction and provisioning. Close to 1600 man-hours of time were
expended in watching, recording, and determining activity patterns of various species of

Hoplitis, Megachile, and Osmia. This has amounted to some 15,000 timed events as

broadly outlined above in the life history of the bees. Some 4000 visual observational
notes which include incidences of marauders, parasitoids, usurpation, sunning activity,
etc., were also recorded.

Each of these events are being scrutinized, categorized, and more closely defined

into subsets of data approximating 50-75 letter symbols suitable for entry into the




. R I LR AR L RN TR S TP R i te LA Dah R _Sad Bad e s - -
ARSI R R AR I b Sl Rt A '~“-‘~,‘-."“"-.".'rx"-.'—'-"'."-"-'7- T W T ey

FraRes

-

18-

.

T YW
v s -
)

'

computer. When these informational data are converted to a computer readable format

v
,'1 1,
.

it is anticipated that some 50,000 bits of information will be available f.r statistical s

™

Loy
analysis. j:_‘
N All events outlined above in the life of the bee were recorded both in actual
ﬁ elapsed time intervals and also standard time (CDST). Thus, should some aberration -t
E occur in bee activity it could be correlated with some event as recorded by the 3
environmental monitoring system, or statistically analyzed to determine any causal
i affect brought about by the ELF installation. ....
&
:;f Hutches were positioned at all sites in a North-South or East-West magnetic
r::', position--the trap-nests would thus respectively face in an East-West or North-South :\
, -
g direction. Two additional parameters could eventually be analyzed statistically at each ._'5

of the test sites and compared with control sites--the possible affects of the

«

LN an e e e
© e te e

electromagnetic waves emanating from the ELF system when nest blocks are oriented in

a parallel fashion with the wires of the system (the East-West hutches) or perpendicular
to the wires of the system (the North-South hutches).

A complicating factor is the position of the sun and the facing of the trap-nests.
All East-facing blocks receive only morning sunlight, South-facing mid-morning to mid-
afternoon, West-facing mid- to late-afternoon, and North-facing no direct sunlight.

Perhaps the bees, given the opportunity, may prefer to face a particular direction over

another. Possibly, these preferences, if any, may be inherent within the species.

Data on the distribution of Osmia and Megachile nests at each site are presented in

Tables I and 2; an "all sites" summary of the total numbers of nests constructed on each

Pl of the four shelves and hutch faces, is provided in Tables 3 and 4. The complex of
species comprising both genera at the sites has yet to be determined; therefore the K
tables partiton data only to generic level. Field identification of Michigan megachilids is N
[ | possible only in a few instances. Since we did not want to sacrifice or disturb the -
- nidificating adults at our sites, the task of identificaiton was deferred to the winter of -
. =4
-
O
- - - - - . .‘
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83-84 in the case of Osmia, and to the spring and summr of '84 in the case of Megachile.
It was deemed wiser in terms of fulfilling the goals of the project to gather as much
behavioral data as possible on the species being observed, establishing at a later data the
specific identity of the bee through the determination of its offspring. Analysis and
subsequent study of the 1983 data on behavior and nest architecture for the various bee
species will, in many cases, facilitate accurate field identification in the forthcoming
season.

A perusal of Tables 1 and 2 suggests that there are some species in both genera
that prefer to establish nests on certain shelves (i.e., at a certain height above the
ground): 40% of the Osmia nests were constructed on shelf | (about 1 meter above
ground level), and over 50% of Megachile nests were constructed on shelf 4 (about 1
decimeter above ground level). Indeed, two species of Osmia whose nests we can
identify with certainty (O. lignaria and O. subaustralis) were found to exhibit marked
preferences for shelf height: of 11 O. lignaria nests 9 (81.8%) occurred on shelf !, and
the remainder on shelf 2 (18.2%). All of the 12 O. subaustralis nests (100%) were built on
shelf 4. Though all O. subaustralis nests were established on the south faces of the
hutches, the hutch face data in Tables 3 and 4 do not suggest that any particular face

was preferred by the majority of the bees.

NN

..........



Table 1  Summary Of Completed Megachile spp. Nests By Shelf Number At Various
Sites In 1983

Shelf
SITE 1 2 3 4 total
Ford 1 East
N 5 2 3 16 26
S 3 - 3 7 13
E 2 2 3 14 21
W T C S VR 1|
11 5 14 61 91
Ford | West
N 1 ] 3 11 16
S 2 1 2 11 16 1
E 3 2 - 6 11
W 3 5 & 9
9 9 9 37 64
Channing South
N - l 1 2 4 = o
S 2 - 1 7 10 . 3
E 1 - - 5 6 _
w 1 - _1 3 3 ]
4 1 3 17 25 ]
Channing North -
N - - t 2 3 =4
S - - { 4 5 -
E - 2 - 2 4 :
w B = _4 _6 _i0
0 2 6 14 22
County Line
N 6 1 2 7 16
S - 2 2 - 4
E 5 2 3 8 18
W & 2 _2 & 12
1 15 7 9 19 50
Ford Il East
N 4 2 6
. S 3 - 3
- E 2 2 4
- w 2 — 2
11 4 15
Ford Il West
N - 1 - - 1
S - - { 1 2
E - - 3 | 4
W -1 s 1 7
0 2 9 3 14
TOTAL 39 26 61 155 281 b

at

[ It

(Lt ]

IShelves | and 2 were available at this site.
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Table 2 Summary Of Completed Osmia spp. Nests By Shelf Number At Various i
Sites In 1983 .
3
Shelf K
- ."l
)
SITE 1 2 3 4 total -
Ford I East \]
N 1 1 1 ! 4 B
S 2 - - 12 14 -
E 2 | - - 3
W 13 1 1 _6
6 5 2 14 27
Ford I West
N - 1 1 - 2
S | 1 - 1 2
E 1 I - - 2
w - 1 - | 2
2 T4 T -2 9
Channing South
N 4 2 - - 6
S 3 2 - 2 7
E 1 2 - 1 4
W 3 3 - _- s
11 9 0 3 23
Channing North
N 1 1 - - 2
S 1 2 - - 3
E 4 4 | - 9
w _3 3 - - 6
9 10 1 ~0 "20
Sagolal
N 3 1 - - 4 z
S - - 1 1 2
E 4 - - - 4
w _2 1 - - 3
9 2 1 1 13

TOTAL 37 30 5 20 92

IThe Sagola site was discontinued on 20 July 1983.
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Table 3 Summary Of Completed Megachile spp. Nests For All Sites By Shelf \"
Number And Nest Orientation For 1983 :;;

Shelf

1 2 3 4  TOTAL o

Numbers Of Nests 39 26 61 155 281
% 13.7 9.8 22.1 56.4 100

Nest Facing

North  South East West TOTAL

Number Of Nests 72 53 68 88 281

% 25.6 18.9 24.2 31.3

........................................
SO T e R R A L
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Table 4 Summary Of Completed Osmia spp. Nests For All Sites By Shelf Number
And Nest Orientation For 1983

Shelf

1 2 3 4 TOTAL

Number Of Nests 37 30 5 20 92

% 40.2 32.6 5.4 21.7 99.9

LUl SuP S
- T .
e s

Nest Facing

b
®
-- North South  East West TOTAL
E
b
p

Number Of Nests 18 29 22 23 92

% 19.6 31.5 24 25 100.1
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1

A total of 44 nests of various leafcutter bees were observed partially during the .
formation of a nest and an additional 26 were observed from founding a nest to ;j
completion. These data are summarized on Table 5. These kinds of data are extremely
important for they allow us to determine the normal sequence of events in nest founding, j:f:?
provisioning, capping of cells, and eventual completion of a nest. In addition, activities -~—*
4

associated with both pre- and postnesting behavior patterns may be ascertained. }_ __1
X

In several instances data were obtained on marked bees through several successive j?
nesting cycles. For Osmia lignaria, two different bees were observed through a partial 2
nest and completion of a second. In one instance the same bee was observed through the i
completion of the first nest and completion of four additional nests within the time span I:
of June 14 through June 26. The last nest in the sequence was abandoned by the bee. i
During this time span marked changes occurred in her activity patterns as compared with 3
earlier season timed events and represent senility changes in her neural-muscular i
S

o=y

system. Considering the time span, the abandonment of the last nest before completion,

and evidence of a senility our observations for this particular bee probably represent a

e Y

N e

greater portion of the adult life span of the bee. "]

A

Similar observations were made on three different individuals of Osmia i

A

subaustralis. One bee was observed for two nesting cycles, and the other two for four el

nests each. Time spans ranged from June 24 through July 17. The latter two probably e

represent the greater portion of the adult's life span. £

k A
g One additional Osmia sp. was observed through two nesting cycles. -
p. ]
- In the genus Megachile 9 bees were observed through two nesting cycles, 2 through -
[ N
3 three, and a single bee through four nesting cycles. Two different females of Megachile 1
. S . =
- inermis through two nesting cycles at the end of the season (August 18-30) also exhibited N
p e
:f, senility pattern changes. o
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::: Table 5 Numbers Of Nests Of Various Megachilid Taxa On Which Nesting Observations
e Were Made In The 1983 Season
;:f'_ Partial Observations Complete Observations
:;; - on a single nest on a single nest
L
Megachile spp. 23 12
1 (excluding M. inermis)
-':I;- Megachile inermis 2 3

3 Hoplitis albifrons 2 - fjl

Osmia spp. 5 1 -

PP .
v s
.\".‘.'.'. P

1

v N
o Osmia lignaria 3 6 '::
3
2y Osmia subaustralis 9 4 :;
TOTAL 44 26 "
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With the founding of each nest the female bee was marked in such a manner that
she can be recognized either at the nest site or in the field at some distance from the
nest. Some records were attainable on flight range, flowers visited for nectar, flowers
visited for p-ollen, and in a few instances the source and activity mechanisms involved in
the acquisition of cell partition and capping materials.

With the approach of Fall and cessation of field activity the nests were stored in

boxes constructed to fit the shelves of the hutches (Figs. 5 and 6). This hopefully affords

some protection to prevent marauders such as bears, blue jays, flickers, rodents and

.'

t

[
s

PR Ty

other mammals from destroying them for food. Two large screen vents were placed at

-
U

R
S0
the ends of the boxes to allow for circulation of air. '\}:
I
All nests, whether opened or not, were individually placed in 100 ml plastic I
~
centrifuge tubes and the ends closed with very fine mesh nylon by means of a rubber -
.-__1
band. The box itself is thus exposed to rain. accumulation of snow, and alternate
freezing and thawing of the winter elements--in a sense a log which might be the natural o
habitus of the bees but at the same time affords some protection from excessive .
amounts of moisture seeping between the nest blocks and the possibility of mold killing
the inhabitants.
Nests of Osmia and Hoplitis were opened in September and October and nest 1
architecture data were recorded. The overwintering nests of Megachile will be split open -
ey
in late April or early May of 1984 to ascertain similar data. Megachile nests will be ;
opened at periodic intervals to note progress toward adulthood, time and duration of -j:f—:
pupation, the inhabitant of each individual cell will be sexed, and upon emergence as an :';:::
-
adult the animal will be marked and released at the nest site from which it originated. o
o
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Figure 5. A hutch with boxes in position and closed for overwintering.

Selected adult specimens from each of the nests will be retained for later
taxonomic verification as to the species and mounted in the usual manner for museum
purposes. In addition to the usual date-locality label additional labeling would include a
distinctive color label noting that it was part of project ELF and include a nest number,
cell number, emergence data, and plot locality. These specimens will be placed in the
Entomology Museum of Michigan State University for permanent deposition as voucher
specimens.

It should be emphasized for conclusion of this section of the report that the data on
behavior mechanisms cannot be fully utilized or analyzed until the Summer of 1984.
Behavioral data are currently being categorized into a subset system of letter symbols
applicable for entrance and retrieval from the computer for later analytical techniques.

This likewise connotes the necessity of rewriting of computer programs. Such events as
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emergence dates, overwintering mortality rates, sex ratios, position of sexes in linear
nests and most importantly the species involved with each nest are unknown at this time
and will remain so until the Spring and Summer of 1984. Once emergence of adults

occurs in 1984 when positive identification for each of the nests can be made can

analysis of data begin!
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Figure 6. A hutch with overwintering boxes in position but with covers removed to

L illustrate nests enclosed in centrifuge tubes.
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VL. AMBIENT MONITORING

A. INTRODUCTION

During the initial years of this investigation, it is desired to establish a data base
on the unperturbed natural biological, environmental, and climatological phenomena and
processes which occur in the study area. Only by comparison with such a reference data
base can ecological responses to potentially disturbing influences be detected and
evaluated. A discussion follows of the methodology for the acquisition of ambient
environmental measurements to establish such a reference data base, and later to
provide initial environmental data for analytical correlation with the studied ecosystem's
reactions, if any, to ELF influences.

Two field instrumentation modules (Model Ti-5X, custom configured by the
Instrumentation Division of Eco-Tech, Inc.) were purchased for automatic monitoring.
These units were assembled in ruggedized, environmentally "hard" enclosures for
extended field use. Due to the nature of the ELF experiments, all electronic sensing
equipment is battery operated. Further, the instrumentation clusters were configured to
be immune to ELF fields, and also to exhibit negligible EM radiation from
instrumentation equipment and cabling.

Ambient environmental data acquired via the monitoring systems is compatible
with our data management plan. A custom-configured and programmed microcomputer
was operated at our field Laboratory for data entry, consolidation, preview, and
preliminary analysis.

The relevant ambient environmental conditions which were monitored and recorded
via the automatic Model TI-5X instrumentation modules during the active period of

summer field investigation are listed in Table 6, below.
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Table 6. Automatically Sampled Ambient Environmental Parameters

Parameter Sensor Frequency
1) Ambient Air Temp Thermistor ’ 10 mins.
2) Relative Humidity Elec. sensor 10 mins.
3) Solar kadiation Pyranometer 5 mins.
4) Rainfall Tipping bucket 10 mins.
5) Barometric Pressure Solid State sensor 5 mins.
6) Wind Direction and Speed Anemometer 10 mins.

The instrumentation modules were placed in an open area in the immediate vicinity
of the experimental nesting sites. At each sampled location, the six parameters were
monitored and logged by a TI-3X instrumentation module which contain three separate
two-channel and one single channel solid state data loggers (Omnidata Datapods). These
logging devices were installed in a camouflaged weatherproof enclosure installed at
ground level (to discourage vandalism). The logging systems are each capable of storing
1023 sets of readings on a removable data storage module (EPROM). The systems
operate on internal batteries (8AA cells) and two 12 volt auto batteries for at least two
continuous months. The site microcomputer was outfitted with a data storage module
reader for data transfer. The data storage modules are erasable and reusable
indefinitely. Data were transferred to discs, a copy made and sent to Eco-Tech for
entering on the Cyber at Michigan State University.

One module was placed at the Channing site (control site) and the other at Ford |

site (experimental site). It should be pointed out that in addition to the actual logging of
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data that actual time (CDST) was simultaneously recorded. Likewise, all field
observations by project personnel were similarly recorded as to actual time. Thus, any

single parameter, or any multiple set of factors may be statistically analyzed for affects

1

[T ']

on bee behavior patterns for a given time scale. Any deviation in the bahavior pattern of

1
ety
Adhndnndd

v
4

a bee from the "norm" may be similarly analyzed. From the standpoint of the project the

methodology enables us to examine the normal environmental parameters which impinge 1
upon the behavior and life of the bee as well as those which may possibly be induced by 1
outside sources such as ELF. At the end of the 1983 season some 155,520 bits of —-1
information monitored and logged by the ambient monitoring system have been entered 1
into the Cyber.

Ambient Air Temperature and Relative Humidity

Air temperature and relative humidity were monitored by a General Eastern R. H.
and Temperature Transmitter Model 455. Eco-Tech's experience with several similar R.
H. temp instruments has shown this particular device to be reliable, accurate, and
compatible with the lo-power consumption, battery-operated scheme. The sensors were
installed in a USWS "cotton-region type" enclosure with double roof, louvered sides and

slatted bottom. Air temperature and relative humidity were recorded at 10 minute

intervals.

Solar Radijation

Incident solar energy was sensed by a Li-Cor Model LI-200S pyranometer. The

Datapod logging device samples the sensor value every 5 minutes.
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Precipitation

Rainfall was monitored by a Weathertronics Model 6010 tipping bucket rain gauge.
This device produces a momentary closure of a mercury switch for each 0.25 mm or 0.0l
in. of accumulated rainfall. Each switch closure triggers the data logging device to store
the time (to the nearest minute), thereby recording rate as well as total rainfall. During
the winter months, data for precipitation and accumulation may be obtained from the

U.S.A.F. weather station at K.l. Sawyer AFB near Gwinn, Michigan.

Barometric Pressure

The local barometric pressure was monitored by a Weathertronics Model 7115 solid
state barometer. The analog pressure sensor is mounted in the same instrument shelter
used for air temperature and relative humidity. The sensor output was sampled and

recorded every five minutes.
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F‘ o VIL. SITE SELECTION
N -
| -
" . . . . -'<
The most frustrating aspect of the research project has been the selection of sites B
at which we will be conducting our field observations. Since our experimental design 4
entails two sites in the immediate vicinity of the ELF system and two additional sites -4
-3
-~
some 13-15 kilometers distant from the system we were restricted in our attempts to B
locate sites to the immediate vicinity of the antennal system and areas West of the l;:
9
antennal system. Areas East of the antennal system are too far distant from our base of B
operation in Channing, Michigan, for any area which might possibly be involved in the o
study would require an additional 60-75 kilometer round trip to sites on a daily basis. 1
Another paramount problem area for site selection involves the nature of the —
*3
current plant cover. Much of southern Marquette County through which the antennal s
system will traverse has sandy soil and has a vegetation cover of Sweet Fern, Comptonia :::
asplenifolia. The area has been managed in the past for grouse cover by the Department 3
lgn
of Natural Resources. As a grouse cover it may be excellent, but as a native bee forage :'~
area it is worthless! The area contains but few isolated flowering plants for megachilid e
]
use. + 4

Many of the other areas of both Dickinson and Marquette counties applicable to

this study contain solid forested stands of several species of Aspen and/or Pine--

unfortunately several years old and as a consequence canopies of trees have shaded the

t ground cover to such an extent that no open areas conducive to flowering plant growth -
IF are available. Thus, again, no bee forage plants. ‘
L. We have literally traversed the entire proposed 90 kilometers of the antennal
t: system by auto and much of it on foot to find suitable sites. We have, in addition,
E; j attempted to pin-point what might be suitable sites by resorting to aerial photos,

vegetation cover maps, topographic maps, and by conferring with Conservation Officers

e

in the area.
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The critera for any site include the following: n
.:‘
1. A proper mix of flowering plant species conducive to megachilid forage. -
e This mix of plants should contain many of the plant species found in List 11. The plants 3
. o
::'_ should also be represented in abundance enough to sustain a sizeable population of bees. 3
- >
WU 2. Given the fact that the monitoring program will extend for 5-6 years the -3
~3
2 area should remain relatively undisturbed for the duration of the program and should 5
have an abundance of open areas to prevent overgrowth by tree canopy encroachment. ]
3. There should be some evidence of possible nesting sites for the bees in the .
area. Generally, since we are dealing with an area largely managed as a State Forest "?
and is under a controlled cropping system for lumber, this would take the form of old T
. logs, snags, and debris left after a logging operation. But generally five to ten years
':;.’ prior to our operation to have allowed beetles, such as buprestids and cerambycids, to
: have made their galleries in the wood for later use by the bees. .
: S : =
4. In addition to the biological requirements of the bees as defined above the 2
following criteria for electromagnetic exposure at study sites were established in ‘1
g requests for proposals by IITRI: 'E'.
Q-‘ "Control plots shall be selected at locations where electric fields in soil near -
4 the surface of the earth produced by the ELF system are on the average at N
e least one order of magnitude and preferably two orders of magnitude less N
o than those at paired test plots. The same relationship still exist for magnetic e
- field components between test and control plots. Electric and magnetic "
fields in air and earth produced by other ELF sources (e.g., power lines§ shall N
'.< not differ by more than one order of magnitude between paired test and
contro! plots, and at test plots should be at least one order of magnitude -
below the fields produced by the ELF system."
It is also desired that the fields produced by the ELF system at the test site are at
. least an order of magnitude higher than the 60 Hz fields (e.g., power lines) at both the
test and control sites. This is a criterion which we obviously have little control over,
- other than to locate our potential sites some distance from power lines, telephone lines,
and buried pipe lines which may possibly induce such electromagnetic fields. On two
occasions (May 25 and July 13, 1983) IIT Research Institute engineers conducted ELF a
._:.: 5
Lo -~
- -«
.'.
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electromagnetic field tests of six potential sites. The results of the tests were received
in early September, 1983, and are summarized in Tables 7 and 8. The pairings of Ford Il
(an experimental site) with County Line (control) were acceptable; pairings of Ford I
with Channing II (control) were marginal; all others were not acceptable. As a result we
will be looking, once again, for an additional control site in the Spring of 1984!

5. Our field experience this past season has shown that with the most
favorable of weather conditions that some of the bees are ready to begin activity at 8:00
AM and work through the day until 8:00 PM, (CDST). If we add the bee activity time of
12 hours to a potential of two hours of travel time, round trips to site and return to our
Channing laboratory, to some distant site we have a human work time period of 13-14
hours a day in the field. This is obviously unmanageable. As a result, our sites hopefully
will be near to Channing to decrease wasted travel time.

6. Since sites are visited during good weather on a daily basis or have field
personnel remaining on site during the entire day the site must be readily accessable
after periods of inclement weather.

7. We would prefer that our sites not be visible from any main road--we have
costly monitoring equipment which remains in the field as well as considerable time and

effort involved with data taking to have human interference or molestation to disrupt

our research efforts.
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DESCRIPTION OF SITES

R .
e .
APACA . .
atmtataca s

FORD I SITE. The Ford I site (Fig. 7) is a flood plain situation and occurs on the g
North side of a bend in the Ford River. It approximates two hectares of open area, :
bounded on the North by a Red Pine plantation and along the river by mature Balsam (j
Poplar, Populus balsamifera; Black Ash, Fraxinus nigra; and Tag Alder, Alnus rugosa. __j
Ostrich Fern, Mattericcia struthiopteris, is very common in damper shaded areas along “-:i
the raised river bank. The site is ideal for megachilids for it contains an abundant :E:
variety of plant species suitable as pollen sources. The 88 possible pollen sources are q
given in Table 17, plant species for which quantitative phenological data were obtained rj

in Table 18 and Table 19, of which selected plant phenologies are depicted in Fig. 10.

the site is in direct line with the proposed ELF installation and is intended to be used as

-
F A
4 %5

one of the experimental sites with hutches, once ELF is operational, moved directly

”

~
LS

B

-.'

.

beneath the wires of the project. Hutches were put in place on May 19, 1983, and
removed at the end of the season on September 17, 1983.

FORD II SITE. The Ford Il site is an upland area, approximately one-half kilometer
South of Ford I and the Ford River. The area has been selectively cut over several years
prior to this study. It is traversed with numerous old trails which are inaccessable

because of the construciton of berms. As a result the trails have been invaded by native

plants which are suitable for bee forage. The cut over areas were seeded with mixtures

]
e
P

of Alsike Clover, Trifolium hybridum, Red Clover, Trifolium pratense, and White Dutch S

Clover, Trifolium repens, which formed the main ground cover after cutting. This

ground cover is rapidly disappearing on higher ground with exposed sandy areas ‘-ery L
common and more xeric species of plants have begun to invade. Note Fig. 8 for a -4

general conspectus of the site.
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Figure 7. General conspectus of Ford I Site looking West.
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- We have some reservations concerning the site, although it appears to be ideal for
b

megachilids, for it may be difficult to reach in early Spring. From the South it may be

reached by auto over approximately 10 kilometers of rough road which is possibly under -.'f-:ﬁj
o
water in early Spring or washed out--perhaps the road should be more aptly termed a D

“rough trail." From the North, our usual approach in mid-Summer, has been by fording
the Ford River and walkking in to gain access to the site. Since the site was not set-up j'.:‘_ _

until late July, we know nothing about the height of the river in late May or early June.

We may have to resort to a boat or raft to gain access to the site during periods of high
water.
The site is intended to be used as our second experimental site and, once the ELF

installation is operational, the hutches would be moved directly beneath the wires of the

antennal system.

A list of some 33 plant species suitable for bee forage is found in Table 20. It

—

should be pointed out, however, that the list is far from complete for it lacks the vernal —
. -.._:

and early Summer species of plants. 5.;-{:1

'y
e

.
'y
-y

COUNTY LINE SITE. The County Line Site (Fig. 9) was selected in mid-June so

pd

EN

again our list of potential pollen sources is not complete for we lack the vernal species.

1 The site is approximately two kilometers from our Channing Laboratory and 15
kilometers from the ELF installation. Hutches were placed on the site on June 28, 1983, L__;
t and removed at the end of the season on September 17. r:i
EZ The site is quite varied with both lowland and upland areas represented. The j
E flowering plants are likewise extremely varied with an abundant variety of mid-summer Ez\_j_a
E‘ plant species. A list of 41 known entomophilous plants may be found in Tables 15 and 16. —?
- It is intended to be used as one of the control sites for it appears to be an ideal site for ‘i
: leafcutter bees. »\
E CHANNING SITE. The Channing site is located immediately South of our main —
‘\. laboratory facilities. The area has been selectively cut for timber and is bounded by a
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dense conifer forest. The area was intended as a control site. One set of ecological -
monitoring equipment was set-up on this site in 1983 and was to be used as a companion -<

study of weather factors with the Ford I site. Unfortunately the site is considered as
marginal on the basis of electromagnetic field intensities. We plan to continue with the
site in 1984 until such time that it can be replaced and the new site tested for
electromagnetic intensities.

A total of 73 entomophilous plants are known to occur on the site (see Tables 10,

11, and 12).
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VIII. PLANT RELATIONSHIPS

The lives of megachilid bees are intimately associated with the biology of certain
species of flowering plants. These associations with flowering plants may include

portions of the plants themselves or some of their products which are used for a variety

o R S
‘o lde | NN |

of purposes in the life history of the bee: (l) nectar is used as an energy source to
sustain the adult in its numerous activities; (2) as a nesting site in the canes of Rosa,

Rubus, and Rhus; (3) as a source for nest construction materials in the form of portions

of leaves or flower petals--oblong and round cuts for cell construction in the genus

Megachile or masticated portions of leaves in some species of Megachile and Osmia; (4)

and as a source of pollen which is gathered and stored as provisions in the cells of their
nests as provender for their larvae.

An intimate relationship and interdependency exists between the bee and the plant-
-the bee using the plant or its products for sustenance and nest construction and the
plant using the bee as a means of pollen transfer in the reproductive processes of the
plant. Any biological work conducted on a bee must, of necessity, concomitantly be
associated with the flowering plants of the area.

Thus, a series of studies were initiated to clarify the bee-plant interrelationships.
These included a botanical survey of the plant species within the immediate area of each
study site, an assessment on the abundance/density of the plant species within the area,
flowering phenologies of the more important plant species used commonly by the

megachilid bees, devising techniques for identification of pollen used as a food source by

the immature bee, and field activity of the bee in her quest for plant materials (e.g.,
j-'_.; consistency in her visitation/collection efforts to a plant species and seasonal/temporal
changes which might occur, method of collection, numbers of flowers visited per pollen

".“ load, etc.).
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Since the use of pollen in the life history of the bee is probably the most important

entity for perpetuation of the species emphasis must be placed on this aspect in the life

i

.

-

history of the bee. As a result a major portion of our study pertains to the
interrelationships of the bees with flowering plants. From these studies it will be

possible to determine, for a given time period, the complex of pollen species that was

-
i3

M"TV"'
PR L 4

available to an individual female bee, and which elements were actually utilized. Local

LT,

pollen preferences can thus be ascertained, and any pehenological synchronisms between

bee species and plant species should manifest themseives. When the ELF antenna is

finally operational, it will be important to notice whether or not these synchronisms are

.
P

PP
BN

Lj'. . maintained, and to what degree if any, they shift.

S

(

c‘.

Fj: A. FLOWER PHENOLOGIES

.

With a list of the species of megachilid bees derived from our taxonomic studies

which potentially might occur in the study area of Marquette and Dickinson Counties

(See Section IX of this report) we derived a list of plants largely from Hurd (1979) from

LI T ]
Y NI P

which the bee species of the study area were previously known to visit. The list hcwever

does not distinguish between nectar and pollen collection modes but only records

SE YWt
’Y/r,' | 2 I
[N

.
o8,

visitation. This plant visitation list ‘which encompasses the entire North American

.
N
)

o
wy

continent was further restricted to include only those plants known to occur or within :
the range of the species for the Upper Peninsula (Table 9). ::

As a means of assessment and comparison of sites similar lists were made of plants }
used by the megachilid bees from field data for each of the study sites (Tables 10-13, S
Channing Site; Tables 14-16, County Line Site; Fig. 10, Tables 17-19, Ford I Site; Table __:
20, Ford Il Site). It should be pointed out, however, that only Ford I and Channing Sites 1
represent any degree of completeness. Reasons for these discrepancies pertain to the 5

time scale at which sites were inaugurated, or in some cases abandoned -- Section VII

pertaining to Site Selection of this report elucidates further.

. s e e e -'_.~»._ .
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Two methods were used to gather quantitative data on the flowering periods of -
- various entomophilous plant species at the Ford I and Channing sites. The first involved ~f
‘ m2 quadrats which were established in May equidistant on a grid laid over the sites prior :
to any bee nesting activity. All quadrats at a site were assessed for flower numbers and :
b species every 2-7 days. The second method comprised regular, systematic searches for :
E\ individual plants at each site. When located, these plants were marked with tags before
anthesis and examined thereafter every 2-7 days. The first method proved effective for 3
tg the common species; the second was necessary to obtain data on scarce or patchily- _J,
' distributed species. For a few uncommon plants, the data collected with both methods _4
[ were combined. Flowers were tallied if they possessed at least one anther that was j
:. releasing pollen, or in the case of very short-lived flowers, if the anthers appeared to 9
}\ have been emptied earlier in the day. Flowers of polygamo-dioecious species were ;
:.; tabulated only if they possessed anthers. Flowers of species whose anthers were difficult j
to inspect in the field (Vaccinium angustifolium, V. myrtilloides, Trifolium pratense arnid :
Galeopsis tetrahit) were counted if they appeared fresh. i
At the Ford I site 110 plots and at the Channing Site 25 plots were sampled. The
numbers of plots were proportional to the acreage under study and comprised .6% -;
sampled of the total cover. The primary concern in this portion of the study was to 3
ascertain flower phenology of the plants which might be of use to the bees as a pollen -‘-j
source. Once the pollen relationships of the various bee species are more certainly 1
- delimited adjustments are expected to be made to increase our sample numbers and i
[ concentrate on plant species actually used by the megachilids. i
5. Of the 92 species of potential pollen plants within .5 kilometer of the Ford I ‘
{ hutches (Table 17), we have quantitative phenological data for 28%; the corresponding
.' figures from the Channing Site (Table 10) are 74 and 35%. For those species that were
[-' not studied quantitatively, the dates when their flowers were first and last observed,
were recorded. Phenograms of the more important pollen plants, based on our field
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observations, from the Ford I site are presented in Fig. 10. To facilitate comparison :
between species in the figure, the actual numbers of flowers counted for each species Lo
v

have been converted to percentages. The percentages are based upon the maximum o

Al i
5N e
0
N

’
’

o e
~-s_Aa

number of blooms counted for a given species on a sampling date. For example, the

maximum number of flowers ever tallied on a single date for Anemone canadensis was 2.

491 on 10 July. For this species then, 491=100%, and all counts on other sampling dates

=

are adjusted accordingly. These transformed data points were then placed on graph

paper and the phenograms constructed by connecting the data points.

FOrder™ et

B. POLLEN ANALYSIS STUDIES

Assuming that pollen grains may be readily identified there are, given the time and

REMGIN gLt 2 a s

personnel, several hypothetical methods by which pollen usage by a particular species of

[ - .4
- bee might be ascertained: :f'_-'_j
1. By sampling the pollen by means of a probe after deposition by the female in ol

the nest. The method has the disadvantage of possible disturbance to the nesting j

. . : .t

material and subsequent disruption of the female upon return to her nest -- thus a 4

possible disruption of her normal behavior pattern and a concordant change in her usual S

]

-

time sequence of events.

; 2. By removing samples of pollen from the scopa of the female as she returns to A

; the nest. By necessity the female must be captured and handled to secure the sample -- =
- . . . . . T
E-_ her normal behavior pattern is again totally disrupted for some period of time after her Tl
b.. ... ,‘I
I - '..1
L release.
3 3. By examination of pollen stores of abortive cells. The method has o
considerable merit but lacks continuity in seasoral phenologies of plants. o]
v, LSRN
Y s d
:: 4. By following the bee from flower to flower in the field and noting polien ;
i ":-:':1
M collecting activity.  This inethod can be applied in an agricultural setting such as an =
ra =y
C. DR

alfalfa field where plants are uniformly distributed over even ground, hut is virtually ey

impossible in a native field situation for plants are rarely uniformly distributed. ::j:"

'J'.Z"l'"f'.".’n'-fo'n .
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5. By analysis of fecal pellets which are deposited by the immature stage just
prior to pupation. This method has been perfected for use in this study and s discussed
further in the following section.

FECAL PELLET ANALYSIS. Larvae of the species of megachilids involved in this
study void their fecal material in pellet form, and typically concentrate these in one
area of the cell. Pellets, composed entirely of pollen grains, can usually be removed
without much difficulty or risk to the insect. Pollen grains are very durable, and the
exine (outer sculptured layer) suffers no apparent change in the larval bee gut. In most
cells, 25 or more pellets can be collected, but occasionally this number is lower. Such
pollen can usually be identified to family or genus level with a light or phase-contrast
microscope. More precise identification is possible provided the following data are
available: knowledge of the original location of the nest, the approximate date(s) during
which the cell was provisioned, the daily log of nest activity, a reference collection of
known pollen species for comparison, and the correlation of thesc facts with the
phenological charts prepared for each site. Given this amalgam of data, genus or species
level identification is usually possible; however, some early - season rosaceous taxa and
late-season composit taxa, each have elements which are similar in pollen morphologies
and overlap phenologically, making species level determination difficult.

PREPARATION OF FECAL PELLET SLIDES. All Osmia and Hoplitis nests were
opened in late September and early October at the field sites to note the stage of
development of the animals, record other pertinent data pertaining to nest architecture,
and to prepare for winter storage. Fecal pellets were removed from the cells of the two
genera at that time. Pellets were stored in small vials, labeled to indicate nest and cell
number, and returned to our E. Lansing laboratories to be processed.

From a single vial a standard number (12) of pellets was randomly selected to be

nalveeds s Pellets were propared for microscope analvsis by placine them on g olass

slide, macerating them in cold water, then breaking them apart with hydrostatic tension
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applied by gently applying pressure to the cover slip. Occasionally a detergent was
added to more effectively distribute the grains. The slides were allowed to dry, and a
permanent mount was made with Kleermount® and a glass cover slip. The slide was
labelled with the same data contained in the vial.

PREPARATION OF REFERENCE SLIDES. Reference slides were prepared in the
following manner: 1) plants were identified as they came into bloom on or near the study
sites; 2) flowers with unopened anthers were collected and taken to the lab for
dehiscence to occur to prevent contamination with foreign pollen; 3) anthers were
removed and placed on glass slides, the pollen teased from the thecae and was then
labelled with the species name, site, and date collected. Over 300 slides of 155
angiosperm species were prepared in this fashion.

ANALYSIS OF FECAL PELLET SLIDES. It has been assumed that by randomly
taking samples of limited numbers of fecal pellets from a cell for pollen analysis that we
are attaining a true picture of pollen usage and deposition by the mother bee. This
assumption is based upon several lines of evidence. The arrangement of fecal pellets on
the external surface of the cocoon of some species of Osmia appears to be random and
scattered. If the mother bee had used more than one species of pollen the scattered
pellets should also reflect these differences. As the larva is feeding the internal
movements of the digestive system would further enhance the intermix of pollen grains

if a complex of species of pollen grains were originally deposited by the female bee.

b _1
. Lastly, the mixing of fecal pellets in the glass vials before final preparation would also ]
g tend to increase the randomness. ]
|- In the analysis of species of pollen grains found in a cell two transects are taken j
r ‘ R . . . e
- across a prepared slide. All pollen grains are counted and determined in each field ]
. ’ ‘1
b'._ ) ) .‘.- -]
V.. transect of the slide. If the two transects are comparable in terms of both numbers and '
. |‘ l-‘
- ‘ W
H perventgges of deternined species no o additional counts are inade. 1, however, Ca g
k- _ . o . bl
- discrepancies occur in either numbers or percentages additional transects are made. e
.- e
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- EAL
h-. 4
p-. o
L.' . O R T T R I P . . - - - - - a7 e T et - - - - -t e e P -« " " et At .\ .."-.' ,.' - ’4."..\-\.'-~A'..‘. ..l'.-\‘.:"1
PR P PO AL PR PO P PR PSSO TSNS LY S WL S YRS VLN TGO BT S A T S R W R I S T AR W W W ST

A
P




~ T T WTH TR T YN T VTR AT R TARLT AT RLT LT DL TR L T AT AT e T e TR T T e T et e ML e T e T
L awt At lat i it Aef il At St S St T S Sttt S A et AT e A e AN A S _--"-_ _."-‘-_. e A

dnd

r'ey

~a
) IO

R 4
o

-49- .

v

4._.....
A
Snchabadadade.

To assure that our hasic assumptions and the sampling procedures based on these

assumptions are correct all fecal pellets from a few selected cells for each species of

-"‘

bee will be processed and similarly treated. Statistical analyses and comparisions of all
fecal pellets from a cell versus random samples and two microscopic field transects
&

should enable us to determine the validity of our sampling procedure. 1
It must be emphasized that the techniques outlined above have only recently been -""]

perfected -- the samples themselves not being available in our E. Lansing laboratories

until rmid-October. A total of 82 cells of Hoplitis and 325 cells of various species of
Osmia are, at the time of this writing, being prepared for study and analysis.
Preliminary results of the technique are very promising and demonstrate that the
technique as devised will work and will answer many basic questions on megachilid-plant

relations!

C. LEAF MATERIALS USED FOR NEST CONSTRUCTION

Field observations indicate that a given bee will return time and time again to the
sarne plant to procure leaves for nest construction. Whether this behavior pattern .
remains the same throughout the entire life of the bee, or may change upon finishing a
nest and selection of a new site (nest block) in the same area (same hutch) or may change
with founding of a new nest some distance from her previously completed nest, or may
change with the season of the year is unknown. We are currently working on techniques
to ascertain plant species from which leaves were obtained for nest construction by .
careful disassembly of Megachile nests without doing harm to the inhabitant. The leaves "

of Rosa, Fragaria, Epilobium, and Viola are commonly used by members of the genus for

nest construction purposes. Leaves of the above plant genera as well as a wide variety

of other plant species have been collected and preserved to be used as a reference

colies tion for determination of leaf parts found in the Mepachude nestse Some of the

cat

Lot .
e

above conjectures may thus be answered.
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The disassembly of the Megachile nests will also enable us to pursue the pollen

analysis for each cell for fecal pellets will be exposed for sampling and identification. B
As compared with species of Osmia many species of Megachile are long-lived -- living an
active life as an adult for 2.5 months. A long-lived species whose span of life is greater
than the "preferred” pollen source at any specific time interval must obviously select a .
second, or perhaps a third, plant species from which to collect pollen as the season :
progresses. At what stage in the availablilitv of pollen from two plant species does the j
changeover occur? Or are long-lived species pollyectic? The disassembly of Megachile ‘4

N

nests thus has a multi-faceted approach.
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@ Figure 10. Phenogram Of More Important Plant Species For -
=
o Ford II Site For 1983 Season
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TABLE 9. o
NECTAR AND POLLEN PLANTS POSSIBLY U3ED BY MEGACHILIDS IN UPPER MICHIGAN ;_;
*MSU Herbarium contains specimens from Marquette, Iron, Dickinson or Baraga Co. : .j
ACERACEAE BORAGINACEAE (Continued) S
Acer pennsylvanicum Echium vulgare -
A. rubrum Lithospermum officinale ;-j,f;;
A. spicatum Mertensia paniculata :
A. saccharum Myosotis scorpiodes ___.
A. negundo (2 other spp. possible) 5
A. platanoides BALSAMINACEAE
ALISMACEAE Impatiens biflora '
Sagittaria latifolia BERBERIDACEAE
S. cuneata Berberis thunbergii
ANACARDIACAE CAMPANULACEAE
*Rhus typhina *Campanula rotundifolia
*R. glabra C. uliginosa
AQUIFOLIACEAE CAPRIFOLIACEAE o
llex verticillata *Diervilla lonicera ]
ARISTOLOCHIACEAE *Linnaea borealis ‘
*Asarum canadense *Lonicera canadensis T 3
ARALIACEAE *L. dioica Sz
Aralia hispida *L. oblongifolia -

A. nudicaulis

A. racemosa

Panax trifolium
ASCLEPIADACEAE

Asclepias syriaca

*A. exaltata

*A. incarnata
APOCYNACEAE

Apocynum androsae
BORAGINACEAE

mifolium

Cynoglossum boreale

C. officinale

N

e

-

A
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*L. villosa
L. tatarica :
*Sambucus canadensis
*Symphoricarpos albus

Viburnum acerifolium

V. cassinoides

*V. opulus

V. rafinesquianum
CARYOPHYLLACEA

*Silene cucubalus

*Lychnis alba =




COMMELINACEAE CORNACEAE (Continued)

Tradescantia ohiensis *C. canadensis
*Commelina communis C. stolonifera
COMPOSITAE C. rugosa
*Arctium minus CONVOLULACEAE
Centaurea maculosa Convolvulus
Cirsium arvense (several possible)
C. discolor CRASSULACEAE R
C. hilli Sedum acre X
*C. muticum Sedum spp. _1
< *C. vulgare (several possible) iy
b C. palustre ELAEAGNACEAE
:.;' Cichorium intybus *Sheperdia canadensis N
L;- *Erigeron annus ERICACEAE 4
s *E, philadelphicus *Andromeda glaucophylla ~
' *E, strigosus * Arctostaphylos uva-ursi
*Eupatorium maculatum *Gaultheria procumbens
[ *Grindelia squarrosa *Chamaedaphne calyculata
oen *Krigia biflora Chimaphila umbellata
; *Liatris aspera *Epigaea repens
: L. squarrosa Gaylusaccia baccata
b *Petasites frigidus *Kalmia polifolia
Rudbeckia laciniata *Ledum groenlandicum
:t:f-;*. R. hirta Moneses uniflora
Sonchus spp. Pyrola (several possible)
. (several possible) Vaccinium angustifolium
N Tragopogon pratensis V. brittonii =1
o (others possible) V. membranaceum ]
i CRUCIFERAE V. myrtilloides R
." Arabis spp. (several possible) V. macrocarpon ;
L Barbarea vulgaris *V. oxycoccus 3
" Berteroa incana V. vacillans (possibly others) ‘f-;'
Dentaria diphylla FAVACEAE j
D. laciniata Lathyrus maritimus R
. CORNACEAE L. ochroleucus 1
T *Cornus alternifolia -]
: "
1
........................................................................................................ 8
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FAVACEAE (Continued)
*L. palustris
(other escapes possible)

Lotus corniculatus

Lupinus polyphyllus

*Medicago sativa

Melilotus alba

Melilotus officinalis

Trifolium arvense

T. hybridum

T. pratense

T. repens

*Vicia sativa

*V. villosa

V. americana

(others possible)

FUMARIACEAE

*Corydalis sempervirens

Corydalis aurea

*Dicentra cucullaria

D. canadensis
GENTIANACEAE

*Menyanthes trifoliata

Gentiana

(several possible)

Halenia deflexa
GERANIACEAE

Geranjum maculatum

G. robertianum
IRIDACEAE

*1Iris lacustris

*Iris virginica

*Sisyrinchium angustifolium

(perhaps others)

)
A

HYPERICACEAE
*Hypericum boreale
H. canadense
*H. ellipticum
*H. perforatum
H. pyrimidataum
LABIATAE
Glecoma hederacea
Galeopsis tetrahit
Lamium purpureum
L. amplexicaule
Leonurus cardiaca
Lycopus americanus
L. uniflorus
*Mentha arvensis
*Monarda fistulosa
*Nepetea cataria
Prunella vulgaris
Satureja vulgaris
Scutellaria lateriflora
S. galericulata
Stachys palustris
S. hispida
Teucrium canadense
LYTHRACEAE
Lythrum salicaria
LILIACEAE
*Clintonia borealis
*Erythronium americanum
*Lillium philadelphicum

*L. superbum (includes michiganense)

Medeola virginiana
*Polygonatum pubescens

*Smilacina racemosa
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LILIACEAE (Continued)
*Smilacina stellata
S. trifolia
*Streptopus amplexfolius

i
P

S. roseus

*Tofieldia glutinosa

*Trillium grandiflorum

T. cernuum

T. erectum

*Uvularia grandiflora
LOBELIACEAE

Lobelia kalmii

L. spicata
MALVACEAE

*Malva moschata

M. neglecta

*M. rotundifolia
ONAGRACEAE

Circaea alpina

C. quadrisulcata

*Epilobium angustifolium

E. coloratum

]
u‘k..,“

(others possible)
*QOenothera biennis

L ga o
[
¢

*Q. parviflora

Q. perennis
PAPAVERACEAE

*Sanguinaria canadensis
- PONTEDERIACEAE

BIRPROMADA
@

E. Pontedaria cordata
POLYGALACEAE
:.". : Polygala paucifolia
3 POLYGONACEAE

*Polygonum aviculare

*P. cilinode
*P., convolvulus
*P, hydropiper

*P. persicaria

.....................
''''''''''''
........
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POLYGONACEAE (Continued)

P. cuspidatum

(others possible)

PORTULACACEAE

Claytonia caroliniana
PRIMULACEAE

Lysimachia terrestris

L. thyrsifolia

L. ciliata

Trientalis borealis (zamericana)
RANUNCULACEAE

Actea alba

A. rubra

*Anemone canadensis

*A. quinquefolia

*Caltha palustris

*Clematis virginiana

Coptis trifolia

Hepatica acutiloba

H. americana

Ranunculus acris

Ranunculus spp. (many possible)
RHAMNACEAE

Rhamnus alnifolia

(others possible)

RUBIACEAE

Mitchella repens
SALICACEAE

*Salix bebbiana

S. cordata

*S. discolor

*S. humilus
*S, lucida

S. petiolaris

S. interior

S. rigida
(others possible)

........
_________________
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ROSACEAE
*Agrimonia gryposepala
Agrimonia striata
*Amelanchier laevis
*A, sanguinea

A. bartramiana

*A, spicata (includes stolonifera)
*Aronia melanocarpa
*A. prunifolia
Fragaria virginiana
*Geum aleppicum
*QG. canadense

*QG. rivale

G. macrophyllum
*Physocarpus opulifolius
*Potentilla argentea
*P, fruticosa

*P. norvegica

P. palustris

*P, simplex

*P, tridentata

Rosa blanda

Rosa palustris

R. acicularis

Rubus allegheniensis
R. parviflorus

R. odoratus

R. strigosus

R. pubescens

R. hispidus

R. pensilvanicus
*Prunus pumila

P. serotina

P. virginiana

Pyrus malus

Spirea alba
(possibly some escapes)

RS I P

................................

ROSACEAE (Continued)
*Sorbaria sorbifolia
*Sorbus americana
*S, decora

SCROPHULARIACEAE
*#Castilleja coccinea
C. septentrionalis
*Chelone glabra
Linaria vulgaris
*Mimulus ringens
M. moschatus
*Melampyrum lineare
*Scrophularia lanceolata
*Verbascum thapsus

*Veronica officinalis
*Veronica

(6 others possible)

SAXIFRAGACEAE

Philadelphus spp. (escapes)

*Ribes americanum

*R. cynobasti

*R. hudsonianum

*R. oxyacanthoides

R. lacustre

R. glandulosum

*R. triste
SANTALACEAE

*Comandra umbellata

Comandra livida
SOLANACEAE

Physalis (several possibilities)

*Solanum

others)
VALERIANACEAE

Valeriana uliginosa

VERBENACEAE
*Verbena hastata

dulcamara  (perhaps
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VIOLACEAE .

Viola blanda —;

V. adunca

A

i

+V. canadensis

s

*V. conspersa

.
l. !

X

*VY, cucullata

1
-~

*V. incognita
V. lanceolata
V. pubescens

V. renifolia

A
{

4
—j
1

V. septentrionalis

V. sororia
UMBELLIFERAE

Cicuta bulbifera

C. maculata

Daucus carota

Heracleum lanatum

Imperatoria ostruthium

*Pastinaca sativa

Sium suave

Sanicula (several spp.)

VITACEAE
Parthenocissus vitacea
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TABLE 10.

POSSIBLE POLLEN SOURCES - CHANNING SITE

Achillea millefolium Majanthemum canadense

Agrimonia striata Medicago lupulina

Amelanchier spp. Mentha arvensis

Anaphalis margaritacea Oenothera biennis

Anemone quinquefolia Pastinaca sativa )
- Antennaria spp. Plantago spp. ‘
t Aster puniceus Polygala paucifolia ,\
- A. umbellatus Potentilla recta o8
ii Aster sp. 1 Prunella vulgaris
t‘ Aster sp. 2 Prunus virginiana ::f:
E;.: Aster sp. 3 Pyrus malus
;.\ Barbarea vulgaris Ranunculus acris ;
H Caltha palustris Rhamnus alnifolia =
F:i Chrysanthemum leucanthemum Ribes americanum ~~i
:* Cirsium arvense R. cynosbati ]
p C. muticum R. triste .-
& C. palustre Rubus pubescens “j

C. vulgare R. strigosus

Convolvulus spithameus Rudbeckia hirta

Coptis trifolia Salix discolor

Cornus canadensis S. petiolaris

C. stolonifera Senecio aureus
3 Diervilla lonicera Sisyrinchium snp.
t Epilobium angustifolium Solidago canadensis
!i Erigeron annus S. nemoralis
:{: E. strigosus S. uliginosus
.: Eupatorium maculatum Sonchus uliginosus
[‘.; Fragaria virginiana Spirea alba
3 Geum allepicum Taraxacum officinale
f.;', Hieracium aurantiacum Trifolium agrarium
E H. canadense T. pratense
t:: H. florentinum Vaccinium angustifolium
H Iris virginica V. myrtilloides
Lonicera tatarica Veronica spp. F—':‘_;
. Lotus corniculatus Viola conspersa :::Z::
> Lychnis alba V. incognita )
o A
(

Lycopus uniflorus

;;;J
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TABLE 11.

Anemone quinquefolia
Aster umbellatus

A. puniceus

Chrysanthemum leucanthemum

Cirsium arvense

C. palustre

Convolvulus spithameus
Coptis trifolia

Cornus canadensis
Fragaria virginiana
Hieracium aurantiacum
Polygala paucifolia
Potentilla recta
Prunella vulgaris
Prunus virginiana
Rhamnus alnifolia
Ribes cynosbati

Rubus strigosus
Senecio aureus

Sonchus uliginosus
Taraxacum officinale
Trifolium pratense
Vaccinium angustifolium
V. myrtilloides

Viola conspersa

V. incognita

-59.

PLANT SPECIES FOR WHICH QUANTITATIVE PHENOLOGICAL DATA WERE OBTAINED
CHANNING SITE
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E TABLE 12. :
l 1983 SUMMARY OF FLOWER PHENOLOGIES--CHANNING SITE i :
Achillea millefolium .. e ennnnenenensnenanns ... 623dly - 11 August
Agrimonia striata . ........... e, 6 July - 11 August
l AmelanChier SPP: voceeeectseostenatonoossananeas 23 May - ? (rain) D
Anaphalis margaritacea , ... .......c0000esenn . ... 11 August - 30 August
P Anemone quinquefolia . .....iiiiiiiieiiiiaenaaae 27 May - 14 June
P ANtennaria SPPe v e veseecsoaroconns e eeeeeneeans 3 June - 18 June
' Aster puniceus ......... A Ceeeecaceeesens . 17 August - 10 September
' Aster umbellatus ....cccceiieen.n ceceeseteaeseans 11 August - 10 September
Aster sp. | (‘cordifolius’) .......... ceeeierenaene .. 11 August - 10 September
¢ Aster sp. 2 ('simplex') .......... e eeereceeeaaeas . 20 August - 10 September
E Aster sp. 3 ('lateriflorus’) ...... Ceeenaaes Creeeen .. 20 August - 10 September
' Barbarea vulgaris ....cuocesevenononcscnns Ceersaes 5 June - 18 June
Caltha PaluStris L .uvuvueeeeneernnnnonsnsnosnonas 23 May - 14 June
Chrysanthemum leucanthemum ., ......cc0ce0ee ve.. 18 June - 11 August
Cirsium arvense . .......... Cheeeeeeaan ceeeean ... 18 June - 23 August
Cirsium muticum ........ e, ceeanes cereeaes ?
Cirsiumopalustre ....c.cveenoeceacsas Ceeeeeann .. 25 June - 17 August
. Cirsium vulgare ...... Ceeeecteasierenatcananns . 6 July - 11 August
: Convolvulus spithameus «c.ccvea cessanasrssssass 25 June - 11 July
Coptis trifolia ......... cec et ceaan cene cese.. 28 May - 14 June
| Cornus canadensis ........coeeeeeenaen Ceeeareaas 11 June - 1 July
Cornus stolonifera .......oeeeeeenescsnscnnensnas 21 June - 30 June
Diervilla lonicera .........c.c.veviirirennennennn. 6 July - 11 July
Epilobium angustifolium . ... ... .. i it nnrnnnn 6 July - 11 August
Erigeronannuus . ........c.cc00un.n e eeeenas . 6 July - 30 August
et e e T e e e e T e T T e N N I L D
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o Erigeron strigosus ....eeieceeceseressenonasnans 6 July - 30 August

;Q Eupatorium maculatum . ........ et ceeveees 29 July - 20 August

27 May - 25 June

B . [ T
I‘ . LI A [ :
e re i s 0T RENEAES 1

:_-, FragariaVirginiana P R A I A I A R A I I N I A I IR N NN S RPN
: .. 6 July - 30 July

- Geum allepicum . ..vuiiiirenrencresroccanennnes *
).“"' .
h Hieracium aurantiacum ........ teesreccesnsnaness L4 June - 11 July (8/11-8/30) »

R

ti':l Hieracium canadense ,........ Ceeieeeaeaa, evee... 15 August - 30 August

CAdind e p

Hieracium scabrum .. ...ceveevneecsnn ceeesssssss 11 August -?

Hieracium florentinum | ... ... 00t eeveocenanan ve. 25 June -7

25 June - ?

.
.
.
.
»
.
.‘ ~1 [" oo,

Irisvirginica ..., ......c.00uu..

LoniCel'atatal’ica © ¢ 60080 000600000000 e00s0000000 00 ll"June-ZSJune

Lotuscorniculata «.cceeveeecrierecccoccccnancns « 18 June - 29 July 3

Lychnisalba «ceecveeecccennecas tesesersanssses 25 June - 11 July

Lycopus uniflorus ......cecineennns Ceeereeienas . 7-30 August

f.. Maianthemum canadensis «eceecoeeoeses seeccoesena 18 June - 25 June

Medicago lupulina .., ..i.cieeinennnnenas Ceteeeeas 25 June - ?

o, . . .

LIRCEN I A |
DN [T o
o WY S S WY

Mentha arvensis ............ Ceeeveecesesaseessss 1l August - 30 August

}
p - )
b Oenotherea biennis ......... Cedsocecsannsen eeees 6July - 11 August N

Pastinaca sativa ....ccveevecunccssncncsaanaaass 6July -1l August

Plantago sp. < cceveveiseccscntttttecienennanns « 14 June -7

e e e -
PR YN

Q Polygala paucifolia .......cccinvveeeevenrennsses 27 May - 18 June

Potentillarecta ....cveveeesntneeneteneeneaseess 30 June - 30 August

- . 1
ok 2 ol

Prunella vulgaris .....co00eeeeranns veeseenesese U July -29 July

Prunus virginiana . .............. e ceeecesss 11 June - 20 June

E:'-. Pymsmalus .I...C...Il..l.....I......".l.....l“June

h
tl RanuUNCUlus aCris .. .vveevevvnnooncenensanons «eo. 14 June - 30 August
SRS

x Rhamnus alnifolid »vueeeeereeennnnn. e e 4 June - 15 June

S WY L

DN
)
s ‘a2 s’y

Ribes americanum ., ,.... teeecseersceanacssenses 18 June

~d
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Ribes cynosbati +eeveeecvceees N ceeseneen «+ 1 June - 11 June
Ribes triste . ..eceececencesssnns Ceeeaea eesssee 1June - 11 June
RUbUS pUbeSCenS 9 @ 9 2 00 6 699 8 6 s 20 00 S e e 0G0 E S ee OGS 27 May - 14 June

Rubus strigosus ««.o.. ceeteceteittnaneansnasess 14 June -22 July

BT Tt Vo 0
feeoiosrey Lons s

RUdbECkiahirta L A I I B R R ) ® 0 e & 00 oo vt st 6JUly~29JUly

Salix disCOlor «eceseceancanscnans Ceraasnsenas «os 23 May - 14 June

e

Salix petiofaris ...ceveeeanen cececeresecsenaaass 1=14 June

et
e T
PR »
P A [

&
L

Scutellaria lateriflora ....... ceetsecaeaasaesssos. 11 August

SENECio AUIBUS . ..vvriieveveeoaranaaaasaasasss. 6June-30June
Sisyrinchium sp. .. ... ...cccveeeneerennnneannss, L4 June-18 June
Solidago canadensis ........ ceetecctanenensseases 29 July - 30 August

Solidago nemoralis ............ et reeeeeaaae «++. 30 August

1,”_.,_,.
- ,‘y PR S
SR el

Solidago uliginosus 30 August

Sonchus uliginosus -« eeoo.... ceceneas ceseecesas « .. 11 August - 10 September
Spireaalba ......000 Cedeseecesaas et erecane «. 6 July -29 July
Taraxacum officinale ........... P . 27 May - 18 June (8/11-8/30)

Trientalis borealis ..vveeesessececcasacncncessss 6June

Trifolium agrarium ........ceeceeeseesneecseess. 183June -11 July -
Trifolium pratense  .......... cheacteans veesseese 25 June - 10 September ;:1
e

Trifollum repens ....veeeeeeeerneeanns Chereeaae. 25 June - 11 July
Vaccinium angustifolium ,.......... tvesesnesvenes 1 June-18 June

Vaccinium myrtilloides ...coceveeaeen, Cessesens «+ 27 May - 18 June

Veronicasp. ....... Cheseereaer e Ceeeraenans 14 June - 18 June
o Violaconspersa ,.,............ ceecaseieesan «.e. 27 May - 14 June

. Viola INCOENIta ... i'tenneenneeennoeenenennnnnns 27 May - 14 June
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L June 1 15 July | 15 Augustl 15 September 1

I I

o ,_
.'.-~' l

L Salix discolor Table 13. Diagram of 1983 Flower j*
. I ) ) )

- Caltha palustris Phenologies -- Channing Site ]
E EEESES— 5
B Anemone quinquefolia -4
- ———

L Fragaria virginiana

' —

Polygala paucifolia

Rubus pubascens

Taraxacum officinale

Vaccinium myrtilloides

Viola conspersa

Viola incognita

Coptis trifolia

Ribes cynosbati

Ribes triste

Vaccinium anaustifolium

Antennaria sp.

3 —
® Rhamnus alntfolla .
. -}
b — -
;‘_.-_: Barbarea vulparis ‘
N .
b ] )
. Scnecio aurcus . .
Fo -
g Cornus canadensi s .“
e —— :
Prunus virgintana -
e | 74
. : T
'y Chrysanthemum leucanthemum
PR ] N

—. 3
:".'.' Hicracnnm aurantineum .
e, :
2 Bt
A

» ..’.. I .-1
R ;
Y | | | | | | - :
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June } 18 July 1 16 August ] 16 September 1

Lonicera tatarica

. |
Ranunculus acris

]
Rubus strigosus :

|
Sisyrinchium sp.

|
Veronica sp.

.- |
Cirsium arvense

. |
Lotus corniculata

Majanthemum canadensis

|
Trifolium agrarium

|
Cornus stolonifera

|
Cirsium palustre

Convolvulus spithameus ™ -

Lychnis alba

R
Trifolium pratense

Trifolium repens

e
Potentilla rectn

Prunella vulgaris

- |
Achillea millefolium

-
Agrimonia striata

L]
Cirsfum vulgare

-
Diervilla lonicera

.|
Fptloblum angustifolium

Augiat | i Septendn |

June | 15 July | l
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June } 15 July 1 18 August | 15 September |

Erigeron annuus

Erigeron strigosus

Geum allepicum

Oenothera biennis

Pastinaca sativa

Rudbeckia hirta

Spirea alba

" ® Eupatorium maculatum

ﬁ
»
'
s

o Solidago canadensis

Anaphalis margaritacea

|

Aster umbellatus

Aster sp.!

Mentha arvenstis

|

Sonchus uliginosus

Hieracium canadense

|

Aster puniceus

- Aster sp. 2

|

Aster sp. 3

P -~
.
T ) ]

- 1
- Junel 15 July | 15 Auprust | 15 Septener |
\--
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TABLE 14.

POSSIBLE POLLEN SOURCES - COUNTY LINE SITE*

Achillea millefolium
Anaphalis margaritacea
Anemone virginiana
Acuilegia canadensis
Aster puniceus

A. umbellatus

Aster sp. 1

Aster sp. 2

Campanula spp.
Chrysanthemum leucanthemum
Convolvulus spithameus
Cornus canadensis
Diervilla lonicera
Epilobium angustifolium
Erigeron annuus

E. strigosus

Fragaria virginiana
Hieracium aurantiacum
H. canadense
Hypericum perforatum
Lychnis alba

Medicago lupulina
Melampyrum lineare

Melilotus alba

*List incomplete; site not adopted until late June.

Oenothera biennis
Potentilla recta
Prunella vulgaris
Prunus virginiana
Ranunculus acris
Rubus allegheniensis
R. hispidus

R. strigosus
Rudbeckia hirta
Salix spp.

Solidago canadensis
S. nemoralis

S. uliginosus

Spirea alba
Trifolium agrarium
T. hybridum

T. pratense

T. repens
Vaccinium angustifolium
V. myrtilloides
Verbascum thapsus

Viola incognita
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TABLE 15.
1983 SUMMARY OF FLOWER PHENOLOGIES—COUNTY LINE SITE -
AChilleamiuefOlium LR A I B B O B B B I B I S B IR A I I I A W 28 JUne-GJUly

Anaphalis margaritacea ....veceeeceevessssaaeass... 6 August - 14 August .':5

Anemone Virginiana .....ceccieieietcteccsssaeesss 6July-? -
Aquilegia canadensis .........cci0eeetnencncnneoss, 25 June-?

AStEr PUNICEUS +eeveesteanessssecscsonnnasesnnsss 1% August-8 September
Asterumbellatus «.cecceerrrtiterecsseesacsessss 14 August - 8 September
Aster sp. 1 (‘cordifolius) .......cceceveevenesaces.. 16 August -8 September
Aster sp. 2 ('simplex!) ....cccietetesrotesceaccasssss 16 August - 8 September
Aster sp. 3 ("lateriflorus) ........c0000000v0venesos... 24 August - 8 September
Chrysanthemum leucanthemum +cesveccesssncseesssse 28 June - 6 July
Convolvulus spithameus .. .........cc00euvveeneaens... 28 June -6 July

CornUS CaNAdeNnSiS v v.eeeeseoeseeoseosssssscssseess 28 June

Diervilla IonICera ....ceeeeeceesecesenacesassansses 28 June -6 July

EpﬂObium angustifolium 9% 600900000080t " July -29 AUgUSt
Erigeron annuus ......cooeveesccesssacecansaeas.o. 6July -6 August
El’igeronstrigosus ® 20000 r 080800800000 ss000s0 00t 6JUly-6AUgUSt 0N

Fragaria virginiana ......c.c0vevenvveenneecnasans. 28 June

Hieracium aurantiacum ., ., ....cveeeooooe 28 June - 6 July

E' . <
t-t Hieracium Canadense L R R I I I R O N A I A A ) 16 AugUSt - ? ;.:
k Hypericum perforatum ......eeveeceseeneenscesesea. 28 June - 6 July -]

.. LYChnisalba ® & 0 8 06 060 0 80 80P O S L 0N O B EP et Nee SO0 ZgJune-lSJUly

|

- Medicago lupulind ....iiveerrnersesrnennnessans.. 28 June -6 July
Melampyrum lineare . ..... 14 August

L Melilotusalba t..ovvninnnnnennss cetieeerenaasaass B July -29 August

- A
Oenotherabiennis ...coviiveveneerecensenasssseass 6 August b
'.‘..: -:W
o -]
.':\ ‘.ﬁ
)
.': R

-, ‘J

- .‘N
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Potentillarecta .........cieeeevencinencenasaans 28June -4 July -
Prunellavulgaris «....ccoveeeveeecencscsaseeneasss. 6July -6 August ;

Prunus virginiana «+«sceeieceiiciiittececanasaas.o finished prior to hutch est. -
RANUNCUIUS ACTIS «evvvevncscncecnnnsennnnnnnnsess. 28 June -6 July

Rubus allegheniensis .. .vvveueeeeeeereneeennenseeeass 28 June -6 July

Rubus hispidus «uvvveeeinentnnneneeensnsaancoansss 28 June - 11 July -
RubUS STFIBOSUS v vvvvuvvneovecessecessnaonacsaaass 28 June -22 July

RUdbeCkiahirta ® 8 © 0 6 P 0 2 0 00 0 0P 6 EE e LI s GGG GO BSLETSTDE 6JU1y-22]Uly

[:

SaliXSPPO .....l...l....IC..............'........finiShedpriortOhUtCheSt.

'y > .
« Sl

Solidago canadensis .........cceetiitennanceensas.s 6 August - 14 August

T:‘;',A.". 'Y.' ‘
P

Solidago nemoralis .........cceeeieeecneaaaacana... 6 August-29 August

Solidago uliginosus  .......iiiiiiiiiiiaeaneaeaa.. .. 6 August - 29 August ¥
Spireaalba .......ieeiiiiiiiietiiiiiieaeeaeae... 16 July - 14 August 313

Trifolium agrarium .......... ceetseectesaascaeeass 6duly -22 July

R

Trifolium hybridum .. .......iviiveencenennenenes. 28 June - 16 July

Trifoliumpratense ........cceceieveeencassesaeessss 28 June - 14 August

A o IO SRR
PR
Py |

Trifoliumrepens . .....c.iveevirvnncnneeasenansess. 28 June - 16 July

Vaccinium angustifolium ..........ccc00cveevee.... finished prior to hutch est.

P
AL |

L
.

Vaccinium myrtilloides ,................cc0cc0...... finished prior to hutch est.

[
FrNE )

Verbascum thapsus . .....cociitieiieciiieiaeananss. 6 August - 14 August

L A1
[ ]
Bod b 5 L

Viola incognita ........ccceetetesaceeeansseessss. finished prior to hutch est.
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Table 16. Diagram Of 1983 Flower Phenologies -- County Line Site

July 1 15 . August 1 15 September |

Achillea millefolium

Chrysanthemum leucanthemum

Convolvulus spithameus

Diervilla lonicera

Hieracium aurantiacum

Hypericum perforatum

Lychnis alba

Medlcago lupulina

Potentilla recta

Ranunculus acris

Rubus allegheniensis

Rubus hispidus

Rubus strigosus

Trifolium hybridum

Trifolium pratense

-

(]

Trifolium repens

]}
Epilobium angustifolium

|
Melilotus alba

|
Erigeron annuus

]
Erigeron strigosus

Prunella vulgaris

b ]
Rudbeckia hirta
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June 1 15 July 1 16 August 1 15 September |

I
Trifolium agrarium

Spirea alba

Anaphalis margaritacea

Solidago canadensis

R
Solidago nemoralis

) |
Solidago uliginosus

Verbascum thapsus

U
o Aster puniceus

- —

o Aster umbellatus

e T ]

: Aster sp. |1

L |
Aster sp. 2

|
Aster sp. 3
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E-Z; TABLE 17. -
o POSSIBLE POLLEN SOURCES - FORD 1 SITE
‘.x_.' Epilobium angustifolium ]
- Achillea millefolium ?
[~ Erigeron annuus -
e Actaea rubra -
= E. strigosus e
p Amelanchier spp. =
: Erysimum cheiranthoides - 1
L Anaphalis margaritacea i
Eupatorium maculatum o
Anemone canadensis '
E. rugosum N
‘ A. quinquefolia
L Fragaria virginiana 3
t-:.‘, A. virginiana 5
o Galeopsis tetrahit ;
b Antennaria spp. o
Ll Galium spp. -
L/ Arctium minus i
- Geum allepicum > 4
he Asarum canadense
- Helenium autumnale "
- Aster puniceus oA
o Heracleum lanatum -4
A. umbellatus -4
1 Hieracium aurantiacum =
A.sp. | -1
0 H. florentinum K8
A. sp. 2 -
H. pratense -
A.sp.3 ’j
Hypericum perforatum ,"‘1
Centaurea maculosa g
H. pyrimidatum f.:
Chelone glabra o
Iris virginica 1
Chrysanthemum leucanthemum -
Laportea canadensis ]

Cirsium arvense
Linaria vulgaris

jL Lod & L9

C. muticum
Lychnis alba

C. palustre

Lycopus uniflorus
Clematis virginiana

Lysimachia ciliata

Convolvulus spithameus ]
Melampyrum lineare 1

Cornus canadensis .
Melilotus alba <
Diervilla lonicera o
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POSSIBLE POLLEN SOURCES - FORD I SITE (Cont'd)

:11
3
.
4
4
4

S. gigantea
Melilotus officinale

S. missouriensis
Mentha arvensis

S. nemoralis
Oenothera biennis

Spirea alba
Physocarpus opulifolius

Taraxacum officinale
Polygala paucifolia

Thalictrum dasycarpum
Polygonum (Tinaria) spp.

Trifolium agrarium
Potentilla norvegica

T. pratense
Prunella vulgaris

T. repens
Prunus virginiana

Trillium cernuum
Ranunculus acris

Urtica dioica
R. septentrionalis

Vaccinium angustifolium
Rhamnus alnifolia

V. myrtilloides
Ri~es cynosbati

Verbascum thapus
R. triste

Verbena hastata
Rubus strigosus

Viola conspersa
Rudbeckia hirta

V. incognita
Scrophularia lanceolata

V. pubescens
Scutellaria lateriflora

V. septentrionalis
Senecio aureus

Soliadgo canadensis




. -73-

TABLE 18.
PLANT SPECIES FOR WHICH QUANTITATIVE PHENOLOGICAL DATA WERE OBTAINED
FORD I SITE
Anemone canadensis
Anemone quinquefolia
Arctium minus
Asarum canadense
Cirsium arvense
C. palustre
Clematis virginiana
Fragaria virginiana
Galeopsis tetrahit
Geum allepicum
Helenium autumnale
Heracleum lanatum
Hieracium aurantiacum
H. florentinum
H. pratense

Hypericum perforatum

H. pyramidatum
Potentilla norvegica

Prunus virginiana

——r

Rubus strigosus

v

Solidago gigantea

Taraxacum officinale
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Thalictrum dasycarpum

;:_".j Viola conspersa
F'{:f V. pubescens

:}f‘:j V. septentrionalis
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Table 19. Diagram of 1983 Flower Phenologies -- Ford I Site

June 1 15 July 1 15 August | 15
I
AR

Anemone quinquefolia

Asarum canadense

Fragaria virginiana

Taraxacum officinale

Vaccinium angustifolium

Vaccinjum myrtilloides

Viola conspersa

Viola pubescens

Viola septentrionalis

Antennaria sp.

Hieracium pratense

Hiercium aurantiacum

I
Actaea rubra

Hieracium florentinum

Anemone canadensis

Anemone virginiana

Ranunculus septentrianalis

Rubus strigosus

Trifolium rcpens

LA L

Cirsium palustre

September 1

Hypericum perforatum

Achillea madielolium
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li'> July 1 li) August | 15 September |
I |

]
Chrysanthemum leucanthemum

|
Convolvulus spithameus

T .
Diervilla lonicera =~

N

Geum allepicum s

e ]
Heracleum lanatum hak

L] "3
Iris virginica b

Lychnis alba

] -~ d
Lysimachia ciliata
Medicago lupulina '_-'.1
<
| " -
. -.> 1
Melilotus alba Y
+a )
()
Prunella vulgaris 3
Ranunculus acris R
] :_:
Scrophularia lanceolata -
Senccin aureus T,
o
— .-
Thahietram dasvenrpam
R
Trafolium pratense
L
Physocarpus opulifolius
|
Scutellaria laterflora
R
Potentilla norvegica
|
Cirsfum muticum
T
Mclilotus officinalis
] S
Ocnothera bienms '.‘
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September |

Rudbeckia hirta
Verbascum thapaus

Solidago missouriense

T
il

Spirea alba -

Cirsium arvense 5

L

Erysimum cheiranthoides

Eupatorium maculatum

PV i S P

Galeopsis tetrahit

Hypericum pyrimidatum

I
g
AL AL L "l

|
Lycopus uniflorus ~
=
| o
Melampyrum lineare »d
Mentha arvensis ]
Verbena hastata .
I B
Arctium minus
-, I — -
'\ Aster umbellatus -
- E——
: : Clematis virginiana ]
t—..
o Epilobium angustifolium
o IE——
. Galium sp.
- EEE———
= Linaria vulgaris
i ——
. -

Eupatorium rugosum

.

& Helenium autumnalc

F. Solidago gigantea

Chelone plabra . }

B E—
Aster puniceus _j

" ’ June i 15 July | 15 Aurrnast | 15 Senten.her |
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TABLE 20.
POSSIBLE POLLEN SOURCES - FORD 11 SITE*

Achillea millefolium Gnaphalium spp.

Anaphalis margaritacea Hieracium canadense

Antennaria spp. Hypericum perforatum

Aster umbellatus Lychnis alba
Aster sp. | Melilotus alba
Oenethera biennis

Centaurea maculosa

Chrysanthemum leucanthemum Prunus virginiana

Cirsium arvense
C. muticum

C. palustre

Rubus strigosus
R. allegheniensis

Solidago canadensis

C. vulgare S. graminifolia

Conyza canadensis S. missouriense

Diervilla lonicera S. nemoralis
Erigeron annuus Trifolium pratense
E. strigosus T. repens

Eupatorium maculatum Verbascum thapsus

Fragaria virginiana Verbena hastata

w'..-, ."'.""“'

*List incomplete; site not adopted until late July.
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IX. MICHIGAN MEGACHILIDAE
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Beforedany concentrated biological program can be in.tiated on any group of bees
several basic avenues of information must be available. These include a list of the
species in the area, their association with the plants of the area, and phenological <
information. As a result, a taxonomic study on the megachilid bees of Michigan was
initiated. Material for study was borrowed from the University of Michigan Museum of
Zoology (UMMZ), the Biology Department of Northern Michigan University (NMU), and -]
the private collection of Dr. David P. Cowan of Western Michigan University (DPC) to
augment the extensive holdings of the Michigan State University Museum (MSUC). Over
3500 megachilid bees have thus far been determined from these sources and form the L:l
basis for the accompanying annotated list and distribution maps (Figs. 12-68). ?

The annotations for each species include the following: -

SPECIMENS EXAMINED: Tnis includes the tota! number of Michigan specimens :
which have been determined for the species. The number of specimens will give a rough

approximation of how common the bee is within the state. In those cases in which five

or fewer specimens are involved, full data including the collection where housed are
included. In a few instances in which no actual specimens have been seen literature
records are included.

DISTRIBUTION: Reference is given to a distribution map as a Figure number for

each species and are further recorded according to the biogeographical distributional
zones of Michigan as follows: the Southern Lower Peninsula (SLP) which roughly
transects the state from the southern borders of Mason - Gladwin Counties and is roughly
coincident with a terminal glacial moraine representing the terminus of the last
glaciation of the state; the Northern Lower Peninsula (NLP) which includes the area

north of the terminal moraine to the Straits of Mackinac in which the vegetational cover

differs markedly from SLP; the Upper Peninsula (UP); and Isle Royale (IR) -- note Fig.
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Isle Royale
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N N CI!R ) Figure 11. Biogeographical Distributional
Sa -~ zones of Michigan.

U P - Upper Peninsula
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PHENOLOGY: Inclusive dates of flight activity for species in Michigan, in some '.}
cases when numbers of specimens warrant the inclusive dates are recorded according to

the four regigns of the state.

RN AR
. S
RCI e
L.

FLOWER VISITATIONS: Known flower visitation records for Michigan specimens

are listed and include the sex of the bee involved.
A word of caution should be engendered to the reader concerning the interpretation

and adequacy of data concerning the distribution, phenology, and flower visitation

| SR

records of this group of insects. This caution largely impinges upon the fact that
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E'j::: museum collections have a number of inequities and built-in biases. Academic personnel :
E find it difficult because of teaching commitments to get into the field in early Spring '
:_‘-._-\' and Fall and, when it is possible, only local collections can be made because of the ‘j
= K
E distance involved for travel. Specialists in museums also tend to coliect the groups :
b which most interest them and do not assiduously collect other groups. Thus, we note f

-

that counties of the state which have the greatest number of records include Washtenaw

wd

County in which the University of Michigan is located, Ingham County in which Michigan

State University is located, Shiawassee and Clinton Counties which have large tracts of

.
" d
i
.
.
»

land for the Rose Lake Wildlife Experiment Station and adjacent to Michigan State

University, Kalamazoo County and Cheboygan County where the respective biological

A —— B/ S e e o
. ) st L :'.".'.‘-‘
. , “ . . [N L et
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stations for Michigan State University and the University of Michigan are located,

Marquette County with Northern Michigan University, and Midland County which was the

home of the late R. R. Dreisbach, an inveterate collector of the Hymenoptera.

]

The results of this study indicate that a total of 69 species of Megachilidae are \1

currently known for the State. Of these, 53 are anthophilous or use pollen and nectar for R

sustenance for their young, and 13 are kleptoparasitic or lay their eggs in the nest of -}

2. ornilous species. It should be further pointed out that the list is not entirely }

cormplete -- specimens of the genus Stelis have not, as yet, been determined so literature :

records of Mitchell (1962) are used for the list. In addition, approximately 200 additional :1
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specimens of Megachile and Osmia await determination, and another 300 specimens

lf:j:f which were collected largely in areas adjacent to the study sites during the 1983 season
:q .

are currently being labeled. This latter group should aid immeasurably in our

T
f

understanding of the study site areas both in terms of the species complexes present and

4
!
13
1

flower visitation records.

In regards to Upper Peninsula distribution 39 species of megachilids have been :

verified to occur in the area. Of these, four species are known only in Mackinac County, "]

-

4

perhaps a reflection of the movement of commerce across the Straits of Mackinac and ol

their establishment in the Upper Peninsula. Ten species are known to occur in both J

. 'A.
- Marquette and Dickinson Counties, while a total of 21 are known from Marquette County N
s "
L and only 13 from Dickinson County. The majority of museum records from Marquette -

® o
-, County are from the city of Marquette or immediate vicinity reflecting the influence of -
p- . e
- Northern Michigan University. A few of the species from both the northern portion of -3
- A
'_.‘ Marquette and Alger Counties may possibly be associated with maritime plants adjacent =]

-~
E to Lake Superior and as a consequence have a limited distributional pattern. ]
-'..'L "ji
- In the accompanying annotated list of species known to occur in Michigan those
h which are known to occur in Marquette and/or Dickinson Counties or thought to occur '{“J
e because of their known distributional pattern are denoted by an asterisk(*).
-
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Annotated List of Species of Megachilidae Known to Occur in Michigan

Anthidium psoraleae Robertson

Onl; three specimens are known from the State: Berrien Co., Warren Dunes
State Park, 17 July 1982, M. A. O'Brien, &' (UMMZ); 1 & , 1 ¢ Washtenaw Co.,
Stinchfield Woods, 28-30 June 1971, from Malaise Trap. (UMMZ) (Fig. 12)

Dianthidium simile (Cresson)

SPECIMENS EXAMINED: 34
DISTRIBUTION: SLP, NLP (Fig. 13)
PHENOLOGY: 24 June - 16 August
FLOWER VISITATION: None

Heteranthidium zebratum (Cresson)

Known only from a single % . Lake Co., 10 August 1941, R. R. Dreisbach
(MSUC). (Fig. 3) .

Stelis (Chelynia) labiata (Provancher)

Recorded by Mitchell (1962) as to occur in Michigan.

Stelis (Chelynia) michiganensis Mitchell

Known only from the Holotype specimen: Luce Co., 8 July 1946, R. R.
Dreisbach. (Fig. 77)

Stelis (Microstelis) lateralis Cresson

Recorded by Mitchell (1962) as to occur in Michigan.

Stelis (Microstelis) vernalis Mitchell

’
%

——
/’

..
\i .

. [
@, W

Recorded by Mitchell (1962) as part of the paratype series as follows:
Cheboygan Co., Douglas Lake, (7 June or July 6) 1930. C. J. D. Brown, $; Mason
Co., (date obliterated), R. R. Dreisbach, & , (MSUC); Huron Co., 29 June 1922,
R. H. Hussey, Q ; Charlevoix Co., 3 July 1939, D. S. Bullock and R. R.
Dreisbach, ¢’ . (Fig. 78)

[ RN AL AL L A e

#*#Heriades (Physostetha) carinata Cresson

SPECIMENS EXAMINED: 131
DISTRIBUTION: SLP, NLP, UP (Fig 15)

: PHENOLOGY: SLP, 13 June - August 9; NLP, 21 June - September 5; UP, 2 July
it} - August 30.

FLOWER VISITATION: Asclepias syriaca 9@ , Melilotus alba @, Monarda
- fistulosa @ , Rhus glabra @




e Heriades (Neotrypetes) leavitti Crawford

o SPECIMENS EXAMINED: 10

(v DISTRIBUTION: SLP, NLP, (Fig. 16)
: PHENOLOGY: | July - August 13
FLOWER VISITATION: None

”E Heriades (Neotrypetes) variolosa variolosa (Cresson,

SPECIMENS EXAMINED: 8
DISTRIBUTION: SLP, NLP (Fig. 17)
PHENOLOGY: 9 July - August 19
FLOWER VISITATION: None

‘A—‘ o

s

He Ashmeadiella (Ashmeadiella) bucconis bucconis (Say)

N

\ A single male specimen known from the State: Otsego Co., 7 July 1959, R. and

K. Dreisbach (MSUC). (Fig. 18).
"Prochelostoma philadelphi (Robertson)

SPECIMENS EXAMINED: 50

DISTRIBUTION: SLP, NLP, (Fig. 19)

PHENOLOGY: 31 May - July 18

FLOWER VISITATION: Philadelphus grandiflorus 9o, Potentilla recta @

*Hoplitis (Monumetha) albifrons (Kirby)

SPECIMENS EXAMINED: 17

DISTRIBUTION: NLP, UP, (Fig. 20)

PHENOLOGY: 29 May - July 29

FLOWER VISITATION: Epilobium angustifolium @ , Rubus allegheniensis @

#Hoplitis (Andronicus) cylindrica (Cresson)
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SPECIMENS EXAMINED: 75 ;:‘
DISTRIBUTION: SLP, NLP, UP, IR (Fig. 21) ;:5‘
PHENOLOGY: SLP, 20 May - August 11; NLP, 28 May - August 7; UP, “
7 July - August 4; IR, 3 July - August 10. -
FLOWER VISITATION: Arctium minus ¢ , Fragaria o', Melilotus alba @ , ~
Rubus allegheniensis @ , Rubus ¢

3
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Hoplitis (Alcidamea) pilosifrons (Cresson)

SPECIMENS EXAMINED: 50
DISTRIBUTION: SLP, NLP (Fig. 22)
PHENOLOGY: SLP, 5 June - July 23

FLOWER VISITATION: Fragaria ' ¢, Melilotus alba ¢ , Monarda fistulosa @ ,
Penstemon hirsutus @ , Potentilla recta 9 , Rubus g'Q,
Trifolium repens @ , Trifolium o"Q , Vicia villosa o

#Hoplitis (Alcidamea) producta producta (Cresson)

SPECIMENS EXAMINED: 161
DISTRIBUTION: SLP, NLP, UP, IR (Fig. 23)

PHENOLOGY: SLP, 17 May- July 24; NLP, 18 May - August 8;, UP, 22 June -
July 29.

FLOWER VISITATION: Apocynum androsaemifolium @ , Melilotus &, Monarda
. fistulosa @, Rhus glabra ¢, Rhus typhina @, Rubus allegheniensis o',
i Rubus strigosus @ , Rubus o'Q, Trifolium repens o'Q

Hoplitis (Alcidamea) truncata truncata (Cresson)

SPECIMENS EXAMINED: 13

: DISTRIBUTION: SLP, NLP (Fig 24)
P‘\ PHENOLOGY: 9 June - July 28

- FLOWER VISITATION: None

L ‘e
POATURE

#Osmia (Osmia) lignaria lignaria Say

DN e LA
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b
F SPECIMENS EXAMINED: 39
DISTRIBUTION: SLP, NLP, UP (Fig. 36)

PHENOLOGY: SLP, 18 April - June 22; NLP, May 21 - 23; UP, 5 May-June

T .
AR
# -

g 29. }:
¥ FLOWER VISITATION: Prunus tomentosa o , Salix o ~
E-. Osmia (Chalcosmia) coerulescens (Linnaeus)

3 SPECIMENS EXAMINED: 81

DISTRIBUTION: SLP, NLP, UP (Fig. 28)

PHENOLOGY: SLP, 3 May - July 26; NLP, 5 June - July 15; UP, 9 - 23 July.
FLOWER VISITATION: Fragaria ?, Lonicera tatarica o', Trifolium o , Viola

= americana @ , Weigelia &'
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Osmia (Chalcosmia) georgica Cresson '_i;.
4
Y P
-c SPECIMENS EXAMINED: 8 \ :_:
2 DISTRIBUTION: SLP (Fig. 32) 2
. PHENOLOGY: SLP, 1 May - July 12 ®
o FLOWER VISITATION: None =
- o
Osmia (Chalcosmia) texana Cresson o
SPECIMENS EXAMINED: 6 3

DISTRIBUTION: SLP (Fig.44) )

PHENOLOGY: SLP, 20 May - August 11 2

FLOWER VISITATION: None

#Osmia (Cephalosmia) subaustralis Cockerell

SPECIMENS EXAMINED: 12
DISTRIBUTION: NLP, UP (Fig. 42)
PHENOLOGY: 9 June - July 28
FLOWER VISITATION: None

#*Osmia (Centrosmia) bucephala Cresson

SPECIMENS EXAMINED: 38
DISTRIBUTION: SLP, NLP, UP, IR (Fig. 27)

PHENOLOGY: SLP, 5 May - July 4; NLP, 24 May - July 22; UP, 8 June - July 6;
IR, 2 - 18 July.

FLOWER VISITATION: Rubus allegheniensis ¢ , Viola @

#Osmia (Centrosmia) nigriventris (Zetterstedt)

Two specimens are known from the State; Marquette Co., McCormick Tract, ,
18 May 1982; , 19 May 1982; both at flowers of Amelanchier bartramiana and
collected by M. Arduser (Fig. 38) (MSUC).

#0Osmia (Acanthosmioides) integra Cresson

SPECIMENS EXAMINED: 6

DISTRIBUTION: UP (Fig 35)

PHENOLOGY: UP, 6 June - July 3

FLOWER VISITATION: Arabis lyrata 9, Hieracium 9 , Hudsonia ¢ , Linnaea @
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*Osmia (Nothosmia) albiventris Cresson

SPECIMENS EXAMINED: 62
DISTRIBUTION: SLP, NLP, UP (Fig 25)

PHF:NOLOGY: SLP, 24 April - August 14; NLP, 27 May - June 30; UP, 11 June -
August 5.

FLOWER VISITATION: Epilobium angustifolium Q » Fragaria @ , Robinia
pseudoacacia 9, Rubus JQ , Trifolium repens Q , Vicia villosa o

Osmia (Nothosmia) distincta Cresson

SPECIMENS EXAMINED: 77
DISTRIBUTION: SLP, NLP (Fig 31)
PHENOLOGY: 23 April - July 13

FLOWER VISITATION: Penstemon hirsutus @ , Rubus 9 , Trifolium hybridum
@, Trifoluim Q@ , Vicia americana ¢, Vicia villosa d'9 , Viola
americanum 9, Viola o

*Osmia (Nothosmia) inspergens Lovell & Cockerell

SPECIMENS EXAMINED: 16
DISTRIBUTION: SLP, NLP, UP (Fig.34)
PHENOLOGY: 21 May - July 18
FLOWER VISITATION: None

Osmia (Nothosmia) michiganensis Mitchell

Mitchell (1962) described this species from a single male specimen from Grand
Traverse Co., 27 May 1950, R. R. Dreisbach. Two additional male specimens of
what appear to be this species have been identified from MSUC material:
Missaukee Co., 29 May 1959, R. R. Dreisbach and Montmorency Co., 24 ~ 30
May 1966, P. C. Kennedy, EX: Window Pane trap. (Fig 37).

*Osmia (Nothosmia) pumila Cresson

SPECIMENS EXAMINED: 106
DISTRIBUTION: SLP, NLP (Fig. 40)
PHENOLOGY: SLP, 21 April - August 19; NLP, 4 May - July 5.

FLOWER VISITATION: Fragaria ¢, Potentilla recta @, Prunus o', Rubus ¢,
Salix 0@ , Taraxacum officinalis o, Trifolium repens @, Viola @
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#0Osmia (Chenosmia) atriventris Cresson

SPECIMENS EXAMINED: 236
DISTRIBUTION: SLP, NLP, UP, IR (Fig. 26)

PHENOLOGY: SLP, 23 April - July 29; NLP, 28 April - August 16; UP, 15 May -
July 24; IR, 10 - 29 July.
FLOWER VISITATION: Amelanchier canadensis o , Fragaria ¢, Prunus

tomentosa o', Rosa ¢ , Rubus allegheniensis @ , Rubus @ , Salix o',
Trifolium @ , Vaccinium @ , Vicia villosa '@, Viola o

Osmia (Chenosmia) collinsiae Robertson

SPECIMENS EXAMINED: 10
DISTRIBUTION: SLP, NLP, UP (Fig. 29)
PHENOLOGY: 30 June - July 18
FLOWER VISITATION: None

*Osmia (Chenosmia) inermis (Zetterstedt)

Known from four female specimens: Oscoda Co., Luzerne, 28 June 1966, L. F.
Wilson; Montmorency Co., 5 July 1966, P. C. Kennedy (all above from window
pane traps); Marquette Co., Ishpeming, 9 June 1940. (all MSUC) (Fig. 33)

#0Osmia (Chenosmia) proxima Cresson

SPECIMENS EXAMINED: 71
DISTRIBUTION: SLP, NLP, UP, IR, (Fig. 39)

PHENOLOGY: SLP, 3 May - June 27; NLP, 21 May - June 29; UP, 27 May -July
29; IR, 3 July - August 1.

FLOWER VISITATION: Tritolium repens ¢ , Viola canadensis d , Viola
papilionacea @

#0Osmia (Chenosmia) tersula Cockerell

SPECIMENS EXAMINED: 21

DISTRIBUTION: NLP, UP (Fig. 43)

PHENOLOGY: NLP, 24 May- July 17; UP, 11 June - July 6.
FLOWER VISITATION: Rubus alleghenjensis ¢

Osmia (Chenosmia) virga Sandhouse

Known only from a single male: Schoolcraft Co., Manistique, 28 May 1960, R.
L. Fischer (MSUC). (Fig. 45).

ALl sed Aud suae s
A

l‘.l..‘:.‘.‘ "‘-':“ [' .A' ’
LA P

L

P N
.
. RO




R -88-

#0Osmia (Monilosmia) simillima Smith

SPECIMENS EXAMINED: 108
DISTRIBUTION: SLP, NLP, UP, IR, (Fig. 41)

PHENOLOGY: SLP, 22 April - August 6; NLP, 27 May - 19 July; UP, 6 June -
August 6, IR, 30 June - August 8.

FLOWER VISITATION: Fragaria , Trifolium hybridum o', Trifolium repens
? , Vicia americana d'Q , Vicia villosa '@, Viola ¢

Osmia (Diceratosmia) conjuncta Cresson

SPECIMENS EXAMINED: 68

DISTRIBUTION: SLP, NLP, UP (Fig. 30)

PHENOLOGY: SLP, 27 April -July 12; NLP, 1 May - July 13; UP, 29 May.
FLOWER VISITATION: Fragaria @ , Salix d", Vicia villosa 9

#Megachile (Litomegachile) brevis brevis Say

SPECIMENS EXAMINED: 63
DISTRIBUTION: SLP, NLP, UP (Fig. 47)

PHENOLOGY: SLP, 13 June - September 21; NLP, 6 July - September 5; UP, 26
August.

FLOWER VISITATION: Melilotus alba o , Potentilla recta g , Vicia americana o

#Megachile (Litomegachile) mendica mendica Cresson

SPECIMENS EXAMINED: 235
DISTRIBUTION: SLP, NLP, UP (Fig. 55)

PHENOLOGY: SLP, 30 May - October 15; NLP, 25 June - September 2; UP, 7
June - July 22.

FLOWER VISITATION: Asclepias tuberosa g , Hypericum punctata Q
Melilotus alba o , Monarda fistulosa o , Rhus glabra @ , Rudbeckia hirta
g » Irifolium hybridrum o , Trifolium repens o , Verbena o', Vicia

. americana o

Megachile {(Litomegachile) texana Cresson

SPECIMENS EXAMINED: 95
DISTRIBUTION: SLP, NLP, UP (Fig. 60)

PHENOLOGY: SLP, 18 June - August 22; NLP, 17 June - August 24; UP, 15 -23
July.

FLOWER VISITATION: Asclepias tuberosa d'Q
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=Megachile (Megachile) centuncularis (Linnaeus)

= SPECIMENS EXAMINED: 38
¢ DISTRIBUTION: SLP, NLP, UP (Fig. 48)

e PHENOLOGY: SLP, & June - August 30; NLP, 21 June - September 4; UP, 20
July - September 26.

FLOWER VISITATION: Cirsium vulgare o, Melilotus officinalis @ ,
E Philadelphus grandiflorus Q

.1
T
#Megachile (Megachile) inermis Provancher ]

TITeTr

SPECIMENS EXAMINED: 115
DISTRIBUTION: SLP, NLP, UP, IR (Fig. 52) —

PHENOLOGY: SLP, 25 June - September 21; NLP, 22 June - September 5; UP,
25 June - August 31; IR, 1 July - August 3.

FLOWER VISITATION: Cirsium palustre o , Epilobium angustifolium @

Ty .-l '." ;l ."A, "'

#Megachile (Megachile) montivaga Cresson

SPECIMENS EXAMINED: 32
DISTRIBUTION: SLP, NLP, UP, IR (Fig. 56)

PHENOLOGY: SLP, 13 June - September 6; NLP, 17 July - August 15; UP, 28
June - August 3; IR, 3-7 August.
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FLOWER VISITATION: Chrysanthemum leucanthemum @ , Helianthus o, Rhus 5
g@@ 9 ‘:.‘:

T
L0 *

#Megachile {(Megachile) relativa Cresson

SPECIMENS EXAMINED: 229 o
DISTRIBUTION: SLP, NLP, UP, IR (Fig. 59)

PHENOLOGY: SLP, 30 May - October 15; NLP, 5 June - September 7; Up, 18
June - September 28; IR, 3 July - August 29.

T
e

" ‘
i FLOWER VISITATION: Chrysanthemum leucanthemum @, Hieracium &, -j
e Lythrum salicaria @ , Melilotus officinalis ¢ , Potentilla recta 9 , Rubus 9, 1
- Rudbeckia hirta o', Solidago @, Trifolium repens g'Q -
:ff- Megachile (Eutricharaea) concinna Smith ;li_
’:_- .:~'.‘"|
o Three female specimens are known from the State: Ingham Co., Lansing, 31 N
¥ August 1956, 5 September 1956, R. W. Hodges; and Clinton Co., Bath, 2 June —
- 1956, R. L. Fischer. (Fig. 49) e
- Megachile (Eutricharaea) pacifica (Panzer)
.. A
- SPECIMENS EXAMINED: 21 an
H DISTRIBUTION: SLP (Fig. 57) o
- PHENOLOGY: SLP, 13 June - September 7 e
E.:j FLOWER VISITATION: Pyracantha coccinea g AN
N . : )
3 -~
, ¢ oA




#Megachile (Addendella) addenda Cresson

SPECIMENS EXAMINED: 50
DISTRIBUTION: SLP, NLP, UP (Fig. 46)
PHENOLOGY: SLP, 14 May - July 17; NLP, 21 June - July 29; UP, 15 July

FLOWER VISITATION: Asclepias syriaca ¢, Medicago sativa @, Vicia
americana '@

#Megachile (Delomegachile) frigida frigida Smith

SPECIMENS EXAMINED: 119
DISTRIBUTION: SLP, NLP, UP, IR, (Fig. 5")

PHENOLOGY: SLP, 10 June - September 13; NP, 10 June - August 6; up, 15
June - September 2; IR, 4 July - August 9.

FLOWER VISITATION: Campanula rotundifolia @ , Epilobium angustifolium
Q@ , Lathyrus maritimus o

#Megachile (Delomegachile) gemula gemula Cresson

SPECIMENS EXAMINED: 112
DISTRIBUTION: SLP, NLP, UP, IR (Fig. 51)

PHENOLOGY: SLP, 30 May - 3 October; NLP, 23 May - July 28; UP, 11 June -

September 2; IR, 10 July - August 8.

FLOWER VISITATION: Barbarea @ , Campanula rotundifolia @, Epilobium
angustifolium o', Linnaea borealis o , Rhus o' , Rubus o, Vicia
americana Q

#Megachile (Delomegachile) melanophoea mefanophoea Smith

SPECIMENS EXAMINED: 169
DISTRIBUTION: SLP, NLP, UP, IR, (Fig. 54)

PHENOLOGY: SLP, 30 May - July 11; NLP, 5 June - August l4; UP, 7 June -
August 7; IR, 30 June - August 18.

FLOWER VISITATION: Anemone canadensis ¢ , Epilobium angustifolium %,
Lathyrus maritimus o' , Trifolium repens o'Q , Vicia americana '@ Vicia

villosa dQ

#Megachile (Xanthosarus) latimanus Say

SPECIMENS EXAMINED: 384
DISTRIBUTION: SLP, NLP, UP, IR, (Fig. 53)

PHENOLOGY: SLP, 14 June - October 12; NLP, 29 June - September 9; UP, |
July - September 11; IR, 23 August

FLOWER VISITATION: Asclepias tuberosa $ , Centaurea maculosa ¢ ,
Chrysanthemum leucanthemum o, Cirsium vulgare @, Coreopsis @,
Melilotus alba g'Q, Rhus glabra ¢ , Rudbeckia hirta o
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*Megachile (Xanthosarus) perihirta Cockerell

Mitchell (1962) records a single male specimen from the State as follows:
Schoolcraft Co., Manistique, 1 July 1922, S. Moore. (Fig. 58).

Chalicodoma(Chelostomoides) campanulae campanulae (Robertson)

SPECIMENS EXAMINED: 42
DISTRIBUTION: SLP, NLP, (Fig. 61)
PHENOLOGY: 2 July - September 3

FLOWER VISITATION: Asclepias syriaca o , Asclepias tuberosa o, Melilotus
alba ¢ , Nepeta cataria

Chalicodoma (Chelostomoides) rugifrons (Smith)

A single male specimen is known from the State: Midland Co., June 1934, P.. R.
Dreisbach (MSUC). (Fig. 62)

Megachiloides (Xeromegachile) dakotensis (Mitchel)

SPECIMENS EXAMINED: 24
DISTRIBUTION: SLP, NLP, (Fig. 63)
PHENOLOGY: 10 - 21 July
FLOWER VISITATION: None

Eumegachile (Sayapis) frugalis frugalis (Cresson)

SPECIMENS EXAMINED: 6

DISTRIBUTION: SLP (Fig. 64)
PHENOLOGY: SLP, 28 June - July 23
FLOWER VISITATION: Centaurea cybnus o

Eumegachile (Sayapis) inimica sayi (Cresson)

Four specimens are known: Kalamazoo Co., Gull Lake Biological Station, 15
August 1964, , at flowers of Helianthus, R. L. Fischer; 2 , same data as

above, R. W. Matthews (MSUC). Kalamazoo Co., no date, N. Becker (UMMZ).
(Fig. 65)

*Eumegachile (Sayapis) pugnata pugnata (Say)

SPECIMENS EXAMINED: 6!
DISTRIBUTION: SLP, NLP, UP, IR, (Fig. 66)

PHENOLOGY: SLP, 27 June - September 12; NLP, 4 July - August 24; UP, 15
July - July 26; IR, 5 July.

FLOWER VISITATION: Apocynum androsaemifolium o, Helianthus o . Nepeta
cataria &, Rhus glabra 4, Rudbeckia hirta Q
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Pseudocentron {Leptorachis) petulans (Cresson)

SPECIMENS EXAMINED: 11
DISTRIBUTION: SLP, (Fig. 67)
PHENOLOGY: SLP, & July - August 14
FLOWER VISITATION: None

Coelioxys (Coelioxys) sodalis Cresson

SPECIMENS EXAMINED: 20
DISTRIBUTION: SLP, NLP, (Fig. 68)
PHENOLOGY: 5 June - July 29
FLOWER VISITATION: None

Coelioxys (Boreocoelioxys) moesta Cresson

Four specimens are known from the State as follows: Huron Co., 12 September
1927, @ , F. M. Gaige; Mecosta Co., 24 July 1948, d, R. R. Dreisbach; Arenac
Co., 3 June 1939,d, R. R. Dreisbach; losco Co., 22 July 1950, 0 , R. R.
Dreisbach - (all MSUC). (Fig. 69).

*Coelioxys (Boreocoelioxys) octodentata Say

SPECIMENS EXAMINED: 36

DISTRIBUTION: SLP, NLP, UP (Fig. 70)

PHENOLOGY: 9 June-September 6

FLOWER VISITATION: Asclepias tuberosa d'¢ , Rubus o'

*Coelioxys (Boreocoelioxys) porterae Cockerell

SPECIMENS EXAMINED: 20
DISTRIBUTION: SLP, NLP, UP, IR (Fig. 71)
PHENOLOGY: 1 June - August 19
FLOWER VISITATION: Rubus &

Coelioxys (Boreocoelioxys) rufitarsis Smith

SPECIMENS EXAMINED: 62
DISTRIBUTION: SLP, NLP, UP, IR, (Fig. 72)

PHENOLOGY: SLP, 21 June - September 26; NLP, 4 July - 19 August; UP, 29
June - August 15; IR, 29 July.

FLOWER VISITATION: Anaphalis margaritacea ? , Asclepias syriaca @ ,
Asclepias tuberosa o , Cirsium vulgare Q » Solidago o

L. N e . ...
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2 Coelioxys (Boreocoelioxys) sayi Robertson o
N SPECIMENS EXAMINED: 39

\ DISTRIBUTION: SLP (Fig. 73)

L PHENOLOGY: SLP, 29 May - September 16

FLOWER VISITATION: Melilotus alba o , Rubus o’ , Rudbeckia hirta o

*Coelioxys (Schizocoelioxys) funeraria Smith

',-f.{ Four female specimens are known from the State: Sanilac Co., 7 August 1927;
Dickinson Co., 28 August 1959, R. and K. Dreisbach; Isle Royale, 1 August 1957, %
R. W. Hodges (all MSUC); Marquette Co., Ishpeming, 2 September 1979 (NMU). 3
(Fig. 74). ;

\ - Coelioxys (Syncoelioxys) alternata Say

2 SPECIMENS EXAMINED: 12

EN DISTRIBUTION: SLP, NLP (Fig. 75)

Ba~ PHENOLOGY: 8 July - August!5

2 FLOWER VISITATION: None 1
A K
. *Coelioxys (Crytocoelioxys) modesta Smith
L) \:1 ':'
N SPECIMENS EXAMINED: 5 »
_ DISTRIBUTION: SLP, UP (Fig. 76) 7
PHENOLOGY: 13 July - August 30 -]
o FLOWER VISITATION: None X
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XIIl. OUTLINE OF RESEARCH EFFORTS FOR FISCAL 1983-198%

November 1983

1. Pursue pollen analysis of fecal pellets of Osmia and Hoplitis.

December 1983

2. Ascertain a method of opening Megachile nests with leaf lining to secure fecal
pellets, without undue disturbance to the inhabitants, for pollen analysis.

3. Trip to Channing site to secure a male and female adult Osmia from each nest
so that each of the nests can be placed to species. Assuming that our
techniques for recovery of fecal pellets from Megachile nests have been
perfected some of these nests will be sampled.

4. Identification of Osmia specimens from nests.

5. Continuance of pollen analysis of Osmia fecal pellets.

6. Rewriting of computer programs of input and field notes pertaining to Osmia
and Hoplitis. Additional programming will be necessary for nest architecture
and pollen analysis data.

January 1984

7. Completion of pollen analysis studies on Osmia and Hoplitis.

8. Begin fecal pellet analysis of Megachile nests.

9. Input into the computer of nest data of Osmia and Hoplitis as outlined in 6.

February 1984
10. Hopefully with rewritten programs, the Osmia specimens identified, field and
nest architecture data, and pollen analyses all completed and entered into the
main Cyber computer we can begin some analyses of our data. The only
element lacking would be actual emergence dates.
11. Continue pollen analysis studies on Megachile.
12. Begin input of field data on Megachile into the computer.
13. Begin preparation on nest blocks for summer 1984 season.
March 1984
14,  Completion of 10.

15. Continue 1.

16. Continue 12.




17.

18.

April 1984
19.
20.
21.

May 1984
22.
23.

24.

25.

26.

27.

Continue 13.

Attendance at annual conference, with possible side-trip to our Channing Field
Station to check on nests of Megachile and to attain additional fecal pellet
samples.

Continue 11.
Continue 12.

Completion of 13.

Continue 11.

Completion of 12.

Two research affiliates will be at our Channing Field Station to set up our
monitoring equipment, hutches, and field-oriented ecological "plots for
vegetational studies.

Remaining overwintering Megachile nests will be opened, nest architecture
data recorded, samples of fecal pellets removed.

Two or three additional control sites will be selected so they may be tested for
electromagnetic fields in June.

Marking, release, and recording of data on emerged bees.

June-July-August 1984

28.

29.

Data taking at all sites on the field activity of various species of Megachile.

Shifts in the program which will differ from 1982-83 which have come about
largely from our data of the prior season include:

a. A greater emphasis on the flowering phenologies of those plants actually
used by the several species of megachilids at each site. This would
include a greater number of samples and more frequent sampling.

b. The rewritten computer programs for field nesting activity will allow us
to input these data into the microcomputer on a daily basis--a copy being
made and one sent to E. Lansing for entry on the Cyber without the delay
we had in 1982-83.

c. Certain selected nests of Osmia and Hoplitis and perhaps Megachile will
be opened immediately upon completion to ascertain position of the egg,
hatching, feeding, and other features in the biology of the immature
stage.




September 1984

30. With emergence data from 1982-83 nests completed, voucher specimens
determined, and pressures of 1983-84 field activities on the wane we can
complete entry into the computer of all Megachile data and begin analyses of

data.
31.  Begin to close up our Channing field facilities and prepare nests for winter.
October 1984

32. Continuance of 30.

33. Final close-up of Channing facilities and preparation of specimens for
wintering.

34. Collection of voucher specimens from Osmia nests, data recording of nest
architecture, and sampling of fecal pellets for pollen analyses.

35. Begin analysis of pollen in 1983-1984 nests.
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XI. SUMMARY OF 1983 RESULTS
From year to year, slight shifts in emphasis might be expected on a seasonal basis
to be made on the direction of the project, depending to some extent on the expertise of
the personne!l involved, but more importantly on what had been ascertained in the
analysis of data from the prior season--this is the nature of science. Since this is our

first full season in the field, we lack any prior analysis of data to make any adjustments

in the program. Rather, we have had to rely upon our original proposal, the prior
knowledge and previous experience of personnel associated with the project, and previous
published literature records.

Nevertheless, a set of objectives were outlined for the 1983 summer season. These

objectives, with a few reservations, have largely been met during this past season and
were discussed or amplified upon in prior sections of this report. Briefly, these include:
(1) selection of four experimental sites; (2) taxonomic studies on the megachilid bees of
Michigan with special emphasis on the distribution of those known to occur in the Upper
Peninsula; (3) a list of potential plant species known to be of value to the megachilid
bees; (4) a list of plant species for each site which were previously known to be of value
to the megachilids involved; (5) flowering phenologies, both a qualitative and

quantitative sense, of the plants so involved for each site; (6) develop techniques for

Yy ey
P O M
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pollen analysis, again both qualitative and quantitative, by analyzing fecal pellets of

o larvae; (7) monitor numerous climatological events that might impinge on bee activity;

and (8) observational data concerning timed-events in the nesting behavior of the various

l‘a LA
(e 20 IR I

species of megachilids which will inhabit trap-nests.

e
' 3
.

In the Upper Peninsula of Michigan, the megachilid bees are univoltine, or have but

a single generation per year. This leads to complications in terms of attempting any

A .'.'..'?.' P )
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L' analysis of data for a univoltine species accomplishes only a portion of its life cycle

during the active summer season: emerging as a adult in the spring or early summer,
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mating, nest selection, provisioning the nest, laying eggs, the larvae hatching from the

eggs and the larva feeding on the pollen provisions, and for many species entering the
winter season in a "quiescent" stage as a larva, prepupa, or pupa. In these species,
transformatio:\ would occur to the adult stage in late Spring or early Summer followed by
emergence as an active adult. Data on ratio of sexes, overwintering mortality, and
actual species involved with construction of each nest from the prior season must await

the following Spring before analyses can be made on field observations of the previous

season. Portions of these data could conceivably be worked ahead--provided we knew

with certainty which species were involved with each nest under observation. However,

LA
»

this is not the case. Positive field identification to species level can be made on

. approximately 10 per cent of the animals involved in the study at the moment. This may

r.v,.

2.
a

change as we know the animals better through "quircks" in behavioral patterns,

e e

specificity to pollen plants, seasonality, specificity in use of nesting materials, and

Tl

species complexes associated with each experimental site.

Thus, while we have data approximating 200-250,000 bits of information which will

N

be loaded into the computer system before the Spring of 1984, the data cannot be

PPt
s, b At e

analyzed by species until emergence occurs in late Spring or early Summer of 1984. For

reasons outlined above, this current report contains a modicum of definitive analyzed

data.
The avowed purpose of this current study on the biology of the leafcutter bees is to
ascertain any possible affect the installations of the ELF submarine communication 3
v system and the subsequent electromagnetic waves emanating from the system may have 5
in altering their behavior patterns and total biology. The experimental design includes ‘_::;
four experimental plots--two approximating 12-14 kilometers distance from the proposed B
installation which will serve as controls since they are outside the realm of any
electromagnetic influence generated, and two which will be directly below the lines of
whe ELF instailation and will serve as experimental sites. All four sites are subject to H'j‘
2
R
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review by the U.S. Navy or subcontractors to ascertain the incidence of electromagnetic
waves which may be present from other sources.

All four sites were tested by IITRI engineers for levels and incidence of background
electromagnetic flux densities and field intensity ratios. One control site and two
experimental sites met the criteria as originally proposed in the contract. However, the
Channing site is considered marginal. We shall, however, continue to use the site in the
1984 season as a safeguard, hoping to locate another control site in the Channing area.
Other criteria which we have been concerned with regarding site selection include the
proper mix of flowering plants, accessibility to the site with a minimum of travel time,
that megachilids be present in the immediate vicinity, previous natural nesting areas be
present to have allowed a resident population of bees to have maintained themselves,
that the sites be varied ecologically in terms of flowering plants throughout the season
to sustain a number of species of bees but yet at the same time be similar to each other
that they could be used as paired plots if we desire to handle the data in such a manner
at some later time, and somewhat off the pathways of usual human traffic to prevent
malicious destruction of equipment.

Weather factors which could alter the behavior patterns of bees are numerous. A
monitoring system was installed at the Channing (control) site and Ford 1 site
(experimental). Records were automatically taken every 5-10 minutes on atmospheric
pressure, precipitation, solar radiation, relative humidity, ambient air temperature, and
wind direction and speed. Changes or alterations in biological behavior patterns of the
bees in response to changing climatic factors or perhaps to the ELF installation may thus
be determined through statistical analysis of data.

Four hutches were installed at each site, each hutch provided with four shelves and
equal numbers of nest blocks (trap-nests) with randomized pre-drilled holes of varying
sizes placed upon them. Two hutches at each site were oriented in a North-South

geomagnetic direction and two in an East-West direction. Since the fields which will
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emanate from the ELF system are both transverse and longitudinal there is a theoretical
possibility that there may be an affect upon the bees and their orientation to the hutches

and the trap nests. An additional set of parameters for later statistical analysis has been

added to the study.

Because the species complexes of the leafcutter bees for the State of Michigan
were unknown and, more importantly, also unknown for the Upper Peninsula at the
commencement of this study, a taxonomic study was initiated on the group. Over 3000
museum specimens of Michigan megachilids have been examined and identified. The
resuits of the study have given us some ideas on how common the various species are in
the Upper Peninsula, the species complexes present, and some information on the
phenology of the various species. The data on the genus Osmia is perhaps the least
substantive for members of the genus predominate in the early Spring--a time of year
when the vagaries of the weather are not conducive for collecting and a difficult time
for personnel from the Lower Peninsi'la to form collecting forays to the Upper Peninsula.
A total of 69 species of leafcutter bees are currently known to occur in Michigan. Of
these, 53 are anthophilous and 13 are kleptoparasitic.

While admittedly these data are not complete, because of the paucity of available
specimens for study from the Upper Peninsula, we now know that at least 40 species of
megachilid bees are represented. Of these, 10 species are known to occur in both
Marquette and Dickinson counties, and an additional 13 in Dickinson County and 21l
species in Marquette County—a total of 31 in Marquette County and 23 in Dickinson
County.

Bees use plants, products thereof, or portions of plants per se, for three general
purposes: (1) for collection of pollen which is used as stored materials or provisions for
their young; (2) as a nidification habitus or certain plant parts (leaves or portions
thereof, plant down or resins) may be used as construction materials in founding a nest;

or (3) as a ready energy source in the form of nectar for individual sustenance or in some
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instances for manipulation as an admixture with pollen to bring about a proper

consistency of the provisions. Some specjes of bees prefer certain species, or groups of

closely related species, of plants as either nectar or pollen sources.

We have placed considerable emphasis upon these relationships in an attempt to
understand the phenological phenomena between the plants of the Upper Peninsula and
the associated megachilid bee fauna. On two sites (Ford I and Channing) our data on
flowering phenology is excellent--with the flowering activity of over 70 plant species
known both qualitatively and quantitatively. On the Ford II and County Line sites the
phenological data on flowering plants are not as complete since the sites were not
established until late in the season and lack the vernal species. These kinds of data are
an aid to understanding bee biology for they can be correlated with other events in the
life of the bee. Is she polylectic or oligolectic? What happens with a long-lived bee
which provisions a series of nests over a long period of time? Is she capable of moving to
another flowering plant after her initial "favorite" ceases to bloom? To answer some of
these types of questions we embarked upon a study of fecal pellets of the bee larvae.

Prior to forming a pupal cell the larva defecates on the inner walls of the tunnel.
Pollen grains in these voided elongate fecal pellets pass through the gut of the bee with
but little distortion. They may be treated and mounted on microscope slides and later
determined to plant group and in many istances to species. When only to group the
phenological plant data and timed events in nest construction on the part of the bees
have allowed us to determine the initial pollen source. The pollen grains can then be
counted and a percentage value of various plant species ascertained as provisions for
each cell. Currently we are conducting a series of studies to determine numbers of
pellets necessary in the preparation of a slide from each cell, and the numbers of
counting transects which must be made to obtain valid results.

Visual observations including recording of elapsed time for a variety of bee

activities in the field and nesting site as well as actual time for each event were
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conducted by a team of five personnel. Close to 1600 man hours were spent on this
activity resulting in some 15,000 timed events and an additional 4000 observational
notes. These data are being refined into subsets of data suitable for computer language
entry. It is anticipated that this will result in some 50,000 computer bits of information.

At the close of the season a total of 385 nests of various species of megachilids

were recovered. Of these, 281 were of various species of Megachile sensu latu), 92 of

Osmia and 12 of Hoplitis albifrons. All nests were placed in centrifuge tubes in boxes

and replaced on the hutches for overwintering studies. We await the coming of spring
for completion of our first year of work on the project and the beginning analysis of

data.
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SMALL MAMMALS & NESTING BIRDS ANNUAL REPORT: 1982-1983

INTRODUCTION - ANNUAL REPORT 1982-1983

- The research activities for 1982-83 are summarized in this report, \‘
along with analyses of preliminary data, discussion of changes in research x
E:;'.: protocol, and other activities that have been necessitated by various :.
factors encountered to date. A1l research tasks are referenced to the r:
:Z-_% original research proposal, especially where there have been changes in
technique, protocol or sample design or size. .J
Research activities for 1983 were organized around three goals. The _.'E
: first of these was to locate suitable test-control pairs of plots. -‘
Matching of plots was based on major activites planned for them, and on dj
. gross habitat similarity. The second gocal was to obtain preliminary data _"1
on as many tasks as possible. We were successful in obtaining baseline :
data for: avian population distribution and density; tree swallow _1‘
o (Tachycineta bicolor) embryo growth rates and abnormality rates, clutch "]
size, hatching success, nestling growth (weight, growth of limbs, age at
eye opening, age at feather eruption), parental incubation, care of ,4
- nestlings and fledging success; small mammal population distribution and ~
density, parental care, growth of young and tolerance of implanted radio
telemetry transmitters and CRPID coils. Thirdly, we wished to evaluate the
. suitability of proposed test animals, research protocols and sample sizes ™
for statistical tests so that changes could be made prior to a major ‘_
commitment of funds and effort. -i
2 As will be detailed in the following report, we have been able largely -1
\ to meet these goals. There are still a few study elements and procedures 3
3
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that will require attention in the coming year of research. These will be

discussed in detail in this report.
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ACCOMPL ISHMENTS IN 1983 L

. .
8,0 0 a8,

Selection of Study Plots - One of the main activities in the early

summer of 1983 was the selection of the test and control plots for the
- various tasks of the research program. The criteria for selection were
i' extensively described in the original proposal and will only be summarized
here. First, the size of the plots was determined entirely by our
projected sample size requirements for study animals for the various tasks {Q
] we proposed to undertake. In all tasks, except the population survey
study, the original criterion (see Technical Volume, 1982) for determining
sample size was that statistical tests be able to detect at least a 10%

{ change in the variable under study with a 90% certainty at the 5 % level of

N significance. Our preliminary estimates, based on literature values only, o

x e
a_s

of sample sizes yielded a maximum requirement of about 60 nesting animals -

.
a

1
A"l

per plot for both the birds and small mammals to be studied. Plots were

E scaled in size to produce these numbers of animals based on estimated home :;:‘

? range and territory size. The population survey studies were known by us E%\

T; initially to be too variable to apply this stringent a statistical E?

i requirement. Therefore, none was applied. ;;{
f The selection of plots was also based on the extent to which background -

'i readings of electrical and magnetic fields were matched. Since L

' construction of the antenna itself had not begun, the only source of any g

electrical or magnetic fields was from utility lines. f;f;

Test plots were located immediately adjacent to proposed above ground :;S'
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portions of the antenna right-of-way. This design produces maximum levels
of exposure for test animals while still permitting a habitat buffer
between the antenna right-of-way and the plot. Three plots in similar
tracts of upland hardwood habitat were selected along the antenna right-of-
way in 1983, one of which may not be suitable (see below). The two test
plots and their paired control plots are shown in Figure 1. Control plots
were matched in habitat with their corresponding test plot. Measurements
were made by personnel from IITRI in early June and in July of electrical
and magnetic fields on all test and control plots being considered at the
time. Guidelines for the evaluation of electric fields on the plots were
established by IITRI in the Request for Proposals as follows:

Control plots shall be selected at locations where

electric fields in the soil near the surface of the earth

produced by the ELF system are on the average at least one

order of magnitude and preferably two orders of magnitude

less than those at paired test plots. The same

relationship shall exist for magnetic field components

between test and control plots. Electric and magentic

fields in the air and earth produced by other ELF sources

(e.g., power lines) shall not differ by more than one

order of magnitude between paired test and control plots,

and at test plots should be at least one order of

magnitude below the fields produced by the ELF system.

The values obtained by IITRI's sampling are shown in Table 1. The
findings were that our two main plot pairs, Tl (Leeman's Road: parental
care) and C1 (North Michigamme Reservoir: parental care), and T3 (Well's
Grade: embryology, homing and energy metabolism) and C3 (South Michigamme
Reservoir: embryology, homing and energy metabolism) were within acceptable

1imits for all components. However, the census plot pair, T2 (Cleveland
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ey

Figure 1. Location of study plots for small mammal and
nesting birds near the Michigan ELF facility. Experimental
sites are designated as "T" and control sites as "C". Dark

lines represent the antenna configuration.
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Table 1. Values for field intensity ratios between proposed
experimental and control plots. (Data from report by IITRI,
October, 1983)
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