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ABSTRACT: Evaluating solitary bee nesting preference: does the ground cover matter?

Solitary bees make up the majority of the world’s 20,000 total species of bees. Over 70% of
solitary bees nest underground. Bee fitness is likely determined, in part, by the proximity to
appropriate nesting sites. Identifying ground cover management that optimally supports bee
nesting could help inform and improve conservation efforts. To date, little is known about the
impact ground cover has on ground nesting bees nesting success. To start to fill this gap in
knowledge, this study monitored 4 plots, located in Maryland, with different ground cover
treatments from early May to mid-July in 2020. Emergence traps were utilized to capture nesting
solitary bees within the 4 treatments — solarized bare ground, wildflowers, un-mown grass, and
mown grass. When compared to cut grass and uncut grass, we found that emergence traps were 5

to 7 times more likely to catch solitary bees when placed over bare soil plots. This suggests that



more bees nest in ground that starts bare or contains significant bare patches. Although the covid
pandemic limited the number of sites monitored and reduced the time frame of the study, the
preliminary research results provide guidance to homeowners and land managers that wish to

manage landscapes in ways that support solitary bee nesting.
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Dedication

I dedicate this thesis to solitary bees. It is probably customary to dedicate a thesis to a
family member, friend or close colleague, but there were so many people who were
instrumental to me during the course of this research project, that I would not know
where to begin or where to end. Throughout this project I have been amazed and
delighted by the smallest of bee species. They are barely noticeable to most humans,
but the two groups that contain some of the smallest species (the bee families
Halictidae and Andrenidae) make up the bulk of the 70% or more of wild bee species
worldwide. Examining any bee under a microscope is simply put — awe-inspiring.
Thinking and wondering about solitary bees for the past several years has been the

privilege of a lifetime.
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Chapter 1: EVALUATING SOLITARY BEE NESTING PREFERENCE — DOES
THE GROUND COVER MATTER?

Introduction:

The importance of bees and the challenges they face is well documented (Goulson et al.,
2015). Managed honey bees and wild bees are responsible for vital global food crop pollination,
valued at over $215 billion per annum (Gallai et al., 2009). Bees also provide vital ecological
benefits that are not easily quantified or valued (Roubik, 1995; J.H. Cane, 1997). Over 20,000
bee species have been identified worldwide, with approximately 70% of those bees being solitary

species that nest within the soil (Michener, 2007; J.H. Cane, 2015).

To survive and reproduce, ground-nesting solitary bees must have access to 1) floral
resources for nectar and pollen, and 2) suitable ground in which to build their nests (Westrich, P.,
1996; Roulston and Goodell, 2011). Access to suitable habitat is challenged by habitat
fragmentation, urbanization, and land-use, such as row crop production, that is inhospitable to

bee nesting (Potts et al., 2010; Goulson et al, 2015).

A limited body of research exists that describes the nesting preference of individual
species of bees (Potts and Willmer, 1997; Wuellner, 1999; Julier and Roulston, 2009; Xie et al.,
2013) or bee communities (Grundel et al., 2010; Sardinas and Kremen, 2014; Martins et al.,
2018, Mabher et al., 2019). Many factors, including soil texture (Cane, 1991), soil temperature
(Potts & Willmer, 1997), slope (Carrie et al., 2018; Potts and Willmer, 1997), and soil
compaction (Sardinas & Kremen, 2014) affect nest site selection. Little is known about the

influence land vegetative cover has on bee nest site preferences.
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Numerous extension publications, including those by The Xerces Society, a conservation
non-profit for invertebrate species, encourage members of the public to increase nesting habitat
for ground nesting bees in their yards, gardens and landscapes (Xerces Publication, November
2019). Suggestions for increasing ground nesting habitat for numerous pollinators include
leaving bare patches of soil, planting bunch grasses, allowing tall grass to grow, and leaving leaf
litter on the ground from Fall to Spring (Xerces Publication, November 2019). These actions are
thought to increase suitable nesting sites for solitary and social bees. Land management
decisions, such as limited grass mowing in the early Spring months through “No Mow April”
and “No Mow May” initiatives indicate the growing public interest in providing floral resources
for bees and other pollinators (“No Mown May, Low Mow Spring” Bee City USA, An Initiative
of the Xerces Society), yet little is known about how turf grass and grass mowing (Lerman et al.,
2018), or alternative ground surface plantings like wildflower plots, impact wild bee nesting.
Results from studies that quantify the role land vegetative cover has on nesting site preference
can help maximize the impact of small- and large-scale bee conservation efforts. In part, our lack
of understanding of bee nesting site preferences is due to the difficulties in measuring and
quantifying bee populations.

Measuring bee populations can be accomplished by different trapping methods, such as
sweep netting, pan trap bowls and emergence traps (Droege, 2015; Pane & Harmon-Threatt,
2017; Packer & Darla-West, 2020; Portman et al, 2020). Each method presents advantages and
disadvantages. Sweep netting can target the capture of bees on specific plant species or can
measure floral visitation by a broad assemblage of bees (Sardinas & Kremen, 2014). A
disadvantage to this method is that hand netting cannot determine where a bee is nesting within

the ground (Sardinas & Kremen, 2014). Pan traps are a passive, non-targeted trapping method,



where vibrantly colored bowls of blue, yellow and white are set in a specific area or transect
(Droege, 2015; Portman et al, 2020). This method can help sample a large community of bees
and measure impacts such as agricultural practices (Carrie et al, 2018) or habitat management
(Buckles & Harmon-Threatt, 2019) on bee abundance and diversity. Disadvantages of pan
trapping include indiscriminate trapping of many insects (Portman et al, 2020), and the inability
to tie bee flying presence and eventual trapping to site nesting choice (Antoine and Forest, 2021).
One trapping method uniquely able to determine nest site location is the emergence trap
(Pane & Harmon-Threatt, 2017). Emergence traps are miniature tents that are tamped tightly to
the ground so that insects cannot get into the tent and any insect emerging from the ground
cannot escape the tent, but rather, is captured in a plastic bottle trap head at the apex of the tent.
The unique benefit of emergence tents is that they can specifically capture nesting ground bees in
two ways (Pane & Harmon-Threatt, 2017). One is that emergence tents set for short periods of
time are likely to capture bees that are searching for nest sites and are thought to be indicators of
current nest site choice and preference (Pane & Harmon-Threatt, 2017). In this situation, a bee
would be constructing and provisioning a nest in the ground and would return to the nest at night,
emerging the next day or two into the emergence tent trap (Pane & Harmon-Threatt, 2017).
Emergence traps that are set for long periods of time, like months on end, would exclude bees
presently searching for a nest site and are likely to capture bees that are emerging from the
ground that were developing in nests established the previous year (Sardinas & Kremen, 2014;
Pane & Harmon-Threatt, 2017). Bees emerging from the previous year are indicators of bee
fitness and reproductive success and might be less indicative of current nest site preference
(Sardinas & Kremen, 2014). The disadvantages to emergence traps are that they cover only a

small portion of ground, are expensive and time-consuming to use, and are likely to capture only



a small number of bees that are present at a site (Cope et al, 2019). It has been suggested that
emergence traps are most effective at sampling ground nesting bee diversity and richness at the
local scale (Antoine & Forest, 2021).

Previous research regarding the influence of vegetative ground cover vs. bare soil on bee
nesting choice has been mixed (Antoine & Forest, 2021). Some researchers have observed that
bees nest under plants (Packer & Knerer, 1986). Others suggest that vegetation may obscure nest
entrances from predators (Potts & Willmer, 1997; Wuellner, 1999). Still other studies note that
vegetation may hinder a bee’s ability to find its nest entrance (Wuellner, 1999). Wuellner, 1999
also suggests that the human ability to readily observe bees nesting in bare soils may lead to the
assumption that bees prefer to nest in bare soils, when it simply may be easier to find nests in
bare soils than within vegetation (Wuellner, 1999).

There is good evidence that bees make choices about nest sites based on ground cover.
Studies conducted on naturally occurring bare soil (Potts & Willmer, 1997; Wuellner, 1999),
partly vegetated soils in agricultural areas (Nichols et al, 2020) or native prairie grasslands
(Buckles and Harmon-Threatt, 2019) indicate these sites play an important role in nest site
formation, yet little research has looked at solitary bee nesting preference in experimental plots
of varied ground cover. This study was undertaken to evaluate ground bee nesting preference in
four different ground treatment plots (bare soil, wildflowers, mown turf grass and unmown turf
grass) over one growing season. I test the hypothesis that solitary bee nesting would be greater in

bare soil plots and wildflower plantings rather than cut grass and uncut grass plots.
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Study Sites, Design Layout and Preparation:

This research occurred over a two-year period, with treatment plot preparations occurring
in 2019 and emergence trap collection occurring in 2020. Due to pandemic restrictions in 2020 —
2022, the original experimental design, which included 4 independent study sites (Blocks)
monitored over 2 years, was not possible to implement. Instead, one study site was used and
monitored for 1 season only. This section sets forth the study site design, layout and preparation
as originally conceived for four sites and then describes the study site work that was actually
done at that one location.

Four research sites were identified for this field study. Site #1 is located at The
University of Maryland Paint Branch Turfgrass Research Facility at 395 Greenmead Drive,
College Park, Maryland 20742 (GPS coordinates: 39.010283, -76.939492). Site #2 is located at
the University of Maryland Beltsville Facility, 12000 Beaver Dam Road, Laurel, Maryland
20708 (GPS coordinates: 39.013477, -76.826105). Site #3 is located at the University of
Maryland Clarksville Facility, 4240 Folly Quarter Road, Ellicott City, Maryland 21042 (GPS
coordinates: 39.256562, -76.930408). Site #4 is located at a privately-owned farm located at
14737 Carroll Road, Phoenix, Maryland 21131 (GPS coordinates: 39.531807,-76.614344.

Each research site contains ground plots that were prepared in the Summer of 2019, with
final preparations conducted in the Fall of 2019. Additionally, each site was chosen either for its
affiliation with the University of Maryland or ease of access (e.g., my backyard), with plots at
each location set within full sun, on relatively flat, grassy areas comprised of primarily tall

fescue grass (Festuca arundinacea) and white clover (Trifolium repens).
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Preparation of wildflower and bare soil plots:

Each research site has four (4) side-by-side strips running North to South, with each strip
measuring 9.14m in length by 1.82m in width, with 0.76m of cut turf grass between strips, and
the outer margins of the strips bordering larger expanses of cut turf grass. Each 9.14m strip by
1.82m strip had been covered by dark woven Geotextile landscape fabric (Mutual WF200

Polyethylene Woven Geotextile Fabric 91.4m length by 1.82m width) to kill off underlying turf
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grass and prepare the site. The Geotextile fabric at all sites was in place for a period of four (4)
months (early July 2019 — early November 2019). Once placed at the soil surface, the Geotextile
landscape fabric was stapled to the ground with landscape staples. From the time the landscape
fabric was placed, until the time it was removed in mid-November 2019, all sites had the grass
maintained between and around the 9.14m strips (the 0.76m between all strips and the perimeter
of the entire plot) by a string weed trimmer.

In mid-November 2019, the Geotextile fabric was removed from all strips at all 4 study
sites and each uncovered strip was raked of all dead thatch and debris. Each 9.14m strip on all
sites were then divided into two (2) equal 4.57m parts. One half (4.57m in length by 1.82m in
width) was seeded with a wildflower seed mix/bunch grass (seed mix specified in Appendix 1)
and one half of the strip (4.57m in length by 1.82m in width) was left as bare ground. To hold the
soil intact and prevent erosion in the seeded strips, a grain rye cover crop seed (Secale cereale)
was added to the wildflower seed mix. Wildflower seeded portions of strips and bare ground
portions of strips alternate among each of the 4 strips at each site and were repeated at each
research site with seeded and bare sides alternating from strip to strip. The initial wildflower
seeding at each site was planted on the North or South half of each strip, with the location
determined randomly.

Once each half-strip length was seeded with wildflower mix in mid-November 2019,
grass cutting ceased until Spring of 2020. After Spring 2020, grass cutting between strips was
accomplished with a hand-pushed mower. To limit grass clippings and weeds from getting into
the plots, the mower was fitted with a clippings collection bag. None of the seeded strips

required irrigation.



COVID Pandemic limitations:

Beginning in the Spring of 2020, the COVID pandemic resulted in numerous closures
and travel challenges that impacted the continued use of three study sites that had been prepared
in 2019. Field work continued in 2020 from May 4, 2020, through August 19, 2020, on one of
the study sites located in Baltimore County, Maryland. The methods described below continued
at the Baltimore County location, but had the pandemic not occurred, these methods would have
been repeated at all four study sites.

Preparation of grass sites:

On April 20, 2020, a mown grass plot (at the Baltimore County site only) was marked in
an area that was staked out approximately 18.28 meters from the bare soil and wildflower strips.
Four grass strips of 9.14m in length by 1.82m in width per strip were used to set emergence tents
within grids in a random fashion for each sampling event. Grass strips were maintained and
mown with a lawnmower within 5 days of a sampling event. An unmown grass area was also
established and staked off 237 meters from the mown grass plots. The unmown plots were
established a distance away from other plots so that any growing weed seeds within those plots
throughout the season would not blow into the other plots, especially the bare soil plots. The
unmown plots consisted of four strips of 9.14m in length by 1.82m in width per strip and
emergence traps were set within grids in a random fashion for each sampling event. This area

was not mown for the entire duration of the study.
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Original trapping plan:

The original research plan prior to the pandemic was to have 16 emergence traps set out
on an alternate weekly basis for 10 samplings per site between May to September. In all, the
original experimental design was to have 1,280 individual tent sampling events occur over the
course of this two-year study (16 traps x 10 samplings = 160 x 4 sites over 2 years = 1,280 total
samplings). The emergence traps used are known as Bug Dorm, White Emergence Trap, Model
BT2006, measuring 60 cm x 60 cm x 60 cm (or 23.6 inches x 23.6 inches x 23.6 inches),

manufactured by Mega View Science Co, Ltd., Taichung, Taiwan (Fig. 1.3).
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In the original 4-site research plan for each sampling date event, 16 Emergence traps
would have been placed in grids within each research site. Each grid is defined as a 0.61m by
0.61m space within the treatment strip, with five (5) grids within one 15-foot strip. We numbered
each of the grids and randomly selected 4 squares in each of our treatment plots on which we

placed an emergence trap.

COVID Pandemic-modified monitoring plan:

Research at the Baltimore County, Maryland site was initiated on May 4, 2020, and
continued until August 19, 2020. All emergence traps were set in the evenings at dusk, after
approximately 7:30 p.m., so that traps would be set on the ground once any foraging nesting
females had already returned to the nest (Pane & Harmon-Threatt, 2017; Heinrich and Esch,
1994). Once set, traps were removed after 48 hours (Pane & Harmon-Threatt, 2017). Any
captured bees in the trap head were preserved in propylene glycol in plastic containers until
processing and identification could occur. In order to prevent escape from the emergence traps,
all emergence traps were staked down at 4 corners and the four side tent flaps at the base were
weighed down by four 24 inch lengths of heavy rebar (Sardinas and Kremen, 2014), in order to

prevent any insects from crawling under the tent edges as intruders or escapees and to prevent
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digging up the soil in order to weigh down the trap edges with soil, which could potentially
disrupt nest-building.

At the Baltimore County site, fifteen (15) total separate emergence trap sampling events
over twelve (12) different dates occurred cumulatively within the 4 different ground treatment
plots. Not all vegetative plots could be sampled simultaneously because there were only 32 total
emergence traps total. Traps were utilized so that at least 16 traps at a time could be set within a
specific ground substrate at least once a month. In some cases, 16 traps could be placed at the
same time (for grass monitoring) and in others, only 8 traps could be set at a time, so in that

instance 8 traps were set out twice in one month.!

Insect Processing:

As each sampling event collection occurred, insects from individual emergence tent trap
heads were labeled and stored in propylene glycol until processing. We processed trap contents
by rinsing off the propylene glycol in a tight-netted funnel and then washing them with soapy
water before receiving a final rinse. Insects were then placed in small, netted pouches and
permitted to dry passively, or dried with a blow dryer, until they could be sorted. Bees were
pinned and identified to species, with final species identification verified by Sam Droege, of the

USGS Bee Inventory and Monitoring Laboratory in Laurel, Maryland.
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Data collection and statistical analysis:!

Data were analyzed by clustering bee captures in each of the 4 treatment plots by months
(dates when sampling occurred close in time between all 4 treatment plots), with the first
grouping compiled within dates designated as Early-season and the second grouping compiled
within dates designated as Mid-season (see Table 1.1). Sampling and collected data that occurred
after July 15, 2020 were discarded because uncut grass plots grew too tall for emergence traps
after July 15, 2020 and we did not have data from all 4 treatment plots after July 15, 2020 into
August 2020.

Our limited data set permitted us to look for effects between treatment groups and over
time throughout the sampling season. To do this, we ran two models of the data using the
Poisson Generalized Linear Model (GLM) to calculate estimates and then used the Tukey HSD
post-hoc test on the grouped coefficients of the fitted model. The first model used looked at bee
capture rate differences in sampling time (or seasonal differences) per ground treatment plot
type. The second model used accounted for bee capture rate differences only in ground treatment
plot type, and was run without the seasonal interaction effect in order to understand the
differences between ground treatment plots directly. All statistical analyses were conducted in R
version 4.2.1 (R Development Core Team, 2009) and figures were produced using the package

ggplot2 (Wickham, 2011).
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Results:
Bees collected:

In this experiment 112 emergence traps captured a total of 33 solitary bees, 79% percent
of which were from the family Halictidae and 21% percent of which were from the family
Andrenidae (Figure 1.5). All bees captured were ground nesting species. Ninety of the 112 total
traps contained no bees and twenty-two of the traps contained bees, captured during the course of
the 11 sampling date events that occurred between May 4, 2020, and July 15, 2020. Of the 33
total bees captured, 14 different species were found. Of these, 11 different species were found
within bare soil substrates, 6 within wildflower substrates, 3 within cut grass strips and 3 within

uncut grass strips. The most common species found was Lasioglossum hitchensi, which was

trapped in bare soil, wildflower and uncut grass plots.
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In the initial model exploring the interaction between treatment and season, we found no
difference in the number of bees caught between collection periods (y'=0.134, df=1, p=0.71). At
the same time this model also revealed a significant substrate effect (y' =18.36, df=3, p<0.001)
and a significant interaction effect (y' =12.56, df=3, p<0.01). This indicates that there is a
difference between some of the substrates alone and by season, but that there were no overall
differences between the two seasonal time periods. Thereafter, we then performed a pairwise
comparison using the Tukey test of the log-transformed model estimates and found that the
sample size was too small to detect pairwise differences between ground treatment plots when
accounting for season, therefore we fit the data to a second model accounting only for
differences in ground treatment plots. Here we found a few significant differences, after an
additional pairwise test on the model estimates. Those significant differences were found
between bare soil plots (mean + SE; 1.8+0.63) and cut grass plots (1.897+ 0.632, Z = 3.000,
p=0.0144) as well as bare soils plots (1.6+0.56) and uncut grass plots (1.6=0.56, Z=2.9, p=0.01)).

In comparing bee numbers between these treatment groups where significant differences were
14



found, it was determined that emergences traps on bare soil collected 5 to 7 times the number of
bees than were caught in traps placed on cut (Z=3, P=0.01) and uncut grass (Z=2.9, P=0.02)

respectively (Fig. 1.4). No other significant differences between treatment groups were revealed
using the second model. Given the very small data set, we thought it important to include results

of both modeling scenarios in order to fully explain and detail the results reached.
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0)590%&B60)590%+,%/3)*1%"CYREGMB 5916

05/04/20 8 3

Bare soil 24 * 05/24/20 8 4
06/07/20 8 8

05/04/20 8 2

Wildflowers 24 * 05/24/20 8 3
06/07/20 8 6

05/12/20 16 3

Cut Grass 32 07/14/20 8 0
07/15/20 8 0

Uncut Grass 32 05/25/20 16 4
06/10/20 16 0

Bare soil * indicates fewer trapping events due to vegetation intrusion in
bare soil plots

Wildflowers * indicates fewer trappings for wildflowers due to
elimination of data into August
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?-59&() @!-4"9:A'#&O$BA'8.&2"&BA'2-.35%&'1-3&'-01'3%&-34&030A7BIVS-9'5&&8'2-. 38N 88&8'4-%C& 1

;"3/'-0'-83&%"2C"'01"2-3&'5&&8'2-.3%%& 1 AE$I29$1&1"0'3/8-9:8"8)

1-4"9: "' D&0%$8 ' E.&2"&8 o F-3&'2-.3%%&1" D%6$013%&-34&03
IHS%RSY | *+$,H++] ) OL2(LEHSW&H(+ -+ * 5/4/2020 bare soil
%8S S, HA+S ) OL.2(LHSWRH()+ -/ * 5/4/2020 bare soil
"#$%&$"Y *+$,-#,++. ) &1$-(/$2./ 101223)*.-++/ 5/4/2020 wildflower
"#$%&$"Y - $ -, ++ +34 5/4/2020 wildflower
I"#3$%&$") *+$,-#,++./ ) 5(1+"&.[ 1425463 7) +,-./ 5/4/2020 bare soil
62'1(2$"()  62'1(2") 1, 11$+,2(#H#"1815419:)%+,+/ 5/12/2020 cut grass
62'1(2%"( ) 62'1(2") 3(1+,2"&"14'254#63'7)*+<,;/ 5/12/2020 cut grass
I"#3$%&$") *+$,-#,++./ +3% 5/12/2020 cut grass
"#$%&$"Y 6.-,%7#,1(##) ".1"&" 1=>16?2)*+<@A/ 5/24/2020 wildflower
I"#3$%&$") *+$,-#,++./ ) 5(1+"&.[ 1425463 7) +,-./ 5/24/2020 wildflower
621(2$"()  62'1(2") 0ol (++ 28805463 7) +< -/ 5/24/2020 bare soil
I"#$%&$"Y I"#$%& }+ %,28.+.#=>16?)*+<@A/ 5/24/2020 bare soil
"#$%&$"Y *4$,-H#, 4+ ) TS&AT (248868 () +,- /++0$112%+1/,13 5/24/2020 wildflower
621(2$"()  62'1(2") 3(1+,2"&"425HE3 7Y +<, ] 5/24/2020 bare soil
62'1(2$"()  62'1(2") 1, 11$+,2(#H#"1815419:)%+,+/ 5/24/2020 bare soil
I"HS%6&S"X 6., %7H#, L(HH) ".1"&")1=>162)+<@A/ 5/25/2020 uncut grass
I"#$5%&$"Y *4$,-H#, 4+ ) TE&AT (248808 () +,- /++0$112%+1/,13 5/25/2020 uncut grass
62'1(2%"() 62'1(2") 2"+,2884'254#63'7)*+<,@/ 5/25/2020 uncut grass
62'1(2%"() 62'1(2") 2"+,2884'254#63'7)*+<,@/ 5/25/2020 uncut grass
"#$%&$"Y I"#$%& )} #5-"&.4=$B)*+<A;/ 6/7/2020 bare soil
"#$%&$"Y Q-+ ) -, &7") 101223)% -++/ 6/7/2020 wildflower
"#$%&$"Y *4$,-#, 4+ ) TB&AT (2488068 () +,- /++0$112%+1/,136/7/2020 wildflower
"#$%&$"Y Q-+ ) -, &7" 101223)% -++/ 6/7/2020 wildflower
"#$%&$"Y Q-+ ) -, &7" 101223)% -++/ 6/7/2020 bare soil
"#$%&$"Y Q-+ ) -, &7" 101223)% -++/ 6/7/2020 bare soil
"#$%&$"Y Q-+ ) -, &7" 101223)% -++/ 6/7/2020 bare soil
"#$%&$"Y *+$,-#, 4+ ) TH&AT (248868 () +,-/++0$112%+1/,13 6/7/2020 bare soil
"#$%&$"Y - $ -+ +34 6/7/2020 bare soil
"#$%&$"Y 4§, -#,++./ ) -,&7" (Gibbs, 2011) 6/7/2020 bare soil
"HS06&S"Y  *+$,#,++./ )  &(-#'1((Robertson, 1890) 6/7/2020 bare soil
"#$%&$"Y 4$,-#, 4+ ) TB&AT (2488068 () +,- /++0$112%+1/,136/7/2020 wildflower
"#$%&$"Y 4$,-#, 4+ ) TB&AT (2488068 () +,- /++0$112%+1/,136/7/2020 wildflower
"#$%&$"Y 4$,-#, 4+ ) TB&AT (2488068 () +,- /++0$112%+1/,136/7/2020 wildflower
I"#3$%&$") 4+$,-#++) ) &(-H"1(1425#63'7)+<,-/ 7/5/2020 wildflower *
"#$%&$"Y Q-+ ) -, &7" 101223)% -++/ 7/5/2020 wildflower *
I"#3$%&$") *+$,-#,++./ ) +34 8/5/2020 uncut grass *
"#$%&$"Y *4$,-H#, 4+ ) TS&AT (248868 () +,-/++0$112%+1/,13 8/19/2020 wildflower *
"#$%&$"Y *4$,-H#, 4+ ) TS&AT (248868 () +,-/++0$112%+1/,13 8/19/2020 wildflower *
"#$%&$"Y *4$,-H#, 4+ ) TS&AT (248868 () +,-/++0$112%+1/,13 8/19/2020 wildflower *
"#$%&$"Y *4$,-H#, 4+ ) TE&AT (248868 () +,- /++0$112%+1/,13 8/19/2020 wildflower *
"#$%&$"Y *4$,-H#, 4+ ) TE&AT (248868 () +,- /++0$112%+1/,13 8/19/2020 wildflower *
"#$%&$"Y *4$,-H#, 4+ ) TE&AT (248868 () +,- /++0$112%+1/,13 8/19/2020 wildflower *
I"#$%&3") 4§, -#,++ ) +34 8/19/2020 wildflower *
I"#$%&3") 4§, -#,++ ) +34 8/19/2020 wildflower *
I"#$%&3") 4§, -#,++ ) +34 8/19/2020 wildflower *
I"#$%&3") 4§, -#,++ ) +34 8/19/2020 wildflower *
"#$%&$"Y *i$,-#, A+ ) +34 8/19/2020 wildflower *
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Discussion:

This study found evidence that ground cover management affects the number of ground
nesting solitary bees that are captured via emergence traps — and presumably were nesting at a
site. I found that emergence traps were 5 to 7 times more likely to catch solitary bees in bare soil
plots compared to the cut grass plots and uncut grass plots.

Bare soil:

My results agree generally with Gardein et al. (2022), who found that wild bee nesting
was 14 times higher in intentionally created bare soil plots over control plots in Central
Germany. That study occurred on naturalized grasslands in calcareous (chalky soil or soil
comprised primarily of calcium carbonate) and the control plots of adjoining grasslands, which
ranged from sparse to densely covered vegetation (64.17% to 99.7% vegetative coverage)
(Gardein et al, 2022). Unlike Gardein et al’s study, ours occurred on Maryland Sassafras soil
(USDA/NRCS Maryland State Soil Fact Sheet) in a rural backyard setting, with bare soil patches
achieved through solarization. Despite these distinctions, and while the magnitude of the effect
was different, the overall conclusion was the same: ground nesting bees prefer to nest in bare
soil, regardless of soil type. Bare soils appear to be the preferred nesting site of ground nesting
bees in other landscapes as well, such as apple orchards (Fountain et al, 2023), vineyards
(Wersebeckmann et al, 2023) and other agricultural land (Nichols et al, 2020). Exposed soils are
thought to provide bees with ease of access to nest entrances and optimal soil temperatures (Potts

and Willmer, 1997).
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As work on nest site preference, by necessity, requires bees to have a choice, what
remains unclear is if vegetative cover actually deters or reduces bee nesting when no bare soil is
available. Nichols et al. (2020) measured ground bee nest sites in three plot types — scraped bare
soil plots, sprayed glyphosate plots and control grass/weed vegetation plots (Nichols et al, 2020).
Nests were visually counted in each plot from April to July. Results showed significantly greater
number of nest sites in bare soil plots compared to herbicide sprayed plots or grass/weed control
plots. Also noted in that study was that nest numbers appeared to decrease after the month of
April as vegetation moved into bare plots suggesting that increased vegetative growth or that
bees with earlier emergence times may have led to a decrease in nesting over time (Nichols et al,
2020). Frustratingly, Nichols et al. (2020) do not clearly describe how they accounted for the
intrinsic difficulty in visually quantifying nest sites in ground with increasing amounts of
vegetative cover. Many bee species are small (<10mm) and nests entrances are not always
evident, being easily hidden or not visible because some bee species build tunnels with
collapsing entrances (Potts and Willmer, 1997). Use of emergence traps, as was done in this
study, should provide more accurate numbers of nesting bees within vegetation and not rely
entirely on visual acuity. Conversely, emergence traps could also overestimate nesting bees as
they could also capture bees that cling to vegetation beneath the tent trap or may have been
emerging from a nest established the previous year (Pane and Hamon-Threatt, 2017). Despite
differences in methodology, Nichols et al. (2020) results are consistent with mine: solitary bees
prefer bare soil as nesting sites.

Wildflower Plots:

Though wildflower plots have been studied extensively in terms of floral resources they

provide for bees, few studies have measured solitary bee ground nesting and emergence within
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prepared wildflower plots (Williams et al, 2015; Ganser et al, 2020). Little evidence exists
showing bee preference for vegetation when finding and establishing nest sites, though a few
studies suggest some benefits of vegetation to species-specific ground nesting bees (Packer &
Knerer, 1986; Potts & Willmer, 1997; Kim et al, 2006; Wuellner, 1999). Halictus ligatus nests
under vegetation were found to contain less mold than nests out in the open, perhaps due to leaf
protection of the nest entrance or root uptake of water (Packer & Knerer, 1986). The presence of
vegetation may also play a role in protecting bees from predators (Potts & Willmer, 1997,
Wauellner, 1999), though others have observed that vegetation may provide beneficial cover for
potential bee predators (Wuellner, 1999).

Using emergence traps and pan traps in Florida, Cope et al. (2019) compared ground bee
and ground wasp nesting within wildflower enhancement plots to fallow control plots that
consisted primarily of grasses (Poaceae or Gramineae). Within emergence traps, ground nesting
bees and wasps were more abundant in wildflower enhancement plots than in fallow control
plots (Cope et al, 2019). Conversely, within pan traps, ground nesting bees and wasps were more
abundant in fallow control plots than in wildflower enhancement plots (Cope et al, 2019).
Researchers note in Cope et al. (2019) that primarily larger-bodied bees, with greater foraging
ranges, were collected in pan traps and that pan traps had likely collected foraging bees rather
than nesting bees. Additionally, emergence traps captured 82% of the ground nesting bees in
wildflower plots as compared to 18% of ground nesting bees captured by emergence traps in
fallow control plots, indicating a greater capture of what are likely to have been truly ground
nesting bees, within wildflower plots over grass plots (Cope et al, 2019).

While the abundance of floral resources in a wildflower plot could potentially increase

nesting preference within those plots (Cope et al, 2019; Gathmann and Tscharntke, 2002), there
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may be other possible explanations for bees preferring specific vegetative cover near nest sites.
One explanation might be the greater availability of bare soil in wildflower plots compared to
grass dominated plots. My observation was that the wildflower plots planted with the primarily
perennial floral species were slow to establish and seedlings of different plant species emerged
very slowly in the Spring of 2020. This allowed numerous bare soil patches to exist within
wildflower areas. Considering the results of others, I was expecting to see more bees captured in
wildflower plots than in grass plots. The lack of support for this expectation could have been due
to my small sampling size, compared to Cope and collaborators, who surveyed for two full

seasons from April to November, thereby collecting more data (Cope et al, 2019).

Cut grass and Uncut grass:

I caught 3 and 4 bees in cut grass and uncut grass, respectively. The three species
captured within cut grass were Andrena morrisonella, A. personata and a bee in the genus
Lasioglossum, species unknown. All three are less than 10 mm in length (4. morrisonella ranges
8-10mm in length; A. personata measures 6.1 mm in length and bees in the genus Lasioglossum
measure 2-10mm in length; Discoverlife.org). The exceedingly small size of these three bees
suggests that only the tiniest of bee species are capable of navigating and penetrating the thick
thatch and root systems of managed turf grass (Cane, 2015). Weekly mowing may also inhibit
the establishment of nests in that grass might lack distinctive navigational cues, particularly if
repeatedly cut short.

In my study, only 4 bees were captured within the uncut grass plots, though there was a
statistically significant difference in capture rates within bare soil plots as compared to capture

rates within uncut grass plots. Given the limited trap setting and many drawbacks to my study,
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my results do not support definitive conclusions about bee capture rates in uncut grass. It is
unclear whether leaving grass unmown for a lengthy period of time actually encourages nesting,
since the differences between bee captures numbers in cut grass (3) was quite similar to bee
capture numbers in uncut grass (4). Comparing differences in bee nesting within cut grass and
uncut grass is important given societal efforts like “No Mow April” and “No Mow May” that are
aimed at providing floral resources in early Spring for bees and other pollinators in turf grass.
Leaving grass uncut may or may not also provide nesting habitat for solitary bees. While
advocates argue that it takes very little effort to not mow a lawn, and that homeowners may
simply wish to mow a perimeter around grass that remains uncut (Nassauer, 1988; Li and
Nassauer, 2020; Xerces Publication, November 2019), I was unable to obtain results indicating
that uncut grass encourages bee nesting, but rather, that bee emergence is greater within bare soil
plots than within uncut grass plots. Quantifying solitary bee nesting in a multi-site experiment
field experiment in unmown yards could be useful to bee conservationist, land managers and
homeowners.

Though focused on the impacts of mowing frequency on bee abundance in suburban
lawns in New England, Lerman et al, 2018 found that mowing every two weeks (as compared
with every one week or every three weeks) supported the highest bee abundance, more than 30%
more bees than the other two mowing regiments (Lerman et al, 2018). In that study, bees were
captured using pan traps or through hand netting and did not measure nesting preference or
utilize emergence traps but provides useful insights into bee abundance in differently managed

grass for any future research.
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First and foremost, this study would have benefited from data collected from all four
originally conceived study-sites. Additional site data would have yielded more robust results and
allowed for greater comparisons, with more significant analysis and modeling between ground
substrate types in different locations This study would ideally have been performed over a three
year period and sampled bees over a larger portion of each year.

Another drawback to this study was that bare soil strips were not managed for weed
control in some manner after the June 7, 2020 sampling date, when weeds had intruded into the
bare soil plots. Manual weed-pulling was considered, but the action of pulling up weed roots and
disrupting the soil, might have potentially destroyed any existing bee nests. Concerns about
roughing up the soil too much by use of a scuffle hoe or light cultivation prevented us from
moving forward with some type of intervention to eradicate weeds. In retrospect, choosing a
weed eradication method throughout the season would have been beneficial to this study and
would have provided essential data regarding bare soil management practices in addition to any
captured bees within the bare soil plots through the end of the season. The decision to not
manage the bare soil plots limited the overall data collected.

Three weed eradication methods were attempted in late May 2020. The first was a scuffle
hoe, a metal stirrup garden hand tool that can rough up soil and break up weeds. However, it was
difficult for the scuffle hoe to penetrate the soil surface because the exposed soil in the heat of
the sun had cracked and hardened, making it nearly impossible for the scuffle hoe to break
through the soil surface. The second intervention attempted was a glyphosate herbicide
application of one bare soil strip, which resulted in numerous dead insects and earthworms at the

soil surface and was then discontinued. The third method attempted was burning weeds with a

23



propane garden-torch. This method resulted in the dried-out weeds at the soil surface catching
fire to the entire strip. Given the uncertainty about how these three methods might impact
potential-nesting bees, they were discontinued, and the bare soil sampling stopped. With the
benefit of hindsight, it might have been more useful to the overall study to lightly cultivate the
soil in order to eliminate weeds and to keep it bare to the best of our ability. Not doing so limited
trapping events and led to an uneven number of trapping events between ground substrates, even
though more bees were eventually found nesting within bare soils compared with other plots.

A limitation to this study was the placement of bare soil treatment plots that adjoined
wildflower treatment plots. While these plots were connected within one 9.14m strip in order to
condense the study area into limited space at each research location, it would have been more
advantageous to have wildflower plots that were planted a distance from the solarized bare soil
plots in order to clearly distinguish bee capture rates in one treatment plot from the other.
Separated plots would have reduced questions about nesting site choice within two closely
connected treatment plots.

An additional limitation to this study had to do with uneven sampling numbers within the
soil substrates, given the elimination of the bare soil plots and the discontinuation of uncut grass
plots that contained tall-growing grasses that exceeded the height of the emergence traps and was
addressed in the methods section. Evenness in all sampling, all season long would have
benefitted this study.

A more robust data set might have been possible had bees also been sampled earlier in
the season, since many species, particularly from the Andrenidae family, nest earlier in the

season. Beginning sampling in early April would have been beneficial to the overall study.
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With regard to learning more about vegetative cover, and what individual plant species
may prove to be beneficial or detrimental to solitary bee nesting, it would have been useful to
record the identity of specific wildflower species and any intruding weeds, within each
emergence trap, in both bare soil plots and wildflower plots. Given previous research that
indicates some bee species-specific preference for plant presence when nesting (Packer &
Knerer, 1986), this could provide valuable data for future research.

Lastly, even though emergence traps are cumbersome to work with and expensive,
having more emergence tents might have been useful in this study in that more tents could have
led to increased data. Here we had 32 traps and needed to rotate them among substrate types, so
different ground substrates were sampled at different time intervals. Additional traps would
allow more trapping per site at the same time, though it would increase the time and labor of
setting the traps at dusk, especially if multiple sites are used. We decided against using any other
trapping method in this study due to the concern that using pan traps or netting might
inadvertently capture ground nesting bees, and that emergence traps precisely target ground
nesting bees. That was a sound decision in retrospect, given that we were primarily interested in
specifically trapping ground nesting bees. Having more traps or even larger traps taller than 5
feet that could accommodate growing vegetation might be useful, though one drawback of larger

traps over more vegetation is increased insect by-catch.

3/4/%$)61 4'85"#-*(2)

Collectively, our results and other studies noted here, raise questions about how to

technically enhance bee nesting though the creation of bare soil plots. This idea has been
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implemented in the past, primarily in Europe in agricultural settings (Gregory & Wright, 2005;
Nichols et al, 2020; Tsiolis et al, 2022), and may provide guidance to landowners in non-
agricultural settings who wish to encourage solitary bee nesting habitat. It is unknown how much
soil was excavated in the Nichols et al. (2020) study. The authors indicate that the sites chosen
were on compacted ground in farm field margins, preferably with a slope (Nichols et al, 2020).
Farmyard machinery with a “digger” was used to create bare soil plots, though it is unclear how
far down into the soil surface the machinery dug, though an image appears to depict that the soil
was dug out approximately 5 to 8 cm (Nichols et al, 2020). Gardein, et al. (2022) created bare
soil plots by removing at least 5 m of the upper soil cover (Gardein, et al, 2022). In my study, the
soil’s surface was not scraped or dug out, but rather, turfgrass was killed off by solarization with
the use of Geotextile landscape fabric. All methods appear successful in that first season in
initially killing off existing vegetation, but vegetation does eventually fill in bare soil plots to a
certain extent, depending on surrounding weed pressure, which at least in the Nichols et al.
study, may have led to a decrease in nesting after the month of April (Nichols et al, 2020).
Similarly in this study, weedy vegetation moved into the bare soil plots by late May to early-
June.

Periodic, rotational excavation may provide some guidance on how to provide continuous
bare ground nesting habitat for solitary bees. Artificially constructed 3 x 5-meter shallow “bays”
of dug out bare soil have been shown to attract solitary bees in agricultural settings (Gregory &
Wright, 2005). The periodic creation of new bare soil bays provides long-term continuity in
nesting habitat, as vegetative growth moves into older bays (Gregory & Wright, 2005). This
simple act of digging and exposing soil demonstrates an easy and practical method to provide

nesting habitat.
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Similarly, removal of turf grass in spots within backyard settings by use of geotextile
landscape fabric or other digging or removal methods, are likely to provide hospitable open area
nesting habitat for solitary bees. Weedy vegetation removal with garden torches might be a
viable way to keep bare soil bare given that prescribed burning of vegetation in other settings has
been shown to increase the number of actively seeking ground nesting solitary bees (Browkaw et
al, 2023).

Understanding the implications of continuous soil scraping all season long on solitary bee
nesting would be useful. Continuous scraping, digging out soil at different depths, hand-weeding,
or other removal of vegetation over a full growing season while simultaneously measuring bee
emergence in those plots through a full season could yield valuable nesting preference and
species-specific results.

With regard to wildflower areas, future research on solitary bee nesting within newly
planted and mature wildflower areas would be useful. Since our study did not continue into a
second or third year and did not evaluate bee emergence in traps in older wildflower plots, it
would be difficult to know the rate at which bees might continue to nest within a maturing
wildflower meadow. Future, multi-year studies within wildflower areas would clarify how
readily or even whether maturing wildflower meadows might support bee nesting, while
specifically measuring bee nesting preference within varying percentages of available bare soils
within growing wildflower plots. Emergence traps could prove helpful in more mature
wildflower plots, though given the growth of most wildflower mixes in second year meadows
and beyond, which can exceed 5 feet, the current 2-foot-high emergence traps sold on the market

would not be usable and larger/taller custom emergence tents would need to be constructed.

)
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Bare soils have the potential to increase bee nesting habitat. Though our results did not
indicate significant differences in bee captures within wildflower plots as compared to cut grass
and uncut grass plots, it is not clear whether the presence of numerous bare soil patches within
the first-year wildflower plots might influence solitary bee nesting. Results of this study indicate
bee emergence is 5 to 7 times more likely to occur in bare soils than in cut grass and uncut grass
plots. Future research that looks to the amount of bare soil needed in a landscape would allow us
to optimize bee diversity. Additionally, multi-site experimental field research about the impacts
of mowing cut turf grass and leaving grass unmown on wild bee nesting can further maximize

the impact of small and large-scale bee conservation efforts.

28



Appendix

Appendix 1: Ernst Conservation Seed — Showy Northeast Native Wildflower Mix

Addendum: Showy Northeast Native Wildflower Mix
Mix Composition

12.0% Chamaecrista fasciculata, PA Ecotype (Partridge Pea, PA Ecotype)

12.0% Coreopsis lanceolata (Lapseleaf Coreopsis)

12.0% Echinacea purpurea (Purple Coneflower)

12.0% Penstemon digitalis, PA Ecotype (Tall White Beardtongue, PA Ecotype)

12.0% Rudbeckia hirta, Coastal Plain NC Ecotype (Blackeyed Susan, Coastal Plain NC Ecotype)
6.0% Heliopsis helianthoides, PA Ecotype (Oxeye Sunflower, PA Ecotype)

6.0% Tradescantia ohiensis, PA Ecotype (Ohio Spiderwort, PA Ecotype)

5.5% Ligtris spicata, PA Ecotype (Marsh Blazing Star, PA Ecotype)

5.0% Asclepias tuberosa (Butterfly Milkweed)

3.0% Aster oblongifolius, PA Ecotype (Aromatic Aster, PA Ecotype)

3.0% Aster prenanthoides, PA Ecotype (Zigzag Aster, PA Ecotype)

3.0% Zizig qurega, PA Ecotype (Golden Alexanders, PA Ecotype)

1.5% Monarda fistulosa, Fort Indiantown Gap-PA Ecotype (Wild Bergamot, Fort Indiantown
Gap-PA Ecotype)

1.5% Pycnanthemum. tenuifeliym, (Narrowleaf Mountaiomint)

1.4% Senna hebecarpa, VA & WV Ecotype (Wild Senna, VA & WV Ecotype)

1.0% Aster lgeyis, NY Ecotype (Smooth Blue Aster, NY Ecotype)

1.0% Aster novae-gngliae, PA Ecotype (New England Aster, PA Ecotype)

1.0% Baptisia australis, Southern WV Ecotype (Blue False Indigo, Southern WV Ecotype)
0.2% Baptisia tinctoria, PA Ecotype (Yellow False Indigo, PA Ecotype)

0.2% Rudbeckia fulgida var. fulgida, Northern VA Ecotype (Orange Coneflower, Northern VA
Ecotype)

0.2% Senna marilandica (Maryland Senna)

0.2% Solidago juncea, PA Ecotype (Early Goldenrod, PA Ecotype)

0.2% Solidago nemgralis, PA Ecotype (Gray Goldenrod, PA Ecotype)

0.1% Penstemon hirsutus (Hairy Beardtongue)

General Product Information:

Contains the showiest native forbs common in the Northeast. Excellent for wildlife food and
shelter, including pollinators. Mix formulations are subject to change without notice depending
on the availability of existing and new products. While the formula may change, the guiding
philosophy and function of the mix will not.
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