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The impact of land-use practices on native bee abundance and diversity 
in Southeastern Massachusetts 

Elizabeth A. Apiche, Marven Y. Jean-Jacques, Adam Germaine, Andrew Oguma, Folusho Ajayi, 
Michael Bankson, Prisca Sanon 

  

Bees are keystone organisms that fundamentally contribute to pollination of both wild 
plants and food crops worldwide. Due to the recent decline of domesticated honeybees, 
farmers may increasingly rely on native bees for pollination services. Therefore, it is 
important to maintain an abundant and diverse native bee community not only for the vital 
ecological role they play, but also for their instrumental value in agroecosystems. This 
study investigated the impacts of varying land-use practices on native bee abundance and 
diversity. Two collection methods, pan traps and sweep netting, were used to monitor 
native bee abundance and diversity at six study sites in Southeastern Massachusetts from 
April-October 2016 and April-July 2017. Study sites varied regarding the use of sustainable 
landscaping practices such as no-mow zones, native landscaping, and reduced chemical 
use, as well as in degree of urbanization. The six sites were designated as urban or rural 
based on GIS-analysis of percent impervious surface area within a 300-meter buffer zone. 
 
Three of the study sites were designated as urban based on relatively high impervious 
ground cover (>30%). Two of these sites are located on a college campus where 
sustainable landscaping practices are employed. Sites designated as rural had relatively 
low impervious ground cover (<8%) with one site located on the property of a commercial 
farm. Native bee diversity (Shannon index) was significantly different among sites but did 
not exhibit significant change from 2016 to 2017. The two sites on the urban college 
campus showed significantly higher Shannon indices and abundances (based on pan trap 
data) compared to the other urban site, and similar diversity and abundance to the three 
rural sites (a priori contrasts). Sweep net abundance data also differed among sites, but not 
years, and pairwise comparisons revealed only one urban site (without sustainable 
landscaping) had significantly lower abundance than one of the rural sites. The rural site 
with the highest abundance did not have the highest diversity. This is indicative that 
different land-use practices may have independent effects on abundance and diversity. Our 
results suggest that rural areas may generally provide better habitat for native bees, but 
better land management practices may increase abundance and diversity even in urban 
settings.  
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Is the relationship between kleptoparasite Nomada abundance and its 
host genus’ (Andrena) abundance affected land-use? 

Kinga Auguste*, Jeremy Hermanson, Adam Germaine, Andrew Oguma, Folusho Ajayi, Prisca Sanon, 
Michael Bankson 

  
Due to the decline of native bees in recent decades, monitoring and implementing land-use 
practices to promote stable bee communities has become vital. To quantify the impact of 
beneficial land-use practices, studies often focus on the diversity and abundance of the 
entire bee community. However, research has shown that parasitic bees are strongly 
affected by environmental changes, suggesting that they could be used as markers of a 
healthy ecosystem. Additionally, their parasitic arbitration helps to control and stabilize 
their host populations. In this study, the relationship between the parasitic bee Nomada 
and its primary host bee Andrena was monitored in six study sites across southeastern 
Massachusetts with different land-use practices. The six sites were categorized into rural or 
urban based on percent impervious quantified using ArcGIS. Two of the sites implement 
sustainable land-use practices which include a reduction in chemical use, no-mow areas, 
and planting of native flora. Data were collected from 2016 to 2018 during the foraging 
season, using a bi-weekly sampling method that included 24h-pan traps and 1h sweep 
netting.  ANCOVA was used to assess differences in Nomada abundances among sites, to 
investigate possible covariance between Nomada and Andrena abundances, and to assess 
any potential interaction. 
  
In three seasons, 156 Nomada and 145 Andrena were collected and included in our 
analysis.  Site impacted Nomada abundance (F1,89=3.1, p=0.03), and pairwise comparisons 
revealed that higher Nomada abundance at a suburban site characterized by limited 
imperviousness, a community garden, forest edge, and infrequent mowing site was driving 
this result.  No significant covariance of Andrena and Nomada abundances was detected 
(F1,89=3.1, p=0.08); however, there was a considerable impact of site on the weak Andrena – 
Nomada abundance relationship (F5,78=4.2, p=0.002). The strongest positive covariation 
was found at the aforementioned suburban site. Our other sites, including urban and rural 
areas, had fewer Nomada and displayed weaker host-parasite correlations.  These data 
could suggest an advantageous impact of the suburban site that is not present at other 
locations. Although various land-use practices impact the parasitic bee Nomada differently, 
sustainable land-use techniques in urban areas did not seem to have a strong effect. 
Additionally, some Nomada spp. are known to parasitize other genera which could weaken 
the host-parasite signal.  Human activity appears to influence the abundance of Nomada, 
and variation observed in the strength of the host-parasite relationship suggests that 
monitoring this marker could yield new insight on the health of the bee community. 
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A streamlined method for identifying foraging targets of native bees 
using multiple-loci DNA barcoding 

Adam Germaine, Franciane Flickinger, Mollie O’Keeffe*, Folusho Ajayi, Prisca Sanon, Michael 
Bankson 

  

Native bees are essential in healthy ecosystems. With declines in domestic bee hives, native 
bees may increasingly need to compensate for lost pollination services. Efforts have been 
made to implement bee-friendly land-use practices to support native bee communities. One 
such strategy is the inclusion of flowering plant species that provide forage into 
landscaping or agricultural settings. However, little is known about the regional foraging 
preferences of native bees. A comprehensive understanding of seasonal pairings between 
local plant and bee species would allow selective plantings to promote the regional native 
bee community, or even target those that pollinate specific crops. The goal of the present 
work is to develop a method for identifying genera-specific native bee foraging habits using 
a three-loci, single PCR, DNA-based identification of pollen grains taken from sampled 
native bees. Total pollen load from a single bee was collected and placed in an aqueous 
suspension to facilitate random sampling of pollen grains. Using aniline stain to determine 
viability, isolated pollen grains were transferred to a PCR tube containing three sets of 
primers, Phire™ Plant Direct PCR Master Mix, and deionized water in a 25-µL reaction. 
Amplification was carried out at an annealing temperature of 64˚C for 35 cycles. 
 
Preliminary PCR experiments demonstrated that three loci could be amplified directly from 
an individual pollen grain: the internal transcribed spacer region (ITS) in the pollen nuclear 
DNA, the intergenic spacer between trnH and psbA in the plastid DNA, and the plastid rbcL 
gene. The trnH-psbA and rbcL showed more prominent bands than ITS on agarose gel. This 
suggests an easier PCR amplification of the two plastid loci compared to the nuclear locus 
using an annealing temperature of 64˚C. Amplification of two or more regions of individual 
pollen grain DNA in a single PCR reaction can generate multiple amplicons for sequencing 
from a single source. The use of three loci in plant identification by DNA barcoding helps to 
improve the discriminatory power of these conserved regions when identifying the species 
of pollen within the GenBank® database.  
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How does percent impervious land cover correlate with bee abundance 
and richness at different spatial scales? 

Matthew Healy*, Zachary Thuotte*, Adam Germaine, Prisca Sanon, Folusho Ajayi, Andrew Oguma, 
Michael Bankson 

  
Pollinators play a crucial role in many ecosystems and in agriculture . Reports of declining 
bee abundance and richness presents a major issue for these ecosystems as well as the 
global food supply. Humans may have an effect on this decline through the way that we use 
land. As urbanization increases so does the amount of paved land through parking lots and 
buildings. This may prove disadvantageous to many bees, especially for those who nest in 
the ground. Therefore, we investigated if there was a correlation between impervious land 
cover and bee richness, as well as bee abundance, in Southeastern Massachusetts. Percent 
impervious land cover was calculated for six study sites at 100, 300, 600, and 900 meter 
buffers through ArcGIS software. Differing buffer sizes were chosen due to variation in 
flight ranges of bees. Sampling for bees was done on a biweekly basis from early spring to 
late fall, in the years 2016 through 2018, using pan traps and sweep-netting techniques. 
  
A total of 7648 bees were caught across a three year sampling period, with richness 
ranging from 0 (when no bees were caught) to 16 different genera. Percent imperviousness 
differed at each buffer size for all of the sites. Statistical tests were done using Pearson's 
correlation coefficient (r-value). All results produced statistically significant negative 
correlations. The correlation of impervious land cover with both richness and abundance 
were stronger with increasing buffer size, with 900 meters having the strongest correlation 
( r = -0.4138 and r =-0.2956 respectively). This suggests that a larger buffer would be more 
beneficial in comparison to smaller buffers for analyzing the effect of impervious land 
cover or other environmental factors on bee richness and abundance. Future analysis will 
need to be done with buffers greater than 900 meters to further test the correlation 
between larger buffer sizes and bee abundance and richness.  
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The potential of gender ratio in mason bees (Osmia spp.) as an indicator 
of ecosystem health 

Vania Lopes*, Doug Phinney*, Folusho Ajayi, Adam Germaine, Prisca Sanon, Andrew Oguma, 
Michael Bankson 

  
Bees are considered keystone organisms within the ecosystem, providing important 
pollination services to crops and wild plants. The genus Osmia (mason bees) are effective 
pollinators due to their morphological features, specialist foraging preferences, and the 
propensity to easily deposit collected pollen on recipient flowers. Although a variety of 
factors are involved, different land-use practices, such as the use of pesticides, frequent 
mowing and increased urbanization have been suggested to contribute to the decline of bee 
communities. During periods of environmental stress, female Osmia allocate energy and 
resources to producing more male offspring than female. This phenomenon may impact 
Osmia populations if future generations continue to produce fewer reproducing females. 
Therefore, in order to evaluate Osmia sex ratios as an indicator of ecosystem health, bees of 
genus Osmia were sampled at six sites in Southeastern Massachusetts and sexed by 
counting antennal segments and by general morphology. Bees were collected from 2016 to 
2018 using pan traps and sweep netting. Specifically, we hypothesized that male to female 
Osmia sex ratios will be lower in rural sites compared to urban sites. 
 
ArcGIS analysis was used to characterize each study site as rural (<8% impervious land 
cover; three sites) or urban (>30% impervious land cover; three sites). Results show a 
significant effect of month on male to female ratio in each year (Cochran-Mantel-Haenszel, 
M2=31.749, df =2, p<0.01), with the overall percent male for all sites over all three years 
being 74.6%, 19.2% and 0% for May, June and July, respectively. This indicates that male 
Osmia forage earlier in the season while the females appear to forage later in the season. 
Although there was no effect of site, there was an effect of year on Osmia sex ratios 
(average male: 2016 = 50%; 2017 = 34%; 2018 =74%, Fisher’s exact test, p=0.01). This 
suggests that sex ratio may be more sensitive to year-to-year ecosystem variation 
compared to Osmia abundance (no abundance difference among years, Kruskal-Wallis, H = 
0.89, df = 2, p = 0.61). In this setting, it remains to be determined if additional data will 
uncover an effect of different land-use practices on sex allocation in genus Osmia, and a 
more thorough evaluation of gender ratio as an indicator of ecosystem health will be 
required.  
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Effects of differing land-use practices on genus-level metrics of bee 
community structure 

Fegens Lyncee*, Mollie O’Keeffe*, Adam Germaine, Prisca Sanon, Andrew Oguma, Michael Bankson 

 
Bees play a pivotal role in animal-mediated pollination; their absence could mean a major 
loss in important food crops. Reports of their decline have prompted research on different 
land-use practices that may harm or benefit local bee communities. Many studies often 
measure abundance, richness, or diversity. However, use of all three metrics may provide 
the most complete assessment of native bee communities. For example, diversity is a 
measure of the number and balance of different types of organisms in an ecosystem, but 
does not account for organisms that are difficult to detect; richness is a simple count of the 
number of different organisms, but does not account for balance between the types; and 
finally, abundance is a simple count of the number of organisms, but alone does not 
indicate a healthy ecosystem. In the present study, six different sites of varying land-use 
practices were assessed to evaluate the magnitude and stability of native bee community 
abundance, richness, and diversity. Bees were sampled bi-weekly using pan traps and 
sweep nets from early spring to late fall in the years 2016, 2017, and 2018. Study sites 
were categorized into urban and rural based on percent impervious land cover using 
GIS-analysis. 
 
Over three years, a total of 7,684 bees were caught and identified to genus. There was a 
significant effect of year and site on abundance, richness, and diversity (p<0.05 for all) 
while the interaction between site and year was also found to be significant (p<0.05 for all). 
Rural sites generally displayed higher abundance, richness, and diversity than urban sites, 
which is consistent with previous studies. Dunrovin Farm, the most rural site, had the 
highest abundance and richness, but not diversity, suggesting that both richness and 
diversity should be considered in determining bee community health. Native Meadow, a 
sustainably managed urban site, had metrics similar to the more rural sites, suggesting that 
these land-use practices may benefit bee communities in an urban setting. Overall, a 
decline in the bee community was observed for all three metrics between 2017 and 2018. 
Further monitoring will reveal if this is normal year-to-year variation or indicative of a long 
term trend. In conclusion, sustainable land-use practices may benefit the local bee 
community in urban settings; and utilizing abundance, richness, and diversity together may 

be necessary to provide the most comprehensive assessment of local bee communities.  
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The effect of forest cover on Osmia and other cavity-nesting bee 
abundance  

Belunda Moise*, Adam Germaine, Prisca Sanon, Andrew Oguma, Michael Bankson 

 
Bee communities serve an important role in our local ecosystems as they pollinate several              
crops and flowering plants. Many farmers rely on honeybees (Apis mellifera) for            
pollination. However, due to the decline in the domestic honeybee hives, there may be              
increased reliance on native pollinators. Cavity-nesting bees have the potential to be used             
for crop pollination as they can be managed using artificial nesting habitats such as trap               
nests. The genus Osmia specifically, is an important pollinator of popular orchard trees             
such as apples and have been found to be more efficient than honeybees in certain apple                
orchards. Previous research has shown that cavity-nesting bee abundance is positively           
correlated with forest cover, but little is known about their preferences within more             
urbanized settings. In this study, we examined the effects of forest cover on the abundance               
of cavity-nesting bees in Southeastern Massachusetts, with a specific focus on the genus             
Osmia. From 2016-2018, bees were collected biweekly at six different sites via pan trap and               
sweep net, during the months of April to October. OLIVER, MassGIS’s online mapping tool,              
was used to estimate percent forest cover within a 500m buffer at each of the 6 study sites. 
 
Throughout the three years we collected a total of 177 cavity-nesting bees and a total of 92                 
Osmia. Statistical tests showed that there is a significant effect of site on cavity nester               
abundance (F5,233=3.7, p=0.003) along with Osmia abundance (F5,131=3.5, p=0.005). Pairwise          
comparisons reveal significant differences between two of our urban sites. Osmia and            
cavity-nesting bees were most abundant at the urban site with the least percent forest              
cover (24%) while the most forested urban site (36.8%) had the lowest abundance. The              
most forested site (89.9%) had the highest abundance among the rural sites, however, the              
abundance of Osmia and cavity-nesting bees were highest at our urban site with the least               
forest cover percentage. This may be due to the implemented sustainable land-use            
practices at that site. Although, forest cover has a positive effect on Osmia and              
cavity-nesting bee abundance in a rural setting, when it comes to urban settings there may               
be more important land-use practices that positively correlate with the cavity-nesting bee            
community and Osmia population. 
  
Revised: 
Throughout the three years we collected a total of 177 cavity-nesting bees and a total of 92                 
Osmia. Statistical tests showed that there is a significant effect of site on cavity nester               
abundance (F5,233=3.7, p=0.003) along with Osmia abundance (F5,131=3.5, p=0.005). Osmia          
and other cavity-nesting bees’ abundances at the least forested site were similar to the              
abundances at the most forested site which indicates that there is no direct effect of forest                
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cover on Osmia and other cavity-nesters abundance. The significant effect of site on Osmia              
and cavity-nesters abundance may be due to factors at the sites other than forestation. The               
abundances of Osmia and cavity-nesters at the urban sites with sustainable land-use            
practices were comparable to the rural site with the highest abundance, whereas the             
abundance at the urban site lacking these practices was significantly lower. In an             
Urban/sub-urban setting, cavity-nesting bees’ abundance does not seem to have a strong            
correlation with forest cover, suggesting other factors such as sustainable land-use           
practices may be more important to help promote their community.  
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How does urbanization affect the correlation between ground nesting 
and non-ground nesting bees? 

Tatyanna Moreland-Junior*, Jordan Palmer*, Adam Germaine, Andrew Oguma, Prisca Sanon, 
Michael Bankson 

 
Investigations into the connections between landscaping habits and native bee 
communities suggests that urban gardens produce biodiversity in urbanized areas. Our 
group has previously reported that, across varying local land use practices, our most 
common local nesting guild (ground-nesting bees) correlates in abundance with other 
nesting guilds. In other words, what is good for one nesting guild seems to be good for 
other nesting guilds. However, it is currently unknown if higher degrees of urbanization 
alter the correlations between nesting guilds. For example, increasing impervious 
land-cover accompanying urbanization may specifically impact the ground nesting bee 
community. Therefore, the current study will investigate how urbanization may affect the 
correlation between ground nesting and non-ground nesting bee abundance, richness and 
diversity. To test the hypothesis that more urbanized sites will favor non-ground nesting 
over ground nesting bees, sampling occurred bi-weekly from early spring to late fall of 
2016, 2017, and 2018 by sweep netting and pan traps. ArcGIS was used to calculate percent 
impervious land-cover and classify sites as rural or urban. 
 
Over 3 years, 5540 ground nesters and 2143 non-ground nesters were caught. Similar 
positive correlations between ground-nester and non-ground-nester abundance, richness, 
and diversity suggest a lack of significant competition between the two nesting guilds 
across different levels of urbanization. This finding is consistent with urbanization affecting 
both guilds equally. Two sites with high bee abundance (DF and SR) also showed the 
highest correlation between ground-nester and non-ground-nester abundance with 
R-squared values of .492 and .438, respectively. Conversely, the most urban sites showed 
lower correlation between abundance of the two guilds. The correlation strength for 
richness between ground and non-ground nesting bees was similar to the pattern of 
abundance correlation strengths at the sites. DF, SR and NM (MCC site), which all have 
relatively high bee abundance, had strong correlations between ground and non-ground 
nester richness: .450, .323, and .407, respectively. No trend emerged for the comparison of 
guild diversity correlations between sites, with all R-squared values being less than .3. Of 
note is the finding that the most urban site and the commercial farm site, both of which are 
lacking sustainable land-use practices, had low correlations between the two guilds for all 
metrics. In conclusion, correlation strength between both ground and non-ground nesting 
bee abundance and richness of the two nesting guilds may have predictive value for local 
ecosystem health and the health of the local bee community.  
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 Investigating possible relationships between native bee community 
structure and effects of power line cuts and imperviousness in southern 

Massachusetts: a pilot study 
Cynthia Oyatta, Ana M. Estabrooks, Adam Germaine, Prisca Sanon, Folusho Ajayi, Andrew Oguma 

  

Pollination by native bees is critical to global crop production and local ecosystem health. 
Studies showing declines in bee abundance have generated interest in finding methods to 
support native bee communities. Some studies suggest that electrical transmission line 
right-of-ways (hereafter, power line cuts) may serve as sanctuaries for bees due to their 
periodic but infrequent clearing and abundant edge regions. We used native bee 
community monitoring data from six sites in an initial evaluation of the potential 
relationship between metrics of bee community structure (abundance and Shannon 
diversity) and proximity to a power line cut. We also tested for a relationship between 
percent impervious surface area and bee community structure among the same sites. We 
sampled bees biweekly via pan trap and sweep net in 2016 and 2017. Distance from the 
nearest power line cut to each collection site was measured using Google Maps. ArcGIS 
software was used to calculate percent impervious within a 300-meter buffer around each 
study site. 
 
We sampled a total of 4,119 bees distributed amongst 42 genera. The distance from power 
line cuts ranged from 0 to 949 m, and imperviousness ranged from 0.5 to 46.9%. There was 
a weak but positive correlation between power line cut proximity and bee abundance in 
regard to bee collection by pan traps, but no significant correlation between proximity to 
power line cut and bee abundance from sweep net collection method. There was also a 
weak positive relationship between power line cut proximity and bee community Shannon 
diversity. There was no relationship apparent between percent impervious land surface 
and bee abundance or diversity. Although interpretation of our initial results is limited, the 
weak positive relationships between measures of bee community structure and proximity 
of only six sites to power line cuts invites a more thorough study. In a more rigorous follow 
up to this study, we will include more sites encompassing broader range of imperviousness 
and distances from power line cuts. 
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Does abundance of non-native Apis correlate with abundance within 
individual native bee nesting guilds? 

Rachel Patten, Fegens Lyncee*, Adam Germaine, Prisca Sanon, Folusho Ajayi, Andrew Oguma, 
Michael Bankson 

  

Both native bees and imported honeybees (Apis) provide key pollination services essential 
to ecosystem health, but traditionally, only honeybees have been placed in agricultural 
settings. As colony collapse disorder continues to lower the survivability of domestic 
honeybee hives, many food crops may increasingly depend on pollination by native bees. It 
is therefore essential to understand the effect that native and introduced bees have on one 
another. Previous studies have not conclusively determined if resource overlap between 
Apis and native bees leads to competition, and native bee nesting guilds may interact 
differently with Apis based on each guild’s unique resource requirements. Our study 
investigates if specific native bee nesting guilds compete with Apis, as indicated by negative 
correlations of their local abundances. We sampled bees by pan-trapping and 
sweep-netting biweekly at six locations of varying levels of land-use, including one 
commercial agricultural setting, in southeastern Massachusetts from April-October 2016 
and April-July 2017. We calculated Pearson correlation coefficients between the abundance 
of Apis and abundances of four locally dominant nesting guilds, as well between 
abundances of each guild. 
 
Sampled bee abundances used in correlation analyses included a total of 278 Apis 
individuals and 3811 individuals of the four dominant native guilds. There was no negative 
correlation between abundances of Apis and any of the guilds, suggesting a lack of 
significant competition. Furthermore, the only weak correlation between Apis and a native 
guild’s abundance (ground nesters) was positive. The native guild abundances were all 
positively correlated with each other, indicating that the studied nesting guilds thrive in 
similar settings. The lack of correlation between Apis and native bee abundances may be 
due to the dependence of Apis abundance on human intervention rather than 
environmental conditions. Continued research including more study sites in a wider 
variety of habitats would allow for stronger conclusions. Specifically, including more 
commercial farms could more conclusively address whether Apis and native bees of any 
guild compete in agricultural settings. 
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The impact of land-use practices and impervious ground cover on the 
abundance, richness, and diversity of ground-nesting bees 

Jordan Palmer*, Tatyanna Moreland-Junior*, Andrew Oguma, Prisca Sanon, Adam Germaine, 
Michael Bankson, Folusho Ajayi 

  
Melittology research has traditionally focused on the imported honeybee (Apis mellifera). 
However, in recent years, studies have focused on pollinator communities native to the 
United States due to Colony Collapse Disorder. This has led to the introduction of land-use 
practices thought to promote stable native bee populations. The expansion of urban areas 
and industrial agriculture has led to declines in habitat availability for native bees, 
particularly for ground-nesting bees. Ground-nesters constitute the majority of bee 
communities in Southeastern Massachusetts and the majority of all native bees in the 
United States. The purpose of this study is to observe the impacts that land-use practices 
and impermeable land cover have on the richness, abundance and diversity of native 
ground-nesting bees. ArcGIS software was used to classify six study sites as urban or rural 
based on impermeable land cover within a 300-meter buffer. The sampling season lasted 
from early spring to late fall in the years 2016, 2017, and 2018. Bees were collected on a 
bi-weekly basis using pan traps as well as sweep netting a 100-meter transect. 
  
Over a three-year sampling period, 5,845 ground-nesters were collected. There was a 
significant effect of site, as well as an interactive effect of site and year, on ground-nester 
abundance, richness and diversity.  However, an effect of year was only observed for 
abundance and richness. Rural sites with low impermeable ground cover and sustainable 
land-use practices generally displayed higher ground-nester abundance, richness, and 
diversity, compared to urban areas with more impermeable ground cover. A decline in 
ground-nester abundance and richness was observed over the three years at all sites with 
the exception of Sachem Rock, a suburban green space with a community garden. Overall, 
Sachem Rock had the highest diversity out of all the sites but not the highest abundance, 
suggesting land-use practices may affect these two variables differently. Native Meadow, an 
urban site that implements sustainable land-use practices, showed comparable abundance, 
richness, and diversity to those of the most rural sites. This suggests that sustainable 
land-use practices may provide suitable habitat for ground-nesting bees in urban areas. 
Lasioglossum was the dominant ground nesting genus at all sites with the exception of 
Christos, the most urban site, where Bombus was dominant. This suggests that species-rich 
Lasioglossum may be adaptive to a variety of habitat conditions; and is also consistent with 
previous studies that show the ability of Bombus to thrive in urban settings. In conclusion, 
these data suggest that rural sites may provide more resources for ground-nesting bees; 
however, urban areas with sustainable land-use practices may be beneficial as well.  
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How does human land-use effect Lasioglossum abundance? 
Douglas Phinney*, Ana Estabrooks, Adam Germaine, Prisca Sanon, Andrew Oguma, Michael 

Bankson 

  
Bees are considered keystone organisms due to their pollination services, which contribute 
to ecosystem health and food production. Declines in imported honeybee abundances are 
well established, but much is still unknown about the stability of native bee communities. 
Lasioglossum is the most species rich and abundant genus of native bee in our area of 
Southeastern Massachusetts. Therefore, a decline in Lasioglossum abundance may have a 
disproportionately large effect on the ecosystem due to their diverse functionality. This 
study aims to examine the relationship between different land-use practices and 
Lasioglossum abundance over a three-year period. For this study, bees were collected 
bi-weekly using pan traps and sweep netting from early April to late October in 2016, 2017 
and 2018. The collections were done at six sites with differing land-use practices in place 
including native plantings, no-mow zones, and reduced chemical usage. Percent impervious 
land surface was calculated using ArcGIS and used to rank urbanization level of study sites. 
 
Variation in Lasioglossum abundance was observed within each sampling season and 
between years; however, there was no significant change from year to year. Overall, peak 
abundance appeared to occur between mid-June and mid-July. The most rural site, 
Dunrovin Farm, showed a higher abundance than all the other sites in all three years 
suggesting that rural sites may provide the most ideal habitat for Lasioglossum. Using a 
priori contrast we were able to see that sites with sustainable land use practices in place 
have significantly higher abundance compared to those without (p<0.0001). Dunrovin 
Farm was excluded from this contrast due to its abundance being so significantly higher 
than all of the other sites. From this data, we can conclude that Lasioglossum communities 
appear to be relatively stable over time. We can also conclude that while rural sites may 
promote the most abundant Lasioglossum communities, the implementation of sustainable 
land-use practices may be beneficial as well.  
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Effects of land-use on Bombus abundance 
Isabelle Ruesch, Rachel Patten, Adam Germaine, Prisca Sanon, Andrew Oguma, Folusho Ajayi, 

Michael Bankson 
  

Bees pollinate most agricultural crops and provide critical pollination services. Bees of the 
genus Bombus are especially effective pollinators due to their morphological features, 
generalist foraging preferences, and ability to sonicate. Bombus loss is thought to lead to 
declines in local plant diversity, suggesting the presence of this genus may indicate a 
healthy ecosystem. As such, Bombus abundance was analyzed across several sites to 
determine if differing land-use practices, as defined by land management and percent 
impermeability, had an effect on Bombus abundance. Percent paved was calculated using 
GIS with a 300 meter-buffer zone and sampling occurred via sweep netting, over a 2-year 
period from 2016-2017. Kruskal-Wallace analysis was used as well to statistically compare 
sites. 
 
The Kruskal-Wallace comparison revealed a significant effect of site on Bombus abundance, 
with a p value of 0.0187. Suggesting land-use effects Bombus Abundance. Unexpectedly, the 
highest abundance of Bombus was found among the more impervious, or urban sites, with 
this abundance being five times more than that of any rural sites. This suggests Bombus 
may be well suited for urban environments; however, future work is needed to determine 
the exact environmental factors that promote Bombus abundance  
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Links between bee community nesting guild diversity and land-use in 
southeastern Massachusetts 
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Andrew Oguma 

  

Native bees are the largest contributors to animal-mediated pollination, and reports of 
their decline have prompted studies of bee communities and the implementation of 
land-use practices that are assumed to benefit bee abundance and diversity. Many studies 
focus on taxonomic diversity and relative abundances, but these metrics do not directly 
take into account the functional roles of organisms in an ecosystem. In this study, bee 
genera were categorized into guilds by nesting habitat and the focus was placed on nesting 
guild diversity and relative abundances. Specifically, we hypothesized that urban sites 
where sustainable land-use practices were implemented will have higher nesting guild 
diversities than other urban sites, and that the former would have nesting guild diversities 
comparable to rural sites. Sustainable land-use practices were employed at two of our six 
study sites and included native plantings, no-mow areas, and limited use of chemicals. Bees 
were collected biweekly using pan traps and sweep netting from April to July of 2016 and 
2017. Bees were preserved and identified to genus and nesting guild. Sites were classified 
as urban or rural based on percent impervious land cover using ArcGIS. 
 
Over the two sampling seasons a total of 3,264 individual bees were collected, identified, 
and classified into nesting guilds for analyses. Urban sites employing sustainable land-use 
practices had nesting guild diversities comparable to those of the rural sites (p=0.9051, a 
priori contrast), while the urban site with no sustainable land-use practices exhibited 
lower diversity in the analogous comparison (p=0.0002, a priori contrast). These results 
suggest that sustainable land-use may support bee community functional diversity. Bee 
communities at all sites were dominated by ground-nesting bees, indicating that 
southeastern Massachusetts supports a large community of this nesting guild. Two sites 
displayed low relative abundance while still exhibiting relatively high guild diversities, 
indicating that land-use practices affect total abundance and diversity differently. The 
overall implication of this study is that sustainable land-use practices, such as increasing 
the amount of native plants in an urbanized environment, may positively impact the 
community of bees in urban areas, thus strengthening the availability of natural pollination 
services. We would like to note that our conclusions should be interpreted in the context of 
a limited number of urban and rural sites, and that future work is planned to increase the 
number and variety of study sites.  
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A method for identifying pollen resources for brood development in 
cavity-nesting native bees 
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Native bees’ critical role in ecosystem function and agriculture has given rise to a variety of 
efforts to support native bee communities. This has resulted in widespread cultivation of 
wild plants, as companion plantings, in an effort to improve native bees foraging resources. 
Another strategy is to provide artificial nesting habitat for native bees, and native bee 
houses are now widely sold in a variety of forms, these ‘bee hotels’ are typically comprised 
of 4mm-7mm burrows or tubes, target cavity nesting native pollinators. However, there is 
little information available regarding the regional effectiveness of man-made native bee 
habitats or if they attract species that benefit agricultural or ecosystem function. To better 
understand the benefits, a method for identifying the pollen resources used for brood 
development must be developed. The present study used a two-loci, single PCR, DNA-based 
identification of pollen grains taken from sampled native bee cocoons. Total pollen load 
from a single brood cell was collected and placed in an aqueous suspension to facilitate 
random sampling of pollen grains. Using aniline stain to determine viability, pollen was 
placed onto petri dishes and isolated using Dumont #5 forceps. Isolated pollen grains were 
transferred to a PCR tube containing two sets of primers; the internal transcribed spacer 
region (ITS) and the intergenic spacer between trnH and psbA primer sets, Phire™ Plant 
Direct PCR Master Mix, and nuclease free water in a 25-µL reaction. Amplification was 
carried out at an annealing temperature of 62°C for thirty-five cycles. 
 
Amplification of two or more regions of DNA in a single PCR reaction can generate multiple 
amplicons for sequencing from a single source. The use of two loci in plant identification by 
DNA barcoding helps to improve the discriminatory power of these regions when 
identifying the species of pollen within the GenBank® database. Preliminary PCR 
experiments demonstrated that two loci could be amplified directly from an individual 
pollen grain taken from a brood cell. The trnH-psbA amplicon showed less success in 
amplification as evidenced by the lack of bands produced during electrophoresis relative to 
ITS on-agarose gel. This suggests an easier PCR amplification of the nuclear loci compared 
to the plastid locus, possibly due to copy number variation. A comprehensive 
understanding of seasonal pairings between local plant and cavity nesting bee species, 
specifically brood resources, would allow selective plantings to promote the specific native 
bee that is likely to inhabit man-made habitat. Furthermore, this type of information could 
be particularly useful in an agricultural setting where interactions between nesting 
preferences, foraging preferences and crop pollination might be established. 

 *= Indicates author is a current Massasoit STEM Research Intern (Spring 2019) 
 


