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ABSTRACT 

Fredenburg, A.N. 2020. Diversity, phenology, and host associations of wild bees 
(Hymenoptera: Anthophila) in Thunder Bay, Ontario. Master of Science Thesis, 
Faculty of Natural Resources Management, Lakehead University, Thunder Bay, 
ON. 83 pp. 

Keywords: agriculture, biodiversity, community, composition, conservation, land use, 
native bees, wild bees 

Although extremely important to the functioning of productive ecosystems, wild 
bee communities are at risk due habitat loss and agricultural intensification. Wild bee 
species surveys provide valuable information on the health of wild bee communities, 
especially in agricultural areas where these bee species are vulnerable; however, many 
regions are under studied. For example, northwestern Ontario lacks a comprehensive 
wild bee survey, and many of the species that inhabit this area are unknown. The aim of 
this study was to inventory wild bee species, the flowers they visit, and their periods of 
activity in Thunder Bay in northwestern Ontario to fill in gaps in our knowledge of wild 
bee species that occur in this region, while also investigating the diversity of wild bee 
communities at three representative flower-rich sites in the area. I collected 64 wild bee 
species throughout this survey. Twenty-two of these species had not previously been 
documented in northwestern Ontario, and one (Nomada alpha) is a newly documented 
species to Canada. Additionally, this study found that at an agricultural site wild bee 
diversity was the lowest, and wild bee community composition was the most uneven 
compared to two other sites, supporting evidence that agricultural land use may 
negatively affect wild bee diversity in this region of Canada.  
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INTRODUCTION 

 Pollinators have an essential role in the functioning of terrestrial ecosystems and 

perform an important ecosystem service for both wild (Ollerton 2017) and agricultural 

communities (Klein et al. 2007; Sheffield et al. 2013). Animals pollinate an average of 

87.5% of all angiosperm species (Ollerton et al. 2011). Additionally, the estimated value 

of insect pollination is approximately $240 billion (CAD) annually (Gallai et al. 2009), 

and nearly 70% of leading global crops increase in harvest size and quality when 

pollinators are present (Ricketts et al. 2008). Honey bees (Apis mellifera L.) are widely 

used for the pollination of crops, but wild bees recently gained attention as important 

pollinators for agriculture (Aizen et al. 2009; Garibaldi et al. 2013; Koh et al. 2016). 

However, in the last two decades many wild bee species have exhibited alarming 

declines due to habitat destruction (Potts et al. 2010; Goulson et al. 2015; Vogel 2017; 

Bartomeus et al. 2018).  

Changes in land use from natural to agricultural land is one of the leading causes 

of global biodiversity loss (Newbold et al. 2015). Agriculture endangers wild bee 

communities through many factors, but the foremost threat agriculture presents to these 

communities is fragmentation and loss of habitat (Ricketts et al. 2008; Le Féon et al. 

2010). The intensification of agricultural land worldwide is linked to declines in wild 

bee species (Hines and Hendrix 2005; Goulson et al. 2006). These declines are likely 

because monocultures reduce floral diversity, thus reducing wild bee diversity (Nicholls 

and Altieri 2013). In addition to reducing wild bee diversity, agriculture also reduces 

abundance (Kremen et al. 2002) and community evenness (Hall et al. 2019), as well as 

changes the types of bees that inhabit an area (Harrison et al. 2017; Grab et al. 2019). 
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A global decline of bees is a cause for concern because if pollinators decline 

there will likely be an effect on pollination services, with subsequent economic 

ramifications (Winfree et al. 2009). Historical records of bee species are invaluable in 

showing changes in species abundance, richness, and range, suggesting these changes 

are due to habitat loss (Biesmeijer et al. 2006, Cameron et al. 2011; Bartomeus et al. 

2013), and agricultural land use (Burkle et al. 2013). Data on wild bee communities, 

especially in regions with agricultural landscapes, will further our understanding of the 

conservation status of wild bees and the reasons for their declines (Mathiasson and 

Rehan 2019; Wagner 2020).  

Canada is home to approximately 850 bee species (Grixt et al. 2006; CESCC 

2015; Sheffield et al. 2017; Ascher and Pickering 2020), and this number could increase 

substantially with additional surveys (Packer et al. 2007). Despite the importance of 

pollinators, wild bee surveys are geographically biased in many historically 

understudied regions, including parts of Canada (Bartomeus et al. 2018). Large-scale 

bee surveys (Bartomeus et al. 2018) and local bee surveys (Mathiasson and Rehan 2019) 

to determine conservation status often have conflicting results. These conflicting results 

suggest that increased surveying efforts and inclusion of under sampled areas will 

advance knowledge of wild bee species distributions (Jamieson et al. 2019) and aid in 

the understanding of local bee ecology (Macphail et al. 2018).  

Northwestern Ontario is an understudied secondary region of northern Ontario, 

northwest of Lake Superior; it has a range of wild bee habitats but lacks a 

comprehensive wild bee survey. The city of Thunder Bay, on the northwest coast of 
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Lake Superior has areas of abundant naturally occurring flowers (henceforth referred to 

as wildflowers) as well as approximately 20,000 hectares of agricultural land 

(OMAFRA 2016a) within the dense boreal forest of northwestern Ontario. The range of 

habitats with abundant flora, including agricultural habitats, makes Thunder Bay an 

appropriate area to investigate wild bee diversity. Three sites were chosen as 

representative habitats that occur in Thunder Bay to investigate the diversity of the local 

wild bee communities: an agricultural area with a range of flowering crop plants that 

grow in the area, a tree plantation with young conifers and wildflowers, and an open 

meadow with abundant wildflower growth between two dense forest patches. Wild bee 

surveys in this area could uncover undocumented wild bee species in northwestern 

Ontario, fill gaps in knowledge of wild bee species ranges, and serve as a starting point 

for future wild bee inventories in this region. The Ontario government recognizes the 

importance of wild bees, but more information on local bee ecology including bee 

species, the flowers they visit, their active flight season, and their diversity are necessary 

to conserve them (OMAFRA 2016b). 

The objectives of this study are to 1) create a comprehensive list of wild bee 

species, when they are seasonally active, and the flowers they visit in Thunder Bay, 

Ontario to fill in gaps of knowledge on the wild bee communities that inhabit Thunder 

Bay, Ontario, and 2) investigate the diversity of wild bee communities in Thunder Bay, 

Ontario in three representative wildflower-rich habitats of the area: an agricultural site, a 

tree plantation, and a meadow. I hypothesize that agriculture negatively affects wild bee 

diversity (evenness and richness). I predict that the agricultural site will be less even and 

less rich in wild bee diversity than the other two sites.
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studies show loss in diversity is due to habitat loss (Hines and Hendrix 2005; Goulson et 

al. 2006; Winfree et al. 2009). Many other human disturbances such as tillage, logging, 

fire, and grazing lead to habitat loss. These disturbances may all have negative effects 

on wild bee richness and abundance, but more studies on these specific types of 

disturbances are necessary to fully understand their impacts (Winfree et al. 2009).  

 Land use changes reduce wild bee taxonomic, functional, and phylogenetic 

diversity (Grab et al. 2019), reduces wild bee abundance (Kremen et al. 2002), and 

changes bee community composition (Potts et al. 2010, Harrison et al. 2017). 

Nonetheless, many land-use practices such as agriculture are necessary for humanity, 

and as the human population grows so does agricultural land use (Newbold et al. 2015). 

Ontario has the highest number of farms in Canada and these farms yielded 

approximately $12 billion (CAD) in 2010 (OMAFRA 2016a). Therefore, agriculture is 

important in this region of Canada and it is necessary to study the impacts of agricultural 

land use on wild bee communities to conserve wild bees and their pollination services 

(Foley et al. 2005; Klein et al. 2007).  

Destruction of habitat shifts the range of many flowering species and restructures 

bee communities (Nemésio et al. 2016). The wild bee species that inhabit agricultural 

landscapes differ from the species that inhabit forest landscapes in life-history traits 

such as sociality and phenology (Harrison et al. 2017). Additionally, bees move freely 

between habitats to exploit the best food and nesting resources and will leave habitats 

with small floral areas and limited plant species (Sheffield et al. 2013). Therefore, 

habitats dominated by few floral species, like agroecosystems, tend to have lower bee 
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diversity than other types of ecosystems (Kremen et al. 2002; Klein et al. 2007; Le Féon 

et al. 2010). 

The harmful effects of agricultural land use on wild bee populations due to loss 

of habitat are apparent. In Europe, 67% of floral species on which bumble bees depend 

are experiencing range shrinkage due to agricultural intensification within the last 50 

years (Carvell et al. 2006). The loss of floral-rich grasslands in these areas of 

intensification are linked to declines in many wild bee species (Goulson et al. 2006). 

Similarly, prairie habitats in the U.S. Midwest that provide abundant bee forage shrank 

significantly due to agricultural intensification in the last 150 years (Hines and Hendrix 

2005). The decline of wild bees in Europe and the loss of bee habitat in North America 

due to agricultural land use are cause for concern. 

BEES OF CANADA AND THEIR CONSERVATION STATUS 

The Canadian Endangered Species Conservation Council list 34 bee species in 

Canada as imperiled or critically imperiled (CESCC 2015). Surveys of historical 

collections have indicated that many bee species are experiencing widespread loss, 

particularly species in the genera Andrena, Bombus, Halictus, Lasioglossum, Megachile 

and Nomada (Bartomeus et al. 2013; Mathiasson and Rehan 2019). It is likely that more 

species are also experiencing declines and range changes, but due to a lack of baseline 

data, they have not been documented (Bartomeus et al. 2018). Range shifts are usually 

discussed in terms of range contractions as in the case of the rusty patch bumble bee (B. 

affinis Cresson) (Federal Register 2016). Conversely, range expansions can lead to 







10 
 
 

 
Figure 1. Overhead view of LUARS and surrounding area from Google Earth. 
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Figure 2. Northeast view of LUARS from entrance. 






























































































































