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ABSTRACT

In recent years the issues surrounding pollinator conservation and pollinator decline has
been brought to the forefront of both the public and government. Declines are multifaceted and
pollinator conservation and restoration tends to focus on open ecosystems, such as prairie and
meadow habitats, where there exists a large body of research on the benefits of restoring such
habitats for pollinators. However, this does not address the other ecosystems that pollinators can
be found in and what critical role those habitats may play in the lifecycles of those species. |
surveyed the bee and wasp community present in the Dundas Valley Region of Hamilton in
southern Ontario, Canada across 5 distinct habitat types; open fields, forest edges, forests,
forested groundwater fed springs, and wetlands. The abundance and richness of floral resources
within these habitats and what role this might play at different times of the year was also
surveyed. 10 focal species, belonging to 6 genera were chosen as a subset of the population to
test for habitat use and movement on the landscape. | found that all habitat types were utilized by
bees and wasps to varying degrees, depending on species, time of year, and resource availability.
Males and females of the same species did not necessarily utilize the same habitats at the same
time of year and there was clear evidence of population movement between these areas and
habitat preference. Showing the clear need for a “big picture” approach to pollinator
conservation and a need to move away from the standard restoration practice of simply creating
open meadows and prairies. This does not address the diverse and heterogeneous habitat
requirements needed over the course of their life cycles. Conservation efforts should focus on
diversifying the types of habitats being restored on the landscape and recognizing the importance
of existing remnant natural features that may add to the heterogeneity of the landscape and to the

benefit of pollinator communities.
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INTRODUCTION

Background

Pollinators and pollination are critically important to life on Earth. If plant-pollinator
interactions are broken it could have devastating effects on the natural environment, world
economy, and human health (Vanbergen & Insect Pollinators Initiative, 2013; Potts et al., 2016;
Hristov et al., 2020). Potential threats to these interaction networks have surfaced in recent years
and the plight of bee decline is a hot topic issue amongst the public and local governments. What
the general public fail to realise are the intricacies at play within our pollinator communities and
what is required to keep them strong and healthy. The majority of bee and wasp species in
Ontario are ground nesting; these species dig burrows into the ground or take over an existing
cavity. Bee and wasp species in Ontario are mostly solitary, although some do form social
congregations. Exceptions to the solitary rule are the eusocial wasps and bees (Apis sp., Bombus
sp., Dolichovespula sp., Polistes sp., and Vespula sp.) (Hallett, 2001; Cope et al., 2019; Kratzer,
2022). The vast majority of these bee and wasp species go unnoticed by the general public due to
their small size. The wasps that do get noticed, mainly the large eusocial wasps, are maligned by
the public. Whereas the bees that get noticed, mainly the honey bees (Apis mellifera) and the
bumble bees (Bombus sp.), receive much admiration. Wasps unjustly get a bad reputation and
honey bees receive more praise then they deserve. These thoughts will often influence land
management practices, as local governments and land managers work to support public opinion.
The “save the bee” campaigns and “bee city” designations (Bee City Canada, 2022) are positive
steps in pollinator conservation, but without proper guidance can lead to unintentional

consequences or less impact (Brown & Paxton, 2009; Hall & Martins, 2020).



M.Sc. Thesis — N.M. Stegman; McMaster University - Biology

Bee and wasp diversity changes on the landscape, i.e., a geographic region or area made
up of connected habitats or land features (Turner et al. 2001; Turner, 2005), depend on the
quality of the habitat and any pressures on it or the insect community. High quality habitats that
are speciose in vegetation are known to support a larger and more diverse insect community
(Papanikolaou et al., 2017; Kratschmer et al., 2019; Felderhoff et al., 2022). Additionally, intact
and remnant natural areas can have more diversity than restoration sites in the area (Polley et al.,
2007; Tonietto et al., 2017). The higher diversity can be due to a number of factors including
migration time or the presence of “hold out species” on the landscape, where a diverse
community persists, but at very low population levels (Cane, 2001; Williams & Winfree, 2013).
Often leading to issues with genetic diversity, genetic drift, and population viability (Goulson et
al., 2008; Freiria et al., 2012; Frantine-Silva et al., 2021). Therefore it is important to have good
survey records for a given area prior to any restoration efforts or to any development of
remaining chunks of natural lands in already degraded areas. Restoration and conservation of
pollinators like bees and wasps needs to be driven by the conditions on the landscape to be
successful (Cranmer et al., 2012; Bennett & Isaacs, 2014; Connelly et al., 2015; Tonietto &
Larkin, 2017; McHaffie, 2020; Weber, 2021). However, more research is needed to determine

how to best judge a landscape for pollinator success.

Male and Female Ecology of Bees

Male and female bees share a variety of similarities and also many differences in terms of
biology, ecology, and life history (Roswell et al., 2019; Urban-Mead et al., 2022). These traits
range from diet, energy demands, and lifespans to sexual dimorphisms, and emergence windows.
Male bees are typically foraging for nutrition from floral nectar sources. When visiting flowers,

males do not actively collect pollen (Ne’eman et al., 2006; Roswell et al., 2019). Males have
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been recorded consuming pollen, but the degree to how often this occurs is unclear

(Taniguchi 1956; Kapyla 1978; Schaffler & Dotterl 2011; Urban-Mead et al., 2022). Female bees
on the other hand visit flowers to feed off the nectar source and to actively collect pollen to
provision their nests (Ne’eman et al., 2006; Cane, 2016; Roswell et al., 2019). Due to the needs
of females to provision a nest(s) and lay eggs, a larger caloric demand is required (Roswell et al.,
2019). Females will spend more time at a given flower and travel as short a distance as possible
to conserve and collect more resources. The added time foraging at a flower is to both to feed
longer on nectar sources and to collect ample pollen resources for nest provisioning (Cane, 2016;
Roswell et al., 2019). Males will often forage over greater distances compared to their female
counterparts (Roswell et al., 2019). Pollination by males (passive pollination) thus have pollen
transferred from a larger assemblage species across a larger geographic area and can lead to
greater levels of genetic diversity in floral communities (Roswell et al., 2019; Urban-Mead et al.,
2022). Males and females overall have been found to forage on different floral resources
(Roswell et al., 2019). Sexual dimorphisms can be found in some groups of bees. With female
bees often being larger than male bees (Shreeves & Field, 2008; Medina et al., 2016). These
dimorphisms are likely derived from the need for females to collect pollen (Shreeves & Field,
2008; Medina et al., 2016). Cleptoparasitic bees however do not show the same levels of sexual

dimorphism (Shreeves & Field, 2008).

Bees can have different lifecycles, either having univoltine (single cycle per year),
bivoltine (two cycles per year), or multivoltine (more than two cycles per year) life histories
(Onuferko, 2013; Holm, 2017). Most ground nesting bees have a univoltine lifecycle (Fawcett et
al., 2019). The emergence of bees can occur at different times of the flight season (spring to

autumn) depending on the species (Holm, 2017). Most bees in southern Ontario have a bivoltine
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or univoltine life cycle (Cordero, 2011; Richards et al., 2011; Onuferko, 2013; Holm, 2017).
Male and female bees within a species will often have different emergence windows, with either
males emerging first, protandrous, or females emerging first, protogynous (Batra, 1980;
Sheffield et al., 2003; Holm, 2017; Fawcett et al., 2019). Males of univoltine insects are often
known to emerge first in a protandrous cycle (Wiklund & Fagerstrom, 1977; Bulmer, 1983).
Male and female bees will also have different lifespans once they emerge, however both sexes
live for a single season and will die off at the end of the season (Holm, 2017). The next
generation, or final generation for bivoltine/multivoltine bees, will overwinter as an egg, larvae,
or adult depending on the species (Batra, 1980; Sheffield et al., 2003; Holm, 2017). Males will
often be short lived, with their only purpose being to reproduce. Females will spend their flight
seasons provisioning nests and are longer lived (Holm, 2017). The sex ratios of male to female
bees can fluctuate year to year in univoltine bees (or season in bivoltine/multivoltine bees) based
off the previous years resource availability. In areas and years of high floral resource availability
sex ratios are often equal, whereas when floral resources are low more males are produced due to

males requiring less pollen provisions (Kim, 1999; Martins et al., 1999; Peterson et al., 2006).

Current Impacts on Bee Communities

Pollinators, including bees, are under a variety of threats from the environment and from
people. These threats range from climate change and habitat loss, to pesticide use, to competition
and the spread of invasive species (Goulson et al., 2015; Koh et al., 2015; Kline & Joshi, 2020;
Soroye et al., 2020). The issues are complex and do not all have clearly defined solutions.
Climate change and its associated environmental impacts are far reaching (Gonza’lez-Varo et al.,
2013; Haokip et al., 2020; Fisogni et al., 2022). The rate of change requires species to adapt

quickly or risk extinction (Soroye et al., 2020). Small insects like bees are extremely susceptible
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to these climactic changes (Parmesan et al., 1999; Brown & Paxton, 2009). These changes can
alter the niches that these pollinators utilize through a change in temperature, weather, vegetation
community, or a variety of other possible factors (Brown & Paxton, 2009; Pyke et al., 2016;

Soroye et al., 2020).

The impacts of habitat loss through the removal of natural areas, either for development,
agriculture, or recreation lead to decreases in bee abundance and diversity (Goulson et al., 2015;
Koh et al., 2015; Kline & Joshi, 2020). Additional pressures around these developments, such as
the use of pesticides in agriculture and horticulture exacerbates these effects. Pesticides are one
of the largest contributors to current pollinator declines (Brown & Paxton, 2009; Brittain et al.,
2010; Goulson et al., 2015; Hladik et al., 2016; Nemésio et al., 2016; Kleczkowski et al., 2017;
Kline & Joshi, 2020). Balancing the needs of the agricultural sector with that of the environment

is an ongoing issue, without any clear solution.

Introduced bees, whether brought in accidentally or purposefully for agricultural pollination,
have had a number of unintended consequences on both the environment and native bees (Colla,
2022). The most common and well known species of introduced bee is the European honey bee
(Apis mellifera). It has been introduced around the world for agricultural pollination and honey
production. Honey bees are eusocial, hive-forming bees that can reach colony sizes of greater
than 100, 000 individuals (Cane & Tepedino, 2016). These large colonies require large amounts
of resources to sustain them (Cane & Tepedino, 2016). In areas with high honey bee density,
native bee density decreases. Since most native bees are solitary and relatively small compared
to that of a honey bee, they cannot compete with the honey bee numbers and aggressiveness
(Schaffer et al., 1983; Gross, 2001; Thomson, 2004; Hatfield et al., 2018; Russo et al., 2021;

Page & Williams, 2022). The numerous worker bees from the hives can chase other bees away
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from floral patches and exhaust its pollen and nectar supplies. A single honey bee colony has
been shown to have significant impacts on the surrounding bee community (Goulson, 2003;
Cane & Tepedino, 2016; Bommarco et al., 2021). Honey bees are not the only introduced species
that is cause for concern. Osmia taurus is a spreading introduced bee in North America. It is
known to aggressively outcompete native Osmia spp. for floral resources and nesting sites
(Maclvor et al., 2022). Other introduced bees with known competitiveness with native bees
include Osmia cornifrons, Anthidium oblongatum, Anthidium manicatum, and Megachile
rotundata (Goulson, 2003; LeCroy et al., 2020; Russo et al., 2021). Introduced bees also have
the ability to spread introduced diseases into native bee populations (Colla et al., 2006; LeCroy

et al., 2020; Russo et al., 2021; Colla, 2022).

Current Restoration Practices

Restoration and conservation of pollinator habitat is being brought to the forefront of
conservation efforts in recent years. The literature suggests major conservation methods for
urban settings are pollinator gardens and for landscape settings meadow and tallgrass prairie
restorations (Moncada, 2003; Hopwood, 2008; Rutgers-Kelly & Richards, 2013; Tonietto &
Larkin, 2017; Majewska & Altizer, 2018; Baldock, 2019; Sexton & Emery, 2020; Turo et al.,
2020). Pollinator gardens involve the planting of pollinator friendly plants in a garden patch
(often meadow species) or a rain garden (wetland and wet meadow plants). These are often small
in size, and the diversity of the plant community is highly variable depending on construction.
Success of these gardens can also be correlated with maintenance and flower selection. (Corbet
et al., 2001; Johnson et al., 2017; Horstmann, 2021). The most common route for land managers
is to create meadow or tallgrass prairie habitat on their managed lands for pollinators. These

habitats are believed to provide the best suited habitat for pollinators and their conservation and
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restoration on the landscape (Hopwood, 2008; Winfree, 2010). Although meadows and prairies
do provide high quality pollinator habitat, there are many other types of ecosystems that are not
typically considered or addressed in the conservation planning process. Lesser studied and
surveyed habitats such as wetland marshes, swamps, and forests could provide additional refuge
to pollinators. More research is needed on the impacts of these habitats to determine their
significance. Current restoration practices may be missing key pieces required for successful

overall restoration efforts by not considering additional habitats.

Landscape Complexity and Bee Communities

Studies have shown that bee diversity is often tied to the diversity of the habitat
surrounding a given population (Bukovinszky et al., 2017; Earaerts et al., 2022). This is true for
natural systems and human impacted/derived systems, such as agricultural fields or hydro
corridors (Otieno et al., 2015; Carrie et al., 2017; Galpern et al., 2021). When diversity from
landscapes is removed through habitat fragmentation and increased edge effects pollinator
communities suffer and bee diversity decreases (Olynyk et al., 2021). Bumble bees (Bombus sp.)
are particularly susceptible to losses in landscape complexity and can result in negative effect to
life history traits (Persson et al., 2015). Regional approaches to community studies and the need
to value the potentially greater impacts of landscape over the smaller scale impacts of individual
sites is of critical importance (Steffan-Dewenter, 2002). However, few studies of this scale have
been completed for bee communities (Cane, 2001; Steffan-Dewenter, 2002; Otieno et al., 2015;
Coutinho et al., 2018). Restoration efforts that focus on single site scales, without considering the
broader landscape, have had mixed success (Scheper et al., 2015). A greater diversity of habitats
on the landscape leads to greater resource availability and diversity in both floral resources and

nesting resources (Benton et al. 2003; Miljanic et al., 2019). The impacts of present landscape
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heterogeneity on a bee community are driven by the connectivity of individual site habitat
quality to the landscape. High quality habitats must be present on the landscape for heterogeneity
to have the greatest impact (Ballare et al., 2019). Increasing the amount of natural cover on the
landscape will in turn benefit the community of bees present in the area (Scheper, 2015;
Bukovinszky et al., 2017). These restorations must connect individual site enhancements with
the broader landscape to work effectively (Bukovinszky et al., 2017). Restorations should look to
increase landscape heterogeneity, over enhancing common features on the landscape (Ballare et

al., 2019; Miljanic et al., 2019).
Forgotten Pollinators

Bees get most of the public’s attention when it comes to pollination and beneficial
insects. Wasps are often maligned and treated as pests and nuisances. Wasps can also be
excellent pollinators and will visit flowers for nectar and pollen resources. Most wasps are
predatory in nature. They parasitize insects to provision their nests with and raise their young.
Pollination in most wasp groups is accidental (Committee on the Status of Pollinators in North
America, 2007; Brock et al., 2021; Kratzer, 2022). The effectiveness of pollination by wasps can
be determined by the hairiness of the species, as well as its size and how often it visits flowers.
Wasps with more hair, such as Vespula sp., are better at pollinating due to pollen grains getting
stuck in their hair. The largest and one of the primary groups of pollinating wasps is the Aculeate
wasps, which includes the families Ampulicidae, Bethylidae, Chrysididae, Crabronidae,
Dryinidae, Mutillidae, Pompilidae, Scoliidae, Sphecidae, Thynnidae, Tiphiidae, and Vespidae
(this group also includes ants (Formicidae) and bees (Anthophila)) (Brock et al., 2021). These
wasps are generalist pollinators. Hundreds of plant-pollinator interactions have been recorded in

wasps (Brock et al., 2021). The importance of this pollination on the environment varies, but in
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certain environments it can be incredibly significant. In some instances, wasps were found to be
of equal or even greater pollination benefit than bees in both natural and agricultural
environments (Aluri, Reddi & Das, 1998; Hallett et al., 2017). Overall, the maligned wasp
deserves recognition as an important pollinator, not a pest. Additional research and public

awareness is needed to encourage studies on this topic.

Ontario Bee Communities

Numerous studies have assessed the bee communities of Ontario and what species are
present across the province (Fye, 1972; MacKay & Knerer, 1979; Grixti & Packer, 2006; Colla
& Dumesh, 2010; Richards et al., 2011; Pindar, 2013; Rutgers-Kelly & Richards, 2013;
Onuferko et al., 2015; City of Toronto, 2016; Fredenburg, 2020). The Ontario Ministry of
Natural Resources and Forestry (MNRF) keeps a list of all confirmed bee species in the province
and their assigned conservation (S) rank (Natural Heritage Information Centre, 2022). From
these records, and many others, over 400 species of bee belonging to 6 different families have
been identified in Ontario. Even with extensive pollinator research and surveys completed in
Ontario data gaps and under surveyed areas persist. One such area is the City of Hamilton,
covering the historic areas of Dundas, Ancaster, Flamborough, Stoney Creek, Glanbrook,

Hamilton, and the County of Wentworth.

Hamilton Bee Communities

The bee community in Hamilton, like many regions of Ontario, have had few studies
completed on them. Occasional collections and species records have been collected by
researchers or citizen scientists (GBIF, 2022), but few large scale survey projects have been

conducted. The only surveys that were identified were a study on Royal Botanical Gardens land
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by Andrachuk (2014), a 2015-2018 study by MOECP (2020), looking at bumble bees (Bombus
sp.) at select sites in Hamilton, and a study by Irazuzta (n.d.), looking at the impacts of prairie
restoration on bees in the Dundas Valley. Present data should be treated cautiously and does not
necessarily represent the entire geographic region of the City of Hamilton. Research in such a
high biodiversity area could be enhanced through additional survey work in other localities and
habitats. Without proper data on what species are present and where they occur, conservation

programs and land managers cannot effectively protect this vulnerable group of insects.

Thesis Objectives

The objectives of my research were to determine how landscape complexity interacts
with bee and wasp populations and how do these population change seasonally and by sex in
their habitat use. The purpose of this was to determine if the landscape use and life history of the
pollinator communities align with current restoration practices. Differing results would indicate a
need to adapt the current practices related to pollinator conservation and restoration. By looking
at phenology of the same taxa in different habitat, by sex, I will have a more dynamic view of
bees in the landscape and how they interact with it. Many studies have established how
landscape complexity is important, but few have looked at why it is important for specific taxa.
Additionally, 1 hoped to contribute to the pollinator research of the Hamilton area and to improve
the knowledge of what species are present. Five habitat types, fields, forest edges, forests,
forested springs, and wetlands, were selected to survey the vegetation, wasp, and bee
communities to assess spatial and temporal variation in populations of of bee species, and bee
and wasp genera. The following questions were proposed:

1) How do floral resources change on the landscape and is this tied to temporal or habitat

variables?
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2) Do wasp communities follow similar patterns to bee communities?
3) Do the 10 focal species use the surveyed habitat types differently and does this show any
preferences or specializations?

4) Do male and female bees utilize the same habitats and at the same time?

5) Is there suggested movement of bee populations on the landscape and is this tied to

temporal patterns?

METHODS

Study sites

Fourteen sites were selected to survey bee and wasp populations within the Dundas
Valley in Hamilton, Ontario in 2020 (Figure 1). All of these sites were located either on the
campus of McMaster University (6 sites) or at the Ne:toh ho gyo’tgo:t egahado:do’k - Maam-pii
naksin m’tigwaaki pane - McMaster Forest Nature Preserve (MFNP) (8 sites). An additional six
sites were surveyed in 2021, but were not included in the final analysis due to time constraints. |
selected four major habitat types were selected to survey: forests (3 sites), fields/meadows (3
sites), marshes/wetlands (3 sites), and forest edges (3 sites). Forested groundwater fed springs (2
sites) were an additional habitat type that was surveyed as a minor habitat type. A third site for
this habitat type could not be found within the research area. The locations of the survey sites
were selected based on the availability and ease of access of habitats found within lands owned
by McMaster University. Individual sites were at least 0.5 hectares and at least 200 metres apart
(Figures 2 & 3). The two major localities, McMaster University and MFNP were located
approximately 1.5 kilometres apart (Figure 4) and both are within the McMaster Research and

Conservation Corridor. | endeavored to select replicate sites of the same habitat to be similar to
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each other but as far apart as possible to reduce potential movement of bees and wasps between

replicate sites. All lands are found within the Carolinian zone, ecoregion 7E-3.

MFNP is a 46.5 hectare nature preserve owned by McMaster University. It is located in
the Dundas Valley at 1105 Lower Lions Club Road, Hamilton, ON. The property was
historically forested table and ravine lands, with some wetland features present. The table lands
were cleared and converted to agricultural fields in the early 1800°s and farming continued on
the property until 1954 when the land was sold to a developer. McMaster University acquired the
lands in 1964 and 1969 and has retained them ever since. Restoration work conducted in 2014
removed approximately four hectares of European Buckthorn (Rhamnus cathartica) and replaced
it with native tallgrass prairie species. MFNP is currently comprised of a mosaic of different
ecosites, including tallgrass prairie, old field, wet meadow, palustrine marshes and swamps
adjacent to creeks, creeks, ravine lands, table lands, shrub thickets, new growth deciduous and
mixed forests, and old growth mixed forests. This diversity of ecosites made it a prime location

for this study.

McMaster University’s main campus is comprised of 102.6 hectares located in Hamilton,
Ontario. This includes the central campus area (67.8 hectares) located at 1280 Main Street West,
the west campus area (40 hectares) located at 4 Cootes Drive, and additional adjacent properties
(3.8 hectares). McMaster University purchased land in this location in 1928 from the City of
Hamilton and developers and officially opened its doors in 1930. Lands surveyed for this project
were acquired by McMaster University from the Royal Botanical Gardens (RBG) in 1963 (North
Campus and part of West Campus) and the City of Hamilton in 1964 (part of West Campus).
Natural areas of North Campus include deciduous forests bordered by the developed campus and

athletic fields, as well as the lands of Cootes Paradise, a biodiversity ‘hotspot’ for Canada.
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Natural areas of West Campus include deciduous forests, deciduous swamps, forested springs,
wet meadows, old fields, creeks, created prairie, conifer plantation forests, and an abandoned rail
corridor. West Campus has little overall presently developed land, save for many large
continuous parking lots, 3 baseball diamonds, and a few buildings. The area is bordered by
housing development to the west and south, Cootes Drive to the north and east, a narrow natural
corridor to the southwest and northwest (following upstream of Ancaster and Spencer creeks),
Cootes Paradise to the North, and McMaster’s Central Campus to the east beyond Cootes Drive.
Despite numerous habitat pressures, this area provides a natural connectivity corridor between

the urban areas of the historical Town of Dundas and the City of Hamilton.
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Figure 1: Locations of 14 survey sites across McMaster University’s campus and MFNP.
Imagery obtained from Esri, Maxar and Earthstar Geographics.
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Figure 2: Location of sites 1-8 at MFNP. Red shading indicates the site boundaries used for
vegetation, floral, and insect surveys. Imagery obtained from Esri, Maxar and Earthstar
Geographics.
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Figure 3: Location of sites 9-14 at McMaster University’s campus. Red shading indicates the site
boundaries used for vegetation, floral, and insect surveys. Imagery obtained from Esri, Maxar
and Earthstar Geographics.
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Figure 4: McMaster Research and Conservation Corridor showing the location of McMaster
University’s campus and MFNP. Imagery obtained from Esri, Maxar and Earthstar Geographics.

Insect Collections

Bees and wasps were surveyed weekly using a combination of pan traps and vane
traps at each of the fourteen survey sites. These two types of traps were used to maximize the
sampling effort and increase the potential of catching a wider assemblage of species (McCravy,
2018; Portman et al., 2020; Prendergast, 2020; Tronstad et al., 2021). Surveying occurred from
the week of March 23 to the week of November 23, 2020 for a total of 35 weeks. Sampling days
were split by locality, with McMaster University and MFNP sites being surveyed on different
days within the same week. This was due to the lack of resources and time to survey all sites on

the same day. Every effort was made to sample both localities on consecutive days to limit the
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potential for major fluctuations in weather and temperature. Whenever possible, sites were
surveyed on days with optimal weather conditions, when temperatures were above 10-15°C,
sunny, and sustained wind speeds less than 20-30km/h. Temperature at time of set up, collection,
and daytime maximum, as well as weather, maximum daytime windspeed, and average
windspeed during set up and collection were recorded on each sampling date.

Pan traps used consisted of 3.25 oz New Horizons Supported Services Inc. ‘Bee Bowls’
(New Horizons Supported Services Inc., n.d.) painted in fluorescent yellow, white, or blue. Vane
traps used consisted of 64 oz Springstar blue or yellow vane traps (SpringStar, 2020). 30 pan
traps (10 blue, 10 yellow, 10 white) and 4 vane traps (2 blue and 2 yellow) were set out at each
site every week. Pan traps were filled approximately % of the way and vane traps approximately
Y5 of the way with a mixture of water and unscented dish soap (approximately 10 drops of Nature
Clean® fragrance free dish soap per litre of water). Pan traps were placed approximately 3
metres apart along either a single straight transect, a single arced transect, or across two diagonal
transects forming an ‘X’ shape (NSERC-CANPOLIN, 2009; Droege, S., 2015). Different
placements were necessary depending on the unique geographic constraints of individual sites.
Pan trap colour was kept in a consecutive pattern of blue-white-yellow. Vane traps were evenly
spaced across the straight transect (approximately 30 metres apart), or for ‘X’ shaped sites,
placed at each end of the transects. Transect length was approximately 90 metres for
straight/arced transects and two approximately 45 metre crossed transects for the ‘X’ shaped
sites. Transects were placed in the centre of each site to limit any edge effects. Pan traps were
placed on flat ground with vegetation stamped down around each pan trap to avoid any
obstruction. Vane traps were hung from tree branches or on plastic posts approximately 1 metre

off the ground. Traps were set between 7:30am and 12:00pm, left out for approximately 7-8
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hours, and subsequently collected between 3:00pm and 8:00pm. Set up and collection times
varied depending on daylight hours and optimal conditions. All invertebrates caught were placed
in 50mL Falcon™ centrifuge tubes and filled with 70% ethanol. VVane trap and pan trap samples
were kept separate for each site.

Insect Processing

Collected insects were processed in a laboratory setting. This involved straining collected
insects of ethanol and sorting out the Hymenopterans (less Formicidae). Hymenopterans were
rinsed with tap water for 1 minute in order to remove ethanol from hairs. Non-hymenopteran
bycatch was stored for future study. Sorted Hymenopterans were subsequently dried and pinned
using established entomological protocols. Pinned specimens were then labelled with a unique
database code as part of the Dudley Lab Entomological Collection (MACBIo) database. All
specimens were subsequently deposited and maintained within the McMaster University Insect

Collection (BDMU).

Insect Identifications

Due to the time constraints of this project, not all specimens collected were identified to
the species level. Wasps were primarily identified to the family level using Goulet and Huber
(1993), although some groups (especially those within the family VVespidae) were able to be
further identified (Bradley, 1917; Heinrich, 1960; Heinrich, 1961a; Heinrich, 1961b; Parker,
1962; Wharton et al., 1997; Bohart & Kimsey, 1979; Buck et al., 2008; Ascher & Pickering,
2020). Bees were primarily identified to the genus level using Packer et al. (2007). Ten focal bee
species belonging to six genera (Table 1) were chosen to identify to species due to their ease of
identification and relative abundance. Bees were identified using a variety of sources (Rehan &

Sheffield, 2011; Portman et al., 2022). These species were the 10 most abundant amongst
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identified species. However, these 10 species may not represent the actual most abundant species
as some abundant genera, such as Lasioglossum and Andrena, not being identified. A variety of
other sources were consulted when further identifying other groups of bees (Laverty & Harder,
1988; Romankova, 2003; Buck et al., 2005; Romankova, 2007; Gibbs, 2010; Sheffield et al.,
2011; Dumesh & Sheffield, 2012; Williams, 2014; Onuferko, 2017; Arduser, 2019; Ascher &

Pickering, 2020; Gardner & Gibbs, 2021).

Table 1: List of 10 focal bee species selected for identification and further analysis

Family Genus Subgenus Species  Authority S Rank Nesting
Apidae Apis Apis mellifera  Linnaeus, 1758 SE Hive Box
. . Stem-
Apidae Ceratina Zadontomerus calcarata Robertson, 1900 S5 carpenter

Apidae Ceratina Zadontomerus dupla Say, 1837 S5 Stem-
carpenter
. . . . Rehan and Stem-
Apidae Ceratina Zadontomerus mikmagi Sheffield. 2011 S5 carpenter
Apidae Ceratina Zadontomerus strenua  Smith, 1879 S354 Stem-
carpenter
Halictidae Agapostemon Agapostemon  virescens Fabricius, 1775 S5 Ground
Halictidae Augochlora Augochlora pura Say, 1837 S5 Wood-cavity
excavator
Halictidae Augochlorella auratagroup aurata Smith, 1853 S5 Ground
Halictidae Halictus Seladonia confusus  Smith, 1853 S5 Ground
Halictidae Halictus Odontalictus  ligatus Say, 1837 S5 Ground

Vegetation and Floral Surveys

All 14 sites were surveyed for plant abundance and diversity to assess similarities and
differences across sites and habitats. The vegetation community of each site was surveyed once
between June 16 and August 1st. In each site, | randomly sampled 25 1-metre square quadrats (1
metre X 1 metre). Sites were defined with a 10-metre buffer around the transects used for insect

collections, stratified by subareas within each site. The strata of each site were divided roughly
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every 22 metres across the site, with quadrats being selected within the strata using a random
number generator. This resulted in a 110 metre by 20 metre rectangular grid for sites with a
straight transect. | quantified vegetation cover using the Daubenmire (1959) cover class method,
which estimates cover between <1%, 1-5%, 6-25%, 26-50%, 51-75%, 76-95% and >96% cover
(Brown & Bugg 2001). All vegetation layers were scored additively by species, including
groundcover, shrub layer, and canopy layer. The percentage of bare ground and any open water
were also recorded. Total coverage was allowed to exceed 100% due to overlapping vegetation.
Vegetation was identified in field and where this was not possible voucher specimens were
collected for each unique species. Plants were identified using a variety of print and digital
sources (Newcomb, 1989; Royer & Dickinson, 1999; Hallowell, 2001; Harris & Harris, 2001;
Voss & Reznicek, 2012; Farrar, 2017; Native Plant Trust, 2022). Once all quadrats had been
surveyed, | walked through the site and noted any additional species not found within the

quadrats.

Floral surveys were conducted across all fourteen sites every week for the 35 weeks of
insect sampling. Surveys recorded the species of flowering plants present at each site and their
abundance. Floral abundance was scored by counting the number of individual flowering
stems/plants present across the site to a maximum of 1000+ individuals. All species were scored
equally, irrespective to size, plant type (forb vs. grass vs. shrub vs. tree), or number of flowering
heads. A 10 minute walkthrough of the site was conducted to estimate the floral resources
present. All flowering plants were recorded, including trees, shrubs, vines, forbs, grasses, and
sedges. Grasses and sedges may be viewed as an atypical source of pollen, but many studies have
shown that bees will utilize the resources that are present on the landscape, including grasses

when they are flush with pollen (Terrell & Batra, 1984; Rivernider et al., 2017; Hall et al., 2021,
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Siede et al., 2021; Wilson et al., 2021; Pound et al., 2022). Canopy trees were recorded when
visible. Floral estimates in the spring may be underscored due to difficulty in viewing the

canopy.

Calculations and Summations

Total bee and wasp abundance was calculated for each site and for each habitat type.
Weekly counts were obtained by taxa (bees and wasps) for richness and abundance, with wasps
being identified further to family and bees to genus. The 10 focal bee species selected were
assessed for species abundance. These abundance and richness values were obtained by
summing the total catches of all vane traps and pan traps for each site. Other factors such as
number of cleptoparasitic bees and wasps, number of male vs female bees and wasps, and the

number of bees/wasps with parasites on them were also recorded and summed for each site.

To calculate vegetation abundance and richness across all 14 sites the cover classes were
assigned a value based on the midpoint of the class (0-1% = 0.5%, 1-5% = 3%, 5-25% = 15%,
25-50% = 37.5%, 50-75% = 62.5%, 75-95% = 85%, 95-100% = 97.5%) (Daubenmire 1959;
Brown & Bugg 2001). The total abundance/coverage and richness were further defined as native
and non-native species. The coverage and richness across all 25 quadrats were summed for each
site to create an average site vegetation coverage and richness. Species recorded as part of site
walkthroughs (not present in quadrats) were included in the total site species richness and
coverage. They were assigned a coverage rank of 0.5%, indicating they are present but in low
abundance. Total vegetation coverage and individual native species coverages were used in the

calculation of a floristic quality index (FQI) for each site.
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FQI was calculated using FQI = [ Y (Coverj x CCi) / Y (Total Cover) ] x 10 (USGS, n.d.),
a modified version of Swink & Wilhelm (1979), original equation. This modified equation takes
into account the abundance of an individual species compared to the total vegetation abundance,
whereas Swink & Wilhelm (1979), only looks at the presence of an individual species, not its
abundance. Cover; is the summed cover of an individual species across all 25 quadrats, CC; is the
coefficient of conservatism of a given species as set by the Ontario Ministry of Natural
Resources and Forestry’s (MNRF) Natural Heritage Information Centre (NHIC, 2022), total
cover is the total summed cover of all vegetation at a given site. Non-native species cover scores
a zero in this calculation, but it is used in the calculation of total cover. Any species that could

not be identified was excluded from these calculations.

Floral surveys were summed by week for total weekly floral resources across the
McMaster Research and Conservation Corridor by habitat type, and by site. Total floral
resources were further divided into native floral resources and non-native floral resources. A

weekly approach was chosen to view seasonal variation in greater detail.

Statistical Analyses

Statistical analyses for this project were all conducted in R version 4.2.1 (R Core Team,

2022). Floristic Quality Index (FQI ) calculations were completed in Microsoft Excel.

Vegetation survey data was used to determine the similarity and differences across
different sites and habitats. To identify differences between sites | created hierarchical clustering
dendrograms and calculated a weighted diversity index of Floristic Quality (FQI). Using the
vegdist() function with the Bray-Curtis dissimilarity method, the distance between each of the 14

sites was determined, as it related to vegetation quadrat similarities in the R package
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“dendextend” (Galili, 2015). The hclust() function was then used with the “complete” method to
group the sites into six distinct clusters. A dendrogram and cluster plot were then made to
visualize the data. To better visualize these clusters, the fviz_cluster (Kassambara & Mundt,
2020) function was used with the “factoextra” package (). FQI values and the average for each

site were plotted using the geom_boxplot() function in R package “ggplot2” (Wickham, 2016).

Floral resource abundance, flowering floral richness, wasp abundance, and bee
abundance were visualized through stacked area plots. Linear and GAM models were used to
look for significant differences in the communities and habitats over time. Using the
geom_area() function in R package “ggplot2” (Wickham, 2016) stacked area plots were created
for native/introduced floral abundance, native/introduced floral richness, total wasp abundance
and total bee abundance. Summed totals of site values for each of the 5 habitat types were used
for these plots. A linear model of the log abundance of bees and wasps compared with habitat
and sex were conducted using the Im() function. The base model used was
Im(log(Abundance+1)~Species*Habitat*Sex)). Habitat was made a factor. The function
emmeans(Im, ~Species:Habitat) was then plotted. An analysis of variance (ANOVA) with a type
Il sums of squares was completed to test for the significance of these interactions using the R
package “car” (Fox & Weisberg, 2019). Additionally, GAM models were created for each target
bee species (one model for each sex), for floral abundance (defined as native and introduced), for
floral richness (defined as native and introduced), and for wasp abundance (for the top 7
families). In all models the dependent variable was the number of individuals in a given week,
taxa, sex and habitat, summed over replicate sites. The independent variables were habitat
(factor), sex (factor), species (factor), week(continuous variable), and their interactions. The

interaction model gam(y ~ Habitat + s(Week, by=Habitat) function was used to create these

24



M.Sc. Thesis — N.M. Stegman; McMaster University - Biology

models using the R package “mgcv” (Wood, 2011). The main effects model (gam(y ~ Habitat +
s(Week))) was compared with the interaction model using the AIC() function to ensure that the
interaction model improved model performance. The GAM models were further modified to
ensure that they were “wiggly”” enough (ensuring that the model fits the data well) using the
k.check() function. All GAM models were assigned a k value (the number of basis functions

used to create the smooth function) of 30 according to this test. Final models were then plotted

using ggplot().

RESULTS

Site Vegetation Composition and Similarities

Clear differences in the vegetation communities of the five target habitats were observed
(Fields, Forests, Forest Edges, Forested Springs, and Wetlands). In the cluster analysis of my 14
sites looking at vegetation quadrat surveys, 6 distinct site groupings were identified. Sites that
were close geographically were not necessarily clustered more closely together. Additionally,
sites from the same habitat types did not always cluster together (Figure 5 and Figure 6). The two
Forested Spring sites (Site 13 and Site 14) had distinctly different vegetation communities, even
though they were geographically close together and of the same habitat. In contrast, Site 2
(Field) and Sites 1 and 4 (Forest Edge) clustered together. These sites were geographically close
and represented two different habitat types. At least two of the three habitat replicates clustered

close together amongst the remaining 12 sites.
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Figure 5: Clustering of 14 surveyed sites showing relatedness/similarity. Five habitat types were
surveyed: Fields (S2, S6, and S11), Forest Edges (S1, S4, and S10), Forests (S5, S8, S9),
Forested Springs (S13 and S14), and Wetlands (S3, S7, and S12). Sites were clustered using a
Bray-Curtis dissimilarity matrix calculated using the Complete method and vegetation species
abundance data. Data obtained from surveyed vegetation quadrats between June and August
2020.
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Figure 6: Visualized clustering of 14 surveyed sites showing relatedness/similarity. Five habitat
types were surveyed: Fields (S2, S6, and S11), Forest Edges (S1, S4, and S10), Forests (S5, S8,
S9), Forested Springs (S13 and S14), and Wetlands (S3, S7, and S12). Sites were clustered into
subgroups using a Bray-Curtis dissimilarity matrix calculated using the vegetation species
abundance data. Data obtained from surveyed vegetation quadrats between June and August
2020.

Habitat floristic quality and vegetation makeup varied greatly across all 14 sites. The 5
habitats differed in species richness (Figure 7). The Wetland sites were found to be the most
speciose habitat (an average species richness of 120), followed by Forest Edge (105), Forested
Spring (94), Field (89), and Forest (76). The 10 most abundant plant species for each site varied
and were not consistent in %cover between related habitats (Tables 2-6). Floristic quality was
not consistent across all habitat types (Figure 8 and Table 7). Forest sites 5 and 8 had similar
scores, but site 9 was more than 10 points lower. Forest Edge sites were more consistent, being

less than 10 points difference between them. The two Forested Spring sites varied by more than
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10 points as well. Field sites 2 and 11 had similar floristic quality values, whereas site 6 was
more than 10 points greater. Wetland sites had the greatest variation in floristic quality, with site
7 being the greatest (35.63), followed by site 3 (20.12) and site 12 (8.77). The average FQI
scores for each habitat area as follows: Forests (39.02), Forested Springs (31.11), Forest Edges

(26.62), Wetlands (21.51), and Fields (17.12).

140

130
120

110

90
80
60
50
30
20
10

0

1 2 3 4 5 6 7 8 9 10 1 12 13 14

Site Number

Species Richness
3

S

M Native ™ Non-Native M Other

Figure 7: Total species richness across all surveyed sites. Data obtained from surveyed
vegetation quadrats.
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Table 2: The top ten most abundant species by percent cover for each Field site. CC = Coefficient of Conservation. CF = Coefficient

of Wetness
Field
Site 2 Site 6 Site 11
Species % Cover SRank CC CF Species % Cover SRank CC CF Species % Cover SRank CC CF
Lotus corniculatus 21.72 SNA 3 Rubus occidentalis 36.4 S5 2 5 Lolium pratense 29.52 SNA 3
Poa pratensis 20.64 SNA 3 Poa pratensis 29.46 SNA 3 Acer saccharinum 2752 S5 5 -3
Carex granularis 12,12 S5 3 -3 Solidago altissima 1558 S5 1 3 Poa pratensis 20.66 SNA 3
Rhamnus cathartica 11.14 SNA 0 Monarda fistulosa 1544 S5 6 3 Lolium arundinaceum 1552 SNA 3
Lolium arundinaceum 8.34 SNA 3 Juglans nigra 14.8 S4? 5 3 Dactylis glomerata 14.22 SNA 3
Agrostis gigantea 7.32 SNA -3 Fraxinus americana 1044 S4 4 3 \Vitis riparia 10.82 S5 0 0
Fragaria virginiana 6.36 S5 2 3 Amphicarpaea bracteata 9.96 S5 4 0 Solidago altissima 10.04 S5 1 3
Cornus racemose 54 S5 2 0 Rosa multiflora 9.82 SNA 3 Juglans nigra 84 S4? 5 3
Acer x freemanii 4.24 SNA 6 -5 Rubus idaeus 91 S5 2 3 Moss 5.2
Rosa multiflora 3.26  SNA 3 Hesperis matronalis 4.62 SNA 3 Phalaris arundinacea 5 S5 0 -3
Table 3: The top ten most abundant species by percent cover for each Forest Edge site. CC = Coefficient of Conservation. CF =
Coefficient of Wetness
Forest Edge
Site 1 Site 4 Site 10
Species % Cover SRank CC CF Species % Cover SRank CC CF Species % Cover Srank CC CF
Crataegus sp. 30.9 Ostrya virginiana 32.28 S5 4 3 Quercus rubra 74.1 S5 6 3
Rhamnus cathartica 23.82 SNA 0 Tilia americana 23.64 S5 4 3 Bare Ground 30.54
Juglans nigra 21 S4? 5 3 Poa pratensis 21.54 SNA 3 Poaannua 23.32 SNA 3
Calamagrostis canadensis 17.82 S5 4 -5 Lolium arundinaceum 18.24 SNA 3 Rhamnus cathartica 22.64 SNA 0
Moss 9.9 Lotus corniculatus 17.32 SNA 3 Acer x freemanii 19.5 SNA 6 -5
Dactylis glomerata 8.96 SNA 3 Cornus racemosa 16.6 S5 2 0 Fraxinus americana 18.18 S4 4 3
Lotus corniculatus 8.46 SNA 3 Acer saccharum 11.92 S5 4 3 Alliaria petiolata 14.32 SNA 0
Solidago altissima 8.22 S5 1 3 Carpinus caroliniana 117 S5 6 0 Plantago Major 8.44 SNA 3
Acer Saccharum 784 S5 4 3 Carya cordiformis 10.02 S5 6 0 Prunus serotina 78 S5 3 3
Bare Ground 7.12 Quercus rubra 9.54 S5 6 3 Moss 5.16
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Table 4: The top ten most abundant species by percent cover for each Forest site. CC = Coefficient of Conservation.

CF = Coefficient

30

of Wetness
Forest
Site 5 Site 8 Site 9
Species % Cover SRank CC CF Species % Cover SRank CC CF Species % Cover SRank CC CF
Acer saccharum 93.6 S5 4 3 Acersaccharum 975 S5 4 3 Alliaria petiolata 61.32 SNA 0
Bare Ground 83.32 Bare Ground 65.42 Prunus serotina 39.44 SH 3 3
Fagus grandifolia 585 S4 6 3 Fagus grandifolia 14.32 S4 6 3 Acer x freemanii 27.8 SNA 6 -5
Quercus rubra 312 S5 6 3 Quercus rubra 11.7 S5 6 3 Vitis aestivalis 22.74 S4 7 3
Prunus serotina 13.36 S5 3 3 Tilia americana 11.7 S5 4 3 Fraxinus americana 22.32 S4 4 3
Quercus alba 78 S5 6 3 Moss 6.56 Carya cordiformis 21 S5 6 0
Carex pensylvanica 2.62 S5 5 5 Ostrya virginiana 426 S5 4 3 Crataegus sp. 10.9
Fraxinus americana 228 S4 4 3 Populus grandidentata 3.9 SHb 5 5 Bare Ground 10.3
Lapsana communis 1.34 SNA 3 Tsuga canadensis 39 S5 7 3 Parthenocissus quinquefolia 6.12 S4? 6 3
Vitis riparia 0.48 S5 0 0 Rhamnus cathartica 2.78 SNA 0 Galium aparine 6.04 S5 4 3
Table 5: The top ten most abundant species by percent cover for each Forested Spring site. CC = Coefficient of Conservation. CF =
Coefficient of Wetness
Forested Spring
Site 13 Site 14
Species % Cover S Rank CcC CF Species % Cover S Rank CcC CF
Salix euxina 39 SNA 0 Acer saccharum 70.2 S5 4 3
Juglans nigra 31.2 S4? 5 3 Prunus serotina 39.36 S5 3 3
Fraxinus americana 302 S4 4 3 Symplocarpus foetidus 36.74 S5 7 -5
Acer negundo 2754 S5 0 0 Fraxinus pennsylvanica 31.44 S4 3 -3
Hesperis matronalis 13.6 SNA 3 Bare Ground 26.34
Glyceria striata 128 S5 3 -5 Quercus rubra 195 S5 6 3
Rubus occidentalis 11.74 S5 2 5 Tilia americana 18.22 S5 4 3
Toxicodendron radicans 10.74 S5 2 0 Lindera benzoin 16.2 S4 6 -3
Symplocarpus foetidus 101 S5 7 -5 Juglans nigra 11.7 S4? 5 3
Cardamine pensylvanica 8.9 S5 6 -3 Rosa multiflora 10.18 SNA 3
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Table 6: The top ten most abundant species by percent cover for each Wetland site. CC = Coefficient of Conservation. CF =
Coefficient of Wetness

Wetland

Site 3 Site 7 Site 12

Species % Cover SRank CC CF Species % Cover SRank CC CF Species % Cover SRank CC CF
Poa pratensis 33.3 SNA 3 Juglans nigra 46.8 S4? 5 3 Glyceria maxima 50.64 SNA -5
Juglans nigra 2742 S4? 5 3 Amphicarpaea bracteata 25.84 S5 4 0 Salix euxina 142 SNA 0
Cornus racemosa 2156 S5 2 0 Fraxinus americana 21 S4 4 3 Solidago altissima 10.64 S5 1 3
Carex spicata 16.74 SNA 3 Solidago patula 15.74 S4 8 -5 Open Water 94

Solidago altissima 16.46 S5 1 3 Phalaris arundinacea 12,12 S5 0 -3 Acer negundo 79 S5 0 0
Euthamia graminifolia 112 S5 2 0 Iris pseudacorus 115 SNA -5 Phalaris arundinacea 6.1 S5 0 -3
Calamagrostis canadensis 6.06 S5 4 -5 Alnus glutinosa 10.8 SNA -3 Fraxinus americana 55 $4 4 3
Poa palustris 55 S5 5 -3 Rhamnus cathartica 7.8 SNA 0 Juglans nigra 4.62 S4? 5 3
Parthenocissus vitacea 516 S5 4 3 Acersaccharum 78 S5 4 3 BareGround 4

Fraxinus americana 498 S4 4 3 Tsuga canadensis 78 S5 7 3 Bromus inermis 4 SNA 5
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Figure 8: Boxplots of average FQI values across all sites. FQI ranges are across all 25 surveyed

quadrats. Red dots indicate average FQI value.

Table 7: Analysis of variance for the differences among Habitats in FQI scores. F and p values
are for type Il sums of squares.

Parameters Df F value
Intercept 1 08.328 ***
Habitat 4 33.7563 ***
Residuals 359

Changing Floral Resources

Floral resource availability varied between sites and habitat types over the course of the
survey period. The most sustained floral resource availability was found to be in Wetlands and
Forest Edge habitats (Figure 9), with all habitats having significantly different resource
availabilities (Table 9). Two major peaks in resource availability were observed, one in early-
summer (around week 15) and one in late-summer (around week 25). Resource abundance
consisted of two peaks, the first and largest peak in early summer (around week 15) and a
smaller peak around week 20 in mid-summer (Figure 10). Introduced floral abundance peaked in
late spring/early summer (around week 13), with a second smaller peak in mid-summer (around
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week 19). Native floral abundance was found to have two peak seasons, one small peak in mid-
summer (around week 18) and a large peak in late summer (around week 25). Overall, Wetlands
had peak floral abundance in late spring and late summer, Forests had peak floral abundance in
late spring and late fall, Fields had peak floral abundance in early summer and late summer,
Forest Edges had peak floral abundance in early summer and late summer, and Forested Springs
had peak floral abundance in late spring and late summer. Total floral resource availability
across all habitats starts to increase in the spring and starts to drop mid summer, with resources
starting to increase again towards the fall. This leads to bimodal distributions in the floral
resources, with native and introduced species making up the majority of each peak independently

(Figure 10 and Table 9).
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Figure 9: Floral abundance available across all habitats, for native and introduced species,
recorded from the end of March (week 1) to the end of November (week 35).
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Figure 10: Floral abundance available across all habitats, recorded from the end of March (week
1) to the end of November (week 35). Black dots represent total floral resource abundance

recorded each week.

Table 8: Akaike Information Criterion (AIC) test showing that the interactive model is a
significant improvement over the main effects model for the three GAM models, Introduced
Floral Abundance, Native Floral Abundance, and Total Floral Abundance. Main effects model:
gam(Floral_Resource ~ Habitat +s(Week)). Interactive model: gam(Floral Resource ~ Habitat

+s(Week, by= Habitat )).

Model Total Abundance Introduced Richness Native Richness
Main Effects 3153.314 3000.595 3061.390
Interaction 2953.309 2796.266 2912.634
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Table 9: GAM comparison of the abundance of floral resources recorded in the different habitat
types over a 35 week period. This was divided into native resources, introduced resources, and
total resources. A k value of 30 was selected to provide a better fit for the models.
gam(Floral_Resource~Habitat+s(Week, by=Habitat, k=30), method= “REML”)

Introduced Native Total
Habitat F value F value F value
Field 50.281***  29.205***  38.599***
Forest Edge 66.207***  67.643***  58.665***
Forest 5.569*** 9.317*** 5.359***
Forested Spring  9.891*** 8.750*** 9.988***
Wetland 46.021***  80.407***  64.265***
Habitat 148.700*** 158.400*** 241.000***

Floral richness of flowering plants followed a slightly different pattern than that of floral
abundance. Introduced floral richness quickly peaked in late spring and then slowly tapered out
until late autumn (Figure 11). Introduced species richness was greatest in Wetlands and Forest
Edges, followed closely by Fields. Native floral richness had the opposite pattern to that of
introduced species. Native floral richness of flowering plants slowly rose to a peak in early
autumn and then quickly tapered out in late autumn (Figure 11). There was one small peak of
native flowers in late spring. Wetlands had the greatest richness of floral species, followed by
Forest Edges and Fields. Across all habitat types introduced species flowered before their native
counterparts (Figure 12). Total flowering species richness for Fields followed a bimodal
distribution, with peaks late spring (around week 12) and early autumn (around week 28). Total
flowering species richness for Forests followed unimodal distribution with richness peaking in
early summer (around week 18). Forest Edge floral richness also followed a bimodal
distribution, with richness peaking in early summer (around week 15) and late summer (around
week 25). Forested Springs followed a unimodal distribution, with total floral richness peaking

in late spring (around week 12) and then leveling off until late summer (around week 25) before
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dropping back down. Wetland total floral richness continued to grow throughout the sampling

season, reaching a peak in late summer (around week 25).

Floral resource abundance and flowering species richness did not appear to be correlated

with total bee or wasp abundance for Forest Edge, Forested Spring, or Wetland habitats. Total

bee and wasp abundances, however, were correlated with floral resource abundance and

flowering species richness of Field and Forest habitats (Figure 13). Total bee abundance was

directly correlated with both the abundance of floral resources and their richness in Field

habitats. This same pattern was not observed in wasp abundance. Total bee and wasp abundance

was directly correlated with floral resource abundance, but not with floral richness.
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Figure 11: Floral richness of plants in flower recorded across all habitats, for native and
introduced species, recorded from the end of March (week 1) to the end of November (week 35).
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Figure 12: Floral richness of plants in flower recorded across all habitat, recorded from the end
of March (week 1) to the end of November (week 35). Black dots represent total floral richness
recorded each week.

Table 10: Akaike Information Criterion (AIC) test showing that the interactive model is a
significant improvement over the main effects model for the three GAM models, Introduced
Floral Richness, Native Floral Richness, and Total Floral Richness. Main effects model:
gam(Floral_Richness ~ Habitat +s(Week)). Interactive model: gam(Floral Richness ~ Habitat
+s(Week, by= Habitat )).

Model Total Richness Introduced Richness  Native Richness
Main Effects 1218.353 1016.024 1054.816
Interaction 952.260 790.356 836.749
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Table 11: GAM comparison of the species richness of floral resources recorded in the different
habitat types over a 35 week period. This was divided into native species, introduced species,

and total species. A k value of 30 was selected to better fit the models.
gam(Floral_Richness~Habitat+s(Week, by=Habitat, k=30), method= “REML”)

Introduced Native Total
Habitat F value F value F value
Field 64.800***  42.760***  62.060***
Forest Edge 74.840***  52.310*%**  85.480***
Forest 16.580***  15.540***  25.080***
Forested Spring 25.010***  17.190***  26.490***
Wetland 66.310***  95.100***  91.820***
Habitat 250.100***  140.800*** 267.400***
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Figure 13: All Hymenoptera (less Formicidae) captured across all sites from the end of March
(week 1) to the end of November (week 35). Black dots represent total number of bees and
wasps caught each week.
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Table 12: Akaike Information Criterion (AIC) test showing that the interactive model is a
significant improvement over the main effects model for the two GAM models, Bee Abundance
and Wasp Abundance. Main effects model: gam(Insect_Group ~ Habitat +s(\Week)). Interactive
model: gam(Insect_Group ~ Habitat +s(Week, by= Habitat )).

Model Bee Abundance = Wasp Abundance
Main Effects 2073.601 1607.121
Interaction 2040.743 1455.622

Table 13: GAM comparison of the abundance of wasps and bees caught in the different habitat
types over a 35 week period. A k value of 30 was selected to better fit the models.
gam(Insect_Group~Habitat+s(Week, by=Habitat, k=30), method= “REML”)

Bees Wasps
Habitat F value F value
Field 10.178*** 7.511***
Forest Edge 7.311***  16.365***
Forest 3.455** 40.785***
Forested Spring 0.162 11.522***
Wetland 0.572 18.479***
Habitat 40.430*** 87.890***

Wasp Community Assemblage

Wasp abundance followed a seasonal arc, with peak abundance occurring mid-summer
(around week 20) (Figure 14). Wasps showed a clear preference towards forest sites (Figures 15-
16 and Table 15). Forest Edges, Wetlands, and Forested Springs were used to a lesser extent.
Wasps were least prevalent in Field sites and do not appear to use these areas overall in high
abundance. All habitat types peaked in wasp abundance around the same time (week 20, mid-
summer). The seven most abundant wasp families collected were Ichneumonidae, Braconidae,
Diapriidae, Crabronidae, Pompilidae, Dryinidae, and Vespidae (in order of abundance, with
Ichneumonidae being the most abundant family collected). Ichneumonidae were most prevalent
in the Forest sites, followed by Forest Edges, Wetlands, and Forested Springs. They were mostly

absent or collected in very low numbers in Field sites. Ichneumonidae peak abundance occurred
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mid-summer around week 20. Braconidae were most prevalent in the Forest sites, followed by
Wetlands, Forested Springs, and Forest Edges. They were mostly absent or collected in very low
numbers in Field sites. Braconidae peak abundance occurred early-summer around week 15.
Diapriidae were mostly prevalent in the Forest sites and largely absent or collected in very low
numbers in all other habitats. Diapriidae peak abundance occurred mid-summer around week 20.
Crabronidae were most prevalent in the Forest Edge sites, followed by Forests, Wetlands, and
Fields. They were mostly absent or collected in very low numbers in Forested Spring sites.
Crabronidae peak abundance occurred mid-summer around week 20. Pompilidae were most
prevalent in the Forest sites, followed by Forest Edges and Wetlands. They were mostly absent
or collected in very low numbers from Forested Spring and Field sites. Pompilidae peak
abundance occurred mid-summer around week 20. Dryinidae were most prevalent in the Forest
sites. They were mostly absent or collected in very low numbers in Wetlands, Forested Springs,
Fields, and Forest Edges. Dryinidae peak abundance occurred early-summer around week 15.
Vespidae were most prevalent in the Field sites, followed by Wetlands and Forest Edges. They
were mostly absent or collected in very low numbers in Forest and Forested Spring sites.
Vespidae peak abundance occurred early-autumn around week 28. 37 Families were identified as

part of this study (Appendix C).
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Figure 14: The abundance of wasps in each habitat type from the end of March (week 1) to the
end of November (week 35).
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Figure 15: The breakdown of wasp abundance by habitat for the 7 most abundant families. End
of March (week 1) to the end of November (week 35). Black dots represent total number of
wasps across all families caught each week.

Table 14: Akaike Information Criterion (AIC) test showing that the interactive model is a
significant improvement over the main effects model for the seven GAM models, Braconidae,
Crabronidae, Diapriidae, Dryinidae, Ichneumonidae, Pompilidae, and Vespidae. Main effects
model: gam(Family~Habitat ~ Habitat +s(Week)). Interactive model: gam(Family~Habitat ~
Habitat +s(Week, by= Habitat )).

Model Braconidae  Crabronidae Diapriidae Dryinidae  Ichneumonidae Pompilidae  Vespidae
Main Effects 1056.776 941.315 1172997  1249.275 1150.428 918.705 699.848
Interaction 1001.214 931.124 1007.240  1048.982  1025.881 901.831 669.860
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Table 15: GAM comparison of the abundance of wasps collected by family in different habitat types over a 35 week period. Only the 7 most
abundant families were used for this analysis. A k value of 30 was selected to better fit the models. gam(Family~Habitat+s(Week, by=Habitat,
k=30), method= “REML”)

Braconidae Crabronidae Diapriidae  Dryinidae  Ichneumonidae Pompilidae Vespidae

Habitat F value F value F value F value F value t value F value
Field 1.535 7.306*** 0.070 0.014 1.182 2.878* 5.037***
Forest 15.421*%**  7.681*** 37.548***  279.339*** 29.079*** 8.576***  0.754
Forest Edge 4.396** 10.840***  3.129* 0.103 7.448*** 12.474***  8.756***
Forested Spring ~ 3.948** 5.268*** 3.214* 5.994*** 4.442%* 4 537** 1.673
Wetland 9.031***  7.278*** 5.862*** 0.790 5.298*** 5.318***  8.693
Habitat 41.410*** 1.674 116.300*** 187.200*** 79.890*** 4.472%* 8.235***
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Figure 16: Linear model with log transformation of total captured wasp abundance over the 35
week collection period showing a significant habitat x family interaction

Table 16: Analysis of variance, looking at the effect habitat has on wasp abundance and the
interaction between different families. Only the 7 most abundant families were used for this
analysis. F and p values are for type 111 sums of squares and abundance values used in the linear
model were log transformed.

Parameters Df F value
Intercept 1 29.1066 ***
Family 6 49872 ***
Habitat 4 7.4688 ***
Family:Habitat 24 3.6237 ***
Residuals 1190

Bee Community Assemblage

Bee abundance varied greatly between different habitat types and over the course of the
35 week sampling period. The observed changes in bee abundances were distinctly different
between the males and females (Figure 17) These differences varied by habitat. Overall bees
were most abundant in Field sites, followed by Forest Edges, Forests, Wetlands, and Forested

Springs (where they were only present in very low numbers). Overall bee abundance was
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greatest in the mid-spring, but fluctuated greatly throughout the sampling season (Figure 18).
Overall total male abundance peaked in mid-spring, whereas females were relatively consistent
in their abundance throughout the season (Figure 17). However, this overall relationship in the
bee community did not remain consistent by family (Figure 19 and 20). Andrenids peaked in
abundance in the mid-spring in Fields, Forests, and Forest Edges. They then declined and were
mostly absent (or remaining in low numbers) throughout the rest of the season. They were not
overly abundant in Wetlands or Forested Springs. Apids were most abundant in mid-spring in
Field and Forest Edge sites. They sustained a steady community within the Fields sites, but
declined amongst the Forest Edge sites throughout the sampling season. They remained in low
abundance across the Forest, Forested Spring, and Wetland sites. Colletids were most abundant
in early-spring within Field sites and quickly declined by late spring. They sustained low
numbers across the Field sites for the remainder of the survey period. They were largely absent
(or in very low numbers) across all other habitat types. Halictids were most abundant in late-
summer in Field sites, early-summer in Forest Edge sites, and mid-summer in Wetland Sites.
They existed in low numbers across Forest and Forested Spring sites. Megachilids were most
abundant in early to mid-spring across Field and Forest Edge sites. They sustained low numbers
across Field sites until mid-summer. Megachilids were largely absent (or in very low numbers)

across Forest, Wetland, and Forested Spring sites.
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Figure 17: Total bee abundance recorded over time from late March (week 1) to late November
(week 35), divided by sex. Black dots represent total number of bees caught each week.
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Figure 18: Total bee abundance by habitat type recorded over the sampling season, late March
(week 1) to late November (week 35).
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Figure 19: Bee abundance by family and habitat from late March (week 1) to late November
(week 35). Black dots represent total number of bees caught each week.

Table 17: Akaike Information Criterion (AIC) test showing that the interactive model is a
significant improvement over the main effects model for the five GAM models, Andrenidae,
Apidae, Colletidae, Halictidae, and Megachilidae. Main effects model: gam(Family~Habitat ~
Habitat +s(Week)). Interactive model: gam(Family~Habitat ~ Habitat +s(Week, by= Habitat )).

Model Andrenidae Apidae  Colletidae Halictidae Megachilidae
Main Effects 1633.468 1844.643 1485.294 1709.989 1549.353
Interaction 1581.733 1855.942 1368.903 1654.668 1478.391
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Table 18: GAM comparison of the abundance of bees collected by family in different habitat
types over a 35 week period. A k value of 30 was selected to better fit the models.
gam(Family~Habitat+s(Week, by=Habitat, k=30), method= “REML”)

Andrenidae  Apidae  Colletidae  Halictidae Megachilidae

Habitat F value Fvalue Fvalue F value F value
Field 15.651***  3.939*** 103.519*** 12.555*** 16.379***
Forest Edge 7.052*%** 2.545* 3.620*** 2.945* 58.181***
Forest 7.910*** 3.712 0.074 0.094 2.614
Forested Spring  0.257 0.072 0.001 0.000 0.864
Wetland 2.677* 0.318 4.055%** 1.902 5.412*
Habitat 7.586*** 9.261*** 113.200*** 47.560*** 70.100***
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Figure 20: Linear model with log transformation of total captured bee abundance over the 35
week collection period showing a significant habitat x family interaction.

Table 19: Analysis of variance, looking at the effect habitat has on bee abundance and the
interaction between different families. F and p values are for type 111 sums of squares and
abundance values used in the linear model were log transformed.

Parameters Df F value
Intercept 1 48.3984 ***
Family 4 23.0506 ***
Habitat 4 2.7747 *
Family:Habitat 16 2.0353 **
Residuals 850
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Table 20: GAM comparison of the abundance of bees collected by floral abundance over a 35
week period. A k value of 30 was selected to better fit the models. gam(Bee Abundance~Floral
Abundance, k=30, method= “REML"”).

Bee Abundance
Parameters Df F value
Floral Abundance 1 0.699
Habitat 4 9.195***
Floral Abundance:Habitat 4 0.299

The 10 focal species that were identified (Table 1) all had distinctive differences in their
abundances across habitat types, by sex, and by week. These species belonged to two families
(Apidae and Halictidae) and 6 genera (Apis, Ceratina and Agapostemon, Augochlora,

Augochlorella, Halictus).
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Figure 21: Linear model with log transformation of total captured bee abundance for the 10 focal
species over the 35 week collection period showing the significant interaction between habitat
and species. Species are Augochlorella aurata, Ceratina calcarata, Halictus confusus, Ceratina
dupla, Halictus ligatus, Apis mellifera, Ceratina mikmagi, Augochlora pura, Ceratina strenua,
and Agapostemon virescens.
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Table 21: Analysis of variance, looking at the effect habitat has on bee abundance and the
interaction between different families. F and p values are for type 111 sums of squares and
abundance values used in the linear model were log transformed.

Parameters Df F value
Intercept 1 290.8512 ***
Species 9 25.0787 ***
Habitat 4 474727 ***
Sex 1 105.4611 ***
Species:Habitat 36 8.1847 ***
Species:Sex 9 10.7935 ***
Habitat:Sex 4 14,9245 ***
Species:Habitat:Sex 36 3.5509 ***
Residuals 3400
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Table 22: Count data for the 10 focal species by habitat and sex.

Ceratina Ceratina Ceratina Agapostemon Augochlora Augochlorella Halictus Halictus
Apis mellifera calcarata Ceratina dupla mikmagi strenua virescens pura aurata confusus ligatus
Habitat Male  Female Male Female  Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female
Field 0 107 694 153 108 392 25 94 19 51 616 440 3 11 21 528 10 61 105 130
Forest Edge O 70 41 477 139 151 8 46 38 77 72 74 9 12 49 266 6 9 38 59
Forest 0 3 84 184 32 38 3 4 0 2 3 11 15 34 3 21 1 39 0 2
gg;fﬁ;‘*d 0 10 46 112 15 9 0o 2 0o 0 18 8 3 3 0 6 20 17 o 1
Wetland 0 58 48 87 172 253 6 84 12 20 70 59 15 13 9 102 7 39 21 36
Sex Total 0 248 913 1013 466 843 42 230 69 150 779 592 45 73 82 923 44 165 164 228
%‘t"‘;]d 248 1926 1309 212 219 1371 118 1005 209 392
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Apis mellifera, more commonly known as the European Honey Bee, was found across all
sites and habitats (except for Site 8, which was a forest site) (Appendix B). Only female
individuals were captured during survey work. Apis mellifera showed a clear habitat preference
towards fields, with this habitat type having the greatest sustained abundance (Figure 22 and
Table 24). To a lesser degree Forest Edges and Wetlands were also utilized by this species.
Forest and Forested Springs did not record significant presences of Apis mellifera. Apis mellifera
went through three peak seasons, one in early-spring (around week 5), one in mid-summer
(around week 20) and one in early autumn (around week 28). In the spring and summer Apis
mellifera is primarily utilizing fields, in late-summer and autumn they additionally utilize forest

edges and wetlands (while maintaining a strong preference for field habitats).
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Figure 22: Abundance of the Eurasian Honey Bee (Apis mellifera) across all habitat types. Only
females of this species were caught during this study. Black dots represent total number of Apis
mellifera caught each week.
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Ceratina calcarata, more commonly known as the Wide-legged Little Carpenter Bee,
was found across every habitat and site surveyed (Appendix B). This species was collected in the
greatest abundance out of the 10 target species. Abundance of Ceratina calcarata was divided by
habitat and sex (Figure 23 and Table 24). Female Ceratina calcarata were found to prefer Forest
Edge habitats and peaked in abundance in mid-summer (around week 20). Males on the other
hand had a preference for Field habitats and peaked in late-summer (around week 25). All sites
sustained populations of Ceratina calcarata throughout the survey season, but Forests, Forested
Springs, and Wetlands were not widely utilized by this species. Overall, Ceretina calcarata

exhibited a univoltine life cycle with a protogynous mid-summer emergence.
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Figure 23: Abundance of the Wide-legged Little Carpenter Bee (Ceratina calcarata) across all

habitat types and by sex. Black dots represent total number of Ceratina calcarata caught each
week.
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Ceratina dupla, more commonly known as the Common Eastern Little Carpenter Bee,

was found across every habitat and site surveyed (Appendix B). This species was the 3@ most

abundant species collected out of the 10 target species. Abundance of Ceratina dupla was

divided by habitat and sex (Figure 24 and Table 24). Female Ceratina dupla were found to prefer

Field and Wetland habitats and peaked in abundance in mid-autumn (around week 30). Males on

the other hand preferred Field, Forest Edge, and Wetland habitats and peaked at the beginning of

the survey period in early to mid-spring (around week 8). All sites sustained populations of

Ceratina dupla throughout the survey season, but Forests and Forested Springs were not widely

utilized by this species. Overall, Ceretina dupla exhibited a univoltine life cycle with a

protandrous mid-spring emergence.
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Figure 24: Abundance of the Common Eastern Little Carpenter Bee (Ceratina dupla) across all
habitat types and by sex. Black dots represent total number of Ceratina dupla caught each week.
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Ceratina mikmagi, more commonly known as the Mikmagq Little Carpenter Bee, was
found across every habitat and site surveyed, except for Site 9 (a forest habitat) and site 14 (a
forested spring habitat) (Appendix B). This species was the 6" most abundant species collected
out of the 10 target species. Abundance of Ceratina mikmagi was divided by habitat and sex
(Figure 25 and Table 24). Female Ceratina mikmaqi were found to prefer Field and Wetland
habitats and peaked in abundance in mid-summer (around week 20). Forest edges were also
utilized by females to a lesser extent. Smaller peaks in female abundance occurred in early-mid
spring (around weeks 8-10) and mid-autumn (around week 30). Males on the other hand mainly
preferred Field habitats and peaked at the beginning of the survey period in early to mid-spring
(around week 8) and in late summer (around week 28). All sites with recorded population of
Ceratina mikmagi sustained these populations throughout the survey season, however Forests
and Forested Springs were not widely utilized by this species. Overall, Ceretina mikmaqi
exhibited a potentially bivoltine life cycle with a protandrous mid-spring and late summer

emergence.
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Figure 25: Abundance of the Mikmaq Little Carpenter Bee (Ceratina mikmagqi) across all habitat
types and by sex. Black dots represent total number of Ceratina mikmagi caught each week.

Ceratina strenua, more commonly known as the White-striped Little Carpenter Bee, was
found across every habitat, except for Forested Springs, and most sites surveyed, except for Sites
5 and 9 (Appendix B). This species was the 8" most abundant species collected out of the 10
target species. Abundance of Ceratina strenua was divided by habitat and sex (Figure 26 and
Table 24). Female Ceratina strenua were found to have a strong preference for Field and Forest
Edge habitats and to a lesser extent Wetland Habitats. Their populations peaked in abundance in
late-spring (around week 10) and mid-summer (around week 20). Males on the other hand
preferred Forest Edge habitats and peaked around the same time as the females. All sites with
recorded populations of Ceratina strenua sustained these populations throughout the survey
season, except for Forests (that had very few recorded individuals) and Forested Springs (with no
recorded individuals) which were not widely utilized by this species. Overall, Ceretina strenua
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exhibited a potentially bivoltine life cycle with a protandrous mid-spring and mid-summer

emergence.
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Figure 26: Abundance of the White-striped Little Carpenter Bee (Ceratina strenua) across all
habitat types and by sex. Black dots represent total number of Ceratina strenua caught each
week.

Agapostemon virescens, more commonly known as the Bicoloured Sweat Bee, was found
across every habitat and site surveyed (Appendix B). This species was the 2"Y most abundant
species collected out of the 10 target species. Abundance of Agapostemon virescens was divided
by habitat and sex (Figure 27 and Table 24). Female Agapostemon virescens were found to have
a strong preference for Field habitats, with their populations peaking in late-spring (around week
12) and early-autumn (around week 28). Males on the other hand were found to have a strong
preference for Field habitats and to a lesser extent Forest Edge and Wetland Habitats. Their

populations peaked in abundance in late-summer (around week 25). All sites with recorded
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population of Agapostemon virescens sustained these populations throughout the survey season.
Forest and Forested Spring sites were rarely used by Agapostemon virescens and Forest Edge
and Wetland sites were not widely used, except for males in late-summer. Overall, Agapostemon

virescens exhibited a univoltine life cycle with a protogynous early-summer emergence.
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Figure 27: Abundance of the Bicoloured Sweat Bee (Agapostemon virescens) across all habitat
types and by sex. Black dots represent total number of Agapostemon virescens caught each week.

Augochlora pura, more commonly known as the Pure Sweat Bee, was found across every
habitat and site surveyed (Appendix B). This species was the 10" and least abundant species
collected out of the 10 target species. Abundance of Augochlora pura was divided by habitat and
sex (Figure 28 and Table 24). Female Augochlora pura were found to have a strong preference
for Forest habitats, but were still observed utilizing Field, Forest Edge, and Wetland habitats to a

lesser degree. Their populations peaked in abundance in early-spring (around week 5) and mid-
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autumn (around week 30). Males on the other hand had a strong preference for Forest habitats,
and to a lesser extent (but still greater than the females) Forest Edges and Wetlands. Males
peaked in mid-summer (around week 20). All sites with recorded population of Augochlora pura
sustained these populations throughout the survey season, except for Forested Spring (that had
very few recorded individuals). Fields and Forested Springs were not widely utilized by either
sex and females additionally did not widely utilize forest edges. Overall, Augochlora pura

exhibited a bivoltine life cycle with a protogynous early-spring and mid-autumn emergence.
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Figure 28: Abundance of the Pure Sweat Bee (Augochlora pura) across all habitat types and by
sex. Black dots represent total number of Augochlora pura caught each week.

Augochlorella aurata, more commonly known as the Golden Sweat Bee, was found
across every habitat and site surveyed (Appendix B). This species was the 4" most abundant

species collected out of the 10 target species. Abundance of Augochlorella aurata was divided
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by habitat and sex (Figure 29 and Table 24). Female Augochlorella aurata were found to have a
strong preference for Field and Forest Edge habitats and abundance peaked in mid-spring
(around week 10) and late-summer (around week 25). Males on the other hand had a strong
preference for Forest Edge habitats and abundance peaked in mid-summer (around week 20). All
sites with recorded populations of Augochlorella aurata sustained these populations throughout
the survey season. Forests, Forested Springs, and Wetlands were not widely utilized by either
sex. Overall, Augochlorella aurata exhibited a bivoltine life cycle with a protogynous mid-spring

and late summer emergence.
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Figure 29: Abundance of the Golden Sweat Bee (Augochlorella aurata) across all habitat types
and by sex. Black dots represent total number of Augochlorella aurata caught each week.

Halictus confusus, more commonly known as the Confused Sweat Bee, was found across

every habitat and site surveyed (Appendix B). This species was the 9" most abundant species
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collected out of the 10 target species. Abundance of Halictus confusus was divided by habitat
and sex (Figure 30 and Table 24). Female Halictus confusus were found to have a strong
preference for Field, Wetland, and Forest Edge habitats and abundance peaked in mid-summer
(around week 20). Males on the other hand had a strong preference for Forested Spring habitats
and abundance also peaked in mid-summer (around week 20). Low male populations persisted
throughout the collection season in Field, Forest Edge, and Wetland habitats. All sites with
recorded populations of Halictus confusus sustained these populations throughout the survey
season. Forests were not widely utilized by either sex. Overall, Halictus confusus exhibited a
bivoltine life cycle with a protogynous mid-spring emergence and a protandrous mid-summer

emergence.
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Figure 30: Abundance of the Confused Sweat Bee (Halictus confusus) across all habitat types
and by sex. Black dots represent total number of Halictus confusus caught each week.
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Halictus ligatus, more commonly known as the Ligated Gregarious Sweat Bee, was
found across every habitat and site surveyed (except for site 14, which was a forest spring
habitat) (Appendix B). This species was the 5™ most abundant species collected out of the 10
target species. Abundance of Halictus ligatus was divided by habitat and sex (Figure 31 and
Table 24). Female Halictus ligatus were found to have a strong preference for Field habitats and
to a lesser extent Forest Edges. Their abundance peaked in mid-spring (around week 10) and
mid-summer (around week 20). Males had a similar habitat preference to that of the females for
Field and Forest Edge habitats, but abundance for males late-summer/early-autumn (around
week 25-28). Low male population persisted throughout the collection season in Wetland
habitats. All sites with recorded populations of Halictus ligatus sustained these populations
throughout the survey season. Forests and Forested Springs were not widely utilized by either
sex. Overall, Halictus ligatus exhibited a bivoltine life cycle with a protogynous mid-spring and

mid-summer emergence.
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Figure 31: Abundance of the Ligated Gregarious Sweat Bee (Halictus ligatus) across all habitat

types and by sex. Black dots represent total number of Halictus ligatus caught each week.
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Table 23: Akaike Information Criterion (AIC) test showing that the interactive model is a
significant improvement over the main effects model for the 20 GAM models of the 10 focal bee
species. A & B are female, and C & D are male. Main effects model: gam(Species_Sex ~Habitat
~ Habitat +s(Week)). Interactive model: gam(Species_Sex ~Habitat ~ Habitat +s(Week, by=

Habitat )).
A Apis mellifera Ceratina calcarata Ceratina dupla Ceratina mikmagqi Ceratina strenua
Model
Main Effects 808.7036 1390.935 1351.523 877.1706 757.466
Interaction 801.9179 1353.837 1336.241 870.9473 671.1169
B Agapostemon virescens  Augochlora pura  Augochlorella aurata  Halictus confusus  Halictus ligatus
Model
Main Effects 1245.845 576.2584 1303.144 658.5454 805.8422
Interaction 1162.064 567.9904 1276.949 604.5113 754.259
C Ceratina calcarata  Ceratinadupla  Ceratina mikmagi  Ceratina strenua
Model
Main Effects 1657.017 1135.608 540.9007 523.7779
Interaction 1594.704 1125.853 522.645 502.9504
D Agapostemon virescens  Augochlora pura  Augochlorella aurata  Halictus confusus  Halictus ligatus
Model
Main Effects 1421.569 387.8603 528.145 464.5209 949.5605
Interaction 1207.141 364.6668 454.9365 443.9737 911.273
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Table 24: GAM comparison of the abundance of bees collected for the 10 focal species in
different habitat types over a 35 week period by sex. A & B are female, and C & D are male. A k
value of 30 was selected to better fit the models. gam(Species_Sex~Habitat+s(Week,

by=Habitat, k=30), method= “REML”)

A Apis mellifera Ceratina calcarata Ceratina dupla Ceratina mikmagqi Ceratina strenua
Habitat F value F value F value F value F value
Field 3.829*** 5.623* 3.238*** 2.764** 7.889***
Forest Edge 0.290 5.947*** 0.899 0.215 26.290***
Forest 0.014 0.741 0.348 0.038 0.212
Forested Spring  0.046 0.438 0.003 0.033 0.000
Wetland 1.513 1.696 3.283*** 2.584** 3.767***
Habitat 12.020*** 7.367*** 6.836*** 7.975*** 41.600***
B Agapostemon virescens  Augochlora pura  Augochlorella aurata  Halictus confusus ~ Halictus ligatus
Habitat F value F value F value F value F value
Field 18.940*** 0.961 5.316*** 11.426*** 8.791***
Forest Edge 1.735 0.192 2.042 3.471*%* 5.254***
Forest 0.005 4.711*** 0.003 0.539 0.001
Forested Spring 0.006 0.008 0.000 1.910 0.012
Wetland 0.546 4.196* 0.024 8.017*** 1.928
Habitat 52.470%** 4.168** 17.700*** 10.510*** 33.590***
C Ceratina calcarata  Ceratinadupla  Ceratina mikmaqi  Ceratina strenua
Habitat F value F value F value F value
Field 124.087*** 5.479*** 9.037*** 0.640
Forest Edge 0.397 7.444%** 0.530 4.135***
Forest 6.360*** 2.629 0.714 0.000
Forested Spring 0.078 0.361 0.000 0.000
Wetland 0.728 9.197*** 0.823 0.067
Habitat 71.940*** 7.941*%** 5.358*** 7.573%**
D Agapostemon virescens  Augochlora pura  Augochlorella aurata  Halictus confusus ~ Halictus ligatus
Habitat F value F value F value F value F value
Field 304.475*** 0.682 5.051%** 1.671 12.115***
Forest Edge 9.587*** 2.315* 12.211*** 0.634 3.041*
Forest 0.009 5.005%** 0.004 0.000 0.000
Forested Spring 0.635 0.011 0.000 6.768*** 0.000
Wetland 8.927*** 4.204** 1.250 0.857 2.664
Habitat 447.500*** 2.448* 18.830*** 2.265* 11.490***
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DISCUSSION

In this study | investigated bee or wasp communities numbers over the flight season in a
variety of habitats on the landscape and made inferences about movement across these habitats.
Components of the landscape, such as the floral resources available, the richness of floral
resources, and the vegetation community were also studied. My 10 focal bee species, which were
abundant and easily identifiable, show how differently species are interacting with the landscape.
The abundances of the species that were found in each habitat and site varied, and significant
differences and movements were recorded. Habitat was found to be a significant factor along
with sex and week/time in observing changes in the pollinator communities. Resource
availability appeared to play a lesser role and pollinator abundance was not always correlated
with resource abundance (Table 21). The results of this study could have broad ranging impacts
on pollinator conservation and restoration activities. I did find evidence of population movement
and selective preference of habitat that differed by sex for bees on the landscape. Future
pollinator conservation projects should look at the impacts of heterogeneity on the landscape in

the area they are being conducted to provide the greatest chance for conservation success.

Vegetation Community

Overall, the landscape of the McMaster Research and Conservation Corridor is quite
diverse. The plant communities at each site were quite speciose, even for a site under more urban
pressures. Wetlands were more diverse overall and forests were the least diverse. Wetland and
forest sites at MFNP had lower %cover of introduced species than sites found at McMaster
University. This relationship was not present in the field and forest edge sites, where the
breakdown of introduced and native species remained fairly consistent between the two

geographic areas. Support is lended to the theory that wetlands and forests are more susceptible
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to invasion than fields and meadows (Rose & Hermanutz, 2004; Zedler & Kercher, 2004; Junk et
al., 2006; Matthews et al., 2009). If wetlands and forests are more sensitive to disturbance
pressures, it would likely indicate that their pollinator communities would also be sensitive.
Floristic quality was supposed to indicate the habitat quality of my given sites. The FQI scores
trees higher than most forbs and therefore forests ended up with the highest FQI values. This
could lead to the incorrect assumption that forests would be the highest quality habitats for
pollinators. In this case the FQI was a poor estimate of the quality of forest sites. It did however
provide appropriate scoring for the other three habitats, fields, forest edges, and wetlands. Future

studies should consider treating the understory and canopy as two separate FQI values.

Overall bee and wasp abundance did not appear to be directly correlated with overall
floral resource availability. The abundance of pollinators and the abundance and richness of
floral resources followed similar curves, however there was a time delay between the two of
them. Bee and wasp abundance would peak approximately 5 weeks before that of floral
resources. Interestingly, bee abundance followed a similar trend to introduced floral species
richness and abundance, whereas wasps followed a similar trend to native floral species richness
and abundance. Introduced floral species were found to have a spring peak, as well as
correlated with overall bee abundance. Whereas native floral species were correlated with an
autumn/late-summer peak, as was overall wasp abundance. It is unclear what this relationship
may mean for plant-pollinator interactions in this area and if the native plant-pollinator
interactions are being interrupted (Dante et al., 2013; Flo et al., 2018). Introduced species are
evidently important sources of pollen and nectar for bees and wasps early on in the spring
season. This is an important consideration when looking to support a local pollinator community

through restoration practices. If early flowering native species are not present, it is imperative to
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allow introduced species to remain to provide the needed floral resources on the landscape. In
these such cases introduced species may be able to fill these resource voids (Mandelik et al.,

2012; Guezen & Forrest, 2021).

Wasp Community

Wasps aretaxonomically much more diverse than their bee counterparts and many of
them provide pollination services, even if accidentally (Aluri et al., 1998; Brock et al., 2021).
Research is lacking on the seasonal and habitat differences of the wasp community, because
conservation groups and researchers typically cover the charismatic bees. Wasps play an
important role in the environment beyond their role in pollination. They are experts at stabilizing
invertebrate populations through their parasitism, where most wasps will provision their nests
with paralyzed prey. Adults visit flowers to access pollen and nectar resources or to hunt (Cope
et al., 2019; Brock et al., 2021). From the 7 most abundant families analyzed it was clear that
there was habitat specialization and preference. Vespid wasps associated with open areas in the
forest edges and fields. Dryinids were clear forest specialists, as they were collected in large
numbers only in forests and forested springs. All other families showed an overall generalist lack
of preference for a specific habitat. Since this study only looked at the family level it is possible
that other preferences and patterns exist at the genus or species level. Wasp activity and
abundance peaked in the mid-summer for all habitats, although they were most abundant in
forests. This indicates that even though wasps have greater diversity than bees, their life history
on the landscape is not as complex. Wasps are following similar abundance cycles irrespective to
habitat type. This could be due to other factors not looked at in this study, such as the abundance
of their prey source. The importance of wasps as pollinators is often overlooked and any

pollinator conservation/restoration projects should look to enhance wasp habitats alongside bees.
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Bee Community

Although overall bees were most abundant in the spring, the intricacies of their
relationship within the landscape and season were more complicated. Different families were
observed as having different relationships with the landscape. Andrenids were the only family to
heavily utilize forest habitats, with habitat being a statistically significant factor across all
families (p=*). When the 10 focal species were analyzed, a wide range of landscape preferences
and movements were found. What was most interesting is that there were significant differences
between male and female bees of the same species in where they would forage and be present on
the landscape. Since pan and vane traps are meant to mimic flowers, it can be assumed that all
collected bees were attempting to forage on the traps. This area of pollinator research is not well
studied, but the results support other studies in the field (Roswell et al., 2019; Urban-Mead et al.,
2021). The interactions between species, sex, and habitat were all statistically significant.
Proving that male and female bees do not follow the same habitat-use cycles. This has important
ramifications for conservation work, as now both life histories must be considered for effective

restoration.

The introduced Apis mellifera appears to have little impact, impact in this scenario being
the level of interspecies competition, on competition within forest communities, as it rarely
forages in them. It does however have a large impact on open field habitats where it is a major
source of competition with our native bees (Schaffer et al., 1983; Gross, 2001; Thomson, 2004;
Hatfield et al., 2018; Russo et al., 2021; Page & Williams, 2022). Wetlands also appear to be
impacted but not until much later at the end of the season. As polylectic generalists, honey bees
have the ability to forage on a wide variety of flowers. From a conservation lens, excluding

honey bees from high quality meadows and other open field types would be extremely beneficial
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to native bees. Since it is their primary foraging habitat, by excluding them from that area you
would be opening up the resources to native bees (Goulson, 2003; Cane & Tepedino, 2016;

Bommarco et al., 2021).

Forests were consistently being used the least amongst the focal species and
appear to not have many specialist bees, except for Augochlora pura identified in this study
which favoured forest habitats. Species did not appear to follow floral abundance trends
between different habitats. The abundance of bees of a focal species was tied to a specific
habitat, but not the amount of resources present. Some observed habitats had similar resource
availability (i.e. Field and Forest Edge), but differing proportions of bee community present
when surveying. This suggests another factor at play, which I believe to be habitat preference.
Species that had a bimodal distribution were reported as bivoltine and species with a unimodal
distribution were reported as univoltine (Vickruck, 2010; Cordeo, 2011; Richards et al., 2011;
Onuferko, 203; Shell & Rehan, 2015). However, the specific life history traits and requirements
for the 10 focal species were not identified for this project. These life history traits may be able
to provide more information on the differences we see in the bee community. Even closely
related groups, like the four species of Ceratina sp. (all small bodied carpenter bees of roughly
the same size), all showed distinctly different habitat preferences that varied based off of sex and
species. More research is needed in this field to appreciate and comprehend the intricacies at play
and to better understand the movement seen on the landscape. With a habitat preference that
changes by sex and time of year for a given species any restoration or conservation activities for
that species or group of species must focus its efforts on all utilized habitats. Failure to do this
will potentially disrupt the species life history pattern and lead to its decline from a given area

(Roswell et al., 2019; Bogusch et al., 2020; Urban-Mead et al., 2021). All habitat types surveyed
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were utilized at different times of the year and by different species and sexes. Showing the need
for habitat complexity and heterogeneity on the landscape to create diverse and resilient bee

communities.
CONCLUSION

This study proves that there is movement of bees and wasps on the landscape in this region
and the critical role habitat heterogeneity likely plays in their life cycles. Additional research in
this area should look at attempting to replicate these results at other localities and compare larger
spatial scales. These results are supported by the notion that heterogeneity on the landscape leads
to diversity on said landscape (Kremen et al., 2018; Vickruck et al., 2019; Bogusch et al., 2020).
Restoring habitat for pollinators is critically important, but what should be considered in these
conservation strategies is the importance of already existing habitats and remnant pockets on the
landscape. Protecting these pockets from further development/loss can be critical to maintaining
a local population of bee or another insect. Once lost from a location recolonization is not always
possible or will have a large timescale. Additionally, with movement on the landscape by sexes
within a species, it is important to realize that by losing or not providing a particular desired
habitat, we are losing an environment necessary for that species life history. This may cause the
species to not be able to persist at its present location or be able to colonize any new locations,
leading to the loss or absence of that species from a given landscape (Roswell et al., 2019;
Bogusch et al., 2020; Urban-Mead et al., 2021). Protecting existing heterogeneity to prevent this
from happening is critically important. This goes hand in hand with changing how land managers
and conservation organizations evaluate pollinators on the landscape and their approaches to
restoration or re-creation of habitats. It is time to move away from the concept of continuous

meadows and prairies and to move to a mosaic concept where a variety of habitats are placed and
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protected on the landscape. This will ensure that all stages of a pollinator’s life are protected and
that the preferences in species and sexes are realized and will hopefully lead to more successful

restoration and conservation projects.
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APPENDIX A: PLANT SPECIES LISTS

A table listing the species that have been identified as part of the vegetation surveys and floral surveys and their associated localities.
Blue indicates a forest edge habitat, grey indicates a field habitat, salmon indicates a wetland habitat, pink indicates a forest habitat,
and green indicates a forested spring habitat. Presence of a species of genus is denoted with an ‘X’.

o s| 8 McMaster Forest Nature Preserve McMaster University
] © ; —| | o | w| ©f ~| o] o S| D] Y| 8| F
o | BlB|2l2 e e eeeee
Family Species Authority Q| Q| @@ A OO O DY DI D5 B B B| O
Aceraceae Acer negundo L. S5 010 X X X | X|X
Aceraceae Acer platanoides L. SE5 | 0 | 5 X X X
Aceraceae Acer rubrum L. S5 4 10 X
Aceraceae Acer saccharinum L. S5 513 X X
Aceraceae Acer saccharum Marsh. S5 4 | -3 | X X[ X|X|X|[X]|X[X X | X
Aceraceae Acer x freemanii E. Murr. SNA | 6 | -5 X X | X
Alismataceae Alisma triviale Pursh S5 11]|-5 X
Alismataceae Sagittaria latifolia Willd. S5 4 | -5 X
Anacardiaceae Rhus typhina L. s5 | 1]3[X[X X
Anacardiaceae Igzligg?::nr: n radicans (Linnaeus) Kuntze S5 210 2 XX <
_ Toxicodendron radicans (Small ex Rydberg) 2 | o X X
Anacardiaceae var. rydbergii Erskine S5
Apiaceae Aegopodium podagraria L. SE5 | 0 | O X
_ Cicuta maculata var. L 6 | -5
Apiaceae maculata S5
Apiaceae Cryptotaenia canadensis (L) DC. S5 510 X | X | X
Apiaceae Daucus carota L. SE5 | 0 | 5 [ X|X|[X]|X X X X[ X | X
Apiaceae Torilis japonica (Houtt.) DC. SE4 03 X | X X | X[ X|X X X
Apocynaceae Carl)rc.)cgannunn;t;ir:lrr]\?bmum L. S5 310 R A RS
Apocynaceae ﬁsccalﬁrr:ﬁ; eamaLa sp L. S5 615 A
Apocynaceae Asclepias syriaca L. S5 5 X X X | X X
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Apocynaceae Vincetoxicum rossicum (B};Iret?;r?:/% SE5 015 X
Araceae Arisaema triphyllum (L.) Schott S5 51 -3 X
Araceae Symplocarpus foetidus (L.) Salisb. ex Nutt. S5 71| -5 X X X
Asteraceae ﬁ\gggﬁi oreslisvar: Bongard S5 0]3

Aggr.a_ltina altissima var. (L'innaeus) RM 5| 3 X X X
Asteraceae altissima King & H. Robinson S5
Asteraceae Ambrosia artemisiifolia L. S5 01 3
Asteraceae Ambrosia trifida L. S5 0|0 X
Asteraceae Arctium sp. SE5 | 0 | 3 X
Asteraceae Bidens cernua L. S5 2 | -5 X X
Asteraceae Bidens frondosa L. S5 3| -3 X X X
Asteraceae Cichorium intybus L. SE5 01| 5
Asteraceae Cirsium arvense (L.) Scop. SE5 0| 3 X X
Asteraceae Cirsium vulgare (Savi) Ten. SE5 | 0 | 3 X

. . - Linnaeus

Ereles HraclOs | e oxc 2 |5 .
Asteraceae Candolle S5
Asteraceae Erigeron annuus (L.) Pers. S5 01| 3 X
Asteraceae \l;:glr%;grht)ivagzll:;cﬂzhlcus L. ss | 1|3 X X X
Asteraceae Emgﬁmf vichellus var Michaux S5 B
Asteraceae Erigeron strigosus Muhl. ex Willd. S5 4 | 3 X X
Asteraceae Eupatorium perfoliatum L. S5 2 | -3 X X
Asteraceae Euthamia graminifolia (L)) Nutt. S5 2|0 X X
Asteraceae Eutrochium maculatum (L) E.E. Lamont S5 3 |-b X X
Asteraceae Helianthus tuberosus L. SuU 0|0 X
Asteraceae Heliopsis helianthoides (L.) Sweet s4s5 | 3 | 3
Asteraceae Pilosella caespitosa E?I?lér.n\(l)\ll’;)tP.D. Sell. SES 0|5
Asteraceae sHs;frt?(i:(ljl;nmtelltajr\ggatum (Fries) Celakovsky SE1 0
Asteraceae Inula helenium L. SES 0 3
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Asteraceae Lactuca biennis (Moench) Fern. S5 6 | 0
Asteraceae Lapsana communis L. SE5 01| 3 X X
Asteraceae Leucanthemum vulgare Lam. SE5 0] 5 | X|X X X
Asteraceae Nabalus albus (L.) Hook. S5 6 | 3 X
Asteraceae Picris hieracioides L. SE5 05 | X|X X
Asteraceae Rudbeckia hirta L. S5 0 3 | X | X X
Solidago altissima var.
Asteraceae altissima L S5 13 BN X B
Solidago caesia var.
Asteraceae caesia L S5 5 3 a X
Solidago canadensis var.
Asteraceae canadensis L S5 13 A
Asteraceae Solidago flexicaulis L. S5 6 | 3 X
Solidago gigantea var. . )
Asteraceae gigantea Alton S5 4 3
Asteraceae Solidago juncea Ait. S5 315 [ X]|X X
Solidago nemoralis ssp. Aiton 2|5 | x| x X
Asteraceae nemoralis S5
Asteraceae Solidago patula Muhl. ex Willd. sS4 8 | -5
Asteraceae Sonchus arvensis L. SE5 0| 3 |X X
Asteraceae Sonchus oleraceus L. SE5 01| 3 X
Symphyotrichum
Asteraceae cordifolium (L.) Nesom S5 S5 |X X
Symphyotrichum ericoides | (Linnaeus) G.L. 4|3 | x| x X
Asteraceae var. ericoides Nesom ] S5
Symphyotrichum laeve var. | (Linnaeus) A. Love 713 Ix|x X
Asteraceae laeve & D. Love S5
Symphyotrichum .
lanceolatum ssp. E\\Ilélsll)lg]enow) GL 3 |-3|X X
Asteraceae lanceolatum S5
Symphyotrichum .
Asteraceae lateriflorum (L) A.&D.Love S5 310 o a
Symphyotrichum novae-
Asteraceae angliae (L) Nesom S5 2|3 KRS &
Symphyotrichum novi- (Linnaeus) G.L. 0
Asteraceae belgii Nesom
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Asteraceae izmﬂgr?;le%hslém (Riadell) Nesom 34 915 | X S

Symphyotrichum pilosum (Willdenow) G.L. 113 [x X
Asteraceae var. pilosum Nesom _ S5

Symphyqtrichum puniceum (Linnagps) A. Love 6 | 5 X
Asteraceae var. puniceum & D. Love S5
Asteraceae 3)r/(r)npphf;);lol;trr1|]chum (Lindl.) Nesom S4 615X Ak
Asteraceae ;zrri/rt?\ﬁg;é?mum Andrz. ex Bess. SE5 015X Ak A
Asteraceae Taraxacum officinale \C/E\/.:;Q\GI\r/:ber ex SES 0|3 |X X | X X
Asteraceae Tragopogon dubius Scop. SE5 | 0 | 5 | X X
Asteraceae Tragopogon pratensis L. SE5 05 |X X
Asteraceae Tussilago farfara L. SE5 0| 3 X
Asteraceae Xanthium strumarium L. S5 210
Balsaminaceae Impatiens capensis Meerb. S5 4 | -3 X X
Balsaminaceae Impatiens pallida Nutt. S4 71 -3
Berberidaceae Berberis thunbergii DC. SE5 0| 3
Berberidaceae Podophyllum peltatum L. S5 513 X
Betulaceae Alnus glutinosa (L.) Gaertn. SE4 | 0 | -3
Betulaceae Betula alleghaniensis Britt. S5 6 | 0 X
Betulaceae Betula papyrifera Marsh. S5 2 | 3 X
Betulaceae \Sli?é?;l?;sacarolmlana P (Marsh.) Furlow S5 610
Betulaceae ((::c?rrgtljltjj oA Marshall S5 5|3
Betulaceae Ostrya virginiana (P. Mill.) K. Koch S5 4 | 3 X
Bignoniaceae Catalpa speciosa %arziireixgzg;g) SE1 03
Boraginaceae Echium vulgare L. SE5 0] 5
Boraginaceae Hackelia virginiana (L.) .M. Johnston S5 51| 3 X
Boraginaceae Myosotis arvensis (L) Hill SE4 | 0 | 3 | X X
Boraginaceae Myosotis scorpioides L. SE5 | 0 | -5
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Link ex Roemer &

Boraginaceae Myosofis stricta J.A. Schultes SE4 015 ¢
Boraginaceae Myosotis sylvatica Ehrh. ex Hoffmann SE4 0] 5 X
Boraginaceae Pulmonaria officinalis L. SE1 | O X
Brassicaceae Alliaria petiolata (GBrlaelggeCavara & SE5 010 X X
Brassicaceae Barbarea vulgaris Ait. f. SE5 0|0 X X
Brassicaceae Brassica nigra (L.) W.D.J. Koch SE5 01| 5 X
Brassicaceae Capsella bursa-pastoris (L.) Medik. SE5 | 0 | 3
Brassicaceae Cardamine pensylvanica Muhl. ex Willd. S5 6 | -3 X
Brassicaceae Erucastrum gallicum (Willd.) O.E. Schulz SE5 01| 5
Brassicaceae Hesperis matronalis L. SE5 | 0 | 3 X X
Brassicaceae Nasturtium officinale Ait. SE 0| -5 X
Brassicaceae Rorippa palustris (L.) Bess. S5 3 |- X
Campanulaceae Lobelia siphilitica L. S5 6 | -3 X
Caprifoliaceae Lonicera maackii (Rupr.) Maxim. SE2 | 0 | 5 X
Caprifoliaceae Lonicera morrowii Gray SE3 | 0 | 3 X X
Caprifoliaceae Lonicera sp. 0
Caprifoliaceae Lonicera tatarica L. SE5 | 0 | 3 X
Caprifoliaceae Sambucus canadensis L. S5 5| -3
Caprifoliaceae Sambucus racemosa L. S5 51 3
Caprifoliaceae Symphoricarpos albus (L.) Blake S5 7
Caprifoliaceae Viburnum acerifolium L. S5 6 X
Caprifoliaceae Viburnum lentago L. S5 4
Caprifoliaceae XE,?JTJ: LT Opuls S L sez? | 9| 3 X

Cerastium fontanum ssp. (Hartman) Greuter ol 3 X
Caryophyllaceae vulgare & Burdet SE5

Dianthus armeria ssp. L ol s
Caryophyllaceae armeria SE5
Caryophyllaceae Stellaria media (L) Vill. SE5 0| 3
Celastraceae Celastrus scandens L. S5 313
Celastraceae Euonymus fortunei (Turcz.) Hand.-Maz. | sg2 | 0 | 5
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Chenopodiaceae | Atriplex patula L. SE5 | 0 | -3
Climaciaceae Climacium dendroides E\I/E?;N.) Web. & S5 0

_ Hypericum perforatum L ol s
Clusiaceae ssp. perforatum SE5
Clusiaceae Hypericum punctatum Lam. S5 510

Szweykowski,
Conocephalum salebrosum | Buczkowska & 0
Conocephalaceae Odrzykoski S5
Convolvulaceae Calystegia sepium Brummitt S5 210
Convolvulaceae Convolvulus arvensis L. SE5 0|5
Cornaceae Cornus alternifolia L. f. S5 6 | 3
Cornaceae Cornus florida L. S22 713
Cornaceae Cornus racemosa Lam. S5 2 0
Cornaceae Cornus sericea L. S5 2 | -3
Juniperus virginiana var.

Cupressaceae virginiana L. S5 43
Cupressaceae Thuja occidentalis L. S5 4 | -3
Cyperaceae Carex albursina Sheldon S5 715
Cyperaceae Carex alopecoidea Tuckerman S4 6 | -3
Cyperaceae Carex aurea Nutt. S5 4 | -3
Cyperaceae Carex blanda Dewey S5 310
Cyperaceae Carex cephalophora Muhl. ex Willd. S5 51 3
Cyperaceae Carex cristatella Britt. S5 3| -3
Cyperaceae (cj::v:/(e;);/:r?;v Pana e Schweinitz S5 63
Cyperaceae Carex granularis Muhl. ex Willd. S5 3| -3
Cyperaceae Carex hystericina Muhl. ex Willd. S5 51-5
Cyperaceae Carex laevivaginata I(\5I<;cli<eennt?ilt)e 34 815
Cyperaceae Carex pensylvanica Lam. S5 515
Cyperaceae Carex platyphylla Carey S4s5 | 7 | 5
Cyperaceae Carex rosea Schkuhr ex Willd. S5 215
Cyperaceae Carex scabrata Schwein. S5 8 | -5
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Cyperaceae Carex sparganioides Muhl. ex Willd. S485 | 5 | 3 X

Cyperaceae Carex spicata Huds. SE5 0| 3

Cyperaceae Carex vulpinoidea Michx. S5 3 |-

Cyperaceae Cyperus erythrorhizos Muhl. sS4 6 | -5

Cyperaceae '?;S:r%lzﬂiﬁj:ni (K. C. Gmelin) Palla ss | °|°

Cyperaceae Scirpus atrovirens Willd. S5 3 |-5 X
Dipsacaceae Dipsacus fullonum L. SE5 0| 3

Dryopteridaceae aArtgjrsltTmmlx femina var (Willd.) Lawson S5 410 ¢

Dryopteridaceae Cystopteris bulbifera (L.) Bernh. S5 5] -3 X

Dryopteridaceae Dryopteris carthusiana (Vill.) H.P. Fuchs S5 5] -3 X

Dryopteridaceae Dryopteris intermedia g\f:;l ex Willd.) S5 510

Dryopteridaceae \l)/;ilftsggg;/?vzt;?églopterls (Willd.) Morton S5 5|0 A
Dryopteridaceae Onoclea sensibilis L. S5 4 | -3 X

Dryopteridaceae ggrlgz::gﬂg??jes (Michx.) Schott S5 5|3

Elaeagnaceae Elaeagnus umbellata Thunb. SE3 01| 3 X

Equisetaceae Equisetum arvense L. S5 0| O X
Euphorbiaceae Acalypha rhomboidea Raf. S5 013

Fabaceae Amphicarpaea bracteata (L) Fern. S5 4 |0

Fabaceae Apios americana Medik. S5 6 | -3

Fabaceae Cercis canadensis L. SX 0|3

Fabaceae Desmodium canadense (L) DC. sS4 510

Fabaceae Gleditsia triacanthos L. S27? 0|0 X

Fabaceae Hylodesmum glutinosum g\:l]lz;?f'lll fg)c( I\?N;e”dl\m_l| S4 615

Fabaceae Lotus corniculatus L. SE5 01| 3 X

Fabaceae Medicago lupulina L. SE5 01| 3 X

Fabaceae Melilotus albus Medik. SE5 01| 3 X X
Fabaceae Melilotus officinalis (L.) Lam. SE5 0| 3 X X
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Fabaceae Securigera varia (L.) Lassen SE5 0|5 X | X
Fabaceae Trifolium hybridum L. SE5 03 |X X X
Fabaceae Trifolium pratense L. SE5 03 |X X X
Fabaceae Trifolium repens L. SE5 03 |X X X
Fabaceae Vicia cracca L. SE5 0|5 |X X
Fabaceae Vicia tetrasperma (L.) Schreb. SE5 0|5 |X X
Fagaceae Fagus grandifolia Ehrh. sS4 6 | 3
Fagaceae Quercus alba L. S5 6 | 3
Fagaceae Quercus rubra L. S5 6 | 3 X
Geraniaceae Geranium maculatum L. S5 6 | 3 X
Geraniaceae Geranium robertianum L. S5 2 | 3
Grossulariaceae Ribes americanum P. Mill. S5 51 -3 X
Grossulariaceae Ribes cynosbati L. S5 4 13
Hamamelidaceae Hamamelis virginiana L. S485 | 6 | 3

Hydro_ph_yl_lum virginianum L 6| o
Hydrophyllaceae var. virginianum S5
Iridaceae Iris pseudacorus L. SE4 | 0 | -5 X
Juglandaceae Carya cordiformis (Wangenh.) K. Koch S5 6 | 0 X
Juglandaceae Carya ovata (P. Mill.) K. Koch S5 6 | 3
Juglandaceae Juglans cinerea L. S22 6 | 3
Juglandaceae Juglans nigra L. S4? 51 3 X X X | X
Juncaceae il;tr;(czﬂlsaetll:tslcmatus = L. S5 5|5 a
Juncaceae Juncus compressus Jacq. SE5 01| -3 X
Juncaceae Juncus dudleyi Wieg. S5 1] -3
Juncaceae Juncus effusus ssp. solutus ﬂ::r:]néti\f:\tlileg.) S5 4 | -5 X
Juncaceae Juncus tenuis Willd. S5 0] O X X | X
Juncaceae Juncus torreyi Coville S5 1|-3 X
Lamiaceae \%:gg?gdlum vloare ssp L. S5 s X
Lamiaceae Glechoma hederacea L. SE5 0| 3 X | X
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Leonurus cardiaca ssp.

Lamiaceae cardiaca L SE5 015
Lamiaceae Lycopus americanus Muhl. ex W. Bart. S5 4 | -5
Lamiaceae Lycopus europaeus L. SE5 0] -5
Lamiaceae Lycopus uniflorus Michx. S5 5| -5
_ Me_li_ssa (_)fficinalis Ssp. L ol s
Lamiaceae officinalis SE1
Lamiaceae Mentha canadensis L. S5 3| -3
Lamiaceae Mentha spicata L. SE4 0| -3
Lamiaceae Mentha x piperita L. (prosp.) SNA | 0 | -5
Lamiaceae Monarda fistulosa L. S5 6 | 3 X
Lamiaceae Er#cr;eolllzt;ulgarls = (W. Bart.) Hulten S5 00 A
_ Prunel.la vulgaris ssp. L ol o
Lamiaceae vulgaris SE3
L.) T.Dur. &B.D.
- S%Sﬁmfmum gac)k_son ex B.L. 6 | -3
Lamiaceae Robins. & Fern. S4
Lauraceae Lindera benzoin (L.) Blume sS4 6 | -3
- Allium canadense var. L 8 | 3
Liliaceae canadense S5
Liliaceae :[Arli!g(r:réltjal]coccum o Aiton S4 B
Liliaceae Asparagus officinalis L. SE5 01| 3
Liliaceae Esgtgﬁ)g:ili:rgnin%erlcanum Ker Gawler S5 ° | °
Liliaceae Maianthemum canadense Desf. S5 513 X
Liliaceae Maianthemum racemosum | (L.) Link S5 4 | 3 X
Liliaceae Polygonatum pubescens (Willd.) Pursh S5 515
Liliaceae Scilla siberica Haw. ex Andr. SE2 | 0 | 5
Liliaceae Trillium grandiflorum (Michx.) Salish. S5 5|3
Lythraceae Lythrum salicaria L. SE5 0| -5
Magnoliaceae Liriodendron tulipifera L. S4 8 | 3
Mniaceae Plagiomnium cuspidatum (Hedw.) T. Kop. S5 0
Moraceae Morus alba L. SES 0 0
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Various Unidentified Moss

N/A Species N/A 0 48 a

Oleaceae Fraxinus americana L. S4 4 1 3 | X X X

Oleaceae Fraxinus pennsylvanica Marsh. S4 313X X X X

Oleaceae Ligustrum vulgare L. SE5 03 |X X X

Onagraceae g;;(;%iigiinadenSIS P (Linnaeus) Hill S5 2|3 S 4 S

Onagraceae (I,?iFI)ilfgl?llJ)rthI m cliatum s5p. Rafinesque S5 3|8 X

Onagraceae Epilobium coloratum Biehler S5 3 1|-5 X

Onagraceae Epilobium hirsutum L. SE5 0| -3

Onagraceae Epilobium parviflorum Schreb. SE4 0 3 X

Onagraceae Oenothera biennis L. S5 0| 3 X

Onagraceae Oenothera parviflora L. S5 1|3

Orchidaceae Epipactis helleborine (L.) Crantz SE5 0| 3 X

Orchidaceae Liparis loeselii (L) L.C. Rich. S4s5 | 5 | -3

Osmundaceae Claytosmunda claytoniana g_;nmn;egi)ul?]/la(;tzgar S5 710

Oxalidaceae Oxalis stricta L. S5 0| 3 X X X

Papaveraceae Sanguinaria canadensis L. S5 51 3 X X
Phyto_lacca americana var. L 3|3

Phytolaccaceae americana S4

Pinaceae Picea glauca (Moench) Voss S5 6 | 3

Pinaceae Pinus strobus L. S5 4 | 3

Pinaceae Tsuga canadensis (L) Carr. S5 71 3 X

Plantaginaceae Plantago lanceolata L. SE5 | 0 | 3 | X

Plantaginaceae Plantago major L. SE5 | 0 | 3

Plantaginaceae Plantago rugelii Dcne. S5 1 0 | X

Poaceae Agrostis gigantea Roth SE5 0|-3|X

Poaceae Andropogon gerardii Vitman S4 713 (X

Poaceae Bromus ciliatus L. S5 6 | -3 X

Poaceae Bromus inermis Leyss. SE5 0|5 X X

Poaceae Bromus japonicus Thunb. ex Murr. SE4 0| 3
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Poaceae Calamagrostis canadensis | (Michx.) Beauv. S5 4 | -5
Poaceae Dactylis glomerata L. SE5 01| 3
(L.) Beauv. ex
Danthonia spicata Roemer & J.A. 51| 5
Poaceae Schultes S5
Poaceae Dichanthelium implicatum | (Scribner) Kerguélen S5 3|0
Poaceae Echinochloa muricata (Beauv.) Fern. S5 4 | -5
Poaceae Elymus hystrix L. S5 5|5
Poaceae Elymus repens (L.) Gould SE5 | 0 | 3
Poaceae Elymus virginicus L. S5 5 | -3
Poaceae Festuca rubra ssp. rubra L. SE5 0| 3
Poaceae Glyceria maxima (Hartman) Holmb. SE4 0| -5
Poaceae S:)i/gfa“a striata var. (Lamarck) Hitchcock S5 3 |-
Poaceae Holcus lanatus L. SE2 0| 3
Poaceae Leersia virginica Willd. S4 6 | -3
. . Schreb.) S.J.
Poaceae Lolium arundinaceum (Darbysh)ire SES 0| 3
Poaceae Lolium perenne L. SE4 01| 3
. Huds.) S.J.
Poaceae Lolium pratense (Darbyghire SE5 0]3
Poaceae Oryzopsis asperifolia Michx. S5 6 | 5
Poaceae Panicum virgatum L. S4 6 | 0
Phala_ris arundinacea var. L 0|3
Poaceae arundinacea S5
Poaceae Phleum pratense L. SE5 01| 3
Phragn_]ites australis ssp. (Cavanilles) Trinius 0|3
Poaceae australis ex Steudel SE5
Poaceae Poa annua L. SE5 0 3
Poaceae Poa compressa L. SE5 0 3
Poaceae Poa nemoralis L. SE4 0| 3
Poaceae Poa palustris L. S5 51 -3
Poa pra_tensis ssp. L ol 3
Poaceae pratensis SE5
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(Poir.) Roemer &

Poaceae Setaria pumila J.A. Schultes SE5 010 S

Poaceae Setaria viridis var. viridis é:'gg:ﬁtz)ispa“sm SE5 015 X

Poaceae Sorghastrum nutans (L.) Nash sS4 8 | 3

Poaceae Poaceae sp. 1

Polygonaceae Persicaria hydropiper (Michx.) Small SE5 0] -5

Polygonaceae Persicaria maculosa Gray SE5 0| -3 X

Polygonaceae Persicaria virginiana Gaertn. S4 6 | 0 X
quygonum aviculare ssp. L ol 3 X

Polygonaceae aviculare SE5

Polygonaceae Rumex crispus L. SE5 0|0 X

Polygonaceae Rumex obtusifolius L. SE5 0| -3 X

Portulacaceae Claytonia virginica L. S5 51 3

Primulaceae Lysimachia ciliata L. S5 4 | -3 X

Primulaceae Lysimachia nummularia L. SE5 0| -3

Pteridaceae Adiantum pedatum L. S5 713

Ranunculaceae Actaea pachypoda Ell. S5 | 6|5

Ranunculaceae Anemonastrum canadense | (Linnaeus) Mosyakin S5 3| -3

Ranunculaceae Anemone virginiana L. S5 4 | 3 X | X

Ranunculaceae Aquilegia canadensis L. S5 513

Ranunculaceae Caltha palustris L. S5 51]-5

Ranunculaceae Clematis virginiana L. S5 310

Ranunculaceae Ranunculus abortivus L. S5 2|0 X | X X

Ranunculaceae Ranunculus acris L. SE5 0|0 X | X X

Ranunculaceae \Ij:: urre]((::ltjjlrl\j/?altrjsc s Poiret S5 403 AR 2

Ranunculaceae Ranunculus repens L. SE5 0] O

Ranunculaceae Ranunculus sceleratus L. S5 2 | -5 X

Ranunculaceae Thalictrum pubescens Pursh S5 51| -3

Rhamnaceae Frangula alnus P. Mill. SE5 0] O

Rhamnaceae Rhamnus cathartica L. SE5 0] O X | X X

Rosaceae Agrimonia gryposepala Wallr. S5 2 |3 X | X
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Rosaceae Amelanchier arborea (Michx. f.) Fern. S5 513

Crataegu_s crus-galli var. L 4|0
Rosaceae crus-galli sS4
Rosaceae Crataegus sp. 4 X | X X
Rosaceae gr:]aegr?cr;;/esca P (Porter) Staudt S5 43 S
Rosaceae O L s |23 X[ x| |
Rosaceae Geum canadense Jacq. S5 310 X | X[ X|X X
Rosaceae Geum urbanum L. SE3 | 0 | 5 X[ X | X[ X X
Rosaceae Geum x catlingii Bernard & Gauthier | sNA | O | 3 X
Rosaceae Malus pumila P. Mill. SE4 015 X
Rosaceae iF;lodtiecr:I”a ndica var (Andrews) Th. Wolf SE1 0]3
Rosaceae Potentilla norvegica L. S5 0|0
Rosaceae Potentilla recta L. SE5 | 0 | 5 X X
Rosaceae Prunus avium (L) L. SE4 01| 5
Rosaceae Eerruory:aserotlna o Ehrhart S5 33 M - 2

Prunus virginiana var.
Rosaceae virginiana L. S5 2|3
Rosaceae Rosa multiflora Thunb. ex Murr. SE5 | 0 | 3 X[ X | X[ X X
Rosaceae ?uot?iagir#:slg oS er L SE4 0]3 2 A
Rosaceae Rubus allegheniensis Porter S5 2 | 3 X | X | X
Rosaceae thlrJ%L:)Ss:fiaeus SSP- (Michx.) Focke o |23 X | X | x| x
Rosaceae Rubus occidentalis L. S5 2 |5 X[ X | X[ X X
Rosaceae Rubus odoratus L. S5 3|5 X X
Rubiaceae Galium aparine L. S5 4 | 3 X X
Rubiaceae Galium circaezans Michx. S5 713 X
Rubiaceae Galium odoratum (L.) Scop. SE1 | 0 | 5
Rubiaceae Galium palustre L. S5 5 | -5
Rubiaceae Galium triflorum Michx. S5 4 | 3 X X | X X

112




M.Sc. Thesis — N.M. Stegman; McMaster University - Biology

Salicaceae Populus grandidentata Michx. S5 515
Salicaceae Salix discolor Muhl. S5 3 -3
Salicaceae Salix eriocephala Michx. S5 4 | -3 X
Salicaceae Salix euxina 1.V. Belyaeva SE 0|0 X
Salicaceae Salix nigra Marsh. sS4 6 | -5 X
Salicaceae Salix purpurea L. SE4 | 0 | -3
Scrophulariaceae gfi\:ﬁgorhlnum TSP (Linnaeus) Lange SE5 0|5
Scrophulariaceae Chelone glabra L. S5 | 7 |-5 X
Scrophulariaceae Linaria vulgaris P. Mill. SE5 | 0 | 5
Scrophulariaceae Scrophularia marilandica | L. S4 713 X

_ Verbascum thapsus ssp. L ols
Scrophulariaceae | thapsus SE5
Scrophulariaceae Veronica filiformis Sm. SE2 01| 5 X
Scrophulariaceae Veronica officinalis L. SE5 01| 5

Veronica peregrina ssp.

Scrophulariaceae peregrina L. S5 00
Scrophulariaceae Veronica persica Poir. SE4 01| 5
Scrophulariaceae Veronica serpyllifolia L. SE5? | 0 | O
Smilacaceae Smilax ecirrata (SEr\]/?/;rsn et S3? 615
Smilacaceae Smilax herbacea L. S47 510
Solanaceae Solanum dulcamara L. SE5 0|0 X X
Sparganiaceae Sparganium eurycarpum Engelm. ex Gray S5 3|5 X
Sphagnaceae Sphagnum sp. 0 X
Thelypteridaceae ;Sg:eﬁiteer:sls palustrs var (Lawson) Fern. S5 5|3 X
Tiliaceae Tilia americana L. S5 4 | 3 X
Typhaceae Typha angustifolia L. SE5 0|-5 X
Typhaceae Typha latifolia L. S5 1]-5 X
Ulmaceae Celtis occidentalis L. sS4 8|0
Ulmaceae Ulmus americana L. S5 3 1-3 X
Ulmaceae Ulmus sp.
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Unknown Unknown dicot sp. 1
Unknown Unknown dicot sp. 2 X
Unknown Unknown dicot sp. 3
Urticaceae Boehmeria cylindrica (L.) Sw. S5 4 | -5 X X X
Urticaceae Laportea canadensis (L.) Weddell S5 6 | -3 X X | X X
Urticaceae Pilea pumila (L.) Gray s5 | 5 1]-3 X X | X X
Urticaceae ;Jrr;gﬁsgracﬂls = Aiton S5 210 X XX X
Valerianaceae Valeriana officinalis L. SE3 | 0 | 3

Phryma leptostachya var. L 6| 3 X
Verbenaceae leptostachya S4S5
Verbenaceae Verbena hastata L. S5 4 | -3
Verbenaceae Verbena urticifolia L. S5 4 |0 X X | X X
Violaceae Viola odorata L. SE2 | 0 | 5 X
Violaceae Viola pubescens Ait. S5 5| 3 X
Violaceae Viola rostrata Pursh S5 6 | 3
Violaceae Viola sororia Willd S5 410 X
Vitaceae gjirrfgﬁggc?llizsus (L) Planch. S4? 63 2
Vitaceae Parthenocissus vitacea (Knerr) A.S. Hitchc. S5 4 | 3 X X
Vitaceae Vitis aestivalis Michx. sS4 713 X
Vitaceae Vitis riparia Michx. ss |00 X X X
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APPENDIX B: BEE SPECIES LISTS

A table listing the species that have been identified to date for this project and their associated localities. Most specimens remain
unidentified and have been left at the genus level. Blue indicates a forest edge habitat, grey indicates a field habitat, salmon indicates a

wetland habitat, pink indicates a forest habitat, and green indicates a forested spring habitat. Presence of a species of genus is denoted
with an ‘X’.

McMaster Forest Nature McMaster University

S Preserve
Family Genus Subgenus  Species  Authority Ran  Nesting Lecty o & o & 0 © ~ © » © o N 9 ¥
k L L2222 22 2 2L oo o9
mD Hnh nnh DhD DD DS S S e o
ANDREN
IDAE
Andrena  Andrena man dibu  Robertson, S5  Ground Pol_yl X
laris 1892 ectic
Andrena Euandren algida Smith, 1853 S5  Ground E&I%I X
Andrena Larandren mlserabl Cresson, 1872 S5  Ground Pol_yl X
a is ectic
Andrena Leucandre grythron Robertson, S2S Ground Mor_10 X
na i 1891 3 lectic
Andrena Melandre dunningi Cockerell, S5  Ground Pol_yl X
na 1898 ectic
Andrena Ptilandren distans Provancher, S2S Ground Mor_10 X
a 1888 3 lectic
Andrena Simandre nasonii Robertson, S5  Ground Pol_yl X
na 1895 ectic
Andrena Taeniandr wilkella  Kirby, 1802 SE  Ground Pol_yl X
ena ectic
Andrena Trachandr spiraean  Robertson, S3S Ground PoI_yI %
ena a 1895 5 ectic
Andrena sp. Ground X X X X X X X X X X X X X X
Calliopsi Calliopsis andrenlf Smith, 1853 S5  Ground PoI_yI X X X X X
s ormis ectic
Pseudop  rudbeckia aestivali  Robertson, S3S Ground PoI_yI X X
anurgus e group S 1895 5 ectic
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APIDAE

Pseudop
anurgus

Anthoph
ora
Anthoph
ora

Apis

Bombus
Bombus
Bombus

Bombus
Bombus

Ceratina

Ceratina
Ceratina

Ceratina

Epeolus

Holcopa
sites
Melissod
es
Melissod
es

Nomada

Peponap
is

Melea
Clisodon

Apis
Culluman
obombus
Pyrobomb
us
Pyrobomb
us
Pyrobomb
us

Zadontom
erus
Zadontom
erus

Zadontom
erus

Zadontom
erus

Eumelisso
des

Peponapis

sp.

bomboid
es
terminal
is

mellifera

rufocinct
us
impatien
S

mixtus

vagans

sp.
calcarat
a

dupla
mikmagi

strenua
autumna
lis
calliopsi
dis
trinodis
sp.

sp.

pruinosa

Kirby, 1837

Cresson, 1869

Linnaeus,
1758

Cresson, 1863
Cresson, 1863
Cresson, 1878

Smith, 1854

Robertson,
1900

Say, 1837

Rehan and
Sheffield,
2011

Smith, 1879

Robertson,
1902

Linsley, 1943

Robertson,
1901

Say, 1837

S5

S5

SE

S5

S5

S5

S5

S5

S5

S5

S3S

S3

S3
S3S

S2S

Ground

Wood-cavity
excavator
Wood-cavity
excavator

Hive Box
Ground
Ground
Ground

Ground

Ground
Stem-
carpenter
Stem-
carpenter

Stem-
carpenter

Stem-
carpenter
Cleptoparasi
te
Cleptoparasi
te

Ground

Ground

Cleptoparasi
te

Ground
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Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic

Polyl
ectic
Polyl
ectic

Polyl
ectic

Polyl
ectic

None

None

Oligo
lectic

None

Oligo
lectic

X

X X X X

X

X X X X

X

X

X X X X

X X X X X X
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COLLETI
DAE

HALICTI
DAE

Xylocop
a

Colletes

Colletes
Colletes

Hylaeus

Hylaeus

Agaposte
mon
Agaposte
mon
Augochl
ora
Augochl
orella
Augochl
oropsis
Dufoure
a

Halictus
Halictus

Halictus

Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum

Xylocopoi
des

americanu
s group
inaequalis
group

Hylaeus

Agaposte
mon
Agaposte
mon
Augochlor
a

aurata
group
Paraugoc
hloropsis

Odontalict
us
Protohalic
tus

Seladonia
Dialictus
Dialictus

Dialictus

virginica

america
nus
inaequal
is

sp.
annulatu
S

sp.

sericeus

virescen
S

pura

aurata

metallic
a
monarda
e

ligatus

rubicund
us

confusus
anomalu

cressonii

fattigi

Linnaeus,
1771

Cresson, 1868

Say, 1937

Linnaeus,
1758

Forster, 1771

Fabricius,
1775

Say, 1837

Smith, 1853

Fabricius,
1793

Viereck, 1924
Say, 1837
Christ, 1791

Smith, 1853

Robertson,
1892
Robertson,
1890

Mitchell, 1960

S4S

S4

S5

S5

S5

S5

S5

S5
S4S

S2S

S5

S5

S5

S5

S5

S5

Wood-cavity
excavator

Ground

Ground

Ground

Stem-cavity
renter
Stem-cavity
renter

Ground

Ground

Wood-cavity
excavator

Ground
Ground
Ground
Ground
Ground
Ground

Ground

Wood-cavity
excavator

Ground
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Polyl
ectic

Oligo
lectic
Polyl
ectic

Polyl
ectic

Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Mono
lectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic

X

X X X X X X X X X

X X X X X X X X X

X X X X X X X X X

X X X X

X

X

X X X X X X X X X
X X X X X X X X X

X X X X

X X X X X

X

X X X X
X X X X
X X X X
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MEGAC
HILIDAE

Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Lasioglo
ssum
Sphecod
es

Sphecod
es

Sphecod
es

Anthidiel
lum

Dialictus
Dialictus
Dialictus
Dialictus
Dialictus
Dialictus
Dialictus

Dialictus

Hemihalic
tus
Hemihalic
tus
Hemihalic
tus
Lasiogloss
um
Sphecodo
gastra

dichrous
group

Loyolanth
idium

hitchensi

laevissi
mum
paradmi
randum

pilosum

smilacin
ae
subvirid
atum
versatu
m

weemsi

birkman
ni

foxii

lustrans

acumina
tum
quebece
nse

sp.

clematid
is

prospho
rus

sp.

notatum

Gibbs, 2012

Smith, 1853

Knerer and
Atwood, 1966

Smith, 1853

Robertson,
1897
Cockerell,
1938
Robertson,
1902

Mitchell, 1960

Crawford,
1906
Robertson,
1895
Cockerell,
1897
McGinley,
1986
Crawford,
1907

Robertson,
1897
Lovell and
Cockerell,
1907

Latreille, 1809

S5

S5

S4

S5

S4

S5

S4S

S4

S4

S5

SU

S5

S5

S3

S3

S5

Ground
Ground
Ground
Ground

Ground

Wood-cavity
excavator

Ground
Ground
Ground
Ground
Ground
Ground

Ground

Cleptoparasi
te

Cleptoparasi
te

Cleptoparasi
te

Constructed
Resin
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Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic
Polyl
ectic

None

None

None

Polyl
ectic

X

X X X X X

X X X X X

X
X
X
X X X
X
X
X
X X
X X X X X X X

X X X X X X X
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Anthidiu - manicat  Linnaeus, Cavity Polyl
m Anthidium um 1758 SE Renter ectic S
Anthidiu I_Droanthld oblongat llliger, 1806 SE Cavity PoI_yI X X X X X
m ium um Renter ectic
Chelosto  Foveosmi  campan Kirby, 1802 SE Cavity Mopo X
ma a ularum Renter lectic
Chelosto  Gyrodrom rapuncul Lepeletier, SE Cavity Mono X
ma ella i 1841 Renter lectic
Chelosto sp. X X X X X X
ma
Coelioxy Boreocoel rufitarsi Smith, 1854 S3S  Cleptoparasi None X X
S 10Xys S 4 te
Hoplitis  Alcidamea pilosifro Cresson, 1864 S5 Cavity Pol_yl X X X
ns Renter ectic
Hoplitis  Alcidamea producta Cresson, 1864 S5 Cavity Pol_yl X
Renter ectic
Hoplitis sp. X X X X X X
:\é'ega‘:h' sp. X X X X X X
Osmia ~ Diceratos conjunct ooy 1864 S35 snailshell oY x x x x X
mia a 4 ectic
Osmia Melanosm distincta  Cresson, 1864 S5 Cavity Pol_yl X
ia Renter ectic
Osmia Osmia cornifro  Radoszkowski, Cavity Pol_yl X X X X X X
ns 1887 Renter ectic
. . . Cavity Polyl
Osmia Osmia taurus Smith, 1873 Renter ectic
Osmia sp. Cavity POyl % x X X X X X X
Renter ectic
Stelis Stelis lateralis  Cresson, 1864 238 t(éleptoparam None X
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APPENDIX C: WASP SPECIES LISTS

A table listing the species that have been identified to date for this project and their associated localities. Most specimens remain
unidentified and have been left at the family level. Blue indicates a forest edge habitat, grey indicates a field habitat, salmon indicates
a wetland habitat, pink indicates a forest habitat, and green indicates a forested spring habitat. Presence of a species of genus is
denoted with an ‘X’

McMaster Forest Nature Preserve McMaster University
Family Genus Species Authority ; E E ; g E E 3 E % i % % E
» » » » » » v 6 b 5 5 5 5 &
ARGIDAE Not Identified X
ASTATIDAE
Astata unicolor Say, 1824 X X X X X X X X
BETHYLIDAE Not Identified X X X X X X X X X X X X
BRACONIDAE Not Identified X X X X X X X X X X X X X X
Chelonus sp. X X X X X X X X X X
CERAPHRONIDAE Not Identified X
CHALCIDIDAE Not ldentified X X X X X X X
CHRYSIDIDAE Not ldentified X X X X X X X X X X X
CRABRONIDAE Not ldentified X X X X X X X X X X X X X X
Alysson sp. X X
Crabro sp. X
Ectemnius cephalotes Olivier, 1792 X
Ectemnius continuus Fabricius, 1804 X X
Ectemnius sp. X X X X X X X X X X X
Epinysson sp. X X X X X X
Gorytes sp. X
Nysson sp. X X X X
Pemphredon sp. X
Saygorytes phaleratus Say, 1837 X
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CYNIPIDAE
DIAPRIIDAE
DRYINIDAE
EUCHARITIDAE
EULOPHIDAE
EUPELMIDAE
EURYTOMIDAE
FIGITIDAE
ICHNEUMONIDAE

ISMARIDAE
MEGASPILIDAE
MUTILLIDAE
MYMARIDAE
MYRMOSIDAE

ORMYRIDAE
PHILANTHIDAE

PLATYGASTRIDAE
POMPILIDAE

PROCTOTRUPIDAE

Trypoxylon
Not Identified
Not Identified
Not Identified
Not Identified
Not Identified
Not Identified
Not Identified
Not Identified
Not Identified
Ichneumon
Oedemopsis
Pimpla
Rubicundiella
Rubicundiella
Theronia

Not Identified
Not Identified
Not Identified
Not Identified

Myrmosa
Not Identified

Philanthus
Not Identified
Not Identified
Ceropales
Not Identified

sp.

chasmodops
davisi

sp.
mucronata

sp.
hilaris

unicolor

sp.

maculata

X X
X
X X
X
X X
X
X X
X
X X
Heinrich, 1961
Carlson, 1979 X
Provancher
Say, 1829
X
Say, 1824
X
X X
X X

Fabricius, 1775
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X X X X

X

X X X X X

X X X X

X X X X

X X X X X X X X

X X X X X

X

X

X X X X X

X

X X X X X X X

X X X X X

X X X X

X X X X

X X X X

X

X X X X

X

X

X

X

X
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PTEROMALIDAE

RHOPALOSOMATID
AE

SCELIONIDAE

SPARASIONIDAE
SPHECIDAE

TENTHREDINIDAE

TIPHIDIDAE

TORYMIDAE

TRIGONALIDAE
VESPIDAE

Not Identified
Not Identified

Not Identified
Trimorus
Not Identified

Ammophila
Ammophila
Isodontia

Sphex

Not Identified
Strongylogaster
Not Identified
Tiphia

Not Identified
Not Identified
Not Identified
Ancistrocerus

Ancistrocerus

Ancistrocerus
Ancistrocerus
Dolichovespula
Dolichovespula
Eumenes
Eumenes
Euodynerus

Euodynerus

Parancistrocer
us

sp.

nigricans
sp.

sp.
ichneumoneu
S

sp.

sp.

adiabatus

albophalerat
us

campestris
catskill
arenaria
maculata
crucifera
fraternus
foraminatus
planitarsis

pedestris

X
Dahlbom, 1843 X
Linnaeus, 1758 X
X
X
X
Saussure, 1852
de Saussure, 1855
de Saussure, 1852
de Saussure, 1853
Fabricius, 1775
Linnaeus, 1763
Provancher, 1888 X

Say, 1824 X
de Saussure, 1853
Bohart, 1945

de Saussure, 1855
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X X X X

X X X X

X

X X X
X X X
X
X X
X
X
X X X
X
X X
X

X

X

X
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Parancistrocer
us
Parancistrocer
us

Polistes
Polistes

Vespula

Vespula
Vespula
Vespula

pensylvanicus

perennis

dominula
fuscatus

flavopilosa

maculifrons
vidua
vulgaris

de Saussure, 1855

de Saussure, 1857

Christ, 1791

Fabricius, 1793

Jacobson et al.,
1978

Buysson, 1905
Saussure, 1854
Linnaeus, 1758

X

X
X
X X X
X
X X X

X X X X X

X

X
X X X
X
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