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ABSTRACT 

 

CANOPY GAPS ARE HOTSPOTS FOR BEES AND RARE PLANTS IN AN OAK 

SAVANNAH-WOODLAND SYSTEM IN SOUTHERN ONTARIO 

Felicia Syer Nicol      Advisor: 

University of Guelph, 2016     Professor A. S. MacDougall 

 

Prairies and savannahs have suffered significant declines in North America since 

European settlement due to both loss of habitat and the suppression of fire. In the oak savannahs 

of Pinery Provincial Park, prescribed burns were introduced in the 1980s to reopen the canopy 

and restore savannah habitat. However, the success of these measures has not been quantified. 

Plant and bee community composition were measured in areas of the park under varying fire 

regimes to determine how prescribed burns were affecting habitat structure, and how both 

management and habitat structure influence the bee community in terms of abundance and 

diversity. It was found that the greatest bee abundance and richness, proportion of savannah 

species, and rare plant abundance were in areas with more open canopy. Though these areas are 

hotspots for diversity, they made up only 14% of the plots sampled. Further, the average canopy 

cover for areas that are being managed with prescribed burns is 67%, much higher than the 

defined savannah canopy cover of 10-35%. If management goals are to increase habitat for rare 

plants, savannah plants, and native bee pollinators, then more intense management (possibly 

mechanical removal of trees, more intense/frequent burns) will be necessary. 
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OVERVIEW 

 

Increasing habitat loss and a lack of protected areas is putting global biodiversity at risk 

of a “biome crisis” as we begin to lose more than just species, but ecosystem function as well 

(Hoekstra et al., 2005). In Ontario, nowhere is this more apparent than the decline of grasslands 

and savannahs since European colonization. These globally endangered ecosystems (Hoekstra et 

al., 2005) were once widespread across southern Ontario, but have been dramatically reduced to 

less than 0.5% of their historic range (Bakowsky & Riley, 1994).  This reduction is not only 

associated with species loss –indeed, numerous savannah and prairie species are considered at-

risk in Ontario or Canada –but it also has potential implications for lost function (Hoekstra et al., 

2005), including pollinator services. The pollinator services provided by these species can apply 

to agricultural contexts, as native bees provide critical pollen flow to crops (Garibaldi, 2013; 

Mallinger & Gratton, 2015). They are also important to native plant species, with the potential 

for many being pollen limited if bees decline (Potts et al., 2010).  

The oak savannah and woodland complex of Pinery Provincial Park in Grand Bend, 

Ontario is one of the largest and most continuous tracts of this habitat type remaining in North 

America, providing habitat for more than 75 rare and at-risk plant and animal species. Since the 

1980s, the park has managed this system using prescribed burns, mechanical removal of planted 

pines, deer exclosures and culling, mowing of understory shrubs, and planting of rare species. 

However, the success of this management for restoring diversity, including pollinators, has not 

been quantified. Evaluating the long term impacts of management at this site, with a focus on 

prescribed burns, may provide important insights into oak savannah management and protection 

of the rare species that reside within, including the pollinator services potentially provided to 
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many of the park’s rare plants and to surrounding areas characterized by intensive crop 

management including pollinator-dependent species. 

To test the effects of the long term and ongoing multi-scale management and restoration 

interventions in this system, I examined two co-occurring groups that are abundant in savannah 

communities: native bees and the plants they pollinate. The primary target for savannah 

restoration is reversing the effects of decades of fire suppression and tree planting on canopy 

closure. Restoration seeks to reduce canopy cover to 10-35%, reduce ground level cover of 

shrubs and saplings, and foster a species-rich, herbaceous understory. However, the positive 

effects of restoring canopy structure (i.e., reducing tree canopy cover) on at-risk plants and 

pollinators is more assumed than tested. As such, the primary goal of my thesis was to evaluate 

plant and pollinator diversity to determine the success of past management. 

To accomplish this goal, plots (n=139) were established in 2014-2015 throughout Pinery 

Provincial Park that represented the range in canopy cover (0-100%) and fire history (0-3 burns, 

2-26 years since last burn, or never burned since park formation in 1957).  In each plot, all 

species of plants were identified, along with their percent cover, the total shrub cover, and the 

overstory tree canopy cover. Any plant species considered rare to Ontario were noted. Bees were 

captured in pan traps and the total number of flowering stems and potential nesting sites were 

quantified (e.g., bare soil, woody debris).  All bees were identified to species and functional 

groups based on nesting substrate and diet preference. Stepwise regression was used to determine 

if and which fire management regime influenced habitat structure and the composition of the 

plant and bee communities. Although I targeted a range of hypotheses and predictions, my 

primary expectation was a significant positive relationship between management that reduced 

tree and shrub cover and the diversity and abundance of herbaceous flora and bee species. 
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The results for the influence of the fire regime on habitat were not as expected. Areas that 

were burned more frequently actually had a more closed canopy than areas that were burned 

once. Many of these open areas experienced higher intensity burns in the late 1980s and early 

1990s which significantly reduced tree canopy cover. More recent and frequent burns have been 

too low-intensity to effect the established trees that form the overstory canopy. The areas with 

more open canopy had the greatest abundance of savannah plants, rare plants, and had the most 

abundant and species-rich, and functionally diverse bee communities, confirming my main 

expectation. Though most bees were found under open canopy, there was variation in habitat 

preference among functional groups. Ground nesters, cavity nesters, and bees that nest in snail 

shells were significantly associated with open areas, while wood cavity nesters were found under 

closed canopy. There was also a differential response to fire by different bee functional groups. 

Stem nesters were most abundant in areas more recently burned and decreased in abundance with 

time since burn, which may be due to fires stimulating the growth of plants with preferred stems- 

Rubus, Rosa, and Rhus. In contrast, wood nesters increased with time since fire. One would 

expect greater wood nester abundance after a fire if woody vegetation was killed, as the fallen 

wood would create more potential nesting sites; however, it takes time for this wood to 

decompose and become softer, meaning it becomes more accessible to ground nesters with time 

(Williams, 2010). Still, fire does play a role in creating suitable habitat for wood nesting species, 

it just takes a greater length of time for the effect to be seen. This variation in functional response 

demonstrates the importance of a more detailed assessment in determining how conservation 

management of savannah systems affects pollinators (and the services they may provide).  

This study demonstrates that open canopy is the most important habitat factor for a 

greater proportion of savannah plant species, including ones that are rare, and the abundance and 
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diversity of bees at Pinery Provincial Park. However, over 70% of the Park has a canopy cover 

of 60% or greater. Areas that fit the “savannah structure” criteria (e.g., 10-35% cover) only make 

up a small fraction of the park, yet hold the greatest diversity and abundance of savannah plants 

and bees. If restoration of these taxa is a management goal, canopy opening is a key strategy. 

This would be best achieved through mechanical removal of trees and shrubs, along with more 

intense fire, as low-intensity fires alone have little effect on the canopy.  
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INTRODUCTION 

 

Disturbance History in Oak Savannah 

 

 Temperate grasslands and savannahs have experienced severe declines since European 

settlement in North America. With less than 0.5% of their historical range remaining in Ontario 

(Bakowsky & Riley, 1994) (see Figure 1), they are among the most endangered ecosystems in 

the world (Hoekstra et al., 2005), and thus, hold many rare and endangered species. There have 

been several factors contributing to this decline. The characteristic open canopy of savannah (10-

35% cover -Lee & Ontario, 1998) was historically maintained by some combination of fires 

initiated by first nations people and lightning. Human-set fires were often started to manage 

areas for hunting, crop production (e.g., first nations corn, bean, and squash farming), and travel 

(Abrams, 1996). This made human-set fires a keystone process of this system (Guyette et al., 

2006), especially since fire suppression in prairie and savannah of eastern and central North 

America (e.g., tallgrass prairie, black oak savannah) can quickly lead to tree infilling due to 

higher rainfall compared  to short- and mixed-grass prairie of the west (Knapp et al., 1998). 

These types of fires potentially decreased as settlement by Europeans spread disease through 

many First Nations populations in North America, starting as early as the 1500s, initiating a slow 

transition towards infilling by trees in these areas before Europeans even arrived in Ontario 

(Riley, 2013). As Europeans settled, the savannahs and grasslands that remained (e.g., covering 

an estimated 1000-2000km2 in Ontario) were the most accessible and were the first areas to be 

converted to farmland. These settlement dynamics were observed in Ontario, with most 

European-based settlement in the region occurring in areas away from the shoreline of the Great 

Lakes such as the Thames River region (e.g., London, Ontario) and the “Paris Plains” (Paris, 

Galt, and Kitchener-Waterloo, Ontario) (Riley, 2013). The exception in Ontario was savannahs 
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and grasslands on dry, post-glacial, sandy soils and/or steep topography- the majority of these 

systems to survive to the present are in these areas given their unsuitability for agriculture 

(Anderson et al., 1999). Further, it is thought that the now extinct passenger pigeon may have 

played a role in preventing forest in-filling in the grasslands of Ontario (Ellsworth & McComb, 

2003; Buchanan & Hart, 2012). Their massive flocks were responsible for the breaking of 

branches and toppling of trees up to 2 feet in diameter (Audubon, 1832). In addition to this direct 

disturbance, passenger pigeon use of a site may have also indirectly increased the fire frequency 

and intensity: fallen limbs would increase the fuel load on the forest floor and the increased light 

would act to dry out materials more quickly (Ellsworth & McComb, 2003).  In some of the 

savannah areas that have remained, pines were heavily planted in the early to mid-20th century to 

restore what was mistakenly thought to be a degraded habitat and for timber production (Abella, 

2010).  

With these changes and loss of these disturbances, namely fire, has come great changes in 

the prairie and savannah ecosystems of Ontario (Riley, 2013). Fire-adapted, shade-intolerant 

species have been replaced with fire-sensitive, shade-tolerant plants, which create conditions that 

are cooler and moister, and thus, less flammable (Nowacki & Abrams, 2008). This has been 

further exacerbated in areas where pine plantations were created. Although pines themselves 

create flammable litter, the combination of shade created by high pine cover and decades of fire 

suppression acts to exclude fire-adapted ground flora (Riley, 2013). The sum total of all these 

changes is an increasing loss of prairie species (Nowacki & Abrams, 2008) that is particularly 

concerning for the many rare species that depend on these habitats. Further, these changes may 

be accelerating in places such as Pinery Park, demonstrating significant canopy infilling as 

recently as the last half-century (Figure 2). 
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It was not until the latter half of the 20th century that the rarity of these ecosystems was 

fully realized in Ontario and elsewhere. Early prairie restoration programs had occurred in a few 

areas, such as Wisconsin where they were led by restoration pioneers such as John Curtis and 

Aldo Leopold (Anderson, 2008). However, the widespread use of prescribed burn programs 

began in many managed sites in the  1980s-1990s, using low intensity burns (i.e., rapid grass 

fires restricted to the understory) to control woody plant encroachment, maintain high levels of 

light at ground level, and, in turn, increase floral diversity of native species. Despite these efforts, 

the question of whether they are effective for declined, fire-dependent species remains uncertain 

(MacDougall & Turkington, 2006). 

Fire Ecology 

 

Fires are an important ecosystem process in maintaining a distinct vegetative structure 

and species composition in savannahs and grasslands (Tester, 1996). The primary goals of 

prescribed burns are to maintain an open canopy, promote a species-rich understory, and reduce 

woody encroachment. If a fire is hot enough, it can kill overstory trees. Low intensity fires will 

burn shrubs and saplings, preventing the latter from reaching the overstory, or creating a dense 

“mid-canopy” layer of low-statured shrubs as can sometimes occur  (Anderson et al., 1999) (and 

is seen extensively in Pinery Provincial Park). Fire creates conditions that favour the growth of 

fire-adapted herbaceous prairie and savannah species especially by increasing ground-level light 

availability and bare soil for seed recruitment (MacDougall, 2005). Several studies have shown 

that prescribed burns increase the diversity and abundance of prairie and savannah plant species 

(Tester, 1996; Peterson et al., 2007; MacDougall et al., 2013; Lettow et al., 2014), including at 

the Pinery (Etwell & Bazely, 2004). Spring burns have also been shown to greatly reduce the 
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cover of non-native, cool season grasses (Diboll, 1986), although this can depend on the timing 

and temperature of the burns (MacDougall, 2005). 

Because of the time lapse between settlement and the reintroduction of fire, many prairies 

and savannahs of eastern and central North America, including Ontario, have succeeded to 

woodland and forest. The low intensity fires that are normally prescribed burn understory 

vegetation, but have little effect on the canopy. In some cases, this is enough to increase floral 

diversity. Burton et al. (2011) found that fire positively affected the richness of flowering plants, 

even in areas with canopy cover as high as 97.5%. Similarly, Peterson et al. (2007) found that 

forb cover was not significantly influenced by tree cover, but rather by a fire interval of 4-7 

years. However, in other cases, it has been shown that fire alone is not enough to restore the 

understory, and some mechanical thinning is also needed. Lettow et al. (2014) found that 

thinning (i.e., tree removal) and burn treatments in savannah blocks, which opened up the canopy 

more than burning alone, produced the greatest increases in floral diversity.  

Low intensity fires may also have limited effectiveness against woody encroachment. 

Many shrubs are able to re-sprout after fire, particularly when burned during the dormant season 

(Drewa et al., 2002) (e.g., early spring). Haney et al. (2008) found that woody cover returned to 

the pre-burned state after four years of no fire, and that non-oak tree species exceeded oaks and 

savannah shrubs. In a 15-year study in the tallgrass prairie of northern Kansas, tree density 

increased even in burned areas- except in sites that were burned annually (Briggs et al., 2002). 

The success of shrub control may be determined by fire frequency, particularly in areas where 

fire has been suppressed and woody plants have been able to establish (Peterson & Reich, 2001). 

Shrub control is essential, as a meta-analysis of grassland/savannahs across North America 
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showed a pattern of decreasing herbaceous plant diversity with shrub encroachment (Ratajczak et 

al., 2012).  

The restoration and management of oak savannah, with its defined canopy openness of 

~10-35%, is generally focused on a structure of open canopy, high floral diversity, and very few 

shrubs. Though this type of structure and associated diversity is characteristic of an oak savannah 

system, it can vary within and between sites, making it difficult to pinpoint exactly how a 

restored community should be composed (Palmer et al., 1997). Additionally, though the plant 

diversity may be restored, if an important functional group such as birds, bees, or herbivores is 

missing, it may inhibit the long-term success of restoration at a site. In general, management and 

restoration tend to be focused on a single trophic level or the physical structure of an ecosystem; 

however, a number of authors are calling for a multi-trophic level approach to determine 

restoration success, focusing on ecosystem function, rather than structure (Palmer et al., 1997; 

Forup et al., 2008; Dixon, 2009; Menz et al,. 2011). Pollination, in particular, is an essential 

ecosystem service for the persistence of forb-rich plant communities such as prairie and 

savannah (Forup et al., 2008; Dixon, 2009). Examining the plant and pollinator communities, 

and how they interact, may provide a better evaluation of the success of this management 

program than examining either group on its own. 

Because bees are obligate floral visitors (Willmer, 2011), floral resources play a major 

role in their distribution. Floral diversity has been found to be an important factor influencing 

bee diversity (Grundel et al., 2010; Potts et al., 2003). Bee communities are also influenced by 

canopy cover, nesting substrate (e.g., open ground, grass thatch), and fire history (Grundel et al., 

2010). A greater proportion of diet-specialist bee species have been associated with more open 

canopy cover and a higher proportion of native flowering stems (Grundel et al., 2010). Both 



10 
  

Potts et al. (2003) and Grundel et al. (2010) found that nesting resources were important. The 

abundance of common bees species increased with nesting substrate availability (Potts et al., 

2003), and soil organic content and dead woody vegetation were good predictors of bee diversity 

(Grundel et al., 2010). Fire disturbances can increase the availability of nesting habitat by 

removing vegetation, thereby creating areas of bare ground that are ideal for ground nesting bees, 

as well as by increasing dead wood which creates habitat for cavity nesters. Post-fire age was an 

important determinant of bee species richness and the abundance of common species in a 

Mediterranean habitat, with more recent fires being correlated with higher bee diversity and 

abundance (Potts et al., 2003). Similarly, bee abundance was positively correlated with a more 

open canopy cover and a fire-return interval of two years in a variety of habitats in Indiana 

(Grundel et al., 2010).  

It seems likely that fire has a positive influence on bees because it increases floral 

diversity and nesting resource availability. Grundel et al. (2010) did not explore this relationship 

and Potts et al. (2003) suggested that it deserved investigation. The direct and indirect effects of 

fires need to be explored to fully understand how prescribed burning affects bees and flowering 

plants. Questions about fire and these resources in relation to the bee community have not yet 

been applied to the oak savannahs of eastern North America, where, as mentioned earlier, higher 

rainfall compared to grassland systems of the west means fire is especially critical to prevent tree 

infilling (Knapp et al., 1998). The exploration of how prescribed burn management influences 

these factors and how these, in turn, affect the bee community may provide important insights 

into general bee conservation. 

To test the effects of the long term and ongoing multi-scale management and restoration 

interventions in prairie-savannah, I examined two co-occurring groups that are abundant in 
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savannah communities: native bees and the plants they pollinate. These groups are highly 

dependent on each other, with native bees being the most important pollinator (Wilmer, 2011), 

while requiring plants for food resources. The implications of plant or pollinator limitation could 

create a positive feedback loop where plant rarity and bee dispersal constraints could prevent 

adequate plant recruitment for sustaining populations, a phenomenon that has been observed in a 

number of plants where populations fall below a size-threshold and has been attributed to the 

“Allee Effect” (Hackney & McGraw, 2001; Duffy et al., 2013). The Allee Effect, defined as the 

increase of an individual’s fitness as the abundance or density of conspecifics increases 

(Stephens et al., 1999), has usually been described for vertebrates, but can apply to plants as well 

if individuals become so isolated such that bees have difficulty finding them or transferring 

pollen between individuals. Savannah restoration may be affecting pollinator limitation in this 

way, but whether and how this occurs is untested.  

Pinery Provincial Park is an oak savannah and woodland complex in southern Ontario 

that has undergone canopy infilling, especially since the 1950s (Figure 2), exacerbated by the 

establishment of extensive pine plantations. To counter this, prescribed burn restoration began in 

the 1980s. Though extensive management has been done in the park, the success of these 

strategies has not been quantified for plants and bees. Evaluating the long term impacts of 

management at this site, with a focus on prescribed burns, may provide important insights into 

oak savannah management and protection of the rare species that reside within. 

In surveys by the Canada Co. in the late 1800s the Pinery area is described as “open red 

oak plains” (Smith, 1828), “small red and white pine, some scrubby oak bushes” (Roth, 1862), 

and “scattered growth of perennials [and] the scrubby growth of oak and pine” (Gibson & 

Macoun, 1875). Its subsequent history is unknown until its purchase by Ontario Parks in 1957. 
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After its purchase, it was opened to the public in 1959 after an extensive network of 

roadways were completed (A. MacKenzie, pers. comm., 2015). In the 1960s, almost 3 million 

pines were planted for timber production and to fill in the canopy gaps that they considered a 

sign of a “degraded ecosystem” (A. Mackenzie, pers. comm., 2015). This, along with fire 

suppression, altered the canopy structure throughout much of the park.  However, in the 1980s 

the importance and rarity of oak savannah communities was realized and a prescribed burn 

program began on a 20 year interval, along with the removal of some planted pines (until 2004) 

(T. Berkers, pers. comm, 2015). In some areas this fire regime is being followed, but in many 

places a prescribed burn has not occurred for 25+ years. Though there have been efforts to 

remove pines, some plantations remain and saplings are numerous. 

Pinery Park is particularly unique as it the last known location of the endangered Rusty 

Patched Bumblebee (Bombus affinis) in Ontario. During the 1970s, this species was the fourth 

most common bumblebee in North America and found in a wide range of habitats (Colla & 

Taylor-Pindar, 2011). Though not a savannah obligate species, this bee has been able to persist in 

this habitat and nowhere else. Pinery holds significant bee habitat and exploring the drivers of 

abundance and diversity at this site will be an important addition to the growing body of work on 

bee conservation (although avoiding accidental capture of a queen of this species will require 

slight modification of my sampling design – see below). 

Hypotheses and Predictions  

 

 This study will explore how past management (fire frequency and time since the last 

burn) impact the vegetative structure at the canopy-level (stand structure) and understory-level 

(shrub cover, floral diversity, bare soil). I hypothesize that there will be a strong relationship 

between fire history and the vegetative community and predict that more frequent fires will result 
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in a reduction of canopy cover. I also predict that both more frequent fires and more recent fires 

will be related to greater plant diversity and more bare soil. There are a number of rare savannah 

plants in Pinery Park. I hypothesize that their occurrence and abundance will be significantly 

related to both the fire frequency and habitat structure. I predict that there will be more rare 

savannah plants in areas that have been burned more frequently and more recently, as fire creates 

conditions that favour these species (increased light availability, scarifies seeds). Likewise, I 

predict that a higher cover by rare savannah species will be found in areas with more open 

canopy (more light availability). 

I will then examine how both fire management and the vegetative structure are impacting 

the abundance and diversity of bee pollinators. I hypothesize that fire management will have an 

impact on the distribution, abundance, and diversity of this group. I predict that more intense 

management (fire history) will result in a more abundant and diverse bee community. I predict 

that this will be associated with a greater abundance of flowering stems and nesting resources at 

these sites. Bees have been shown to respond positively to abundant and diverse floral resources, 

low canopy cover, nesting resources (bare ground and dead woody vegetation), and recent fire 

history (Grundel et al., 2010). 

 Studying the effect of fire and habitat (i.e., vegetative structure) on bee functional groups 

can provide a more detailed picture of how management is affecting this community. I 

hypothesize that the reaction to fire and habitat will vary between functional groups. I predict 

each functional group will respond positively to the presence of their nesting substrate (e.g., 

more bare soil will result in more ground nesters, more fallen wood will mean more wood 

nesters). I expect that the relationship between the abundance of bees in each functional group 

and fire will be determined by the effects of fire on habitats and nesting substrate. I predict that 
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areas with more recent fire will have more bare soil and more fallen dead wood and will thus 

have more ground and wood nesters. In contrast, I predict that stem nesters will become less 

abundant after a recent fire, as a fire would likely kill the available stems for nesting. Parasitic 

bees will be found in habitats and fire regimes that are favourable to their hosts (e.g., if ground 

nesting bees are the host of a parasitic bee, the parasitic bee would be predicted to be found in 

areas with more bare soil as it would be more suitable to ground nesting bees). 

The results of this study will provide insight into the long term and multi-scale effects of 

prescribed burn management in an oak savannah community, including suggestions on optimal 

management interventions for enhancing biodiversity of plants and bees and maintaining plant-

pollinator dynamics. Very few studies have used plant-pollinator communities to determine the 

success of restoration in terms of ecosystem function (Menz et al., 2011). This research will 

make important contributions to this area of pollination biology and restoration that has not been 

well explored, particularly in terms of disturbance-based management (prescribed burn). With 

dramatic declines of bees worldwide, and their importance in pollinating flowering plants, it is 

essential we understand how our management actions affect their abundance and diversity and, 

in turn, the plants they pollinate. 

MATERIALS AND METHODS 

Study Site 

 

Pinery Provincial Park (2532 ha) holds one of the largest intact oak savannah remnants of 

central North America. It is located on the south shore of Lake Huron 9 km southwest of Grand 

Bend, Ontario (43.246981 N; -81.833135 W). 
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Data Collection 

 

139 plots were selected (non-random) throughout the park to represent the range of shrub 

cover (many to none), canopy cover (0-100%), and management history that occurs there. At 

least 3 plots were created in each burn year category (burns have occurred anywhere between 2 

and 26 years before present) and at least 15 plots in each burn frequency category (0, 1, 2, and 

3). 

 The management history for each plot was recorded from shape files provided by park 

staff that mapped the location of burn blocks and pine plantations. The removal of pine 

plantations was determined by the absence of pines and evidence of cut stumps. Past land use 

was personally communicated to me by park staff. There were 8 plots with some form of past 

land use (i.e., former campground, ski hill, or garbage dump).  

Vegetative Structure 

 

Ontario Parks Information and Monitoring (OPIAM) protocol was used to describe 

vegetation structure in each plot. This protocol produces high quality data that can be used by 

resource managers in the future for comparison or replication. Accordingly, 25m2 circular plots 

(2.82m radius) were established. In each plot the percent canopy cover (upper canopy >20m, 

upper canopy >10m, lower canopy <10m), shrub cover (trees and shrubs 2-10m, 0.5-2m, and 

<0.5m), and herbaceous cover were estimated using the Daubenmire scale. The 5 most dominant 

trees or shrubs in each category were listed along with their percent cover. The OPIAM data was 

amended for the purposes of my study to include percent litter, woody debris, bare ground, 

moss/lichen, and grasses. If evidence of mechanical removal (cut stumps) was present, it was 

noted as part of the management history of that site. All plant species found within the plot were 

listed. 
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To get a more detailed description of the herbaceous layer, two 1 x 1m plots were 

established at the north and south limits of the circular plot. The percent cover of each plant 

species, bare soil, woody debris and litter was estimated using the Daubenmire scale. 

A spring vegetation survey occurred between May 13 and May 22, 2015 to assess 

conditions during early plant emergence and to capture the presence of spring ephemerals 

(including many flowering forbs that bees visit) that would not be apparent later in the season. A 

second survey occurred in late summer between August 21 and August 28, 2015. A number of 

prairie species that were not detected in the spring were found then (e.g., butterfly milkweed, 

flowering spurge).  

Canopy cover was determined using a spherical densiometer, in addition to being 

estimated visually. Readings were taken from the center of the plot in each cardinal direction, 

added together, and multiplied by 1.04 to get a measure of the canopy cover, as per protocol 

when using a spherical densiometer. This canopy cover measure was used in the statistical 

analysis. 

 Flowering stem counts in each plot occurred every 2-3 weeks between May 13th and 

September 18th. These counts were totalled by flower colour and overall flowering stem 

abundance for each plot. 

Bees 

 

Pan trap bowls (350 ml) painted fluorescent blue (UV), fluorescent yellow (UV), or white 

were used to capture bees at each plot. Pan traps were arranged in the center of each plot in a 

triangle with edge lengths of ~0.5 m. They were filled with scentless soapy water to drown 

visiting bees that were collected for identification. They were only placed out on sunny, warm 

days and left out over 24hours +/-3 to capture bees flying throughout all times of the day. 
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Trapping occurred every 3-4 weeks through the summer beginning June 15 and ended 

August 3, 2015, for a total of three sampling periods. Trapping did not occur in May or 

September in order to avoid the flights of the queen Rusty Patched Bumblebee during these 

months (Williams et al., 2014). The loss of a queen can have devastating effects on a bee colony 

and this was avoided in efforts to protect this endangered species.  

Nesting resource data (bare ground, woody debris) were collected as part of the 

vegetation data. Floral resources were determined by counting the number of flowering stems in 

each plot at the time of each survey, in addition to every 2-3 weeks between mid-May and mid-

September. The percent cover by herbaceous savannah species was also used as a measure of 

floral resources. 

All bees were identified to species except Nomada and Sphecodes spp. Only one 

individual of Hylaeus and Epeolus were found, so they too were not identified to species. Packer 

et al.’s (2007) The Bee Genera of Eastern Canada was used to separate all bees into genus and 

the species of Apis mellifera, Augochlorella aurata, Augochloropsis metallica, and Augochlora 

pura as there is only one species in each of these genera in Ontario. See table 1 for a list of key 

sources for the remaining genera.  

Statistical Analysis 

 

Overall Approach 

 

My analytical approach centered on the use of forward step-wise analysis, given the large 

number of response and explanatory factors, including many that may be correlated. Step-wise 

analysis adds factors one by one (starting with the lowest p-value) to identify those which are 

most influential in explaining variation in my response measures. Factors and their interactions 

are selected using minimum Bayesian Information Criterion (BIC).These values are then used to 
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construct an analytical model that was used for an ANOVA. All of these analyses were 

conducted on JMP 10.0 (SAS).  

Habitat 

 

The response of each habitat factor (canopy cover, total shrub cover, bare soil, woody 

debris, percent cover by savannah species and total flowers) to management was analyzed with 

fire frequency, time since burn, pine plantation history, past land use, and all interactions as 

explanatory variables.  

Rare Plants 

 

 The percent cover for each species collected in the 1 x 1 quadrats was averaged between 

the north and south for each of the 139 plots. Plants considered to be provincially rare (S-rank of 

3 or less, see table 2 for detailed description) were added to determine the proportion of rare 

plants in each plot. Two separate analyses were performed: the first used “habitat” (canopy, bare 

soil, shrub cover) as explanatory variables and the second used fire frequency and time since 

burn. 

Bees 

 

Throughout the pan trap sampling there were a number of pans that were destroyed or 

spilled by wildlife. To account for these missing data, the number of bees collected in each plot 

were divided by the total number of pans collected (between 1 and 9, depending on how many 

had been eaten) and multiplied by 9 (3 traps per plot x 3 sampling periods =9).  

The response of the abundance of bees (total number of individuals), the richness 

(number of species), abundance of each functional group (ground, cavity, or stem nester and 

parasitic species), and total number of functional groups was determined using habitat factors as 
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the explanatory variables (canopy cover, total shrub cover, bare ground, woody debris, and total 

flowers). Because parasitic bees parasitize other bee functional groups and may be an important 

predictor for their distribution, the analysis for parasitic species included the effect of the 

abundance of individuals in each other functional group. 

The abundance of each functional group was also analysed in relation to fire 

management.  

Species Composition 

 

To complement the above analyses, an ordination and indicator species analysis was 

completed for both plants and bees in each habitat type (open/savannah=0-35% cover, 

woodland=35-70%, forest=71-100%) using PC-ORD, version 6.  

The ordination was completed using non-metric multidimensional scaling (nmds) as this 

is the best method when working with community data. This type of ordination measures 

ecological distance in species composition between plots. In order to perform this analysis, the 

samples were standardized by total and the data was square root transformed. Bray-Curtis 

similarity, a polar ordination technique that organize samples between endpoints, was used in the 

analysis. 

The indicator species analysis used a Monte Carlo method to test for significance 

(p<0.05) of the association of particular species to a habitat type. It takes into account the 

concentration of species abundance and the frequency of occurrence in a habitat type (Dufrene & 

Legendre, 1997). 
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RESULTS 

 

 My primary goal was to determine the relationship between bee abundance and diversity 

and habitat structure (canopy, shrub cover, bare soil, woody debris, and percent cover of 

savannah species), as well as the relationship with fire management. I found that low percent 

canopy cover (i.e., more open) was consistently the most significant predictor for high bee 

abundance and diversity and floral resource abundance. In fact, a number of bee species were 

almost exclusively restricted to areas with canopy cover <35%. Given that open canopy (areas 

<35%) only occupied 14% of all areas sampled, these relatively rare areas appear to play a 

disproportionately high role in maintaining both plants and bees. Though controlled burns have 

been used for the purpose of opening the canopy and reducing shrub cover, there is little 

evidence that it is effective in doing so.  

Habitat 

 

 The 139 plots sampled represented a range of tree canopy cover from 0.68 to 99.22%, or 

open prairie to closed forest. The plots varied in fire frequency from unburned since the park 

opened in 1957 to three burns. Canopy cover is significantly related to the burn frequency. 

However, a higher burn frequency did not always result in more open canopy. Plots that had 

been burned once had a more open canopy than all other burn frequencies (F(1, 136) = 24.84, 

p<0.0001). This can be attributed to more intense disturbance that has occurred in most of these 

plots. 44% of these open canopy plots experienced exceptionally hot burns that occurred during 

some of the first burns in the park that killed many trees (for this reason only one burn has been 

done in these areas). Another 22% had a past land use that would have prevented the growth of 

trees (former camp ground, ski hill, or garbage dump) and a single burn has been able to keep 
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these sites in this state. Recent burns have been lower intensity ground fires that do not kill trees. 

The average canopy cover for areas that are being managed with prescribed burns is 67%, much 

higher than the defined savannah canopy cover of 10-35%. Using a map of wooded areas (>60% 

canopy cover) provided by the Ministry of Natural Resources, it was calculated that 70% of the 

Pinery is considered wooded. The beaches, Old Ausable Channel, and parking lots are included 

in the open areas on this map, so the actual canopy openings are likely much less. 

There was no significant relationship between management and shrub cover, or bare soil, 

wood.  

Vegetation 

 

128 plant taxa were recorded in the 139 plots. Sedges, non-native cool season grasses, 

and some shrubs could not be identified to species.  I was able to identify 7 grasses, 76 

herbaceous plants, 34 woody species, 5 nitrogen fixers, 1 hemiparasitic plant, and 3 ferns and 

allies (See table 3 for full list of species). The three most frequently occurring taxa were Carex 

spp (127/139 plots), cool season grass spp. (121/139), and Prunus spp. (127/139).  

Plant diversity was not related to any management factors, but it was significantly higher 

in areas with more closed canopy (F(1,136) = 6.04, p=0.0152). Percent covers of herbaceous 

savannah species and total flowers were not related to management, but were significantly 

greater under more open canopy (F(1, 136) = 54.33, p=<0.0001 and F(1,137) = 35.72, p<0.0001, 

respectively).  The percent cover of herbaceous savannah plants was also significantly greater in 

areas burned once (F(1, 137)=7.36, p=0.0075). 

 Several species were associated with each canopy openness type. Artemesia campestris, 

Ceanothus americanus, C. herbaceous, Liatris cylindraceae, Packera paupercula, and 
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Schizachyrium scoparium were all associated with an open, savannah-type canopy. 

Helianthemum canadense was associated with woodland (canopy cover 36-70%). Helianthus 

divaricatus, Maianthemum canadense, Vaccinum spp., and Lonicera spp. were most often found 

in plots with forest-type canopy cover (71-100%). See table 4 for indicator values. 

Rare Plants 

 

There were seven rare plants identified in the 139 plots: cylindrical blazing star (Liatris 

cylindraceae), S31; dwarf hackberry (Celtis tenuifolia), S2; false foxglove (Aureolaria 

pedicularia), S2; green milkweed (Asclepias viridifolia), S2; rough blazing star (Liatris aspera), 

S2; wild lupine (Lupinus perennis), S3; and yellow puccoon (Lithospermum caroliniense), S3. 

76 plots had rare plants, but the majority had less than 1% cover by these species. Rare plants 

were present in plots with significantly more open canopy than those where they were not found 

(F(1,136) = 9.923, p=0.002) (See Figure 8). The greatest number of rare plant species in a plot was 

four, which was only observed once.  

Bees 

 

A total of 1638 bees were collected from 20 genera and 63 species. 40 of these species 

were ground nesters, 14 cavity nesters (which can be divided by preferred substrate into 5 pith 

nesters, 1 snail shell nester, 7 wood cavity nesters, and 1 general cavity nester), 4 wood nesters, 4 

parasitics (parasitic Nomada, Sphecodes, and Epeolus were not identified to the species level), 

and 1 hive nester (Apis mellifera). Ground nesters were the most common in the park, making up 

83% of individuals collected (See Figures 5-7). See table 5f for a full list of species collected. 

                                                           
1 S3 is a provincial rank for species rareness. See table 3 for rank descriptions. 
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All analyses for bees suggested that they are responsive to habitat conditions, in ways 

predictable by their life history strategies. As I will discuss, this has conservation significance 

because bees appear to be sensitive to the effects of any form of restoration management on the 

habitat conditions in Pinery Park. 

 The habitat model that best explained the species richness for bees included two 

interactions: (1) the interaction between open canopy and a high percent cover of herbaceous 

savannah plants (F(1,130)=8.25, p=0.0048; and, (2) the interaction between open canopy and low 

percent shrub cover (F(1,130) = 5.78, p<0.0177). The total abundance of bees was significantly 

related to the interaction between a high percent cover by bare soil, savannah plants, a more open 

canopy, and more fallen wood (F(1,118) =6.5582, p=0.0117) . The number of ground nesters 

followed a similar model being significantly related to all the same habitat factors and 

interactions.  There were no significant habitat factors associated with the overall abundance of 

cavity nesters, stem nesters, or wood cavity nesters, but the abundance of shell nesters was 

greater under an open canopy (F(1,136) =12.9032, p=0.0005). Parasitic bees also were not 

significantly related to habitat, but were significantly and positively related to the number of 

ground nesters (likely ground nesting bees are a preferred host for the parasitic bees at this site) 

(F(1,137) =6.8352, p=0.0099). The number of functional groups was related to low percent canopy 

cover (F(1,134) =12.1609, p=0.0007) and low percent shrub cover (F(1,134) =8.9378, p=0.0033). See 

table 6 for all p-values. 

 The response to fire also differed between bee functional groups. The abundance of 

ground nesters was best predicted by the interaction between areas burned once and more recent 

burns (F(1,135) =8.1359, p=0.0050). Their response to a single burn follows the same pattern as 

canopy openness. The total cavity nester abundance and snail shell nesters showed no significant 
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relationship with fire management. Stem nesters were more abundant in recently burned areas 

and declined with time since burn (F(1,137) =5.5224, p=0.0202). Wood cavity nesters showed an 

opposite pattern with greater abundance with time since burn (F(1,137) =5.66, p=0.0187). 

However, softwood nesters and parasitic bees showed no relationship with fire. The total 

functional diversity had no relationship with fire, but the interaction between a burn frequency of 

one and more recent burns was significantly related to a greater total number of bees (F(1,135) 

=8.5036, p=0.0042). See table 7 for a full list of p-values. 

Canopy cover was  significant for almost all the models. A more open canopy cover was 

associated with greater abundance and diversity of bees (see Figure 9). The canopy cover was 

divided into distinct habitat types (savannah, woodland, and forest) based on the Ecological Land 

Classification for Southern Ontario. Savannah had significantly more bees than either woodland 

or forest. A non-metric multi-dimensional scaling ordination showed a clustering of savannah 

plots together whereas forested plots were widespread (Figure 10). This indicated that the bee 

communities in savannah plots were much more similar in composition than in forested plots. 

Several species were found to be associated with open areas categorized as savannah: 

Agapostemon splendons, Augochlorella aurata, Lasioglossum bruneri, Lasioglossum 

leucococum, Lasioglossum pilosum, Lasioglossum vierecki, and Osmia conjuncta. All are diet 

generalists and all are ground nesters excepting O. conjuncta which nest in snail shells. 

Lasioglossum cressonii was associated with forested areas. It is a wood nesting species and a diet 

generalist. See table 8 for indicator values. 

51 individuals (3% of total) from 7 species collected were pollen specialists: 2 

Helianthus, 1 Plantaginaceae, 1 Nymphaea, 2 Asteraceae, and 1 Solidago. The total number of 

specialists was only significantly related to the proportion of savannah plant species in each plot 
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(F(1,137)=F5.6423, p=0.0189). See table 5 for full list of generalists and specialists, and the plants 

they specialize on. 

 

DISCUSSION 

 

My main study objective was to explore relationships among canopy structure, floral 

diversity, and the occurrence and diversity of native pollinators in a large remnant oak savannah. 

Canopy structure in the study area (Pinery Provincial Park) reflects decades of past management 

targeting reductions in canopy cover including pine removal. The implications of this work, 

however, have been untested in terms of influence on pollinators and the resources (floral and 

nesting) that they fundamentally require.  

My work demonstrates how canopy openness plays a key role in the species composition 

of pollinators in Pinery Provincial Park. The most bees and highest bee diversity were found in 

open patches interspersed between more closed woodlands and forests. Additionally, a higher 

proportion of savannah plant species and provincially rare plants were found most often in these 

open patches. However, though these open areas seem to be the most important for bees and rare 

plants, they make up a relatively small percentage of the park. What is especially worrying, is 

that historical records and photographs (e.g., Figure 2) clearly indicate this area was far more 

open, even as recently as the mid-1950s. These are the exact conditions that appear critical for 

native pollinators and their associated native prairie plants, yet these conditions seem to have 

declined, despite the best efforts of park managers. Prescribed burns have been used to manage 

much of the park as oak savannah since the 1980s. However, the current prescribed burn 

program may need to be expanded substantially if greater pollinator diversity and abundance is a 



26 
  

management target. This study also adds to the growing body of knowledge about bee resource 

needs.   

Ecosystem Structure  

 

The first goal of prescribed burn management is to restore the ecosystem structure 

characteristic of oak savannah –widely spaced trees (<35% canopy cover) among an understory 

dominated by herbaceous plants and grasses. Only a fraction of areas that have been burned meet 

both of these standards. Though over half of the burned areas had less than 25% shrub cover and 

all plots had some savannah-obligate species, less than 14% meet the canopy cover requirements. 

The low intensity ground burns used in the park reduce shrub cover and allow regeneration of a 

savannah understory, but the over story remains. This is an issue as the habitat is not suitable 

over the long run for savannah species. These shaded areas are likely to change light and water 

availability, which will eventually change the vegetation community composition towards more 

shade-tolerant, mesophytic species that would outcompete savannah species under these 

conditions (Abrams, 2005). Since fire suppression began, there has been widespread replacement 

of oak seedlings with mesophytic species in many savannah remnants of eastern and central 

North America including black cherry (Abrams, 2005; Rogers & Russell, 2014). Cherry spp. 

were found in 91% of plots sampled at the Pinery. This species and many other non-oak trees 

have leaves that are less flammable and more easily decomposed (fewer tannins), which 

decreases the combustibility of the understory (Abrams, 2005), creating a positive feedback loop. 

Deer browsing, an ongoing management concern at the park, can also reduce combustibility by 

their preference for oak leaves, further reducing flammable leaf litter by preferentially avoiding 

species with less-flammable foliage (Abrams, 2005). These characteristics make it difficult for 

prescribed burn to replicate the historic effect of fire in these systems (Arthur et al., 2012). 
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Low intensity fires are preferred to maintain control for safety reasons, but they are only 

effective short term in increasing light availability at the forest floor (Arthur et al., 2012). As 

seen in the Pinery, these types of fires do not open the canopy and have little effect on the shrub 

cover. Jarvis (2015) found that conditions at the Park were more favourable immediately after a 

burn for wild lupine, but quality decreased as lupine declined, even within the same year as the 

burn. Historic fires, in Ontario and elsewhere, were initiated by lightning strikes or first nations, 

and varied in intensity, depending on the site and soil moisture levels, resulting in both low and 

high intensity fires (MacDougall et al., 2004; Arthur et al., 2012). Indeed, the more intense early 

prescribed burns at the Park have, in many areas, created savannah conditions that have persisted 

for 20+ years. In the absence of higher intensity burns, mechanical removal may be a necessary 

complement to recreate savannah conditions. 

There have been many studies of the management of oak savannah that show mechanical 

removal, in addition to fire, is the most effective means of maintaining the savannah conditions 

of low shrub cover and an open canopy (Brose & Van Lear, 1998; Lettow et al., 2014), 

especially in areas that have become woodlands or forests (Peterson & Reich, 2001). Mechanical 

removal of overstory trees would give the community a head start towards restoration, after 

which regular low intensity fires can be used to maintain an herbaceous, savannah understory.  

Even if there was a mechanical reduction in canopy cover, the current 20 year burn cycle has 

little effect on woody encroachment as many shrubs and trees will regenerate quickly after a fire. 

In some cases, savannah understory will return to a pre-burned state within 4 years of a fire 

(Haney, 2008). A similar phenomenon was observed in the Park with the lack of significant 

difference in shrub cover between plots with different times since last burn (2-50+ years). Those 

species capable of re-sprouting after a fire can reach a large size in the 20 years between burns 
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and may be more resistant to the next one (particularly fire-adapted oak trees). There is a range 

in recommended burn frequencies for sandy oak savannah in the literature with some authors 

recommending 4-7 years (Peterson et al., 2007), and others suggested as often as every 2 years 

(Tester, 1996). Experimental work with varying frequencies of low intensity burns within the 

Park may provide insight into the optimal frequency to maintain this system.  

An additional management issue in the park is the remnants of pine plantations from the 

plantings during the 1960s. Although there has been extensive mechanical removal of pines from 

former pine plantations, there are many areas where they remain. Cutting of pines and removal 

of pine duff in an Ottawa Valley oak savannah/pine plantation resulted in the recovery of native 

savannah vegetation and a more diverse and abundant orthopteran community (Catling & 

Kostiuk, 2010). 

These findings concerning tree cover and the limited impact of infrequent burning support 

my first prediction in part: burn frequency only reduced the canopy cover in plots that had been 

burned once. As discussed, this is attributed to differences in management intensity. The time 

since burn was not a significant predictor of canopy cover. These results are strong indicators 

that the current burn regime is not rigorous enough to maintain the structure typical of oak 

savannah.  

Rare Plant Species  

 

 A second consideration for ecosystem restoration is the protection of rare and at-risk 

plant species, particularly those within an endangered ecosystem like oak savannah. One of the 

goals of prescribed burn management in these systems is to improve habitat for these species by 

increasing canopy openness, reducing competition for light and space, in particular with shrubs, 
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and creating soil conditions more favourable for germination. The rare plant species found in this 

study are all obligate savannah/prairie species that require an open canopy and are adapted to 

regular fire disturbances. One species of particular interest to the park is Wild Lupine (S2 rank, 

or 5-20 occurrences in Ontario), the only host plant for the extirpated karner blue butterfly 

(Lycaeides melissa samuelis) and a host plant for several other rare butterflies in Ontario. In an 

assessment of the lupine populations at Pinery Provincial Park, Jarvis (2015) found that though a 

burn had been done the year he did his survey, the pine canopy remained (remnant of historic 

pine plantations), and there were fewer lupine plants as the summer went on. Similarly, Dwarf 

Hackberry, a threatened species, depends on an open canopy and some soil disturbance (Ontario 

Ministry of Natural Resources (OMNR), 2013)). Change in disturbance (lack of fire) is listed as 

one of the threats to this population and is the number one priority in the recovery strategy for 

this species (OMNR, 2013). This plant also acts as a host for a rare butterfly species (tawny 

emperor [Asterocampa clyton]). The protection of these rare plants has implications for rare 

invertebrates, increasing the importance of effectively protecting and promoting these 

populations. 

Bees 

 

 Because there is great variation between and within a particular habitat type, structure 

alone cannot always be an insightful measure of restoration success (Palmer et al., 1997). 

Ecosystem services (e.g. pollination, invasion resistance) are essential for the long term viability 

of a habitat (Montoya, 2012). This can certainly apply to pollinators, with a greater diversity of 

bee pollinators resulting in greater fruit set due to foraging complementarity - where pollination 

is optimized by variation between different species’ pollination behaviour (Bluthgen & Klein, 

2011; Hoehn et al., 2008). This can include foraging during different times of the day (Hoehn et 



30 
  

al., 2008), weather conditions, and season (in the case of long lived flowers) (Bluthgen & Klein, 

2011). There is variation in access to different parts of the flower (e.g. tongue length, body size), 

foraging height, and flower choice (e.g. orientation, colour, fragrance) (Hoehn et al., 2008). A 

diverse bee community can be an indicator that a site will be successful in terms of increased 

plant reproductive performance over the long term. 

In the oak savannahs of the Pinery, I found that the bee community was  limited by 

canopy structure, suggesting that the services that bees provide – including many rare plants of 

the park – have the potential to be affected by structural features connected to canopy and, 

ultimately, past management. Areas with open canopy, fewer shrubs, and high cover by 

herbaceous savannah plants had the highest abundance and diversity of bees, supporting my 

second prediction. Based on these results, it appears that if the structure of the oak savannah is 

restored, so too is a diverse (both in species and functional group) and abundant bee community.  

 Exploring the response of different bee functional groups can also better demonstrate 

how the bee community is impacted by a disturbance including management (Pindar, 2013). An 

“ecosystem process” like fire can have both direct and indirect effects on the community, with 

different functional groups responding differently. Fires can have direct effects on mortality of 

immobile larvae if they are in shallow soil nests (<5cm deep) where they can overheat, and stem 

nesters and some cavity nesters (e.g. snail shells) are likely burned or suffer from overheating 

(Cane & Neff, 2011). Indirectly, fire removes vegetation to create more bare soil for ground 

nesters; kills trees which creates nesting habitat for wood nesters (though intense fires will also 

destroy these resources); ground vegetation will be destroyed, decreasing the availability of 

stems for some cavity nesters; and increases floral resources by creating a more open canopy, 

scarifying seeds, and reducing competition with shade-tolerant plants. 
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Ground nesters were the dominant functional group I collected in this system. They were 

found primarily in open canopy areas; in fact, seven species were indicators for this type of 

habitat.  Open canopies create warm, sunny conditions at the ground level that these bees prefer 

for nest building. In these open areas there were more flowering stems and a greater proportion 

of savannah herbs, another significant predictor in ground nester abundance. Canopy cover (or 

lack thereof) is likely both directly related to ground nester abundance through the creation of 

ideal nest site conditions, and indirectly by increasing the available floral resources. Bare soil 

was also a predictor for greater abundance of ground nesters, as was expected as they require 

patches of bare soil for nesting.  

In terms of response to fire management, ground nesters follow a pattern similar to the 

response of canopy cover to fire, with areas that have been burned once having significantly 

more ground nesters than areas that have been burned either two or three times. The proportion 

of savannah herbs also followed this pattern. This reinforces the close relationship between open 

canopy, floral resources, and ground nesting bees (See Figure 11). As discussed previously, 

many of the areas that have been burned once experienced high intensity fires that killed trees, 

opening the canopy and making suitable habitat for herbaceous savannah plants. The 

combination of an open canopy and abundant floral resources, in turn, creates an ideal habitat for 

ground nesting bees. Unlike canopy and flowers though, the abundance of ground nesting bees 

was significantly related to time since fire, with more bees in areas that had been more recently 

burned. This may be due to the more bare soil that becomes available for nesting in these areas. 

Cavity nesting bees use a pre-existing cavity that may include a snail shell, hollow stem, 

former beetle burrow in wood, or a pithy stem (Michener, 2000). Overall, the interaction 

between more open canopy and a greater number of flowering stems was the best predictor for 
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cavity nester abundance.  This relationship between floral resources, bee abundance, and canopy 

cover follows a similar pattern as the ground nesting bees. However, when broken down by 

nesting substrate, the results vary. Snail shell nesters (Osmia conjuncta) are significantly more 

abundant in open areas, but have no relationship with any other habitat factor or management 

factor. This species appears to have a preference for open areas (or there may be many snail 

shells in open areas), as it was one of the most abundant species found in a study of a restored 

grassland (Richards et al., 2011). Wood cavity nesters increased with time since burn, but 

showed no relationship with any habitat factor. It may be expected that there would be more 

fallen dead wood from tree mortality immediately after a fire; however, as time passes this wood 

becomes more readily usable for wood cavity nesters as it decomposes and become softer 

(Williams, 2010). In contrast, stem nesters were more abundant in areas more recently burned 

than in more mature burns, but were not significantly related to any habitat factor. This too, is 

counter-intuitive as it would be expected that stem nesting resources would be destroyed during a 

fire and stem nesters should increase in abundance with time since fire as their host plants are 

able to re-establish. The most recent fire in this study was two years prior which provides 

sufficient time for the main stem host plants for the two most common stem nesters (Ceratina 

dupla and C. mikmaqi) to recover: Rhus spp, Rosa spp., and Rubus spp (Vickruck & Richards, 

2012).  

Increases in shrubby species like Rubus spp. (Whitney, 1986; Zasada & Tappeiner, 2008) 

and Rhus spp. (Nantel & Gagnon, 1999) following a disturbance, like fire, have been observed in 

the literature, which may explain the relationship between stem nesters and time since fire. All 

three of these plant hosts require some form of scarification (Rowe & Blazich, 2008; Meyer, 

2008; Xiaojie, 1999, respectively), with Rhus aromatica requiring both stratification and 
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scarification (Rowe & Blazich, 2008). Heat from a fire may contribute to the germination of 

these species through scarification (Nantel & Gagnon, 1999), though others have suggested the 

abundance of these species following a fire is due to reduced competition with other plants and 

loss of leaf litter (Went, 1952). These species can also increase by way of rhizomes that will send 

out new shoots after a fire, allowing bees to return quickly to the site. This may explain the 

steady decline in stem nesting bees as time since fire increases. Stem nesters likely benefit from 

regular low intensity burns that leave some host stems standing (either dead or alive) and trigger 

re-sprouting from roots and increased germination from seed.  

Neither habitat nor fire was significantly related to wood nesting bees. Lasioglossum 

cressonii, a wood nesting species that made up almost two thirds of the wood nesters collected, 

was found to be an indicator species for forested areas in the park (canopy cover >70%). In a 

study of another wood nesting bee, Augochlora pura, it was observed that they did not nest in 

logs under open canopy, possibly because these logs would dry out too quickly (Stockhammer, 

1966). This may explain the preference of L. cressonii for wooded areas. 

Parasitic bees showed no relationship with habitat or fire, but were significantly related to 

the number of ground nesters in an area. Sphecodes normally parasitizes other Halictids (ground 

nesting bees) and Nomada is known to parasitize ground nesting Agapostemon and Andrena, 

among others. Possibly many of the parasitic bees sampled use ground nesters as their hosts.  

Functional groups can also be sorted by diet. Some bees specialize in a particular species 

or family of flowers, while other forage more generally. Since native specialist bees depend on a 

narrow range of native plant species, they will be more sensitive to changes in the native floral 

community. The distribution of specialists in this system was strongly associated with a greater 

percent cover of savannah herbs, and was not related to any other habitat factor. Similarly, 
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Grundel (2010) found a higher proportion of diet specialists in areas with more open canopy and 

a more diverse, native flower community.  

The overall functional diversity of native bees was greatest in areas where the canopy 

was more open and flowering stems were more numerous.  Most of the bee functional groups 

collected showed a preference for open canopy areas, and flowering stems are a necessary food 

resource for all groups. There was no relationship between functional diversity and fire 

management. As described above, there were differences in response to fire and habitat when 

comparing between bee functional groups.  

Examining functional groups of bees individually provides more information than 

looking at functional or species diversity alone. The varying nesting requirements between bee 

functional groups create different responses to fire disturbances. In some cases, the positive 

response is immediately obvious, as with ground nesters and stem nesters, whereas in the case of 

wood cavity nesters, it may take years for nesting substrate to become suitable and sufficiently 

available after a fire.  

The exploration of a consumer trophic level (bees) also provides more insight into how 

prescribed burns are affecting the ecosystem than simply examining plants in isolation. This is 

illustrated by comparing the responses of tree canopy versus bees to burning. Whereas canopy 

structure was only affected by the high intensity burns from the early years of burning and no 

canopy response could be detected with time since burn, bees, in contrast, appeared to be more 

sensitive as there were significant responses to time since burn and to fire frequency, as well as 

variation in response between bee groups to these disturbances. The time since burn was a 

significant predictor for 3 of the 7 functional groups and the total number of bees. The 

differential responses –with some declining with time since fire, and others increasing –
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demonstrates the importance of the mosaic style of management at the park. Small burn blocks 

of varying ages appear to be an ideal way to preserve the habitat preferences of different nesting 

groups. Several authors have found that animal diversity increases in more heterogeneous 

habitats (Tews et al., 2004). By continuing the current strategy of burning small areas each year, 

this heterogeneous structure can be maintained. 

Conclusions 

 

I started my research to test the distribution of bees and associated flowers in Pinery Park 

with an unclear view of how past management may have influenced these species. The 

uncertainty derived from two sources: how the long-term burning program had actually 

influenced canopy structure in the park, and whether bees and native savannah plants were 

responsive to these influences. My results were not what I expected to find on either front. Fire 

did not have a universally positive effect on creating open-canopy savannah; in fact, it often had 

no impact at all on canopy cover. In contrast, bees and herbaceous plants were far more sensitive 

to canopy-based habitat conditions than I might have imagined. With the high number of plots I 

was able to establish, capturing a range of habitat gradients including canopy cover, I was able to 

clearly show that the more open canopy plots in the park, representing a relatively small 

proportion of the 139 plots, were hotspots for savannah plant and bee diversity. Although 

prescribed burns are used in the Park with the specific purpose of restoring savanna conditions 

and the associated species of this habitat, the current low intensity, low frequency burn regime 

has had surprisingly little effect on meeting these objectives. As a result, the management 

implications of my research seem clear. If the goals are to increase the abundance of savannah 

plants, rare plants, and bee pollinators, there is a clear need for more intense management that 

directly targets overstory canopy trees. Since more intense fires are not feasible in this area, 
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mechanical removal of trees coupled with low intensity burns may be a solution. The good news 

is that many obligate savanna plant and bee species remain in the park, and that they appear to be 

highly, positively responsive to the creation of open conditions. Continued monitoring of the 

plant and bee communities will be needed to test this hypothesis, but my research suggests the 

potential for success.  
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TABLES 

Table 1. Keys used for identification of bee genera and species. 

 

Agapostemon http://people.virginia.edu/~thr8z/Bee_Diversity/Green_Halictid_Key/Key_

To_Metallic_Green_Halictids.html 

Andrena Mitchell, T.B. (1960) Bees of the eastern United States. I. Technical 

bulletin (North Carolina Agricultural Experiment Station), 141, 1-538. 

[Introduction, Andrenidae, Colletidae, Halictidae, Mellitidae] 

Apis mellifera Packer, L., Genaro, J.A., and Sheffield C.S. (2007). The Bee Genera of 

Eastern Canada. Canadian Journal of Arthropod Identification, No. 3, 

available online at 

http://www.biology.ualberta.ca/bsc/ejournal/pgs03/pgs_03.html, 

doi: 10.3752/cjai.2007.03.  

Augochlora 

pura 

Packer, L., Genaro, J.A., and Sheffield C.S. (2007). The Bee Genera of 

Eastern Canada. Canadian Journal of Arthropod Identification No. 3, 

available online at 

http://www.biology.ualberta.ca/bsc/ejournal/pgs03/pgs_03.html, 

doi: 10.3752/cjai.2007.03.  

Augochlorella 

aurata 

Packer, L., Genaro, J.A., and Sheffield C.S. (2007). The Bee Genera of 

Eastern Canada. Canadian Journal of Arthropod Identification No. 3, 

available online at 

http://www.biology.ualberta.ca/bsc/ejournal/pgs03/pgs_03.html, 

doi: 10.3752/cjai.2007.03.  

Augochloropsis 

metallica 

Packer, L., Genaro, J.A., and Sheffield C.S. (2007). The Bee Genera of 

Eastern Canada. Canadian Journal of Arthropod Identification No. 3, 

available online at 

http://www.biology.ualberta.ca/bsc/ejournal/pgs03/pgs_03.html, 

doi: 10.3752/cjai.2007.03.  

Bombus Williams, P. H., Thorp, R. W., Richardson, L. L., & Colla, S. R. (2014). 

Bumble bees of North America: an identification guide. Princeton 

University Press. 

Ceratina Rehan, S. M., & Sheffield, C. S. (2011). Morphological and molecular 

delineation of a new species in the Ceratina dupla species-group 

(Hymenoptera: Apidae: Xylocopinae) of eastern North 

America. Zootaxa,2873, 35-50. 

Epeolus Packer, L., Genaro, J.A., and Sheffield C.S. (2007). The Bee Genera of 

Eastern Canada. Canadian Journal of Arthropod Identification No. 3, 

http://people.virginia.edu/~thr8z/Bee_Diversity/Green_Halictid_Key/Key_To_Metallic_Green_Halictids.html
http://people.virginia.edu/~thr8z/Bee_Diversity/Green_Halictid_Key/Key_To_Metallic_Green_Halictids.html
http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html
http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html
http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html
http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html
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available online at 

http://www.biology.ualberta.ca/bsc/ejournal/pgs03/pgs_03.html, 

doi: 10.3752/cjai.2007.03.  

Halictus Arduser, M. (2009). Halictus known from eastern North America. USGS. 

Heriades Mitchell, T.B. (1962) Bees of the eastern United States. II. Technical 

bulletin (North Carolina Agricultural Experiment Station), 152, 1-557. 

[Megachilidae, Anthophoridae, Apidae s.s.] 

Hoplitis Mitchell, T.B. (1962) Bees of the eastern United States. II. Technical 

bulletin (North Carolina Agricultural Experiment Station), 152, 1-557. 

[Megachilidae, Anthophoridae, Apidae s.s.] 

Hylaeus (genus 

only) 

Packer, L., Genaro, J.A., and Sheffield C.S. (2007). The Bee Genera of 

Eastern Canada. Canadian Journal of Arthropod Identification, No. 3, 

available online at 

http://www.biology.ualberta.ca/bsc/ejournal/pgs03/pgs_03.html, 

doi: 10.3752/cjai.2007.03.  

Lasioglossum 

(Dialictus) 

Gibbs, J. (2010). Revision of the metallic species of Lasioglossum 

(Dialictus) in Canada (Hymenoptera, Halictidae, Halictini). Zootaxa, 2591, 

1-382. 

Lasioglossum 

(Evylaeus) 

Arduser, M. (2009). Lasioglossum (Evylaeus, s.l.) of MO, incl. L. 

(Hemihalictus) and L. (Sphecodogastra), in part. USGS. 

Lasioglossum 

(sensu stricta) 

McGinley, R. J. (1986). Studies of Halictinae (Apoidea: Halictidae), I: 

revision of new world Lasioglossum curtis. Smithsonian Institution Press. 

Melissodes Pascarella, J.B. (2006). The Bees of Florida. Available online at 

http://entnemdept.ufl.edu/HallG/Melitto/floridabees/melissodes_subgenus.

htm. 

Nomada Packer, L., Genaro, J.A., and Sheffield C.S. (2007). The Bee Genera of 

Eastern Canada. Canadian Journal of Arthropod Identification No. 3, 

available online at 

http://www.biology.ualberta.ca/bsc/ejournal/pgs03/pgs_03.html, 

doi: 10.3752/cjai.2007.03.  

Osmia Arduser, M. (2009). Key to Osmia females known from eastern North 

America (east of the 100th meridian). USGS. 

Mitchell, T.B. (1962) Bees of the eastern United States. II. Technical 

bulletin (North Carolina Agricultural Experiment Station), 152, 1-557. 

[Megachilidae, Anthophoridae, Apidae s.s.] 

http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html
http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html
http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html
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Perdita Mitchell, T.B. (1960). Bees of the eastern United States. I. Technical 

bulletin (North Carolina Agricultural Experiment Station), 141, 1-538. 

[Introduction, Andrenidae, Colletidae, Halictidae, Mellitidae] 

Sphecodes 

(genus only) 

Packer, L., Genaro, J.A., and Sheffield C.S. (2007). The Bee Genera of 

Eastern Canada. Canadian Journal of Arthropod Identification No. 3, 

available online at 

http://www.biology.ualberta.ca/bsc/ejournal/pgs03/pgs_03.html, 

doi: 10.3752/cjai.2007.03.  

 

Table 2. Rare plants in plots sampled and their provincial and national status.  

 

Species Common Name Provincial Rank Endangered 

Species Act 

rank 

(provincial) 

Species at Risk 

Act rank 

(national) 

Asclepias 

viridifolia 

Green Milkweed S2* n/a n/a 

Aureolaria 

pediularia 

Fern-leaf False 

Foxglove 

S2* n/a n/a 

Celtis tenuifolia Dwarf Hackberry S2* Threatened Threatened 

Liatris aspera Rough Blazing 

Star 

S2* n/a n/a 

Liatris 

cylindraceae 

Cylindrical 

Blazing Star 

S3** n/a n/a 

Lithospermum 

caroliniense 

Hairy Puccoon S3** n/a n/a 

Lupinus perennis Wild Lupine S3** n/a n/a 

*S2 Imperiled—Imperiled in Ontario because of rarity due to very restricted range, very few 

populations (often 20 or fewer), steep declines, or other factors making it very vulnerable to 

extirpation from the province.  

**S3 Vulnerable—Vulnerable in Ontario due to a restricted range, relatively few populations 

(often 80 or fewer), recent and widespread declines, or other factors making it vulnerable to 

extirpation.  

From Oldham and Brinker, 2009. 

http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html
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Table 3. Plant species found in the plots sampled at Pinery Provincial Park. 

 

Species Name Common Name 

Achillea millefolium Common Yarrow 

Amelanchier spp Serviceberry  

Andropogon gerardii Big Bluestem 

Anemone cylindrica Thimbleweed 

Anemone quinquefolia Wood Anemone 

Antennaria parlinii Pussytoes 

Aquilegia canadensis Wild Columbine 

Arabis lyrata Lyrate Rock Cress 

Arctostaphylos uva-ursi Bearberry 

Arenaria serpyllifolia Thyme-leaved Sandwort 

Artemisia campestris spp caudata Wormwood 

Asclepias tuberosa Butterfly Milkweed 

Asclepias syriaca Common Milkweed 

Asclepias viridiflora Green Milkweed 

Aureolaria pedicularia Fern-leaf False Foxglove 

Bromus spp Brome spp 

Campanula rotundifolia Harebell 

Carex spp Sedge 

Ceanothus americanus New Jersey Tea 

Ceanothus herbaceus Redroot 

Celtis tenuifolia Dwarf Hackberry 

Centaurea spp Knapweed 

Clinopodium vulgare Wild Basil 

Comandra umbellata Bastard Toadflax 

Daucus carota Wild carrot 
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Diervilla lonicera Bush Honeysuckle 

Elymus spp Rye 

Epipactus helleborine Helleborine Orchid 

Equisetum arvense Field Horsetail 

Equisetum hyemale Scouring Rush 

Erigeron  pulchellus Robin’s Plaintain 

Erigeron strigosus Prairie Plaintain 

Euphorbia corollata Flowering Spurge 

Eurybia macrophylla Large-leaved Aster 

Frageria  spp Strawberry 

Fraxinus spp Ash 

Galium spp. Bedstraw 

Gaultheria procumbens Wintergreen 

Geranium maculatum Wild geranium 

Hamamelis virginiana Witch Hazel 

Helianthemum canadense Frostweed 

Helianthus divaricatus Woodland Sunflower 

Hieracium caespitosum spp caespitosum King Devil 

Hieracium pilosella Mouse-ear Hawkweed 

Hypericum perforatum Common St. John’s Wort 

Juniperus virginiana Red Cedar 

Juniperus communis Common Juniper 

Lespedeza intermedia Wandlike Bush Clover 

Lespedeza hirta Hairy Bush Clover 

Leucanthemum vulgare Oxeye Daisy 

Liatris cylindracea Cylindrical Blazing Star 

Liatris aspera Rough Blazing Star 

Lithospermum caroliniense Hairy Puccoon 
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Lonicera dioica Trumpet Honeysuckle 

Lupinus perennis Wild Lupine 

Maianthemum canadense Canada Mayflower 

Maianthemum racemosum spp racemosum False Spikenard 

Maianthemum stellatum False Solomon’s Seal 

Medicago lupulina Black Medick 

Melilotus alba White Sweet Clover 

Melilotus officinalis  Yellow Sweet Clover 

Minuartia michauxii Sandwort 

Mitchella repens Partridgeberry 

Monarda fistulosa Wild Bergamot 

Oenethera biennis Evening Primrose 

Packera paupercula Balsam Ragwort 

Panicum spp. Panic Grass 

Parthenocissus quinquefolia Virginia Creeper 

Pedicularis canadensis Wood Betony 

Pinus strobus White Pine 

Pinus resinosa Red Pine 

Polygala polygama Pink Milkwort 

Polygala paucifolia Fringed Milkwort 

Polygonatum pubescens Solomon’s Seal 

Populus spp Poplar spp. 

Potentilla simplex Common Cinquefoil 

Potentilla recta Rough-Fruited Cinquefoil 

Prenanthes alba Rattlesnake Root 

Prunella vulgaris Heal-all 

Prunus spp Cherry spp. 

Prunus serotina Black Cherry 
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Pteridium aquilinum Bracken Fern 

Quercus muehlenbergii Chinquapin Oak 

Quercus spp Red Oak spp 

Quercus alba White Oak 

Quercus nigra Black Oak 

Quercus rubra Red Oak 

Rhamnus cathartica Common Buckthorn 

Rhus aromatica Fragrant Sumac 

Rosa spp  Rose spp 

Rubus spp Raspberry spp 

Rudbeckia hirta Black-eyed Susan 

Rumex acetosella spp acetosella Sheep Sorrel 

Sassafras albidum Sassafras 

Schizachyrium scoparium Little Bluestem 

Sisyrinchium spp Blue-eyed Grass 

Solidago juncea Early Goldenrod 

Solidago caesia Blue-stemmed Goldenrod 

Solidago altissima Tall Goldenrod 

Solidago hispida Hairy Goldenrod  

Solidago nemoralis Grey Goldenrod 

Sorghastrum nutans Indian Grass 

Apocynum androsaemifolium  Spreading Dogbane 

Stipa spartea Porcupine Grass 

Symphoricarpos albus Snowberry 

Symphyotrichum laeve Smooth Aster 

Taraxacum officinale Dandelion 

Thuja occidentalis White Cedar 

Toxicodendron radicans Poison Ivy 
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Tragopogon dubius Goat’s Beard 

Vaccinium spp. Blueberry 

Verbascum thapsus Mullein 

Viburnum acerifolium Maple-leaved Viburnum 

Viburnum rafinesquianum Downy Arrow-wood 

Viola pubescens Downy Yellow Violet 

Viola spp Violet spp 

Vitus spp Grape spp. 
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Table 4. Indicator Species Analysis values for plants for each habitat (open/savannah=0-35%, 

woodland=36-70, forest=71-100). All species listed had significant P-values. 

 

Species Habitat Indicator 

Value 

Mean  SD P-value 

Liatris 

cylindraceae 

open/savannah 17.2 7.3 3.14 0.0136 

Schizachyrium 

scoparium 

open/savannah 23.2 12.9 3.90 0.0236 

Ceanothus 

americanus 

open/savannah 33.0 14.4 4.26 0.0028 

Ceanothus 

herbaceus 

open/savannah 14.6 4.1 2.19 0.0040 

Helianthus 

divaricatus 

forest 29.7 20.9 4.58 0.0512 

Packera 

paupercula 

open/savannah 51.4 18.7 5.44 0.0004 

Helianthemum 

canadense 

woodland 22.5 10.3 3.72 0.0118 

Maianthemum 

canadense 

forest 27.4 14.3 4.41 0.0136 

Vaccinum forest 20.1 9.3 3.49 0.0106 

Lonicera forest 16.5 8.2 3.41 0.0248 

Artemisia 

campestris 

open/savannah 10.0 3.1 1.57 0.0252 
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Table 5. List of bee species collected, their nesting substrate and diet type (specialist or 

generalist), and the number of individuals from each species. 

Genus  Species 

Nesting 

Type Diet 

Number 

Collected 

Agapostemon sericeus Ground  generalist 1 

Agapostemon splendens Ground  generalist 43 

Agapostemon texanus Ground  generalist 6 

Andrena  alleghaniensis Ground  Aster 1 

Andrena  dunningi Ground  generalist 1 

Andrena  miranda Ground  generalist 62 

Andrena  

miserabilis 

bipunctata Ground  generalist 1 

Andrena  nasonii Ground  generalist 2 

Andrena  rubi Ground   8 

Andrena  solidaginis Ground  Aster, goldenrod 3 

Apis mellifera Hive generalist 1 

Augochlora pura Wood generalist 2 

Augochlorella aurata Ground  generalist 340 

Augochloropsis metallica Ground  generalist 2 

Bombus bimaculatus Ground  generalist 4 

Bombus citrinus Parasitic generalist 2 

Bombus griseocollis Ground  generalist 7 

Bombus impatiens Ground  generalist 1 

Bombus perplexus  generalist 2 

Ceratina calcarata Stem generalist 9 

Ceratina dupla Stem generalist 9 

Ceratina mikmaqi Stem generalist 4 

Ceratina strenua Stem generalist 18 

Epeolus  Parasitic  1 

Heriades leavitti Ground generalist 1 

Hoplitis spoliata  generalist 1 

Hoplitis truncata  generalist 1 

Hylaeus  Stem  1 

Lasioglossum acuminatum  generalist 170 

Lasioglossum bruneri   16 

Lasioglossum coeruleum Wood generalist 1 

Lasioglossum coriaceum Ground  generalist 10 

Lasioglossum cressonii Wood generalist 77 

Lasioglossum fuscipenne Ground   10 

Lasioglossum leucocomum Ground  generalist 118 

Lasioglossum leucozonium Ground  generalist 23 
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Lasioglossum lineatulum Ground  generalist 2 

Lasioglossum nelumbonis Ground  Nymphaea 2 

Lasioglossum pictum  generalist 1 

Lasioglossum pectorale Ground  generalist 44 

Lasioglossum pilosum Ground  generalist 324 

Lasioglossum timothyi Ground  generalist 40 

Lasioglossum vierecki Ground  generalist 58 

Lasioglossum zonulum Ground  generalist 2 

Lasioglossum 

Dialictus morpho 

1   24 

Halictus confusus Ground  generalist 12 

Halictus ligatus Ground  generalist 19 

Halictus parallelus Ground  generalist 3 

Megachile montivaga Wood generalist 4 

Melissodes communis Ground  generalist 2 

Melissodes denticulata Ground  generalist 1 

Melissodes druriella Ground   2 

Nomada  Parasitic  28 

Osmia artiventris Wood/Stem generalist 7 

Osmia bucephala Wood generalist 12 

Osmia conjuncta Snail Shells generalist 17 

Osmia distincta Cavity Plantagineae 6 

Osmia georgica Wood Asteraeae 4 

Osmia proxima Stem/Wood generalist 1 

Osmia simillima Wood generalist 4 

Osmia texana Stem/Wood Helianthus divaricatus 9 

Perdita bequaerti Ground  Helianthus divaricatus 23 

Sphecodes  Parasitic  28 
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Table 6. P-values for linear regression of bee abundance, richness, and functional response to habitat. 

 

 Bee Species 

Richness 

Total Bees  Total 

Ground 

Nesters  

Total 

Cavity 

Nesters  

Total 

Wood 

Cavity 

Nesters 

Total 

Snail 

Shell 

Nester 

Total 

Stem 

Nester 

Total 

Wood 

Nester 

Parasitic Number of 

functional 

groups 

Model <0.0001* <0.0001* <0.0001* . . 0.0005* . . 0.0099* <0.0001* 

Canopy . . . . . 0.0005* . . . . 

Canopy*shrub . . . . . . . . . . 

Canopy* savannah 0.0048* . . . . . . . . . 

Shrub * savannah 0.0177* . . . . . . . . . 

Canopy * shrub* 

Savannah 

0.4611 . . . . . . . . . 

Canopy*Bare 

Soil*Wood*Savan

nah 

. 0.0117* 0.0019* . . . . . . . 

Ground Nesters . . . . . . . . 0.0099* . 

Total 

flowers*canopy 

. . . . . . . . . 0.0119* 
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Table 7. P-values for linear regression for bee abundance and functional response to fire management. 

 

 Total Bees Ground 

Nesters 

Total 

Cavity 

Nesters 

Snail 

Shell 

Nesters 

Wood 

Cavity 

Nesters 

Stem 

Nesters 

Wood 

Nesters 

 

Parasitic Total number 

of Functional 

Groups 

Model 0.0001* <0.0001* . . 0.0187* 0.0202* . . . 

Burn 

Frequency 

(3&2&0-1) 

. . . . . . . . . 

Time since 

burn 

. . . . 0.0187* 0.0202* . . . 

Frequency 

(3&2&0-

1)*Time 

since burn 

0.0042* 0.005* . . . . . . . 
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Table 8. Indicator Species Analysis values for bees in each habitat type (open/savannah=0-35% 

cover, woodland=36-70%, forest=71-100%). 

 

Species Habitat Indicator 

Value 

Mean  SD P value 

Osmia 

conjuncta 

open/savannah 19.3 6.9 2.95 0.0040 

Lasioglossum 

vierecki 

open/savannah 41.4 11.6 3.64 0.0002 

Lasioglossum 

pilosum  

open/savannah 43.2 22.2 4.94 0.0012 

Lasioglossum 

leucocomum 

open/savannah 31.9 17.4 4.13 0.0082 

Lasioglossum 

cressonii 

forest 29.9 18.9 3.82 0.0148 

Lasioglossum 

bruneri 

open/savannah 11.3 5.7 2.70 0.0418 

Augochlorella 

aurata 

open/savannah 42.9 29.3 3.43 0.0014 

Agapostemon 

splendons 

open/savannah 27.5 11.4 3.55 0.0024 
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FIGURES 
 

 

Figure 1. Historic and present range of tallgrass prairie and savannah in southern Ontario 

(COSEWIC, 2010). 

 

Figure 2. Aerial photographs of the southwest portion of Pinery Provincial Park in 1954 and 

2016 (figure created by Jenny McCune). There has been a dramatic infilling of the canopy in the 

last 60 years. 
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Figure 3. Oak Savannah habitat in Pinery Provincial Park in May 2015. 

 

 

Figure 4. 25m2 circular plot for sampling vegetation diversity and cover. 1 x 1m plots were 

sampled at the north and south end of each plot for percent cover of each species. 
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Figure 5. Number of plots where each bee species occurs. 
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Figure 6. Total number of individuals collected from each species.
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Figure 7. Number of individuals from each functional group collected. 

 

 

Figure 8. Plots where rare plants were present had significantly more open canopy than those 

where they were absent. 
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Figure 9. Bee species richness, abundance, and ground nester abundance was greatest in more open canopy. Figure shows 95% 

confidence of fit bands. 
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Figure 10. Non-metric multi-dimensional scaling ordination for plant (a) and bee (b) species in each canopy cover type shows that 

there is less variation in species composition between savannah plots than forest plots in both cases. 
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Figure 11. Areas that had been burned once had the greatest ground nester abundance, most open canopy, and greatest percent cover 

by savannah herbs. 



59 
 

REFERENCES 
 

Abella, S. R. (2010). Thinning pine plantations to reestablish oak openings species in 

northwestern Ohio. Environmental Management, 46(3), 391-403. 

Abrams, M.D. (1996). Distribution, historical development and ecophysiological attributes of 

oak species in the eastern United States. annales des sciences forestieres, 53 (2-3), 

pp.487-512. <hal-00883070> 

Abrams, M. D. (2005). Prescribing fire in eastern oak forests: Is time running out?. Northern 

Journal of Applied Forestry, 22(3), 190-196. 

Arthur, M. A., Alexander, H. D., Dey, D. C., Schweitzer, C. J., & Loftis, D. L. (2012). Refining 

the oak‐fire hypothesis for management of oak-dominated forests of the eastern United 

States. Journal of Forestry, 110(5), 257-266. 

Anderson, R. (2008). The use of fire as a restoration tool at Curtis Prairie. Madison: University 

of Wisconsin Press.  

Anderson, R. et al. (1999). Savannahs, barrens, and rock outcrop plant communities of North 

America. Cambridge: Cambridge University Press. 

Audubon, J. J. (1832). Ornithological biography (Vol. 1). 

Bakowsky, W., & Riley, J. L. (1994). A survey of the prairies and savannas of southern Ontario. 

In Proceedings of the Thirteenth North America Prairie Conference (pp. 7-16). 

Blüthgen, N., & Klein, A. M. (2011). Functional complementarity and specialisation: the role of 

biodiversity in plant–pollinator interactions. Basic and Applied Ecology, 12(4), 282-291. 



60 
  

Briggs, J. M., Knapp, A. K., & Brock, B. L. (2002). Expansion of woody plants in tallgrass 

prairie: a fifteen-year study of fire and fire-grazing interactions. The American Midland 

Naturalist, 147(2), 287-294. 

Brose, P. H., & Van Lear, D. H. (1998). Responses of hardwood advance regeneration to 

seasonal prescribed fires in oak-dominated shelterwood stands. Canadian Journal of 

Forest Research, 28(3), 331-339. 

Buchanan, M. L., & Hart, J. L. (2012). Canopy disturbance history of old-growth< i> Quercus 

alba</i> sites in the eastern United States: Examination of long-term trends and broad-

scale patterns. Forest Ecology and Management,267, 28-39. 

Burton, J. A., Hallgren, S. W., Fuhlendorf, S. D., & Leslie Jr, D. M. (2011). Understory response 

to varying fire frequencies after 20 years of prescribed burning in an upland oak 

forest. Plant Ecology, 212(9), 1513-1525.m 

Cane, J. H., & Neff, J. L. (2011). Predicted fates of ground-nesting bees in soil heated by 

wildfire: thermal tolerances of life stages and a survey of nesting depths. Biological 

Conservation, 144(11), 2631-2636. 

Catling, P. M., & Kostiuk, B. (2010). Successful re-establishment of a native savannah flora and 

fauna on the site of a former pine plantation at Constance Bay, Ottawa, Ontario. The 

Canadian Field-Naturalist, 124(2), 169-178. 

Colla, S.R. & A. Taylor-Pindar. (2011). Recovery Strategy for the Rusty-patched Bumble Bee 

(Bombus affinis) in Ontario. Ontario Recovery Strategy Series. Prepared for the Ontario 

Ministry of Natural Resources, Peterborough, Ontario. vi + 21 pp. 



61 
  

COSEWIC. (2010). COSEWIC assessment and status report on the Butler’s Gartersnake 

Thamnophis butler in Canada. Committee on the Status of Endangered Wildlife in 

Canada. Ottawa. xi + 51 pp. (www.sararegistry.gc.ca/status/status_e.cfm). 

Diboll, N. (1986). Mowing as an alternative to spring burning for control of cool season exotic 

grasses in prairie grass plantings. In The prairie: past, present and future. Proc. 9th North 

American prairie conference. Moorhead, MN. Fargo, ND: Tri-College University Center 

for Environmental Studies (pp. 204-209). 

Dixon, K. W. (2009). Pollination and restoration. Science, 325(5940), 571. 

Drewa, P. B., Platt, W. J., & Moser, E. B. (2002). Fire effects on resprouting of shrubs in 

headwaters of southeastern longleaf pine savannas. Ecology, 83(3), 755-767. 

Duffy, K. J., Patrick, K. L., & Johnson, S. D. (2013). Does the likelihood of an Allee effect on 

plant fecundity depend on the type of pollinator?. Journal of Ecology, 101(4), 953-962. 

Dufrene, M., & Legendre, P. (1997). Species assemblages and indicator species: the need for a 

flexible asymmetrical approach. Ecological monographs, 67(3), 345-366. 

Ellsworth, J. W., & McCOMB, B. C. (2003). Potential effects of passenger pigeon flocks on the 

structure and composition of presettlement forests of eastern North America. 

Conservation Biology, 17(6), 1548-1558. 

Etwell, T., & Bazely, D. R. (2004). Determining an appropriate fire frequency for restoration and 

maintenance of oak savannas in Pinery Provincial Park. 

Forup, M. L., Henson, K. S., Craze, P. G., & Memmott, J. (2008). The restoration of ecological 

interactions: plant–pollinator networks on ancient and restored heathlands. Journal of 

Applied Ecology, 45(3), 742-752. 

http://www.sararegistry.gc.ca/status/status_e.cfm


62 
  

Garibaldi, L. A., Steffan-Dewenter, I., Winfree, R., Aizen, M. A., Bommarco, R., Cunningham, 

S. A., ... & Bartomeus, I. (2013). Wild pollinators enhance fruit set of crops regardless of 

honey bee abundance. science, 339(6127), 1608-1611. 

Gibson & Macoun. (1875). In: Morrison, R.G. (1973). Primary succession on sand dunes at 

Grand Bend, Ontario. PhD thesis, University of Toronto, ON. 

Grundel, R., Jean, R. P., Frohnapple, K. J., Glowacki, G. A., Scott, P. E., & Pavlovic, N. B. 

(2010). Floral and nesting resources, habitat structure, and fire influence bee distribution 

across an open-forest gradient. Ecological applications, 20(6), 1678-1692. 

Guyette, R. P., Dey, D. C., Stambaugh, M. C., & Muzika, R. M. (2006). Fire scars reveal 

variability and dynamics of eastern fire regimes. Fire in Eastern Oak Forests: Delivering 

Science to Land Managers. Proceedings of a Conference. Columbus, Ohio. The Ohio 

State University (pg 20-39). 

Hackney, E. E., & McGraw, J. B. (2001). Experimental demonstration of an Allee effect in 

American ginseng. Conservation Biology, 15(1), 129-136. 

Haney, A., Bowles, M., Apfelbaum, S., Lain, E., & Post, T. (2008). Gradient analysis of an 

eastern sand savanna's woody vegetation, and its long-term responses to restored fire 

processes. Forest Ecology and Management, 256(8), 1560-1571. 

Hoehn, P., Tscharntke, T., Tylianakis, J. M., & Steffan-Dewenter, I. (2008). Functional group 

diversity of bee pollinators increases crop yield. Proceedings of the Royal Society of 

London B: Biological Sciences, 275(1648), 2283-2291. 

Hoekstra, J. M., Boucher, T. M., Ricketts, T. H., & Roberts, C. (2005). Confronting a biome 

crisis: global disparities of habitat loss and protection.Ecology letters, 8(1), 23-29. 



63 
  

Jarvis, J. R. (2015). Assessing Wild Lupine (Lupinus perennis L.) Habitat in Ontario, Canada, 

for the Feasibility of Reintroduction of the Karner Blue Butterfly (Lycaeides samuelis 

Nabokov) MSc thesis. University of Guelph, Guelph, ON. 

Knapp, A. K., Briggs, J. M., Hartnett, D. C., & Collins, S. L. (1998). Grassland dynamics. 

Oxford University Press. 

Lee, H. T., & Ontario. Southcentral Science Section. (1998). Ecological land classification for 

southern Ontario: First approximation and its application. North Bay: Ontario Ministry 

of Natural Resources, Southcentral Science Section. 

Lettow, M. C., Brudvig, L. A., Bahlai, C. A., & Landis, D. A. (2014). Oak savanna management 

strategies and their differential effects on vegetative structure, understory light, and 

flowering forbs. Forest Ecology and Management, 329, 89-98. 

MacDougall, A. S. (2005). Responses of diversity and invasibility to burning in a northern oak 

savanna. Ecology, 86(12), 3354-3363. 

MacDougall, A. S., Beckwith, B. R., & Maslovat, C. Y. (2004). Defining conservation strategies 

with historical perspectives: a case study from a degraded oak grassland ecosystem. 

Conservation Biology, 18(2), 455-465. 

MacDougall, A.S. & Turkington, R. (2006). Does the type of disturbance matter when restoring 

disturbance-dependent grassland? Restoration Ecology, 15, 263-272. 

MacDougall, A. S., McCann, K. S., Gellner, G., & Turkington, R. (2013). Diversity loss with 

persistent human disturbance increases vulnerability to ecosystem collapse. Nature, 

494(7435), 86-89. 



64 
  

Mallinger, R. E., & Gratton, C. (2015). Species richness of wild bees, but not the use of managed 

honeybees, increases fruit set of a pollinator‐dependent crop. Journal of Applied 

Ecology, 52(2), 323-330. 

Menz, M. H., Phillips, R. D., Winfree, R., Kremen, C., Aizen, M. A., Johnson, S. D., & Dixon, 

K. W. (2011). Reconnecting plants and pollinators: challenges in the restoration of 

pollination mutualisms. Trends in plant science, 16(1), 4-12. 

Meyer, S. (2008). The Woody Plant Seed Manual. Washington, DCUS Department of 

Agriculture, Forest Service. Agriculture Handbook, 727. 

Michener, C. D. (2000) The Bees of the World. Baltimore, MD. John Hopkins University Press. 

Montoya, D., Rogers, L., & Memmott, J. (2012). Emerging perspectives in the restoration of 

biodiversity-based ecosystem services. Trends in ecology & evolution, 27(12), 666-672. 

Nantel, P., & Gagnon, D. (1999). Variability in the dynamics of northern peripheral versus 

southern populations of two clonal plant species, Helianthus divaricatus and Rhus 

aromatica. Journal of Ecology, 87(5), 748-760. 

Nowacki, G. J., & Abrams, M. D. (2008). The demise of fire and “mesophication” of forests in 

the eastern United States. BioScience, 58(2), 123-138. 

Oldham, M.J., & S.R. Brinker. (2009). Rare Vascular Plants of Ontario, Fourth Edition. Natural 

Heritage Information Centre, Ontario Ministry of Natural Resources. Peterborough, 

Ontario. 188 pp. 

Ontario Ministry of Natural Resources (OMNR). (2013). Recovery Strategy for the Dwarf 

Hackberry (Celtis tenuifolia) in Ontario. Ontario Recovery Strategy Series. Ontario 

Ministry of Natural Resources, Peterborough, Ontario. iii + 5 pp + Appendix vi + 43 pp. 



65 
  

Adoption of Recovery Strategy for Dwarf Hackberry (Celtis tenuifolia) in Canada (Parks 

Canada Agency 2011). 

Packer, L., Genaro, J.A., & Sheffield C.S. (2007). The Bee Genera of Eastern Canada. Canadian 

Journal of Arthropod Identification No. 3, available online at 

http://www.biology.ualberta.ca/bsc/ejournal/pgs03/pgs_03.html, 

doi: 10.3752/cjai.2007.03.  

Palmer, M. A., Ambrose, R. F., & Poff, N. L. (1997). Ecological theory and community 

restoration ecology. Restoration ecology, 5(4), 291-300. 

Peterson, D. W., & Reich, P. B. (2001). Prescribed fire in oak savanna: fire frequency effects on 

stand structure and dynamics. Ecological Applications,11(3), 914-927. 

Peterson, D. W., Reich, P. B., & Wrage, K. J. (2007). Plant functional group responses to fire 

frequency and tree canopy cover gradients in oak savannas and woodlands. Journal of 

Vegetation Science, 18(1), 3-12.  

Pindar, A. (2013). The effect of fire disturbance on bee community composition in oak savannah 

habitat in southern Ontario, Canada. PhD thesis. York University, Toronto, ON. 

Potts, S. G., Vulliamy, B., Dafni, A., Ne'eman, G., & Willmer, P. (2003). Linking bees and 

flowers: how do floral communities structure pollinator communities? Ecology, 84(10), 

2628-2642. 

Potts, S. G., Biesmeijer, J. C., Kremen, C., Neumann, P., Schweiger, O., & Kunin, W. E. (2010). 

Global pollinator declines: trends, impacts and drivers.Trends in ecology & 

evolution, 25(6), 345-353. 

Ratajczak, Z., Nippert, J.B., & Collins, S.L. (2012). Woody encroachment decreases diversity 

across North American grasslands and savannas. Ecology, 93(4), 697-703. 

http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html


66 
  

Richards, M. H., Rutgers-Kelly, A., Gibbs, J., Vickruck, J. L., Rehan, S. M., & Sheffield, C. S. 

(2011). Bee diversity in naturalizing patches of Carolinian grasslands in southern 

Ontario, Canada. The Canadian Entomologist, 143(03), 279-299. 

Riley, J. (2013). The once and future great lakes country: An ecological history. Montreal, QC. 

McGill-Queen’s University Press. 

Rogers, T. R., & Russell, F. L. (2014). Historical patterns of oak population expansion in the 

Chautauqua Hills, Kansas. Journal of Biogeography, 41(11), 2105-2114. 

Roth, W. (1862). Field notes of the original survey of concessions A, B, C. also part of Can. 

Land II in the Township of Bosanquet- of part of Aux Sables and XXVII Concessions of 

the Township of McGillivray. Canada Company Papers, Vol. 178. Public Archives of 

Ontario. 

Rowe, D. B., & Blazich, F. A. (2008). Rhus L.: sumac. The Woody Plant Seed Manual. 

Washington, DCUS Department of Agriculture, Forest Service. Agriculture 

Handbook, 727. 

Smith, S. (1828). Travers of the River Auxsables between the 29th of July and 21st of 

September. Canada Company Papers, Volume 178. Public Archives of Ontario. 

Stephens, P. A., Sutherland, W. J., & Freckleton, R. P. (1999). What is the Allee effect?. Oikos, 

185-190. 

Stockhammer, K. A. (1966). Nesting habits and life cycle of a sweat bee, Augochlora pura 

(Hymenoptera: Halictidae). Journal of the Kansas Entomological Society, 157-192. 

Tester, J. R. (1996). Effects of fire frequency on plant species in oak savanna in east-central 

Minnesota. Bulletin of the Torrey Botanical Club, 304-308. 



67 
  

Tews, J., Brose, U., Grimm, V., Tielbörger, K., Wichmann, M. C., Schwager, M., & Jeltsch, F. 

(2004). Animal species diversity driven by habitat heterogeneity/diversity: the 

importance of keystone structures. Journal of biogeography, 31(1), 79-92. 

Vickruck, J. L., & Richards, M. H. (2012). Niche partitioning based on nest site selection in the 

small carpenter bees Ceratina mikmaqi and C. calcarata.Animal Behaviour, 83(4), 1083-

1089. 

Went, F. W., Juhren, G., & Juhren, M. C. (1952). Fire and biotic factors afecting 

germination. Ecology, 33(3), 351-364. 

Whitney, G. G. (1986). A demographic analysis of Rubus idaeus and Rubus 

pubescens. Canadian Journal of Botany, 64(12), 2916-2921. 

Williams, N. M., Crone, E. E., T’ai, H. R., Minckley, R. L., Packer, L., & Potts, S. G. (2010). 

Ecological and life-history traits predict bee species responses to environmental 

disturbances. Biological Conservation, 143(10), 2280-2291. 

Williams, P. H., Thorp, R. W., Richardson, L. L., & Colla, S. R. (2014). Bumble Bees of North 

America: An Identification Guide. Princeton University Press. 

Willmer, P. (2011). Pollination and floral ecology. New Jersey: Princeton University Press. 

Xiaojie Li, Jerry M. Baskin & Carol C. Baskin (1999). Seed morphology and physical dormancy 

of several North American Rhus species (Anacardiaceae). Seed Science Research, 9, pp 

247-258 doi:10.1017/S0960258599000252 

Zasada, J.C. and Tappeiner, J.C. (2008). The Woody Plant Seed Manual. Washington, DCUS 

Department of Agriculture, Forest Service. Agriculture Handbook, 727. 


