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ABSTRACT 

 Semi-natural ecosystems are areas with biological and physical characteristics 
that resemble natural ecosystems but are also affected by anthropogenic disturbances. 
Semi-natural ecosystems are also areas with high insect pollinator diversity. Land 
management actions within semi-natural ecosystems may therefore be important to 
counteract future declines of insect pollinators. However, current restoration strategies 
for insect pollinator communities are based on evidence from agricultural ecosystems, 
which have frequent human interventions to ensure plant success, neglect the 
importance of nesting materials, and primarily benefit generalist species. To inform 
management actions for the conservation and restoration of insect pollinators in semi-
natural ecosystems, I (1) synthesized the current understanding of the effects of 
common land management actions on insect pollinators on public lands in the US, (2) 
identified habitat characteristics which structure the taxonomic and functional diversity 
of bee communities, (3) evaluated the strength of influence of mechanisms associated 
with diet breadth across groups of bee species and (4) designed a conceptual model 
which can be used to select flowering plant species to provide food resources for bee 
communities in semi-natural ecosystems.  
 Management actions that increase the abundance of floral and nesting 
resources to support bee species from different functional groups are required to 
conserve and restore insect pollinator communities in semi-natural ecosystems. I found 
that (1) management actions have positive, neutral, and negative effects on insect 
pollinators, but research trends vary depending on the taxon and habitat type, (2) the 
taxonomic and functional diversity of bee communities are structured by the abundance 
of both floral and nesting resources, (3) patterns of abundance across space and time 
have a more positive effect on the diet breadth of bumble bee species compared to non-
bumble bee species, and (4) wildflower species that receive a high visitation rate and 
richness, occupy functionally important positions within bee-flower interaction networks, 
and are spatially and temporally widespread are important to provide bee communities 
with food resources in semi-natural ecosystems. These wildflower species may be 
particularly important to include within seed mixes to revegetate semi-natural 
ecosystems and provide food resources for insect pollinators.
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CHAPTER ONE 

INTRODUCTION TO DISSERTATION 

Background 

 Land management strategies that provision ecosystem services while 

conserving biodiversity are critical to sustain the benefits supplied to human societies by 

ecosystems (ecosystem services). However, anthropogenic activities used to provision 

ecosystem services can also degrade habitats that are essential for species of 

conservation concern, threatening biodiversity and ecosystem function relationships 

(Cardinale et al., 2006; Cardinale, 2012). Land management decisions which extract 

resources and are consistent with the conservation of functionally important species 

may be critical for the resilience of human and ecological health (Belote et al., 2017). 

 Pollinators are essential to maintain functioning ecosystems, but the global 

decline in insect pollinators increases the need for management actions that improve 

the taxonomic and functional diversity of insect pollinator communities (Cariveau et al., 

2020). Insect pollinators ensure the maintenance of vegetation communities through 

pollination services (Ollerton et al., 2011). Plants, in turn, sustain ecosystem processes 

that improve water quality, provide forage for organisms in higher trophic levels, reduce 

soil erosion, and increase the aesthetic value of landscapes (Wratten et al., 2012). 

However, insect pollinators are in decline globally (Van Bergen et al. 2013) and 

management actions are rarely designed to provide the specific food and nesting 

resources required by insect pollinators (Dixon, 2009; Winfree, 2010; Menz et al., 2011; 
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Cariveau et al., 2020). Consequently, studies that seek to understand how habitat 

characteristics structure insect pollinator communities could be important to inform 

management strategies to sustain biodiversity and function across diverse ecosystems. 

 Semi-natural ecosystems are areas with biological and physical characteristics 

found in natural ecosystems but are also affected by anthropogenic disturbances. Semi-

natural ecosystems are also areas of high insect pollinator diversity (Koh et al., 2016; 

Orr et al., 2021; Glenny et al., 2022). Within the US, most semi-natural ecosystems are 

public lands, which are areas collectively owned by the citizens of the US and managed 

by federal agencies to preserve the economic and biological values of the landscape for 

future generations (Congress, 1968). Federal land management agencies may 

therefore apply actions to provision ecosystem services, but there is a lack of 

information on the effects of land management actions on insect pollinator communities 

on public lands (Glenny et al., 2022). Furthermore, current restoration strategies for 

insect pollinators have been informed primarily from agricultural ecosystems, which 

have frequent human interventions to ensure plant success and primarily benefit 

generalist species (Wood et al., 2015). As a result, current management actions for 

insect pollinator conservation and restoration are likely not suitable for semi-natural 

ecosystems. 

 Insect pollinators require both foraging and nesting resources to fulfill the 

habitat requirements of species with distinct life history stages. The composition of co-

occurring flower species can alter the availability of dietary protein and nitrogen required 

to rear bee larvae, and sugars in nectar to maintain the metabolic rates of pollinating 
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insects (Roulston and Goodell, 2011). Bees also demonstrate a variety of nesting 

behaviors and rely on diverse materials that exist above and belowground (Cane, 1991; 

Harmon-Threatt, 2020). Most bee species are ground-nesting and require exposed, dry, 

malleable soils with high temperature and light availability, while above-ground nesting 

bees need resins, mud, or vegetation to construct brood cells in wood or rock cavities, 

or hollow-stemmed plants (Harmon-Threatt, 2020). However, nesting resources are 

poorly described for most bee species (Harmon-Threatt, 2020), which limits the ability of 

management actions to provide the complete range of resources required by insect 

pollinators. Studies that describe changes in taxonomic and functional diversity of bee 

communities to levels of food and nesting resources are required for conservation and 

restoration strategies of insect pollinator communities in semi-natural ecosystems. 

 The effects of management actions on insect pollinator communities may 

depend on the strength of influence of mechanisms related to diet breadth across 

groups of bee species. Bee species that are abundant across space and time form 

interactions with more plant species through chance events (Vazquez et al., 2009), and 

body size is considered a proxy for niche position among interacting species 

(Woodward et al., 2005). However, the unique life history traits of bee species may 

change the strength of influence of mechanisms associated with diet breadth for groups 

of bee species (Peralta et al., 2020; Coux et al., 2021), underscoring the importance of 

the spatial and temporal distribution of floral resources to support groups of bee 

species. For instance, bumble bees are large-bodied and eusocial species that can fly 

far distances in search of floral resources, while individuals of solitary bee species 
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provision resources for larvae that emerge the following growing season and are 

spatially and temporally restricted as central place foragers (Greenleaf et al., 2007; Jha 

and Kremen, 2013). Consequently, the strength of influence of mechanisms related to 

diet breadth across groups of bee species is required to understand how management 

actions can be designed to affect the spatial and temporal availability of food resources 

in ways that are consistent with the foraging requirements of different groups of bee 

species (Havens and Vitt, 2016). 

Dissertation Objectives 

 It was the objective of my dissertation to understand the effects of management 

actions on insect pollinators on public lands in the US and to improve recommendations 

for restoration actions to meet structural and functional endpoints for insect pollinator 

communities in semi-natural ecosystems. To achieve this objective, I (1) synthesized 

the current understanding of the effects of common land management actions on insect 

pollinators on public lands in the US, (2) identified habitat characteristics which structure 

the taxonomic and functional diversity of bee communities, (3) evaluated the strength of 

influence of mechanisms associated with diet breadth across groups of bee species and 

(4) designed a conceptual model which can be used to select flowering plant species to 

provide food resources for bee communities in semi-natural ecosystems. 

Study System and Experimental Approach 

 (1) I conducted a systematic literature review to summarize the effects of 

management actions on insect pollinator communities on public lands in the US. I 
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analyzed forest management plans published by the United States Forrest Service 

(USFS) to identify seven common land management actions with the potential to 

influence insect pollinator communities: prescribed burning, logging, grazing, invasive 

species removal, revegetation using wildflower mixes, the presence of commercial 

pollinators, and combinations of these management actions. Using the Web of Science 

search engine, I located all studies that compared the effects of these management 

actions on insect pollinator communities between treatment and control groups. Using a 

vote counting procedure, I summarized the number of positive, neutral, and negative 

effects each management action had on bees, butterflies, flies, and total floral visiting 

insects. 

 (2) To identify how habitat characteristics structure bee communities, I 

estimated the abundance of food and nesting resources and observed bee-flower 

interactions at sites along the forest-sagebrush ecotone in a high-elevation sagebrush 

basin (Big Hole; elev. 1800 m). Within this ecosystem, a history of grazing and fire 

suppression have resulted in the expansion of conifers into the adjacent shrubland 

ecosystem (Heyerdahl et al., 2006), potentially altering the abundance of bee floral and 

nesting habitat characteristics. At 12 sites randomly placed along the forest-sagebrush 

ecotone, I measured the floral abundance, woody plant density, coarse woody debris 

volume, and soil composition and observed bee-flower interactions across the growing 

season in the summers of 2018 and 2019. I employed piecewise structural equation 

modelling to understand how the abundance of bee species from different functional 

groups are correlated with multiple related habitat characteristics.  
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 (3) To evaluate the strength of influence of mechanisms associated with diet 

breadth across groups of bee species, I analyzed the association between 

characteristics of bee species and diet breadth in bumble bee and non-bumble bee 

species. Body size is thought to serve as a proxy for niche position within ecological 

networks (Woodward et al., 2005), and abundance across space and time increase the 

number of chance interactions that form between species (Vazquez et al., 2009), but 

the strength of importance of these mechanisms on diet breadth may vary across 

groups of species (Peralta et al., 2020; Coux et al., 2021). Bumble bees were identified 

as a focal group within this study due to their unique life history traits as large-bodied, 

eusocial, generalists, while most other bees within this system (solitary bees) are 

restricted as central place foragers across space and time and therefore appear as 

specialists (Ogilvie and Forrest, 2017). Based on the bee-flower observations 

aggregated across the studies within my dissertation, I analyzed the strength of 

association between body size, and patterns of abundance across space and time, with 

diet breadth, for bumble bee (Bombus spp.) and non-bumble bee species. 

 (4) To design a conceptual model which can be used to select flower species 

for bee community restoration, I observed bee-flower interactions to focal plant species 

across a semi-natural ecosystem and used the main results to define criteria for 

ópollinator-friendlyô plant species. I identified the locations of 23 focal plant species 

(Appendix C) across four distinct locations in west-central Montana, US, and observed 

bee visitation to each species for the duration of the growing season in the summers of 

2018 and 2019. These locations represent habitat types that are characteristic to the 
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intermountain west and include recently disturbed lodgepole pine forest (Pinus 

contorta), sagebrush steppe (Artemisia spp.), ponderosa pine (Pinus ponderosa) 

grasslands, and montane grasslands. Based on the results of these observation 

periods, we ranked focal plant species according to their bee visitation abundance and 

richness, the ability to provide resources to specialists, phenophase duration and 

commonness on the landscape, to identify the plant species that can support bee 

communities on semi-natural ecosystems.  
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