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Abstract - A growing number of bumble bee species are under review and proposal for federal pro-
tection in North America. However, many regions are underrepresented in population assessments. 
We address the deficiency of bumble bee information in North Dakota, USA using a novel sampling 
effort across all counties in the state to provide essential information on species distributions, relative 
abundances, phenology, and diet associations. We detected 16 bumble bee species during 2017–2020, 
including species of high conservation concern. We share the distribution of bumble bee richness in 
North Dakota and provide species-specific density maps. We also provide phenology timelines of 
each species and identify distinct groups of bumble bees based on floral associations through cluster 
analysis to further inform conservation efforts.

Introduction

 The risks to the security and persistence of bee populations (Hymenoptera: Apoidea) 
and their associated ecological services are globally concerning.  Most cultivated crops are 
dependent on insect pollination, a service valued annually at over $180.5 billion (Gallai et 
al. 2009). Though humans recognize commercial pollinators such as the honey bee (Apidae: 
Apis mellifera Linnaeus) for crop pollination services, the equivalent role of wild bee pol-
lination services to humans and the importance of functionally diverse pollinator communi-
ties is increasingly acknowledged (Blitzer et al. 2016, Garibaldi et al. 2013, Garibaldi et al. 
2014). The attention to wild bees may be largely attributed to declines in honey bee colonies 
(Stokstad 2007) and emergent evidence of declines in other bee species (Potts et al. 2010). 
However, declines in wild bee populations are difficult to assess, emphasizing the need for 
increased monitoring efforts in order to create the most informed conservation strategies 
(Woodard et al. 2020). 
 The most reliably documented declines in wild bee populations are in the bumble bee 
(Bombus Latreille)  species of Europe and North America (Cameron and Sadd 2020, Colla et 
al. 2012, Kosior et al. 2007). The sources of bumble bee decline are largely anthropogenic, 
chiefly among these being the loss of foraging and nesting resources due to land conversion 
to homogenous agricultural expanses and other human development (Carvell et al. 2006, 
Goulson et al. 2008a, Goulson et al. 2015, Roulston and Goodell 2011, Williams and Os-
borne 2009). Additionally, intensive pesticide use in agricultural settings, pathogens, climate 
change, extreme climatic events, and competition are all documented stressors (Crall et al. 
2018, Graystock et al. 2013, Kerr et al. 2015, Rasmont and Iserbyt 2012, Thomson 2016). 
These factors, along with unidentified sources of decline, are not independent of each other 
and interact, making the primary causes for declines difficult to identify for bumble bee spe-
cies of concern (Szabo et al. 2012). 
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 Based on phylogeny and life history traits, particular groups of bumble bees are more 
at risk of population decline and warrant focused conservation intervention. Furthermore, 
these species of concern vary between regions; those in subgenera Thoracobombus and 
Cullumanobombus are estimated to be most threatened globally (Arbetman et al. 2017), 
while populations within the subgenera Bombus senso stricto (which includes Bombus 
affinis Cresson, the first continental bee species listed under the US Endangered Species 
Act) and Psithyrus have had the most drastic recent declines in North America (Cameron 
et al. 2011, Colla et al. 2012). Aside from similar phylogenetic relatedness, bumble bee 
species with restricted ranges, limited diet preferences, smaller colony sizes, and in-
creased levels of competition are at the most risk of rapid decline (Goulson and Darvill 
2004, Kleijn and Raemakers 2008, Williams et al. 2009, Williams and Osborne 2009). 
 A deficiency in available data makes it difficult to identify which bumble bee popu-
lations are undergoing declines and connect these species with the environmental fac-
tors driving them. Even worse, the data researchers depend on contain regional biases 
(Cameron and Sadd 2020, Pyke and Ehrlich 2010). For example, in the United States, the 
highest concentration of records is located toward coastal regions or areas with higher 
human populations and established research facilities (Cameron et al. 2011, Colla et al. 
2012). Therefore, increased data collection in regions with sparser records is necessary to 
best inform current population statuses of bumble bee species of concern and subsequent 
conservation management strategies. Without sufficient data from a species’ full distribu-
tion, we may not detect important distributional changes and will have a limited view of 
the resources required by species. 
 The Northern Great Plains region in North America is expected to host substantial 
bumble bee diversity (Williams et al. 2014) but is underrepresented in continent-wide 
databases. Data in this region are critical considering its mid-continental location serves 
as a transition from species with eastern distributions to those with western distribu-
tions. North Dakota, in particular, has sparse records of native bee species, making it 
difficult to assess the statuses of species of concern historically found in the state, such 
as Bombus terricola Kirby, B. occidentalis Greene, B. pensylavanicus De Greer, B. insu-
laris Smith, and B. affinis Cresson. Gaining information on the relative abundances and 
diversity of bumble bee species and their associated resources in North Dakota is also 
pertinent because of its agricultural landscape and consequent reduction of native floral 
resources. High levels of invasive grasses and forbs have additionally transformed the 
composition of grassland communities in North Dakota, impacting species that depend 
on the native plant community (Raffery 2017). In addition, North Dakota is the largest 
honey bee producer in the United States (US Department of Agriculture 2020). Native 
bumble bees are the most similar group of bees to European honey bees in morphology 
and life history and are most likely to be impacted by dense introductions of a compet-
ing species that may alter bumble bee production and behavior (Goulson and Sparrow 
2009, Thomson 2004). 
 The overarching goal of this paper is to provide current information on bumble bee 
species in North Dakota. We address the data gaps in the state using data from a statewide 
sampling effort of bee and associated plant species. Here, our objectives are to 1) present 
current bumble bee species’ distributions from our survey data and 2) provide species-spe-
cific phenology that displays the abundance of bumble bee queens, workers, and males de-
tected over the growing season. We will also 3) illustrate comparative and species-specific 
bumble bee-plant associations through the proportional floral visitations we observed of 
each bumble bee species in order to identify important floral resources.
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Study Area

 The presence or absence of historic glacial activity created a gradient of ecoregions in 
North Dakota. Tallgrass prairie characterizes grasslands along state’s border in the Lake 
Agassiz Plain ecoregion and changes to a mixed-grass system in the central majority of the 
state in the Northern and Northwestern Glaciated Plains ecoregions (Whitman and Wali 
1975). Mixed-grass and short-grass systems represent the southwestern unglaciated portion 
characterized as the Northwestern Great Plains. However, extensive invasions of grass spe-
cies Poa pratensis Linnaeus (Kentucky Bluegrass) and Bromus inermis Leyssera (Smooth 
Brome) and introductions of exotic forb species such as Cirsium arvense Linnaeus (Canada 
Thistle), Euphorbia esula Linnaeus (Leafy Spurge), Medicago sativa Linnaeus (Alfalfa), 
and Melilotus spp. (Sweet Clovers) have altered historical grassland communities. Various 
land uses fragment the remaining grasslands throughout much of North Dakota, with more 
continuous tracts in the southwestern quarter of the state (Niemuth et al. 2021). 
 We selected sites with at least 50 acres (~20 hectares) of contiguous grassland area based 
on available public lands managed by North Dakota Department of Trust Lands (n = 115), 
US Fish and Wildlife Service (n=131), North Dakota Game and Fish Department (n = 72), 
US Forest Service (n = 28), other agencies (n = 7), and volunteered private lands (n = 124). 
Grassland tracts managed by public agencies were under various land management strate-
gies including those for livestock grazing, haying, and wildlife conservation. Private lands 
included these, as well as idle grasslands and those enrolled in state programs to enhance 
wildlife and national conservation programs such as the Conservation Reserve Program, 
Conservation Reserve Enhancement Program, and Wetlands Reserve Program. 

Methods

Surveys
 Five teams of observers sampled bee communities at 477 sites throughout North Dakota 
grasslands each summer growing season between 2017 and 2020. We surveyed at 3 sites in 
each of the 53 North Dakota counties per study year, keeping 1 site the same in each county 
for all 4 years (n = 53) and establishing 2 new sites every year (n = 424) in order to maximize 
the spatial span of this study. We arbitrarily defined 2 study plots at each site, placed at least 
328.08 ft (100 m) apart, using aerial mapping to ensure plots did not include large amounts of 
water (Fig. 1). Where possible, we situated plots at least 164.04 ft (50 m) from the edge of the 
grassland tract to reduce edge effects. We performed netting surveys for bee species at each of 
the 159 sites per year 2 times during the summer between the end of May and mid-September. 
We established a first round of surveys at each site to take place in the first half of the growing 
season before 15 July and in the last half of the growing season after 15 July to account for 
some phenological changes. Two observers performed independent netting surveys at each 
site visit, bringing the total number of netting surveys to 2,544. Additionally, we used passive 
bee-bowl sampling at 69 sites in 52 counties to complement our netting methods. 
 Netting surveys took place between 9:00–18:00 hours under temperatures between 
69.8–96.8 F° (21–36 C°), 50% and below cloud cover, and sustained winds below 15.53 
mph (25 km/h). Netting surveys consisted of 2 collectors separately surveying for bee 
species in a 164.04 ft2 (50 m2) plot for 30 minutes (Fig. 1). The plot surveys comprised 
a systematic search restricted to 3, 164.04 ft (50-m) long transects within the plot for 15 
minutes, while collectors used the remaining 15 minutes to freely search within the plot 
(Fig. 1). Collectors recorded plant species on which bees were captured and did not include 
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specimen handling in survey time. Collectors then stored bees in 95% alcohol-filled vials 
until they could be processed and identified. 
 We randomly selected a subset of sites each year to perform passive bee-bowl sampling 
surveys. We chose a subset of sites due to logistical constraints associated with the deploy-
ment and next-day retrieval of this method while concurrently visiting a high number of sites. 
At selected sites, we situated an approximately 246.06 ft (75 m)-transects of 15 colored (light 
blue, white, and yellow) plastic 16-oz stadium cups (height: 4.44 in; base diameter: 2.56 in; 
rim diameter: 3.5 in; DiscountMugs, Miami, FL, USA) filled with soapy water along a side 
of each 164.04 ft2  (50m2) plot for a total of 30 bee-bowls per survey instance (Fig. 1; Droege 
et al. 2010, Shapiro et al. 2014). We positioned cups on individual stakes (0.5 in diameter; 
approximately 15.75–19.69 inches in length) supported by adjustable steel pipe-hanging strap 
rings (Sioux Chief Manufacturing Company, Kansas City, MO, USA) that we lowered level 
to surrounding vegetation to simulate a natural flowering height and left on-site for 24 hours 
to passively collect bees. Upon retrieval, collectors separated bees from non-bee arthropods 
and stored specimens in alcohol-filled vials until processing and identification. Bee-bowl sam-
pling took place 2 times over the sampling season at each site selected for bee-bowl surveys. 

Data Processing and Analysis
 We treated bumble bee abundance data at the site level, combining individual plot 
surveys across both visits per site. For the distributional and floral resource information, 
we used data from the netting surveys only because we cannot obtain floral associations 

Figure 1. Survey plot setup at each grassland site showing 2, 50x50-m plots separated by at least 100 
meters. Two collectors in their respective plots performed netting surveys separately. Collectors sur-
veyed bees for 5 minutes on each of the 3 transects within the plot, indicated by the vertically oriented 
dashed lines for a total of 15 minutes, then surveyed freely within the plot for an additional 15 minutes. 
At randomly selected sites, bee-bowl transects of 15 bee-bowls were set up along an edge of each plot.
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from the bee-bowl data. Additionally, bee-bowl data would disrupt relatable bumble bee 
species densities because we performed bee-bowl surveys at a subset of sites. We used 
both netting and bee-bowl survey data for creating species phenology graphs as this is 
not sensitive to the type of survey and use of both survey types increases the available 
phenological data.
 Distribution. We averaged the abundance between years for the 53 sites we visited 
each year to avoid over-representing abundance at those recurring sites. We calculated 
kernel density estimates of abundance for each species and mapped results using geo-
graphic information system software ArcMap 10.3 (ESRI, Redlands, CA) to display 
species distributions in the state and densities. Here, kernel density mapping calculates 
a composite density created from our observed samples of bumble bee abundance (Bol-
stad 2012). Individual sample density points are calculated using observed bumble bee 
abundance in relation to a bandwidth calculated from mean abundance across sites, each 
observation distance from the mean, the weighted median from these distances, along 
with standard deviations (ESRI 2014).
 Phenology. We categorized specimens in each species as a “queen” (including gynes, 
which are future queens produced at the end of the colony cycles), “worker”, or “male” 
based on measurements from species descriptions (Mitchell 1962, Williams et al. 2014). 
We classified it as “undetermined” if we could not categorize a female bumble bee based on 
size or color pattern. We used bumble bee abundances summed for each species captured 
from both netting and bee-bowl surveys over all survey years to obtain the phenology of 
queens, workers, and males in each species. We visualized the phenology of queens, work-
ers, and males based on the smoothed abundances captured at each date proportional to 
the abundance captured per bumble bee grouping using streamgraphs built in R statistical 
environment (ggstream package: Sjoberg 2021). 
 Floral associations.  We investigated floral visitation per bumble bee species and deter-
mined which species could be grouped based on similar compositions of visited flowering 
plant species. Bees mainly collect pollen to provision larvae and use nectar primarily as an 
energy source for adults. Diet specialization in bees refers to the pollen resources important 
to particular bees. As such, we wish to increase the meaningfulness of floral associations by 
using worker data from netting surveys only. We included species with at least 10 worker 
observations (Goulson et al. 2008b) to include as many bumble bee species possible but 
with enough observations for comparisons. We also excluded associations with plant spe-
cies in the milkweed family Apocynaceae due to the pollinium form of pollen grains that 
bees do not collect for larval provisioning and use the nectar as a carbohydrate source 
(Michener 2007, Morse 1981). We acknowledge that our bee surveys do not differentiate 
whether a bee used a floral resource for pollen or nectar, but filtering out queen and male 
floral interactions and known plants that do not provide pollen increases the importance 
of the bee-floral associations used in our comparisons. We converted raw abundance of 
interactions between bumble bees and plants summed over all years to proportional values 
in order to compare the composition of floral associations over species. We then performed 
a cluster analysis to determine if logical clusters of bumble bees based on similar floral 
associations existed. We determined the most appropriate number of clusters based on the 
highest Caliński-Harabasz criterion (Caliński and Harabasz 1974) using the vegan package 
in R (v.2.5-7; Oksanen et al. 2015). We used non-metric multidimensional scaling (NMDS) 
to show relationships between identified bumble bee species clusters and the floral species 
on which they were captured (Wood et al. 2019) with respect to plant species origin and 
plotted those results (vegan package; Oksanen et al. 2015). 
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Results

 We captured 4,027 bumble bee specimens of 16 species during 2017–2020 (Table 1). 
Yearly capture totals fluctuated with 834 bumble bees captured in 2017, 1,389 in 2018, 756 
in 2019, and 1,048 in 2020. Of 2,544 total netting surveys, 41.9% of surveys and 78.4% 
of sites we visited contained bumble bees. Across netting surveys from all years, bumble 
bee richness was highest in the east-central parts of the state, but there was also substantial 
bumble bee richness in the western badlands region (Fig. 2). 
 Distribution. The observed distributions of Bombus bimaculatus Cresson, B. borealis 
Kirby, B. fervidus Fabricius, B. griseocollis De Greer, B. huntii Greene, and B. rufocinctus 
Cresson were relatively statewide but with areas of highest abundance dependent on species 
(Fig. 3). We captured B. ternarius Say, B. terricola, and B. vagans Smith primarily in the 
northern and eastern portion of the state while B. pensylvanicus De Geer and cuckoo bee 
species B. insularis distributions were without any observable spatial pattern throughout 
the state. We found B. impatiens Cresson, an eastern North American species, only in the 5 
southeasternmost counties. Our surveys detected ≤7 occurrences of Bombus centralis Cres-
son and B. perplexus Cresson in discrete areas and B. fraternus Smith with 1 occurrence, 
indicating these species are rare in the state. 
 Phenology. Species with greater detections exhibited phenology patterns that followed 
expected colony cycles with peak abundances of queens captured in the beginning and end of 
the growing season and worker and male abundances highest in later season (Fig. 4; Table 1). 

Table 1. Total bumble bee species count collected in North Dakota between 2017 and 2020 by bumblebee 
class (Undetm. = undetermined female specimens that could not be assigned to a class). Abundances from 
bee-bowl surveys are indicated within brackets while those from netting surveys are outside brackets.

Bumble Bee Species Count

Bumble Bee Class

Subgenus Species Queen Worker Male Undetm. Total

Bombias Bombus nevadensis Cresson 33 [3] 44 15 [2] 13 110

Bombus Bombus terricola Kirby 4 [2] 21 [1] 8 36

Cullumano-bombus Bombus fraternus Smith 1 1
Bombus griseocollis De Geer 143 [13] 710 [38] 359 [9] 22 [1] 1,295
Bombus rufocinctus Cresson 58 [38] 173 [27] 65 [5] 5 [1] 372

Psithyrus Bombus insularis Smith 8 [1] 1 10 20

Pyrobombus Bombus bimaculatus Cresson 15 [1] 78 [3] 24 121
Bombus centralis Cresson 4 [2] 1 7
Bombus huntii Greene 49 [7] 176 [10] 27 2 [1] 272
Bombus impatiens Cresson 3 51 1 1 56
Bombus perplexus Cresson 1 1 2
Bombus ternarius Say 47 [34] 433 [14] 43 [1] 7 [2] 581
Bombus vagans Smith 26 [9] 88 [8] 9 7 147

Subterraneo-bombus Bombus borealis Kirby 77 [31] 374 [37] 103 [9] 10 [2] 643

Thoracobombus Bombus fervidus Fabricius 18 [29] 151 [79] 57 [3] 2 [3] 342
Bombus pensylvanicus De Geer 1 [2] 9 [8] [2] 22
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We observed B. huntii (n = 56), B. fervidus (n = 47), and B. ternarius (n = 81) queens having 
earlier first peak abundances of queens while first peaks of B. borealis (n = 108) and B. gris-
eocollis (n = 156) queens occurred later. Our surveys did not observe definitive first peaks of 
B. nevadensis Cresson (n = 36) and B. rufocinctus (n = 96) queens as abundances remained 
relatively stable throughout the early season. Of species with considerably high observed 
abundances, B. bimaculatus (n = 121), B. nevadensis (n = 110), and B. vagans (n = 147) did 
not extend much past the end of August. 
 Floral associations. We excluded 4 species from our floral association comparisons due 
to the small number of observations. However, we included B. pensylvanicus, which had 9 
worker observations because of its relevance as a species of conservation concern (Table 
1). Cluster analysis identified 4 distinct groups of bumble bees based on proportional floral 
associations of workers (Fig. 5). Bumble bee species within a cluster visited a more similar 
proportion and composition of plant species than species found in other clusters. The group 
containing B. griseocollis, B. huntii, B. rufocinctus, B. ternarius, and B. terricola generally 
interacted with more plant species, with larger proportions of visitations to Melilotus offici-
nalis, Dalea purpurea, Cirsium spp., and Solidago spp. (Fig. 6A; Appendix [available online 
at https://eaglehill.us/prnaonline/suppl-files/prna-010b-pei-s1.pdf]). Bombus bimaculatus, B. 
borealis, B. nevadensis, and B. vagans had a large proportion of interactions with Monarda 
fistulosa, which ranged from 15.8% to 34.2% of visitations per species and Cirsium flodmanii, 
ranging from 7.9% to 8.6% of visitations per species (Fig. 6B; Appendix). We observed the 

Figure 2. Kernel density map of bumble bee richness detected in netting surveys in North Dakota 
between 2017 and 2020. Estimated richness values are represented in the grayscale shading with 
darker areas conveying a higher species richness. Survey sites are indicated with empty circles and an 
overlaid cross symbol if bumble bees were present.
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group comprised of B. fervidus and B. pensylvanicus having most interactions with Cirsium 
flodmanii, Dalea purpurea, Melilotus officinalis, and Liatris punctata (Fig. 6C; Appendix). 
Our observed floral associations of B. impatiens were distinct from other groups and com-
prised largely of Solidago spp. (Fig. 6D; Appendix). Plotted NMDS ordination results display 
relationships between proportional associations between bumble bees and plants but also 
emphasize the relationships between bumble bee species and exotic and native plants. B. 

Figure 3. Kernel density maps of estimated abundance per bumble bee species captured in North Da-
kota between 2017 and 2020. Darker shading conveys higher observed abundance.
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griseocollis, B. huntii, B. rufocinctus, B. ternarius, and B. terricola interacted with a greater 
proportion of exotic plants than other bumble bee clusters while B. bimaculatus, B. borealis, 
B. nevadensis, and B. vagans largely interacted with a greater proportion of native plant spe-
cies (Fig. 7). 

Discussion

 This extensive effort to perform a statewide bumble bee survey delivers distributional 
patterns of bumble bee species richness and individual species. In addition, this dataset 
provides phenological and floral resource information necessary to characterize bumble 
bee species specific to North Dakota, a state previously lacking native bee information. 
The data were collected with documented methodology and can be used as a baseline in 
future bumble bee population assessments by conservation managers and in conservation 
policy formation. It is essential that conservation strategies are data-driven with data that 
represents areas throughout species ranges rather than primarily based on historical occur-
rence records that are sparse in particular regions (Pyke and Ehrlich 2010). In addition , 
our surveys help address a deficiency of bumble bee data in North Dakota grasslands which 
have undergone compositional landscape and plant community transformations pertinent to 
the availability of bumble bee resources. 
 Range size impacts a threatened species’ viability, making it important to obtain current 
distributional data (Williams et al. 2009). Results from our surveys inform current distribu-

Figure 5. Cluster analysis results of bumble bee species based on similar proportional floral visitations 
from North Dakota between 2017and 2020. Rectangular boxes identify clusters.
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tions and relative abundances of North American species of federal concern. We did not detect 
the endangered Rusty-patched Bumble Bee B. affinis, which was historically found in eastern 
North Dakota (US Fish and Wildlife Service 2017), nor did we observe Bombus occidentalis, 
a species whose status is currently under review by the US Fish and Wildlife Service (US Fish 
and Wildlife Service 2016). Our surveys are subject to discrete survey instances in time and 
space, but our high number of surveys and site visits may indicate that management for these 
species in North Dakota may not be practical. However, we detected modest occurrences of B. 
terricola, a species documented to be rare in other areas of the US Midwestern region (Grixti et 
al. 2009, Novotny et al. 2021). The conservation status of Bombus terricola warranted review 

Figure 6. Proportional floral visitation by bumble bee species observed in North Dakota between 2017 
and 2020. Bumble bee species are grouped based on cluster analysis results. Colors are consistent 
between all groups. Top 40% of plant species with which bees interacted are labeled.
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by the US Fish and Wildlife Service, but the species was ultimately not listed for federal protec-
tion (US Fish and Wildlife Service 2016, 2019).  Its northern distribution in the state delineates 
a region for targeted conservation strategies of this species. 
 Other species found in our study have been documented to have declining populations 
within their ranges. Bombus fervidus had relatively high abundances across North Dakota, 
but its status across North America may vary by region and appears to be declining in some 
areas, based on comparisons of museum and present-day records in Michigan, Vermont, 
New Hampshire, and Ontario, Canada (Colla et al. 2012,  Colla and Packer 2008, Jacobson 
et al. 2018, Richardson et al. 2019, Wood et al. 2019), but its population is stable in Ohio 
(Novotny et al. 2021). Our observed distribution of B. pensylvanicus was sparse, with low 
relative abundance throughout North Dakota. This may be expected because North Dakota 
lies on the northern edge of its larger species distribution in the continent (Ascher and Pick-
ering 2020, Williams et al. 2014). Cuckoo bumble bees (Psithyrus spp.) are suspected to be 
vulnerable to increased pressures due to the fact they are dependent on the presence of host 
bumble bee species in addition to other documented sources of decline (Colla and Packer 
2008), but they may be more difficult to detect due to their life history. We only observed 1 
Psithyrus species, Bombus insularis, of the 3 Psithyrus species previously recorded in the 
state (Colla et al. 2012, Williams et al. 2014). 
 In addition to distributional data, phenology breadths and periods can inform conservation 
efforts. Species that occur in narrower time frames may be more vulnerable because of in-
creased dependence on floral resource availability during those specific time periods (Bartome-
us et al. 2013, Goulson and Darvill 2004). However, the timing of peak abundances is likely 
important (Williams et al. 2009), as species with greatest population declines tend to have late 
peak abundances (Williams et al. 2009, Wood et al. 2019). Bumble bees with high abundances 
in the early season and late seasons in North Dakota may be more at risk of early or late cold 
events common in the Northern Great Plains (Kukal and Irmak 2018, Vasiliev and Greenwood 
2021). Adverse risks of these events are greater when preceded by warm temperatures or when 
they occur multiple times (Bale and Hayward 2010, Roitberg and Mangel 2016). Addition-
ally, early-season growth of invasive cool-season Kentucky Bluegrass decreases native forb 
diversity (DeKeyser et al. 2015, Gasch et al. 2020), adding another obstacle for bumble bees 
dependent on early-season floral resources.
 Suitable floral availability is likely the most influential factor to bumble bee species 
(Cameron and Sadd 2020, Carvell et al. 2006, Edwards and Williams 2004, Williams and 
Osborne 2009), making it essential to accompany species data with floral associations. 
Bumble bees are generalists and exhibit high plasticity in pollen choices (Maebe et al. 
2021), but they are known to be selective in their preferences, placing more value with 
some plant species than others (Carvell et al. 2006, Kleijn and Raemakers 2008, Wood et 
al. 2019). The groups (clusters) of bumble bees we identified convey this with 1 group 
comprised of B. griseocollis, B. huntii, B. rufocinctus, B. ternarius, and B. terricola hav-
ing a wider diet breadth with a relatively higher perceived value placed on non-native 
plant species such as Sweet Clovers and Alfalfa, but another group having greater visita-
tions with native species such as Wild Bergamot (Monarda fistulos Linnaeus) and native 
thistles (Cirsium spp.). Bombus fervidus and B. pensylvanicus seemed to visit a suite of 
flowers intermediary between the 2 groups above. Though visitation records do not nec-
essarily represent preference (Carvell et al. 2006), these tendencies across a high number 
of sites and surveys may imply the relative value a plant species has for each bee species. 
These differences in associated plant species found between North Dakota bumble bees 
are important to conservation as they emphasize that floral resources for some species 
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may not serve others. This is especially pertinent in North Dakota, where high densities 
of Alfalfa and Sweet Clover are used in hayfields and other land management (Sanderson 
2016). Though these species are valuable to honey bees (Niemuth et al. 2021, Otto et al. 
2020, Smart et al. 2016) and may have some value to particular bumble bee species, they 
may be of little benefit to other bumble bees that prefer native plant resources (Otto et 
al. 2017). These differences in relative floral use convey the importance of the diverse 
availability of flowering plant species in supporting bumble bee diversity.
 Future research on the ecology of bumble bees in the state should consider the potential 
anthropogenic pressures most relevant in North Dakota (Winfree et al. 2009). Grasslands 
and accompanying floral resources are subject to frequent conversion to cropland (Wim-
berly et al. 2017). Landscape studies can give insight into how patchy resources impact 
bumble bee species typically have greater mobility than other native bees (Hines and Hen-
drix 2005).  In addition to reducing floral resources, the high levels of non-native plant spe-
cies in the state warrant greater understanding of how changing resource availability affects 
bumble bee forage selection (Harmon-Threatt and Kremen 2015, Williams et al. 2011). For 
this, specific investigations into non-native nectar or pollen use are necessary for evaluat-
ing exotic plants’ potential as resources for bumble bee species (Stout and Tiedeken 2017, 
Tepedino et al. 2008). Moreover, the density of honey bees is distinctive in North Dakota, 
prompting studies that include the relative importance of broad-scale resources to both 
honey bee and native bees (Evans et al. 2018, Simanonok et al. 2021). However, we find no 
evidence of investigations into direct honey bee relationships with native bees in the greater 
Northern Great Plains region. Evidence of competitive effects and transmission of parasites 
and pathogens from honey bees to wild bees warrants increased understanding of these re-
lationships, particularly in this region of elevated honey bee colony density (Goulson 2003, 
Goulson and Sparrow 2009, Herbertsson et al. 2016, Thomson 2004). 

Management Implications

 Data in North Dakota are underrepresented in larger efforts to determine population 
trends of North American bumble bee species. It is necessary to include data from areas 
with knowledge gaps to avoid mischaracterizing populations and to support conservation-
ists in creating the most informed management strategies.  We provide important aspects of 
bumble bee ecology necessary to inform management for this group of increasing conserva-
tion interest. Distributional data provides spatial targets for conservation. While we provide 
species-specific distributions, we identified areas of the state with the greatest bumble bee 
richness, highlighting the importance of maintaining adequate floral resources in these state 
regions to support bumble bee diversity (Crone and Williams 2016). Phenological trends 
help understand species vulnerabilities, especially climatic variability and the timing of flo-
ral availability (Bartomeus et al. 2013, William et al. 2009). Our survey data highlight the 
floral resources most visited by each species in the state and provide evidence that managers 
should evaluate important floral resources on a bumble bee species-specific basis. Native 
bee species’ diverse resource requirements necessitate land management practices that pro-
mote diverse floral resource availability. 
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