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Habitat loss and degradation due to agricultural intensification and urbanization are

key threats facing wild pollinators, especially bees. However, data on the distribution

and abundance of most of the world’s 20,000+ bee species is lacking, making it

difficult to assess the effects of anthropogenic disturbance through time. Moreover,

there are geographic biases in the study of bees creating gaps in our understanding of

species distributions and regional patterns of diversity. Research efforts are often focused

around cities or field stations associated with universities and other research institutions.

In this perspectives paper, we provide examples of geographic bias in knowledge

regarding bee species distributions using recently collected data from Michigan and

Colorado, USA—two states with published species checklists. We illustrate how a limited

sampling effort can advance knowledge about bee species distributions, yielding species

occurrence records at local and regional scales. Given the implications of geographic

biases, we recommend future research efforts focus on poorly sampled geographic

regions, especially those affected by anthropogenic disturbance, in order to expand

our understanding of human impacts on wild bee species. Sampling across a broader

geographic area will provide critical information for taxonomy and predictive models

of bee species distributions and diversity. We encourage researchers to plan future

studies with consideration of strategies to avoid oversampling local bee populations,

the taxonomic expertise required to identify specimens, and resources necessary to

voucher specimens.
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INTRODUCTION

Pollinators play a key ecological role in terrestrial habitats, contributing to reproduction in
more than 85% of flowering plants (Ollerton et al., 2011) and thereby supporting food webs
worldwide. Furthermore, pollinators, in particular bees, benefit ∼75% of the world’s leading crops
and contribute significantly to global food production (Klein et al., 2007; Potts et al., 2010).
Unfortunately, in recent years, researchers have documented significant declines in the abundances
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of managed and wild bee species (Goulson et al., 2015). While a
number of risk factors threaten bees, habitat loss and degradation
due to agricultural intensification and urbanization are leading
causes of bee decline (Winfree et al., 2009; Cariveau andWinfree,
2015; Goulson et al., 2015).

Species traits, such as dispersal ability, nesting habits, and
diet breadth, influence how bees respond to anthropogenic
disturbances (Cariveau and Winfree, 2015; Harrison and
Winfree, 2015; Normandin et al., 2017, but see Bartomeus
et al., 2018). For example, while cavity-nesting species are
often positively influenced by urbanization (e.g., Cane et al.,
2006; Bates et al., 2011; Fitch et al., 2019), ground-nesting
species are typically more negatively affected (e.g., Kearns and
Oliveras, 2009; Geslin et al., 2016). Moreover, some functional
and taxonomic groups appear to be especially sensitive to
environmental perturbations. Notably, recent studies have shown
negative effects of urbanization and agricultural intensification
on bumble bee abundance, population size, and geographic
range size (e.g., Cameron et al., 2011; Kerr et al., 2015; Glaum
et al., 2017; Hamblin et al., 2017; Jacobson et al., 2018). Bumble
bee decline is especially concerning due to the ecological and
economic importance of these pollinators. The availability of
data on bumble bee species’ relative abundances and historical
distributions have been critical to the detection of their decline.

In recent years, researchers have increasingly recognized
the value of pollination services provided by wild bee species
in natural and agricultural systems (Losey and Vaughn,
2006; Slagle and Hendrix, 2009; Garibaldi et al., 2013; Klein
et al., 2018; Winfree et al., 2018). A recent model of
pollinator abundance on the landscape predicted worrisome
mismatches between pollinator dependent crops and pollinator
abundance (Koh et al., 2016). However, this study, based
largely on expert opinion, also modeled large areas of
uncertainty in bee abundance in the United States of America
(USA). Thus, there is a need to understand how land-use
change influences wild bees given continued increases in
agricultural intensification and urbanization. The population
status of most bee species is uncertain due to a lack of
long-term or even baseline data (Bartomeus et al., 2013;
Goulson et al., 2015). Relative to other parts of the world,
the USA is a well-studied area with respect to pollinators
(Archer et al., 2014). In this paper, however, we argue
that even in the USA, there are geographic biases in bee
research that limit our understanding of population dynamics,
taxonomy, species distributions, and regional patterns of
species diversity. We propose that limited sampling efforts,
especially in understudied geographic regions, can contribute
substantially to our knowledge of bees and their responses to
anthropogenic disturbances.

THE IMPORTANCE OF BEE RESEARCH IN
UNDERSTUDIED REGIONS

Bee research is often centered in areas surrounding universities
and research stations, which results in a lack of information in
areas beyond these research centers (see e.g., Scott et al., 2011;

Gibbs et al., 2017a). In the USA, numerous state checklists have
demonstrated a paucity of species occurrence records across
many counties and larger regions within these states where
certain bee species may be expected to occur (e.g., Donovall
and VanEnglesdorp, 2010; Jean, 2010; Scott et al., 2011; Dibble
et al., 2017; Gibbs et al., 2017a). Furthermore, published species
inventories are lacking for most states in the USA, and available
checklists are usually from the eastern half of country (e.g.,
Michigan, Indiana, New York, Pennsylvania, and Maine). The
species richness in these states, however, is substantially less
than many states in the western USA (Scott et al., 2011;
Carril et al., 2018). Large tracts of the USA, such as the High
Plains and Great Plains are poorly sampled, even though they
may have some of the greatest habitat loss across the country
(Samson et al., 2004). With limited sampling effort, diverse
bee communities can be found in both pristine (e.g., Grundel
et al., 2011) and in anthropogenically disturbed habitats (e.g.,
Camilo et al., 2017). For example, a single day of collecting in
Bellaire, Michigan added 50 new bee species records to Antrim
County, bringing the total known species from 34 to 84 in 2016
(Gibbs unpublished data). Given the variability in bee species’
response to anthropogenic change (Cariveau andWinfree, 2015),
increased sampling in understudied regions affected by human
disturbances is important for understanding which species are
most likely at risk of decline (e.g., Bates et al., 2011; Banaszak-
Cibicka and Zmihorski, 2012).

Species distribution and diversity models are important for
documenting, evaluating, and predicting how bees respond to
environmental changes, including climate change (e.g., Kerr
et al., 2015) and land-use change (e.g., Bennett et al., 2014; Koh
et al., 2016). Many regional models could be improved, however,
by better sampling across a broader geographic range. Moreover,
given that exotic bees may negatively affect native species (Russo,
2016), research evaluating the dispersal and population trends
of exotic bees relative to native bees is needed. For example,
the introduced bee, Anthidium manicatum, has rapidly spread
across North American (Gibbs and Sheffield, 2009) and may
competitively exclude native bees in some habitats (Miller et al.,
2002, but see Soper and Beggs, 2013). Predictive models have
been developed to estimate areas of high abundance for A.
manicatum, with variable success (Strange et al., 2011; Graham
and MacLean, 2018). Greater sampling across understudied
regions could improve predictive habitat models for research
examining bee community response to environmental change as
well as exotic species spread.

To demonstrate the value of research in historically
understudied areas, we summarize new species occurrence
records from two recent studies examining the influence of
anthropogenic disturbance on bee communities. Both studies
occurred in states with published species checklists. We explore
how new species records at the local (i.e., county) and regional
(i.e., multi-county and statewide) level add to our knowledge
of bee species distributions. Furthermore, we propose that
research in other understudied areas could find similar or
even greater numbers of new records. Finally, we conclude
with recommendations for guiding future bee surveys and
community studies.
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Bee Community Study in Northeastern
Colorado
Bee diversity is greater in the western half of the USA as
compared with the eastern half, and vast areas of the West have
been historically poorly sampled (e.g., Scott et al., 2011; see
Carril et al., 2018). Colorado is currently the only state in the
West with a recently published statewide checklist of bee species
(Scott et al., 2011). Boulder County, home to the University
of Colorado, is the best-documented county in the state, with
562 bee species recorded to date (Goldstein and Scott, 2015).
Similarly, counties surrounding other universities and research
institutions, including Larimer County, home to Colorado State
University, have been extensively sampled—with 439 species
recorded (Scott et al., 2011). In comparison, the bee community
in eastern Colorado has been poorly inventoried relative to the
central and western regions of the state where research has
been historically focused (Scott et al., 2011; Figure 1A). In the
Colorado Eastern Plains, 13 counties had fewer than 100 species
recorded as of the 2011 statewide checklist, and most counties
had substantially fewer species (mean= 39± 27 SD).

The first study we present to demonstrate the value of a limited
sampling effort in understudied regions involved bee surveys at
32 sites located across five counties in northeastern Colorado
(study region ≈ 25,000 km2). Our sites covered an area known
as the Eastern or High Plains region, and included grassland
habitats that were either enrolled in the U.S. Department of
Agriculture Conservation Reserve Program or used for low-
intensity grazing. The goal of this study was to provide baseline
data on bee communities that could be used in the future to

evaluate effects of projected land-use change due to increased
bioenergy production in the region. In this study, bees were
surveyed once per month for a 24-h period using passive
and active sampling methods (bowl and vane traps alongside
hand-netting) from June-September of 2013 andMay-September
of 2014.

From 9 days of collecting, this study added 425 new county-
level species occurrence records, 97 occurrence records in the
five county survey region, and 15 new state records for bees
not previously known to occur in Colorado (Table 1A; Table S1;
Figure 1A). We increased the number of bees known to occur
in Washington county, a relatively large county (6,537 km2)
in CO, from 5 to 127 species. One species newly recorded
in Colorado, Cemolobus ipomoea, was found ∼1,000 km west
of its previously known western range limit in Missouri,
according to publicly available georeferenced specimens [e.g.,
DiscoverLife.org, GBIF.org (GBIF, 2018; Carper et al., 2019)].
While not a new species for Colorado, a specimen of Centris
ceasalpiniae that we collected from Washington county is only
the 3rd record in the state and is now the most northern record
for this species in North America. Similarly, specimens collected
in this study expanded the known geographic range for at least a
few Lasioglossum species. Based on this 2-year study, we conclude
that the regional bee species diversity in eastern Colorado, and
the broader High Plains Region more generally, is likely much
greater than previously documented.

This new survey of bees in northeastern Colorado added
significantly to our knowledge of bee species that occur in that
part of the state. The study added a number of new species

FIGURE 1 | Bee species numbers by county for (A) Colorado (modified from Scott et al., 2011) and (B) Michigan (modified from Gibbs et al., 2017a). Values on maps

show the number of new occurrence records for bee species by county from (A) a two-year study in Colorado (N = 32 sites across five counties) and (B) a one-year

study (N = 15 sites across three counties). Shades of green and blue reflect species numbers from Scott et al. (2011) and Gibbs et al. (2017a), respectively. Stars

highlight counties with universities and research stations where researchers have contributed a significant number of specimens to museum collections.
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occurrence records for the state of Colorado, including multiple
species of Perdita, Melissodes, and Lasioglossum (Table S1).
Furthermore, this project contributed to expanding the known
geographic range limit for several species. It should be noted,
however, that there are taxonomic impediments to surveys such
as this, particularly in the western USA, as well as many countries
throughout the world. Although this survey involved only 9 days
of collecting, it took 3 years to get specimens processed and
identified by multiple taxonomic specialists, and some specimens
remain identified only at a morphospecies level. Other western
USA bee surveys have faced similar issues (e.g., Carril et al.,
2018). For certain diverse groups (e.g., Nomada, Sphecodes,
and some Lasioglossum), taxonomic keys are lacking, making
identifications impossible without taxonomic expertise. Even
with taxonomic expertise, some groups are not fully resolved and
new species are still being described. If we had identifications
for all of our collected specimens, we anticipate that this study
would contribute many more new species occurrence records for
Colorado and some undescribed species. The need for additional
series of specimens to support species descriptions underscores
the importance of surveying in such undersampled regions.

Bee Community Study in Southeastern
Michigan
While Michigan’s bee fauna is relatively well-documented in
comparison to some states in the eastern USA, many counties
in the northern and eastern parts of the state remain poorly
sampled (Gibbs et al., 2017a). Similar to Colorado, two of the
most well-studied counties inMichigan (Ingham andWashtenaw
Counties) are those that are home to the two major state
universities (Figure 1B). Extrapolating from these two counties,
most counties in southern Michigan only have one to two-
thirds of their bee fauna documented (Gibbs et al., 2017a).
Here, we present new county and state records from a recent
study conducted across three counties (Wayne, Oakland, and
Macomb) in southeastern Michigan to further illustrate how a
limited sampling effort can contribute to enhancing knowledge
of bee distributions (study region ≈ 5,600 km2). This 3-month
study (June-August 2017) involved a once per month 48-h
passive and active sampling (bowl traps and hand-netting) of bee
communities at 15 farms and community gardens located across
a tri-county region (Wilson and Jamieson unpublished data;
Figure 1B). The goal of this study was to evaluate bee response
to urbanization and floral resource availability in order to better
inform urban agriculture practices. Historic records indicate that
the three counties surveyed in our study had been undersampled.

Despite the proximity of the surveyed region to counties that
are home to two major state universities, this study yielded 74
new county-level species records, with 31 new occurrence records
to the overall study region (Table 1B; Figure 1B). Furthermore,
this study added two new state-level species records—Chelostoma
rapunculi and C. campanularum. Both of these species are
cavity-nesting specialists on Campanula (Campanulaceae) that
were accidentally introduced into North America (Käpyl, 1978;
Eickwort, 1980). These species have previously been reported
in central New York State, USA and southern Ontario, Canada

(Eickwort, 1980; Buck et al., 2005). To our knowledge, these
records are the farthest west these species have been recorded.
Results from the study presented here suggest that surveys in
these areas have the potential to expand information on bee
species distributions and regional species richness.

Efforts to comprehensively document state and county
checklists invariably fall short of their ultimate goal. Species
distributions fluctuate through time and sampling protocols are
always limited in extent and duration. Nonetheless, checklists
can invigorate interest in a region and emphasize deficits in
our understanding of species distributions. A decade ago, a
checklist of Pennsylvanian bees identified 398 species for the
state (Donovall and VanEnglesdorp, 2010). The fauna for the
state is now known to be at least 450 species (Kilpatrick
et al., 2019). Similarly, new records continue to emerge in well-
documented states, such as Colorado andMichigan, because bees
in some geographic regions of these states have been poorly
sampled, as shown above. More recent collection efforts in
Michigan continue to find new state and county records (T.
Wood in litt.). By surveying bees in undersampled regions as
identified in statewide or regional checklists, sampling efforts
can be better directed to fill gaps in our knowledge of bee
distribution and improve baseline data for future ecological and
taxonomic studies.

CONSIDERATIONS FOR FUTURE BEE
COMMUNITY SURVEYS

Continued long-term monitoring efforts in well-studied areas
is essential for evaluating changes in bee populations and
communities over time. We propose that future research
expanding into historically undersampled areas, in particular
those undergoing environmental change, is also critical. For
example, grasslands in the Great Plains of the USA have
experienced significant land-use change due to agricultural
intensification (Wright and Wimberly, 2013; Johnston, 2014).
Pollination services provided by bees in this area are critical
for ecosystems and agriculture in this region. Yet, we know
little about bee communities throughout large areas of the Great
Plains. When possible, research investigating land-use change
effects on bees should include a range of disturbance levels
or undisturbed sites for comparison. Likewise, surveys before
and after disturbance are ideal for assessing environmental
change effects.

In general, standardized protocols for bee sampling and
specimen vouchering would help facilitate comparisons across
studies. Nationwide surveys could enhance species inventorying
and monitoring efforts to detect bee declines. Lebuhn et al.
(2013) proposed that a standardized and nationwide survey
network could be implemented across the USA to provide a
better understanding of bee species trends over time. There
are a number of challenges, however, with respect to such
large-scale monitoring efforts, including logistical challenges for
taxonomists and museums as well as issues with collection
biases of pan traps that may not detect rare species or some
species sensitive to disturbance (see further discussion in
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TABLE 1 | New occurrence records for bee species by county and study region for surveys conducted in (A) northeastern Colorado and (B) southeastern Michigan.

(A) Two-year study in northeastern Colorado

County # species previously recordeda # species collected # new occurrence records # species recorded to date

Kit Carson 30 113 101 131

Logan 39 84 66 105

Phillips 11 88 82 93

Washington 5 124 122 127

Yuma 81 84 54 135

Study region 119 153 97 216

(B) One-year study in southeastern Michigan

County # species previously recordedb # species collected # new occurrence records # species recorded to date

Macomb 47 24 18 65

Oakland 133 90 28 161

Wayne 109 74 28 137

Study region 179 107 31 210

See Tables S1, S2 for species lists. New occurrence records are for species with positive identifications; no morphospecies or undetermined specimens are included here. Study region

refers to species occurrences from all counties combined.
aNumbers from Scott et al. (2011).
bNumbers from Gibbs et al. (2017a).

Lebuhn et al., 2015 and Tepedino et al., 2015). Tepedino et al.
(2015) recommend that surveys should aim to evaluate how
specific anthropogenic disturbances affect bee populations in
select areas—in particular, areas undergoing rapid environmental
change, such as the oil shale land in the western USA. Specimens
collected for such studies could expand our knowledge of
species distributions while answering ecological questions and
addressing conservation solutions.

To inform conservation efforts, we need to understand
how bees interact with their natural and modified
habitats—in particular with respect to resource-use and
ecological interactions.

In parallel with targeted ecological studies, there is an urgent
need to sample more broadly to fill gaps in knowledge regarding
species distributions as well as patterns of abundance and
diversity over space and time. This type of survey work is
more typically associated with taxonomic studies that focus on
collecting the maximum number of species rather than repeated
collections in a few sites with the goal of collecting species
in their relative abundance. We hope examples above help
demonstrate thatmuchwork remains in order to complete a basic
inventory of bee species, let alone the arduous task of monitoring
those species. Here we highlight a need for bee research in
understudied areas and outline key concerns and considerations
for future projects.

Firstly, in addition to considering the statistical power needed
for addressing research questions, researchers should consider
the effect of sampling large numbers of bees on local bee
populations. Active netting and pan traps are unlikely to have
strong effects on bee populations when used for targeted surveys
(Gezon et al., 2015). However, the increased use of blue vane
traps in regular surveys may be more problematic (Gibbs et al.,

2017b). Blue vane traps are larger, more apparent, andmay collect
certain taxa, in particular larger apid bees, at levels that are
potentially harmful on a local scale (Gibbs et al., 2017b). It would
be foolhardy to limit collection efforts given the critical need to
inventory and monitor bee populations; however, we suggest that
blue vane traps may be best deployed for short periods (i.e., 24 h
or less), especially in ecologically sensitive regions or seasons.

Secondly, bee species of some genera are notoriously difficult
to accurately identify, and large monitoring projects could
create a tremendous amount of work for a small number
of bee taxonomists (Tepedino et al., 2015). As funding for
bee research continues to increase worldwide, we hope to
see greater funding and training opportunities for emerging
bee taxonomists in addition to continued advances in DNA
barcoding and molecular tools for species identifications (Packer
et al., 2009; see Gonzalez et al., 2013; and Sheffield et al.,
2017 for further discussion). DNA barcoding entire collections
or representative samples as standard practice in ecological
surveys could have two potential benefits: (1) reducing the
pressure on taxonomic experts for routine identifications and
(2) contributing data for taxonomists to further revise species
concepts. It should be noted that DNA barcodes are not
foolproof. Not all specimens will barcode successfully and DNA
barcodes do not always discriminate closely related species
(Meyer and Paulay, 2005; Meier et al., 2006; Gibbs, 2018), but
neither does morphology (Packer et al., 2009). A helpful step that
researchers can take prior to planning a community survey is
to contact the appropriate taxonomists in advance of a project
and write support for taxonomic expertise or DNA barcoding
into grant applications. Since DNA barcoding databases may
not be comprehensive or may require interpretation, taxonomic
expertise is always recommended.
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Finally, prior to planning a new study, researchers must
consider where and how bee specimens will be vouchered.
Large samples of bee specimens can require significant
time, space, and resources to voucher in museums. Thus,
researchers should discuss plans for vouchering specimens with
collections managers. Museum specimens are the backbone
of bee research—vital to the compilation of state, regional,
and worldwide species lists as well as the development of
taxonomic revisions, identification keys, and as reference
material for specimen identification. Given that some bee taxa
require revisions or present problems for accurate identification,
vouchering of specimens in museum collections is imperative.
Furthermore, museum specimens are good resources for
documenting species declines over time (Colla et al., 2012b;
Bartomeus et al., 2013, 2018; Burkle et al., 2013; Jacobson et al.,
2018), or lack there of (Colla et al., 2012a), and are thus invaluable
for directing conservation efforts. Colla and Packer (2008) used
museum specimens to document the decline in Bombus affinis
Cresson in southern Ontario over an ∼30-year period. Burkle
et al. (2013) also used historic data to evaluate changes in plant-
pollinator networks in Illinois, USA. Resampling an area after 120
years, Burkle et al. (2013) found that 50% of bee species from
the regional study were locally extirpated. They attributed this
effect to land-use and climate change that resulted in spatial and
temporal mismatches between forbs and bees, in particular rare
and specialized bee species. Such longitudinal studies are critical
for assessing changes in bee communities, and these studies
benefit from surveys over broad geographic areas.

CONCLUSIONS

We conclude that current gaps in knowledge and research
biases make it difficult to monitor changes in bee communities
over time and space, which presents challenges in evaluating
and modeling the effects of anthropogenic disturbances on

bees. We contend, however, that targeted sampling efforts in
understudied areas have the potential to substantially improve
our knowledge of bee species distributions, range limits, and
geographic patterns of species diversity. A better understanding
of such patterns can aid in identifying species of concern,
such as declining or introduced species, and help direct future
conservation efforts.
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