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Comparing species richness
and abundance of bumble
bees between urban and
natural areas using a
photographic survey approach
Janelle MacLeod1*, Marina Silva-Opps1 and Javier Sanchez2

1Department of Biology, University of Prince Edward Island, Charlottetown, PEI, Canada, 2Department
of Health Management, University of Prince Edward Island, Charlottetown, PEI, Canada
Bumble bees are essential pollinators that provide critical ecosystem services yet,

studies are documenting global species declines while recognizing those

declines may be understated due to insufficient baseline data. This study

investigates bumble bee species richness and abundance across urban and

natural sites in Prince Edward Island, Canada, focusing on Charlottetown

(urban) and Prince Edward Island National Park (natural). We conducted

fieldwork in August and September 2019 using a non-invasive photographic

survey technique. We used published keys and sought feedback from citizen

science platforms like iNaturalist and Bumble Bee Watch to verify species

identification. Our results revealed nine bumble bee species, with Bombus

impatiens being the most abundant and Bombus perplexus the rarest. Species

richness was higher in natural sites, while urban sites demonstrated moderate

levels of bumble bee diversity. Additionally, our findings suggest that sites

containing a mix of natural and human-cultivated plant types, predominantly

found in our urban study sites, may support higher diversity and evenness levels

than those of homogenized plant types (natural or human-cultivated). This

research illustrates the practicality of photographic surveys to document the

species richness and diversity of bumble bees while avoiding disturbance to

populations in urban and natural habitats of Prince Edward Island.
KEYWORDS

bumble bees, urbanization, photographic surveys, pollinators, species richness,
conservation, baseline data
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1 Introduction

Urbanization is recognized as a major cause of pollinator

habitat loss, mainly promoted by the rapid growth and

concentration of human populations in urban centers. From the

ecological point of view, urban areas are a unique mosaic of

residential, commercial, and industrial habitats ameliorated by

green spaces (Breuste et al., 2008). Researchers frequently

document urbanization’s negative impacts on species diversity

and abundance of a broad range of taxa. Yet, with effective

conservation measures, pollinators, including bumble bees, can

successfully use urban habitats (Blackmore and Goulson, 2014)

and may prefer urban spaces to agriculturally dominated spaces

(Samuelson et al., 2018).

Bumble bees (genus Bombus) are a major group of bees

comprising approximately 260 species globally (Fisher et al., 2022).

They pollinate a wide range of flora, including species vital to

agriculture (Milanoa et al., 2019; Samuelson et al., 2018), species of

conservation concern (Baldock, 2020; Potts et al., 2016), and those

that support global food security (Fauser-Misslin et al., 2013;

Marshman et al., 2019). Bombus species possess several

physiological (e.g., Heinrich, 1975; Heinrich and Kammer, 1973;

Masson et al., 2017), morphological (e.g., variable tongue phenology;

Arbulo et al., 2015; Grixti et al., 2009) and ecological (e.g., buzz

pollination; Nunes-Silva et al., 2013) characteristics that contribute to

their success as pollinators (Bond, 1994; Sheffield et al., 2003). Not

only have bumble bees earned the label of keystone species within

urban habitats (Goulson et al., 2011; Parrey et al. 2021), their nests

can host parasitic and commensal species (Cameron et al., 2007),

demonstrating their further value in providing ecosystem services

(Winfree et al., 2007). The queens of parasitic species within the

Bombus genus, also called cuckoo bumble bees (subgenus Psithyrus),

locate established nests and kill or dominate the resident queen of a

preferred Bombus host species (Lhomme and Hines, 2018). The

dominant queen will then use the resident queen’s workers to rear her

reproductive offspring (Lhomme and Hines, 2018); therefore,

Psithyrus subgenus species lack worker castes.

Aside from collection reviews, scientists typically survey bumble

bees using traps or bowls (Armistead, 2023; Bell et al., 2023), which

are passive techniques involving lethal capture. Lethal capture

techniques vastly reduce time and labor commitments (e.g.,

Brooks and Nocera, 2020; Montero-Castaño et al., 2022) but

involve a certain level of disturbance in populations and

ecological communities surveyed. Conducting surveys while

limiting population disturbance is particularly important when

studying rare or at-risk species (Montero-Castaño et al., 2022;

Bell et al., 2023). A more labor-intensive yet still effective

approach is netting to capture individuals for collections or

subsequent analysis and release (Bell et al., 2023; Dominey, 2021).

A non-lethal, non-invasive approach that may be used to survey

pollinators, such as bumble bees, is the photographic survey. In this

method, the researcher collects photos of individual animals and

identifies them via their color patterns and physical characteristics

(Williams et al., 2014). While requiring more labor than lethal

capture, photographic surveys are very cost-effective. The studies

that have used photographic surveys to document the presence or
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abundance of bumble bees have shown that this method of

surveying can effectively quantify and distinguish bumble bee

species provided the researchers possess expertise in bumble bee

taxonomy (e.g., MacPhail et al., 2020). In addition, digital cameras

are not required to take high-quality images of most bumble bee

species. Most smartphones possess cameras that can provide

excellent photos of bumble bees hovering around and on

flowering plants. Citizen science platforms like iNaturalist and

Bumble Bee Watch rely on photographic submissions and have

become a popular approach to documenting bumble bee abundance

and distribution (Falk et al. 2019; MacPhail et al., 2020; Suzuki-

Ohno et al., 2017). Typically, experts take time to review

submissions on citizen science platforms that improve accurate

species identification. Yet, it is important to distinguish that some

platforms allow any user to suggest identification. For example,

Bumble Bee Watch submissions are verified by experts, whereas

iNaturalist allows any user to suggest an identification that may

falsely become considered “Research Grade.”

Within the urban context, green spaces may include human-

made gardens, parks, playgrounds, trails, cemeteries, and enclaves

of natural and semi-natural plant communities (Daniels et al., 2020;

Wood et al. 2018). Some researchers studying bumble bees in urban

areas have documented lower flower visitation rates, lower species

richness, loss of rare species, and homogenization of species pools

(Deguines et al., 2016; Harrison et al., 2019; Hernandez et al., 2009),

while others are documenting that many large-bodied, social, and

generalist pollinator species can thrive in urban environments

(Liang et al., 2023). Some have found bumble bee diversity to be

relatively higher in urban areas because of the assortment of flora

that characterizes urban green spaces (Baldock et al. 2015;

Theodorou et al., 2021), particularly individual and community

gardens (Baldock, 2020). Studies have shown that bumble bees can

colonize urban areas with a relatively small cover of green space

(e.g., Hernandez et al., 2009; Matteson et al., 2008; Matteson and

Langellotto, 2010; Tommasi et al., 2004), provided the green space

offers favorable and beneficial characteristics (Nunes et al. 2024).

Urban spaces may offset the negative impacts that surrounding

agricultural (e.g., lower reproductive rates, smaller peak sizes) and

rural areas (e.g., less variation of floral resources) may pose on

bumble bee populations (Nunes et al. 2024; Samuelson et al., 2018).

It is important to note that habitat requirements vary between

bumble bee species, which also helps explain how studies focusing

on specific bumble bee species can produce contrasting results

(Liczner and Colla, 2020).

Prince Edward Island (PEI) is the smallest Canadian province

with only 600,000 hectares of land (Kolinjivadi et al., 2020), situated

in the Gulf of St. Lawrence on the eastern coast of Canada. Since

European colonization, roughly three centuries ago, anthropogenic

activities such as forestry, agriculture, and urbanization have altered

the natural habitats of PEI. Some active research has been

conducted on bumble bees in Eastern Canada (e.g., Brown, 2022;

Dominey, 2021). However, only one study (Laverty and Harder,

1988) has supplied precise information about bumble bees in PEI.

Laverty and Harder used museum and private collections and

recorded nine bumble bee species in the natural areas of PEI:

Bombus borealis, Bombus citrinus, Bombus fervidus, Bombus
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insularis, Bombus rufocinctus, Bombus sandersoni, Bombus

ternarius , Bombus terricola, and Bombus vagans (1988).

Unfortunately, they did not offer any details pertaining to bumble

bee species in urban PEI.

Specifically, the objectives of this study were (1) to provide

baseline data on species richness, diversity, and relative abundance

of bumble bees occurring in urban and natural areas of PEI (2) to

assess the usefulness of photographic surveys for monitoring bumble

bee populations; and (3) to compare the diversity and composition of

bumble bee communities between urban and natural areas of PEI.

Based on studies conducted in other regions of North America, we

predicted that the natural areas of Prince Edward Island would

support a more diverse bumblebee community compared to urban

areas. This is because of the availability of preferred native flora

(Carvell et al. 2017) and less anthropogenic disturbance. We also

expected higher bumble bee abundance levels in sites dominated by

natural flora compared to human-cultivated flora (i.e., ornamental

plants). Although Laverty and Harder did not document Bombus

impatiens in PEI (1988), we expected to find this species in both

urban and natural sites. This prediction was based on B. impatiens

being a generalist species that is widely distributed in Eastern North

America (e.g., Matteson and Langellotto, 2009) and their range has

artificially expanded because of their usefulness in commercial crop

pollination (Palmier and Sheffield, 2019; Velthuis and Doorn, 2005).
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2 Materials and methods

2.1 Study sites

PEI is Canada’s smallest Atlantic province, located in the Gulf

of St. Lawrence (Silva et al., 2005). The largest urban area of PEI is

its capital, the city of Charlottetown (50 km2 area), which has a

population of roughly 44,000 individuals (Statistics Canada,

2018) (Figure 1).

In order to compare the diversity and composition of bumble bee

communities in urban and natural areas of PEI, a total of 20 sites were

surveyed in PEINP and another 20 sites in Charlottetown (Figure 1).

Charlottetown sites (20/20) included walking trails, parks, public

gardens, and open green spaces, in locations that could represent the

interior and boundaries of the city. Sites typically consisted of native

and non-native naturally occurring species (e.g., aster spp., autumn

hawkbit, clover spp., dandelion spp., goldenrod spp., and thyme spp.)

and/or human cultivated species (e.g., begonia spp., chrysanthemum

spp., cinquefoil spp., phacelia spp., and sedum spp.). PEINP sites

consisted mainly of open green spaces with native and non-native

wildflowers (aster spp., clover spp., common eyebright, goldenrod

spp., knapweed spp., wild rose, and tufted vetch). PEINP contains

27 km2 of protected natural habitats but it is important to note that it

also includes human infrastructures (e.g., campgrounds, visitor and
FIGURE 1

General location of bumble bee photographic surveys conducted in August and September 2019 between urban (Charlottetown, Prince Edward
Island) and natural sites (Prince Edward Island National Park).
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interpretation centers) that are used predominantly during the

summer. Given the substantial level of anthropogenic disturbance

in Charlottetown, three major areas within PEINP were selected to

encompass a broad spectrum, ranging from moderate anthropogenic

disturbance to predominantly natural environments. The Cavendish/

North Rustico sites (9/20) display moderate disturbance and the least

natural characteristics. This area was selected for this study because of

its similarity with Charlottetown, as it sustains a higher level of

anthropogenic activities and human infrastructure while

encompassing the least abundant amounts of green space

compared to other PEINP locations. Disturbance is especially

obvious during the summer when tourists visit PEINP and the

town of Cavendish. In contrast, the Brackley/Dalvay sites (5/20)

exhibit a moderate level of disturbance along with moderate instances

of human infrastructure. Finally, the Greenwich/Fort Amherst sites

(6/20), while geographically separated, demonstrate the least amount

of infrastructure and rates of visitation, while displaying the highest

influx of natural characteristics (forested areas, wetlands, and

uncultivated fields), that could represent natural areas of PEI. In

this study, we categorized the vegetation at all surveyed sites into

three main groups: natural (including native and non-native plants),

human-cultivated (such as ornamental plants), and mixed (a

combination of natural and human-cultivated) based on the

dominant plants present at each site. We used the provincial

vegetation classification standards (e.g., Government of Prince

Edward Island, 1977; Pollinator Partnership Canada, 2017) for

this classification.
2.2 Photographic survey of bumble bees

For this study, we opted for a non-lethal, non-invasive

photographic survey method at the request of Parks Canada. This

decision was made to avoid capturing live animals within PEINP

and to minimize disturbance to bumble bee populations. We chose

photographic surveys because we believe photographs are a reliable

survey instrument, especially when complimented via citizen

science platforms utilized or managed by field experts that verify

identification. We conducted a literature review to identify the

specific characteristics of species expected to occur in PEI and used
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the identification key published by Williams et al. (2014). In

addition, we also consulted local and regional experts to ensure

that our list of characteristics was accurate and exhaustive. Experts

from the citizen science platforms were consulted for species that

exhibited similar physical characteristics or if we were unsure of an

individual species identification.
2.3 Survey protocol

We surveyed each study site in August and September 2019,

between 1000 and 1600, when the ambient temperature was at least

12°C, and no prolonged rain periods or strong winds during the

survey time (sensu Pacific Northwest Bumble Bee Atlas, 2019). Even

though bumble bees can fly in less suitable weather conditions

relative to other bees, maintaining optimal weather conditions

allows for high-quality photos of bumble bees, as strong winds

can make selective focusing extremely challenging, and low light

periods can greatly reduce photo quality. Two sites in

Charlottetown and one in PEINP could not be re-surveyed in

September for reasons out of our control. We opted not to use

pre-determined transect lines to avoid the unintended exclusion of

flora in bloom within the selected site (Nielsen et al. 2011).

Therefore, transect lines varied slightly from August to

September, as required, if the location of blooming floral

resources had alternated. To reduce the possibility of double

counting the same individual bumble bee, each survey was

conducted for 10 minutes and involved continuously walking in a

direction (e.g., meandering East to West) and only changing

directions sharply if required (e.g., urban park site with flora

positioned in a bordering L shape). Timers were paused if an

individual bumble bee displayed uncharacteristic color patterns

requiring significant photographs to further aid in accurate

identification (e.g., individuals with lost hair, unusual

pigmentation, and morphologically similar species).

Photographs were taken with a smartphone (Samsung S8

generation; 2268 x 4032 pixels) to provide an optimal view of the

abdomen, face, and thorax of bumble bees (Figure 2). An initial

attempt was made to distinguish each bumble bee at the species

level during the photographing process in the field. Confirmation of
FIGURE 2

Example of photographic procedure for each individual bumble bee so that multiple angles of the specimen are recorded to ensure accurate
species identification (A–D). Photos taken by Janelle MacLeod of B. bimaculatus on August 17, 2019.
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the identification was made by examining the photographs on a

laptop and noting distinct morphological features (e.g., abdomen/

tail color, facial hair, and the number/pattern of bands) (sensu

Laverty and Harder, 1988). We could confidently recognize most

species in our study sites by assessing morphological traits. Field

observations and photographs did not permit us to distinguish

confidently between B. vagans and B. sandersoni (two species

expected to occur in PEI), therefore we grouped all potential

observations of individuals from these two species into one group

for data analyses (B. sandersoni/B. vagans). The photographs

depicting bumble bees with un-characteristic color patterns were

posted on iNaturalist (iNaturalist, 2020) and/or Bumble Bee Watch

(The Xerces Society et al., 2020) as well as individuals from each

species with typical patterns to confirm surveyor validation.

2.4 Data analysis

To assess community structure at each site in Charlottetown

and PEINP, we computed species richness and Simpson’s index of

diversity. We used evenness as a measure of relative abundance.

Evenness values were calculated as the inverse of the Simpson’s

index for each study site in both August and September (Krebs,

1989). Evenness reflects the relative abundance of species,

indicating whether a community is dominated by a few species or

if species are more evenly distributed. For example, if a community

has high evenness, species are in similar abundance. Conversely,

low evenness indicates that a few species are much more abundant

than others. All community measurements, including species

richness, species diversity, and evenness, were computed using

Stata. Log transformation was applied to variables as needed to

meet the assumptions of parametric statistical analyses. Multiple

regression analyses were employed to investigate the influence of

vegetation types and surveyed months on species diversity and

evenness, while Poisson regression analysis was utilized to explore

their effects on species richness.
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3 Results

Overall, we observed 1,414 individual bumble bees in the 40

sites surveyed in this study (Table 1). Approximately the same

number of bumble bees were photographed for Charlottetown (n =

705) and PEINP (n = 709). The most frequently observed species

was B. impatiens representing ~79% of the observed bumble bees in

Charlottetown sites and 58% in PEINP sites. B. perplexus and

B. bimaculatus were only photographed in the Charlottetown

sites (Figures 3–6). The average species richness in Charlottetown

sites was 2.47 ± 1.33 (Table 2) and 3.56 ± 1.17 in PEINP (Table 3).

Charlottetown displayed relatively lower species diversity, averaging

1.58 ± 0.67 compared to 2.13 ± 0.79 within PEINP. For evenness,

the average in Charlottetown was 0.73 ± 0.23, while in PEINP, it was

0.62 ± 0.19.

Of the total individuals photographed in this study, 7.3% were

submitted to either iNaturalist or Bumble Bee Watch platforms to

attempt to ascertain the accuracy of our initial species identification.

Identifications via iNaturalist were predominantly confirmed by

expert John Ascher (curator for the platform and Assistant

Professor at the National University of Singapore). Identifications

via Bumble Bee Watch were confirmed by expert Victoria MacPhail

(Environment and Climate Change Canada). Photographs of

bumble bees identified as B.vagans/sandersoni were posted on

iNaturalist and Bumble Bee Watch platforms but generally only

confirmed to Pyrobombus. Based on all the responses from the

experts on these platforms, only 3% of our preliminary

identifications were inaccurately identified.

For the statistical analysis, month and site were significant for

species richness (p-value = 0.0314). Species diversity was higher in

all PEINP sites than Charlottetown in August and September (p-

value = 0.0006). Cavendish/North Rustico sites displayed a 30%

higher diversity index than Charlottetown. Plant type was the only

significant predictor of evenness (p-value = 0.0184). Evenness index

was lower in anthropogenic settings than natural, yet mixed settings
TABLE 1 Total bumble bee abundances based on photographic surveys conducted in August and September 2019 in Charlottetown, Prince Edward
Island and Prince Edward Island National Park.

Charlottetown Prince Edward Island National Park

Species August September August September

B. bimaculatus 12 0 0 0

B. borealis 2 0 16 5

B. fervidus 1 0 3 0

B. impatiens 249 309 138 274

B. perplexus 1 0 0 0

B. rufocinctus 72 32 88 25

B. ternarius 3 4 40 45

B. terricola 9 1 7 0

B. vagans/sandersoni 6 4 36 32

Totals 355 350 328 381 1414
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displayed a higher index than natural by 24%. The results of all

models are presented in Table 4.
4 Discussion

4.1 Baseline data for Charlottetown, PEI
and PEINP

In our study sites, we observed nine bumble bee species, six of

which were also recorded by Laverty and Harder in 1988. Two
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expected species, B. vagans and B. sandersoni, are difficult to

differentiate without close inspection. Therefore, we only

confirmed the subgenus Pyrobombus as representing one species,

but both species may be present, which would account for seven of

the nine species expected. In addition, we found two species,

B. perplexus, and B. bimaculatus, only in Charlottetown sites,

which had not previously been reported in PEI. This is an

important finding suggesting that B. bimaculatus may be

expanding its range into Atlantic Canada, confirming

observations made by Dominey (2021) in the neighboring

province of Nova Scotia. Furthermore, based on “Research
FIGURE 3

Distribution of bumble bees by site. Proportions of identified species by sampling month and location from photographic surveys conducted in
Charlottetown, Prince Edward Island in August and September 2019. Site number is indicated on the y-axis which accounts for all sites within the
study area. Sites were surveyed in August and re-surveyed in September; sites with no data in September indicate sites that could not be re-
surveyed due to reasons out of our control.
FIGURE 4

Distribution of bumble bees by site. Proportions of identified species by sampling month and location from photographic surveys conducted in the
locations within Cavendish and North Rustico of Prince Edward Island National Park in August and September 2019. Site number is indicated on the
y-axis which accounts for 9 of the 20 sites in the study area. Sites were surveyed in August and re-surveyed in September; sites with no data in
September indicate sites that could not be re-surveyed due to reasons out of our control.
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Grade” iNaturalist records, B. bimaculatus is most abundant

between July and early September. This may explain why all 12

individuals we observed from this species were photographed only

in August.

We only observed one individual of B. perplexus, documented

in urban site (Site 10) on the southern border of the survey area and

on an ornamental plant (chrysanthemum sp.). While listed as

secure for the research location (NatureServe, 2024), limited

documentation is not completely surprising given with the

restricted survey period. Yet, we observed relatively higher

abundances of B. terricola; while B. terricola is considered a

common species (NatureServe, 2024), they are listed as Species of

Special Concern by the Committee on the Status of Endangered
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Wildlife in Canada (COSEWIC, 2015). Although the seasonal

activity of B. perplexus typically reaches peak abundance slightly

earlier than B. terricola, our observations showed overlap. The

higher number of B. terricola (n=10) compared to B. perplexus

(n=1) suggests that B. perplexus may be experiencing declines.

However, additional studies are necessary to confirm this trend

throughout the species’ active life cycle in PEI.

No specimens of B. citrinus or B. insularis were observed at any

of our urban or natural sites. The most likely explanation for the

absence of these two species is that they are parasitic species without

worker castes, making them difficult to observe. According to both

iNaturalist and Bumble Bee Watch, there are sufficient “Research

Grade” sightings of individuals from both B. insularis and B.
FIGURE 5

Distribution of bumble bees by site. Proportions of identified species by sampling month and location from photographic surveys conducted in the
locations within Brackley and Dalvay of Prince Edward Island National Park in August and September 2019. Site number is indicated on the y-axis,
accounting for 5 sites of the 20 sites in the study area. Sites were surveyed in August and re-surveyed in September.
FIGURE 6

Distribution of bumble bees by site. Proportions of identified species by sampling month and location from photographic surveys conducted in the
locations within Greenwich and Fort Amherst of Prince Edward Island National Park in August and September 2019. Site number is indicated on the
y-axis, accounting for 6 of the 20 sites in the study area. Sites were surveyed in August and re-surveyed in September.
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citrinus in early and mid-summer to confirm that these two species

occur on PEI (iNaturalist, 2020; The Xerces Society et al., 2020). As

our photographic surveys were conducted in August and

September, it is evident that potential opportunities to capture

images of these two species at our study sites may have been missed.

To mitigate this issue, it is recommended that future studies

incorporate surveys that encompass the entire seasonal activity of

Bombus, preferably spanning fromMay to October. The acquisition

of a more comprehensive dataset would enable scientists and

conservationists to effectively gauge the focal areas for their

endeavors and identify species warranting a conservation

management program.

One species not previously recorded in PEI but expected to be

present was B. impatiens, given its presence in nearby Canadian

provinces and American states (Matteson and Langellotto, 2009).

Our study revealed the species’ presence in urban (n=558) and

natural sites (n=412). B. impatiens dominated most survey areas

irrespective of month and site, indicating its adaptability to various

conditions. These findings are consistent with those of Dominey

(2021), indicating that while B. impatiens was not historically

recorded in the study area, it is now firmly established within the
Frontiers in Ecology and Evolution 08
region. Contrary to other species, B. impatiens populations typically

reach peak abundance in September and continue their colony cycle

into the fall (Colla and Dumesh, 2010), explaining its prevalence in

our study sites during that period. The fact that Laverty and Harder

(1988) did not document the presence of this species in PEI may be

attributed to their study’s reliance on museum specimens rather

than field surveys. Alternatively, the species may have expanded its

distribution since their research, approximately 36 years ago. Future

studies should explore other areas of PEI to assess the potential

widespread distribution of this species throughout the province.
4.2 Photographic survey approach

The study used photographic surveys to examine bumble bee

populations in urban and natural habitats and sought expert opinion

via citizen science platforms to aid accurate identification. The

effectiveness and cost-efficiency of this approach were successfully

demonstrated, indicating its potential for application in areas where

different species can be distinguished based on physical

characteristics. However, our findings also revealed that
TABLE 2 Measurements of species richness, species diversity, and evenness for all photographic bumble bee survey locations in Charlottetown,
Prince Edward Island, surveyed in August and September 2019.

Area Site
Number

Latitude Longitude August 2019 September 2019

Species
Richness

Diversity Evenness Species
Richness

Diversity Evenness

C
ha
rl
ot
te
to
w
n

1 N 46.240921 W −63.114520 2 1.994 0.997 2 1.105 0.552

2 N 46.232382 W −63.120434 6 3.273 0.545 2 1.246 0.623

3 N 46.238311 W −63.124696 1 1.000 1.000 2 1.690 0.845

4 N 46.248434 W −63.127440 3 2.279 0.760 1 1.000 1.000

5 N 46.254488 W −63.134771 3 1.256 0.419 1 1.000 1.000

6 N 46.229486 W −63.136883 3 1.867 0.622 1 1.000 1.000

7 N 46.248482 W −63.153200 4 2.410 0.602 3 1.412 0.471

8 N 46.262694 W −63.149789 2 1.923 0.962 2 1.969 0.985

9 N 46.229310 W −63.128495 4 1.959 0.490 2 1.117 0.559

10 N 46.233774 W −63.132065 2 1.198 0.599 1 1.000 1.000

11 N 46.257847 W −63.147050 3 1.674 0.558 2 1.220 0.610

12 N 46.258091 W −63.147240 4 2.456 0.614 1 1.000 1.000

13 N 46.256281 W −63.140350 1 1.000 1.000 1 1.000 1.000

14 N 46.265843 W −63.142116 2 1.882 0.941 3 1.368 0.456

15 N 46.253660 W −63.130671 4 1.296 0.324 – – –

16 N 46.253285 W −63.101355 6 4.083 0.681 2 1.220 0.610

17 N 46.259564 W −63.172319 1 1.000 1.000 1 1.000 1.000

18 N 46.276650 W −63.157093 3 1.338 0.446 4 2.049 0.512

19 N 46.247083 W −63.133652 3 1.455 0.485 2 1.753 0.877

20 N 46.250015 W −63.132995 4 1.751 0.438 – – –
– indicates sites that could not be re-surveyed.
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photographic surveys of bumble bees had limitations when two or

more species showed morphological resemblances, such as in the

example of B. vagans and B. sandersoni. Individuals from these two

species were indistinguishable based on photographs because of their

similar morphological traits. Other photographic surveys have also

found that with two or more morphologically similar species, only

94-98% of sightings could be identified to the species level

(Armistead, 2023; Flaminio et al. 2021). To enhance taxonomic

identification, we suggest researchers consider integrating netting to

temporarily capture individuals, especially morphologically similar

species. This would more effectively enable the differentiation

between species that share similar morphological characteristics.

Yet, in some cases, identification may be impossible without lethal

capture (microscopic inspection and/or genetic analysis), for

example, differentiating B. vagans and the subspecies B. vagans

bolsteri. While more labor intensive than passive capture, this

combination of surveys ensures minimal disturbance to

populations. With the advancements posed by artificial intelligence,

it is perceivable that future citizen science platforms may not require

humans to dedicate time to confirm species identification (Montero-

Castaño et al., 2022; Suzuki-Ohno et al., 2017).
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Like any other citizen science approach, species identification

based on photographs of bumble bees requires a certain level of

taxonomic knowledge or expertise from the part of the surveyor. To

verify surveyor expertise in accurately identifying bumble bee

species, one should refer to published keys to test abilities before

conducting field surveys (MacPhail et al., 2020; Montero-Castaño et

al., 2022). However, the effectiveness of this approach also largely

depends on what Bombus species are present. If the temporal region

includes multiple species that are not easily distinguishable from

field surveys, another approach may be deemed more appropriate.

Limitations will still be present when conducting photographic

surveys. Aside from morphologically similar species, some

temporal regions support higher volumes of expected species,

which can further complicate accurate identification in the field.

When considering other pollinator species, such as solitary bee

species, it can be impossible to differentiate without lethal capture

and genetic analyses. Nonetheless, it is noteworthy that

photographic surveys of bumble bees continue to offer high-

quality data for preliminary assessments or to acquire informative

diversity and richness indexes without necessitating permits or

intrusive techniques. We suggest considering all possible
TABLE 3 Measurements of species richness, species diversity, and evenness for all photographic bumble bee survey locations in Prince Edward Island
National Park, surveyed in August and September 2019.

Area Site
Number

Latitude Longitude August 2019 September 2019

Species
Richness

Diversity Evenness Species
Richness

Diversity Evenness

P
ri
n
ce
 E
dw

ar
d 
Is
la
n
d 
N
at
io
n
al
 P
ar
k

21 N 46.489467 W −63.393249 4 2.381 0.595 3 1.278 0.426

22 N 46.482217 W −63.422326 3 2.778 0.926 – – –

23 N 46.416146 W −63.075894 2 1.600 0.800 3 2.273 0.758

24 N 46.415941 W −63.073833 3 2.970 0.990 3 1.438 0.479

25 N 46.497804 W −63.390387 4 3.556 0.889 3 1.412 0.471

26 N 46.497856 W −63.392159 3 2.246 0.749 2 1.153 0.576

27 N 46.486723 W −63.377581 4 2.400 0.600 3 2.571 0.857

28 N 46.436710 W −63.244517 6 3.214 0.536 3 1.674 0.558

29 N 46.426735 W −63.190583 5 2.922 0.584 4 1.633 0.408

30 N 46.488100 W −63.313388 3 2.600 0.867 3 2.000 0.667

31 N 46.492950 W −63.390828 4 2.429 0.607 3 1.581 0.527

32 N 46.465465 W −63.302113 5 1.988 0.398 2 1.100 0.550

33 N 46.464648 W −63.309831 3 1.780 0.593 3 1.383 0.461

34 N 46.443535 W −62.695950 4 1.633 0.408 5 1.725 0.345

35 N 46.443380 W −62.700279 7 5.226 0.747 4 2.038 0.510

36 N 46.444748 W −62.681104 3 1.857 0.619 4 1.809 0.452

37 N 46.426876 W −63.192517 6 2.350 0.392 4 1.441 0.360

38 N 46.196300 W −63.135466 1 1.000 1.000 3 2.909 0.970

39 N 46.194887 W −63.131359 4 2.368 0.592 4 1.905 0.476

40 N 46.192351 W −63.141995 3 2.381 0.794 3 2.435 0.812
– indicates sites that could not be re-surveyed.
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limitations given the expected species for the region, and comparing

the photographic survey approach to other capture methods

(Armistead, 2023) to properly facilitate research objectives.
4.3 Bumble bee community comparison:
urban vs. other sites

Our study found that PEINP sites exhibited the highest levels of

species richness, relative abundance, and diversity compared to

Charlottetown urban sites. The highest species richness observed in

a single survey was within a Greenwich site (n=7). This site

documented the presence of seven of the nine total species

observed. Cavendish/North Rustico, while experiencing increased

levels of anthropogenic activity, is predominantly surrounded by

agriculture. This survey area would benefit from a comparative

analysis to assess how exactly bumble bees use and adapt to each

landscape use. A monthly analysis revealed a decrease in both

species richness and abundance across all study sites in September.

These findings are consistent with previous studies that have

documented seasonal variations in the abundance of bumble bees,

including some of the species found in PEI (e.g., Novotny et al.,
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2021). A plausible explanation for this decline is that most bumble

bee species may have concluded their colony cycles by late August.

Interestingly, sites characterized by a mix of natural and

human-cultivated (ornamental) vegetation—largely, sites within

urban Charlottetown—showed greater bumble bee species

diversity and abundance when compared to sites with solely

natural vegetation or human-cultivated. Supporting this, other

studies (Baldock et al. 2015; Kaluza et al. 2016; Marıń et al. 2020;

Nakamura and Kudo 2019; Sirohi et al., 2015) propose that urban

green spaces with varied land use and moderate human activity

promote species diversity by enhancing habitat and foraging

diversity. For bumble bees, the mix of natural and human-

cultivated vegetation offers a continuous and diverse supply of

floral resources throughout the growing season, able to support a

wider range of species with different foraging preferences and needs

(Nakamura and Kudo 2019; Sikora et al., 2020). Furthermore,

moderate disturbances like occasional mowing, planting, or

construction in urban sites may prevent any single species from

dominating the ecosystem. It is also possible that while ornamental

plants may be visited, naturally occurring species (e.g., aster, clover,

goldenrod) are the drivers for visitation within the area. To further

this finding, studies should be conducted to encapsulate the entire

active life cycle of bumble bees, as well as documenting floral

preferences and visitation rates among each species.
5 Conclusion

Our study significantly contributes to the conservation of

bumble bee species by demonstrating that photographic surveys

offer a practical and cost-effective method for obtaining baseline

data in urban sites and other areas where traditional or more

invasive sampling methods may not be easily feasible. Citizen

science platforms, when utilized by field experts, also create an

opportunity to ensure the accuracy of surveyor identifications. Yet,

they should not replace verification using taxonomic keys or expert

consultation. Knowledge of the species in a given habitat is essential

for practical conservation efforts. Considering the fragmentation

caused by urbanization and agricultural activities on PEI, our

findings suggest that urban green spaces, including, but not

limited to, human-made gardens, parks, playgrounds, trails,

cemeteries (Daniels et al., 2020; Wood et al. 2018), may serve as

refuges for certain bumble bee species, aligning with the

observations of Samuelson et al. (2018). Specifically, urban areas

that incorporate a variety of native floral resources can play a crucial

role in preserving bumble bee diversity, as observed in similar

studies (Boone et al., 2022; Conflitti et al. 2022; Liang et al., 2023),

especially when surrounded by habitats such as monoculture

cropping (Deguines et al., 2016). Although human-introduced

vegetation is sometimes undervalued and often removed from

urban green spaces, we suggest further investigation into the role

of these flora species in supporting urban fauna, including

pollinators, before deciding on their removal.

In situations where several morphologically similar species are

expected, we recommend adopting a survey methodology that
TABLE 4 Results of the Poisson and Linear regression models
(log-transformed).

Survey area Coefficient 95% C.I. P-value

Species Richness
Intercept (Poisson)

1.038 0.811; 1.266 <0.001

Habitat* 0.031

Cavendish/
North Rustico

0.267 −0.065; 0.600

Brackley/Dalvay 0.463 0.090; 0.837

Greenwich/
Fort Amherst

0.424 0.069; 0.780

Month September+ −0.303 −0.565; −0.042 0.023

Species Diversity
Intercept
(Adj-R2=0.31)

0.542 0.418; 0.667 <0.001

Habitat* <0.001

Cavendish/
North Rustico

0.267

Brackley/Dalvay 0.339

Greenwich/
Fort Amherst

0.363

Evenness Intercept
(Adj-R2=0.08)

−0.471 −0.554; −0.389 <0.001

Plant Type@ 0.018

Anthro −0.176 −0.442; 0.090

Mixed 0.221 0.036; 0.407
Reference category: *Charlottetown, +August; @Natural.
Only significant predictors are shown on this table (n=77).
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integrates photography with temporary capture (netting) to

facilitate the scrutiny of critical attributes and the accurate

identification of these species (Armistead, 2023; Bell et al., 2023;

Montero-Castaño et al., 2022). Accumulating additional data will

inform and enhance conservation measures, especially for rare and

specialized species; what benefits a generalist species may prove

harmful to a rare species in peril (Liczner and Colla, 2020).

Furthermore, it will help visualize which local species are stable

and which are struggling beyond those officially listed by

COSEWIC. Constructing a more comprehensive dataset

combined with in-depth pollinator-plant interaction analyses will

allow for additional advantages, such as informing local

municipalities in targeted green space planning. It will also

provide valuable insights to PEINP on enhancing their natural

environments and constructing vital habitat corridors.
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