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Abstract—The predicted effects of climate change on pollination processes are
multiple, including earlier blooming times and decoupling from pollinators. Yet,
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little research has been conducted, especially in urban areas where the heat island
effect is known to speed up warming. Our aim is to investigate which bee species
visit two native, vernal-blooming tree species with continuous distributions from
urban to exurban sites. In 2019 and 2020, we collected bees on the native, mass-

flowering Cercis canadensis and Cornus florida in the St. Louis metropolitan and
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exurban areas in Missouri, USA. A total of 434 bees carrying pollen were collected
identifying 54 species representing five families. An additional 123 specimens which

did not carry any pollen at all were captured representing 37 species within five
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families. We observed a greater species diversity among pollen carrying bees at
exurban sites while the numbers of male bees collected were proportionately

higher in urban versus exurban sites. Although flowering periods of the two tree
species overlapped, the pollen of both tree species was identified on only 34 bees.

Keywords—Bees, Cercis canadensis, Cornus florida, Heat Island Effect, Pollen Load,
Urban-Exurban Gradient

INTRODUCTION

The conversion of natural areas to urbanized
environments across the world represents a major
threat to biodiversity (Grimm et al. 2008;
McDonald et al. 2008, 2013; Simkin et al. 2022).
Over 55% of the world’s human population
already lives in cities and that proportion is
expected to exceed by two-thirds by the middle of
this century (United Nations, 2005; United Nations
Department of Economic and Social Affairs
Population Division, 2019). That implies that the
world’s urban infrastructure will double in the
next thirty years (Simkin et al. 2022). Cities
represent challenging environments to many of the
organisms native to the original habitats. Dramatic
alterations in physical, chemical, and biological
conditions (Aronson et al. 2016; Lambert et al.
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2021) have led to challenges in the life histories of
native species (Fenoglio et al. 2020).

The spatial configuration of cities can affect
how wurban environments alter local energy
budgets (Debbage & Shepperd 2015). Urban areas
exhibit the so-called heat island effect where
overall temperatures in the city tend to be higher
than surrounding non-urbanized areas (Manoli et
al. 2019). The principal cause of the heat island
effect is the absorption of heat by impervious
surfaces and infrastructures, which radiate at night
(Memon et al. 2008). The heat island effect is also
influenced by the progress of global climate
change (Sachindra et al. 2016). Steadily increasing
warming temperatures across the world are
intensifying, making temperatures in cities more
extreme (Parker 2010). As urbanization increases
and natural land areas decrease, heat islands will
escalate (Manoli et al. 2019).
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One consequence of the interaction between
global warming and the heat island effect is that
the annual spring bloom now arrives earlier in
cities than in surrounding rural and natural areas
(Zipper et al. 2016; Meng et al. 2020), and these
differences are growing larger over time
(Wohlfahrt et al. 2019). Studies have shown that for
many, if not most cities the spring blooming season
now starts over a week earlier than a century ago
(Li et al. 2019). Finally, phenological sensitivity to
temperature = mediates many  insect-plant
interactions (Meineke et al. 2021) and can lead to
the decoupling of pollination processes (Settele et
al. 2016).

The floral diversity of most cities represents a
mixture of native, non-native and invasive species
(Pearse et al. 2018). In general, people tend to select
trees for their features, such as ornamental value,
shade, capacity for soil retention, etc. (Lowenstein
& Minor 2016). Consequently, the urban plant
community represents a combination of “familiar”
and “unfamiliar” floral cues, edible rewards, etc.,
to the native and naturalized community of
pollinators (Lowenstein et al. 2019). This can lead
to rearrangements, or even the disruption, of
pollination systems (Prendergast & Ollerton 2021).
Nonetheless, cities can host a large diversity of
insect pollinators (Hall et al. 2017) that at times
appear much higher in surrounding rural areas
(Baldock et al. 2015; Wenzel et al. 2020).
Alternatively, some researchers have found that
the heat island effect can decrease the abundance
of pollinators in urban settings (Hamblin et al.
2018; Zeballos et al. 2022). Therefore, disentangling
the effects of the urban heat island from the
seasonal structure of the urban plant community is
an important research question that needs to be
addressed.

Given the high diversity of Ilife-history
strategies, sociality, and nesting habits that bees
exhibit (Michener 2000; Danforth et al. 2019), we
expect that different species will have a broad
range of responses to heat island effects. As certain
traits can be favored in warmer urban settings, the
functional diversity of the bee community should
shift to represent the warming urban environment
(Geppert et al. 2023). For example, bumblebees
(Bombus spp.) in the greater St. Louis metropolitan
area showed increased body size in urban
locations compared to adjacent rural and natural

areas (Austin et al. 2022). This increase was
independent of the lack of genetic differentiation
across the urban landscape. In Switzerland, two
common bumblebees Bombus pascuorum (Scopoli
1763) and B. lapidarius (Linnaeus 1758), were found
to be smaller in urban sites when compared to
populations in rural areas (Eggenberger et al.
2019). The same study also found that their urban
populations showed a higher phenotypic diversity
leading to higher functional trait divergence.

Throughout the central and eastern United
States there are two species of native ornamental
trees which are common in urban areas, the eastern
redbud, Cercis canadensis L. (Fabaceae; Fig. 1A),
and the flowering dogwood, Cornus florida L.
(Cornaceae; Fig. 1B). They are well established as
sentimental favorites in urban and rural Missouri
(Randolph 1964). While both species commence
flowering in early spring, C. canadensis blooms
earlier than C. florida (Reed 2004; Ony et al. 2020).
We took advantage of the extensive incidence and
high abundances of these two species to assess
how the heat island effect is altering blooming
times, pollinator visitation diversity, and plant-
pollinator interactions.

The objectives of this study were: 1) determine
the differences between the start of blooming
between urban and more natural, i.e., exurban
areas for each of our two focal tree species; 2)
assess the identity, diversity, sex and abundance of
bees foraging on the focal trees in urban and
exurban areas; 3) assess foraging bee diversity on
both tree species to determine if the later flowering
C. florida shares bee species with the earlier
flowering C. canadensis; 4) assess and identify the
pollen load of bee foragers in urban and exurban
areas. We expect that the urban environment will
affect bee visitor assemblages, either directly, via
habitat alteration, e.g. impervious surface, or
indirectly, via the urban heat island effect. We
hypothesize that the focal tree species populations
in exurban sites will bloom later than the urban
ones. Finally, we hypothesize that we should
observe more specialist foragers in the exurban
sites than in the urban sites.

MATERIALS AND METHODS

STUDY AREAS

The research was conducted at four sites in the
greater St. Louis metropolitan area, Missouri, USA
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(Fig. 2), which has a population of 2.8 million and
measures 21,910 km?. The city was founded along
the banks of the Mississippi River and is located
near the center of the United States. The annual
average precipitation is 86.36 cm.

This study contrasted two levels of
organization and two focal tree species (C.
canadensis and C. florida). The two urban sites were
located in the core of the city while two were in
exurban areas west and southwest of the city. The
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Figure 1. Photo plate of focal
tree species floral present-
ations, representative fora-
gers and comparative pollen
grains. (A) Flowering branch
of Cercis canadensis with
Xylocopa  virginica.  (B)
Flowering twig of C. florida.
(€) Pinned specimen of
Colletes inaequalis. (D) Pinned
specimen of Osmia pumila.
(E) Portion of a pollen wash
from a bee captured from
SNR site with a combination
of grains of C. canadensis (cc)
and C. florida (cf). (F) Portion
of a pollen wash from a bee
collected from SNR (exurban
site) with a grain of Lonicera
maackii (Im) and a deflated
grain of L. maackii.

Photo credits: A-D Retha
Edens-Meier; E-F Bernhardt/
Meier Laboratory.

first urban site was located on the campus of Saint
Louis University (SLU; 38.635, -90.232). The
campus was landscaped primarily with lawn
grasses, non-native ornamentals, and native
annuals, perennials, and woody plants. The
second urban location was Tower Grove Park
(TGP; 38.608, -90.252) with an older and more
diverse mixture of native and non-native cultivars.
It is approximately 4.5 kilometers south of SLU.
Taxonomy for both urban sites follows
Yatskievych (1999).
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Both exurban sites were secondary and
deciduous woodlands retaining the mid-western
vernal flora including spring ephemeral
perennials, naturalized ruderals, and native and
naturalized entomophilous shrubs (Yatskievych
1999). The first exurban site is Shaw Nature
Reserve (SNR; 38.478, -90.826) and is owned by the
Missouri Botanical Garden. Trees of C. florida and
C. canadensis were located in open Quercus-Carya
woodlands along its 4.82 km loop trail, which
borders wetlands, limestone glades, a pinetum,
and replanted tall grass prairies. The second
exurban site is Babler State Park (BSP; 38.617,
-90.688) and is maintained by the Missouri
Department of Natural Resources. It consists
primarily of Quercus-Carya closed canopy forests
with some open woodlands featuring both of our
tree species. BSP is located 30 km west of the SLU
campus. All fieldwork was performed during the
spring seasons (March through mid-May) of 2019
and 2020.

LANDSCAPE COMPOSITION

Impervious surface has been shown to impact
bee richness and abundance at different scales
(Bennett & Lovell 2019). For our exurban sites, we
used a supervised classification of the National
Landcover Dataset of ArcPro (v. 10.6) to classify
aerial images of the study sites into seven land use
classes. For the urban sites, a 1 m resolution land
use land cover dataset for the city of St. Louis
(https://moimagery.missouri.edu/arcgis/rest/servi
ces/LGov/DOQQ2015 EastWestGateway 6inch/I
mageServer) was used. We estimated the
surrounding impervious area, forest cover,
grassland, open or barren space, and water surface
in a 1 km radius. To validate the landscape
homogeneity, we compared the forest cover,

grassland, and impervious surface in 500 m and 1
km radius, to make sure that the selected
individual trees’ surrounding landscape was not
significantly different from others at the same site.

HEAT ISLAND EFFECT

To establish the presence of the heat island
effect, we acquired temperature data for all sites.
For the urban sites, SLU and TGP, we used data
from the weather station at the St. Louis Science
Center (http://agebb.missouri.edu/weather

realtime/stlouissciencecenter.asp) located
approximately 3 km away from each site. For the
SNR site, we used data from their weather station

(https://wcce.sc.egov.usda.gov/nwec/site?sitenum=
2227). Weather data from the Spirit of St. Louis
Airport was used for BSP (https://forecast.weather.
gov/data/obhistory/KSUS.html ), located less than
3 km away from this site. Due to technical
problems with the weather stations at SNR and at
the St. Louis Science Center, we only had access to

the Spring 2020 data for all sites. Raw temperature
readings were converted to degree-days
(McMaster & Wilhelm 1997), which is a better
predictor of plant development (Miller et al. 2001).

FOCAL TREE SPECIES

The common eastern redbud, Cercis canadensis,
is a deciduous, and emergent tree of temperate-
subtropical woodlands distributed through
eastern America and northeastern Mexico (Bzdyk
2016). In Missouri, it grows as an emergent or
understory species and along limestone ridges
(Yatskievych 1999). Indigenous self-seeding
populations are found in abundance in natural and
conservation areas surrounding the city of St.
Louis (Yatskievych 1999). It appears to be insect-
pollinated (Lovell 1961), a source of pollen and
nectar for honeybees (Pellett 1920), and is self-
incompatible (Ony et al. 2020). Horticulturists
continue to propagate and register named
cultigens (Robertson 1976). People within urban
and suburban areas are also encouraged to plant
these trees to attract wildlife (Graham 1941;
Tallamy 2009). It grows to a height of six to nine
meters, flowering in early spring before its new
leaves mature. Inflorescences form racemose
fascicles with variable numbers of flower buds
developing in leaf axils or they are cauliflorous
emerging from the bark along trunks or old
branches (Fig. 1A). Flowers are complete,
bilaterally symmetrical and five-merous with a
pink to magenta (rarely white) corolla
(Yatskievych 1999). In this study, we did not
sample cultivars with the white flower mutation
and there were no double-flowered forms.

The dogwood, Cornus florida, is also an
understory, deciduous and emergent tree of
temperate-subtropical, deciduous and/or Pinus
spp. woodlands ranging from Ontario through
eastern America to northeastern Mexico. In
Missouri, it appears to grow under the same
conditions as C. canadensis (see above) producing
abundant self-seeding populations located in both
urban and exurban areas. As above, it appears to
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be insect-pollinated (Rhoades et al. 2011), a source
of pollen (Fig. 1E) and nectar (Pellett 1920) and is
self-incompatible (Reed 2004). Cornus florida has
been the state tree of Missouri since 1955 and new
cultigens continue to be developed and named
(Wilde et al. 2015). It grows up to 20 meters in
height, flowering early mid-Spring before its
seasonal foliage matures (Yatskievych 1999). This
species usually flowers one to two weeks after C.
canadensis peaks in Missouri, but in most years,
there is some overlap. Inflorescences of C. florida
contain 15-30 bisexual flowers within a flat-topped
involucre subtended by four large, petaloid, white
to cream coloured bracts (Fig. 1B; Yatskievych
1999). When these bracts open, they expose flower
buds that may take several days to a week until
they open. Individual florets are four-merous,
complete, radially symmetrical, and have a short,
tubular, yellowish green corolla. In this study, we
did not sample bees from pink-bract mutations or
otherwise coloured cultivars. All urban and
exurban trees of both species used in this study
were either self-seeded recruits or showed floral
morphologies of the wild types. We recorded the
first and last observed open flowers for each tree
species at each location for 2019 and 2020.

BEE COLLECTIONS

Bees (Figs. 1C, 1D) were sampled during the
complete flowering periods of C. canadensis and C.
florida. The duration of flowering of both species
combined lasted three to five weeks each spring.
From onset, trees in bloom were not monitored for
bee activity every day at all sites. Instead, sampling
was conducted on warm, dry days during the
morning and/or early afternoon (10:00 - 16:00 CDT)
when bee foragers tend to be most active. We
sampled a minimum of three individual trees at
each location for 15 minutes each via aerial netting.
Trees were sampled for a long enough time that
bee collections were representative of the bee
community. Individual trees were sampled at each
location two to three times a week, depending on
the weather. As tree height made sampling via
standard insect nets difficult, nets were attached to
modified paint roller handles that were then
screwed onto telescoping painter’s poles. Using
these extended poles, bees were collected by
reaching as far as possible and aiming for bees on
flowers within reach. Bees were only collected if
they made contact with the inflorescences and/or
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individual flowers. Apis mellifera L. is both a
naturalized and commercial species in North
America. As A. mellifera was numerous at all sites
and may be identified visually, bee collections
were made selectively. If we saw non-Apis bees in
the presence of A. mellifera, we collected the non-
Apis bees first. Bees were placed in individual
containers to prevent cross contamination of
pollen loads. All insects were euthanized in their
labeled tubes and stored via freezing at -10°C
except for Bombus gynes which were identified
from their photographs (Arduser 2020) and
released. Pollen samples from these Bombus gynes
were collected but were unfortunately lost.
Typically, Bombus gynes are not euthanized
because of the dramatic decline in Bombus
populations within the United States. However,
collection of Bombus gynes was not standardized
within this study. A few Bombus gynes were
sacrificed for voucher specimens and their pollen
was identified (Appendix Tables 1-3). Pinned and
labelled specimens (see below) were identified
using Arduser (2020) and their sex was
determined.  Specimens  were  ultimately
segregated into the categories; bees with pollen
and bees without any pollen (see Appendix Table
4). All subsequent calculations and statistical
analyses were based exclusively on those bees that
carried pollen as they represent true foragers (see
below). Bees lacking pollen showed no evidence of
either active or passive contact (sensu Bernhardt,
1996) with dehiscent anthers of host trees.

To determine how complete our sampling of
pollen foragers was for each tree species at each
location, we used the rarefaction curve method
based on coverage to estimate the richness
parameter, q° (Chao et al. 2020; Roswell et al. 2021).
We also calculated the diversity parameters for the
forager community for each location using Hill
numbers as well as the species turnover among the
urbanization level and focal tree species (Chao et
al. 2020). Rarefaction curves and Hill numbers
were calculated using the iNEXT package (Hsieh
et al. 2016) while the turnover was estimated with
the package iNEXT.3D (Chao et al. 2021). All
statistical and computational analyses were
performed in the R computational environment
(v.4.0.3, R Core Team 2020).

We compared Hill diversity parameter g,
which is analogous to the Shannon diversity index,
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H’ (Roswell et al. 2021), among tree species and
locations, by performing a two-way permutation
analysis of variance (Anderson & Braak 2003) with
urbanization level (urban vs exurban) and focal
tree species (C. canadensis vs C. florida) as the main
factors. The analysis was performed with the
package “RVAideMemoire” (v. 0.9-83-7, Hervé &
Hervé 2020).

In order to ascertain the bee community
structural organization among tree species and
urbanization levels, we used a cluster analysis. We
employed the Bray-Curtis index to calculate
dissimilarities among groups using the function
'vegdist' in the package 'vegan' (v. 2.6-4, Oksanen
et al. 2013).

POLLEN LOAD ANALYSES

Excluding most Bombus gynes, the removal of
insect-borne pollen prior to the pinning and
labelling process (Figs. 1CD) follows the staining
and identification protocols in Goldblatt &
Bernhardt (1990) using Calberla’s fluid (Ogden et
al. 1974) as basic fuchsin stains the pollen wall pink
(Figs. 1DE). Grains that could not be identified to
co-blooming species under a compound light
microscope were subdivided into morphotypes
based on size, shape, exine sculpturing, and the
number of visible apertures. To minimize the
effects of pollen cross-contamination in the same
insect net, a threshold of 20 individual pollen
grains from a specific morphotype was used to
record a pollen morph as present on an individual
bee (Bernhardt et al. 1984). Mounted pollen

specimens were photographed under a Zeiss Axio
Imager, M2. Washed, pinned, and labelled
specimens (Figs. 1BC) were deposited in the insect
collection at Saint Louis University, St. Louis, MO,
USA, (circa 2024) pending deposition in an
entomological museum.

RESULTS

LANDSCAPE COMPOSITION, HEAT ISLAND EFFECT, AND FLORAL
PHENOLOGY

Urbanization density sharply increased from
exurban to urban sites (Fig. 2). Landscape
composition within 1 km of the collection sites also
varied among all research locations (Fig. 3) but was
consistent within urbanization levels. The greatest
difference was in the proportion of tree cover and
impervious surface at urban and exurban
locations. Overall, temperatures in the urban sites
ran consistently higher than the exurban sites. The
total degree-days for the months of March and
April of 2020 were over a full week ahead in the
urban sites, whereas the difference was five days
by May (Fig. 4). March and April of 2020 were
much warmer (15.3°C and 20.6°C) respectively,
than in 2019 (11.1°C and 18.4°C). Alternatively,
May of 2019 was warmer (24.9°C) than May of 2020
(23.1°C). On March 27, 2020, the maximum urban
temperature was 26.7°C. The maximum exurban
temperature that day was 25.3°C. Similarly, on
April 8, 2020, the maximum urban temperature
was 32.2°C, while the maximum exurban
temperature was 23.1°C.

Figure 2. Location of urban
(SLU, TGP) and exurban (SNR,
BSP) study sites in St. Louis
metropolitan area. Upper-left
black inset represents the
state of Missouri, and the
yellow star the location of the
city of St. Louis. Red shading
areas are urban areas, with
darker areas corresponding
to higher density of urbani-
zation.




116 Camilo et al.

1.00

o
~
(&)

Proportion Land Cover
o
(&4
o

o
N
[&]

Site

Both tree species bloomed up to a week earlier
in urban locations compared to exurban trees. In
2019, the first open flower of C. canadensis at the
urban site was on March 26 and the last flower for
this species was on April 26. For the same year, the
first flower of C. canadensis at the exurban sites was
observed on April 3 and the last flower was on
April 21. In 2020, the first flower for C. canadensis
was observed on March 23 and the last flower was
on April 21. For the same year, the first flower at
the exurban site of this species was observed on
April 4 and the last flower was on April 26. In 2019,
the first open flower observed for C. florida at the
urban site was on April 16 and the last flower was
documented on May 7. For the same year, the first
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Figure 3. Landscape composition
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for study sites in the greater St.
Louis metropolitan area, MO,
USA, at a scale of 1 km. BSP and
SNR are exurban sites while TGP
and SLU are urban.

flower for C. florida at the exurban sites was
recorded on April 23 and the last flower was on
May 6. In 2020, the first flower for C. florida was
observed on April 19 and the last flower on May
12. For the same year, the first flower of this species
at the exurban site was observed on April 19 and
the last flower was recorded on May 7.

BEE PHENOLOGY

The first and last collections of pollen-carrying
bee species on both tree species are summarized in
Table 1. Bee activity on C. canadensis occurred
earlier in 2020 compared to 2019. The earliest
collection of bees (04/16/2019) on C. canadensis was
identical in urban and exurban sites. In 2020,
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Figure 4. Degree days
accumulation per month
for study sites in St. Louis,
MO, for the year 2020.
BSP in green and SNR in
blue are the exurban sites
while SLU_TGP are the
urban sites.
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Table 1. Phenology of Pollen-Carrying Bees on Two Tree Species (2019, 2020; F = Female, M = Male)
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Site, Bee, Tree

Date of First & Last Bee Captured
(2019)

Date of First & Last Bee Captured
(2020)

Urban First Bee(s) Caught
C. canadensis

Exurban First Bee(s) Caught

C. canadensis

Urban First Bee(s) Caught
C. florida

Exurban First Bee(s) Caught
C. florida

Urban Last Bee(s) Caught
C. canadensis

Exurban Last Bee(s) Caught
C. canadensis

Urban Last Bee(s) Caught
C. florida

Exurban Last Bee(s) Caught
C. florida

04/16/2019

Andrena cressonii F
Apis mellifera F

04/16/2019

Andrena cressonii F (3x)
Andrena nuda F

Apis mellifera F (4x)
Bombus impatiens F (2x)
Colletes inaequalis F (5x)
Osmia lignaria F (2x)
Osmia georgica F

Osmia pumila F
Xylocopa virginica M (2x)
04/19/2019

Andrena cressonii F

04/20/2019

Andrena carlini F
Andrena cressonii F
Andrena imitatrix M
Apis mellifera F

Colletes inaequalis F (5x)

04/26/2019
Osmia taurus F

04/21/2019

Andrena mandibularis F (2x)
Andrena nigrae F

Andrena perplexa F
Augochlorella aurata F
Colletes inaequalis F (2x)
Osmia georgica F (2x)
Xylocopa virginica M

05/07/2019
Hylaeus prosopis sp. M

05/06/2019

Andrena cressonii F
Andrena ilicis M

Andrena imitatrix F
Andrena nasonii F (2x)
Andrena nuda F (2x)
Augochloropsis viridula F
Apis mellifera F

04/07/2020

Andrena imitatrix F
Andrena forbesii F

Apis mellifera F

Colletes inaequalis M (3x)
04/04/2020

Andrena cressonii M
Colletes inaequalis F

04/19/2020
Andrena nasonii M
Xylocopa virginica F
04/19/2020

Andrena cressonii M
Andrena miserabilis F

04/21/2020

Andrena imitatrix M (2x)
Apis mellifera F (4x)
04/26/2020

Colletes inaequalis F (2x)

05/12/2020

Andrena imitatrix F

05/07/2020

Andrena cressonii F
Andrena forbesii F
Andrena miserabilis F
Apis mellifera F
Colletes inaequalis F
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exurban bees were caught three days earlier than
urban bees. We continued to catch urban bees five
days later than the last exurban bees in 2019.
However, in 2020, we continued to catch exurban
bees five days after the last bee was collected at
urban sites. The first pollen-carrying bees collected
on C. canadensis in 2019 represented two species in
urban sites and nine species in exurban sites. In
2020, the first bees collected represented four
species in urban sites and two species in exurban
sites.

Floral foraging by bees on C. florida began on
April 19 in 2019 and 2020 (Table 1). In 2019, an
urban bee was caught one day earlier than the first
exurban bee. We still collected an urban bee one
day after we collected bees from the exurban sites
in 2019. In 2020, there was a five-day gap between
the last bee collected at an urban site (05/12/2020)
compared to the exurban sites (05/07/2020). Only
one bee species represented our first urban
collection in 2019 but five species were collected at
our exurban sites. In contrast, in 2020, two bee
species were first collected at our urban sites while
two bee species were collected at our exurban sites.

DIVERSITY OF FORAGING BEES

Pooling all four sites and both tree species over
a two-year period, we collected a total of 557 bees
of which 434 bees representing 54 bee species from
five families carried pollen (Tables 2, 3, 4). One
hundred and twenty three specimens,
representing 36 species and five families from
urban and exurban sites, carried no pollen (see
Appendix Table 4). The pollen-carrying bee
assemblage species richness, 4% was comparable
between C. canadensis and C. florida (Table 4, Fig.
5A) independent of urbanization level.
Alternatively, bee species richness was higher in
the exurban locations than in the urban ones (Table
4; Fig. 5B).

A total of 254 pollen-carrying bees was
collected on C. canadensis representing 37 species
(Tables 2, 4, Fig. 5A). Pollen-carrying urban
specimens consisted of 47 bees representing 10
species, while pollen-carrying exurban specimens
consisted of 207 bees representing 35 species.
Comparisons between species from urban and
exurban sites on bees collected from C. canadensis
showed that two bee species in the family Apidae
were unique to the urban site while 27 bee species
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representing four families (Andrenidae, Apidae,
Halictidae, Megachilidae) were found foraging
only on exurban C. canadensis (Table 2). A total of
eight species representing four families
(Andrenidae, Apidae, Colletidae, Megachilidae)
were collected in both urban and exurban sites
(Table 2).

A total of 180 pollen-carrying bees were
collected on C. florida representing 43 species
(Tables 3, 4; Fig. 5B). Pollen-carrying urban
specimens consisted of 54 bees representing 16
species. Pollen-carrying exurban specimens
consisted of 126 bees representing 38 species. Five
species representing three families (Andrenidae,
Apidae, and Halictidae) collected on C. florida were
unique to our urban sites. Twenty-seven species
representing all five families were found foraging
on C. florida only at exurban sites (Table 3). Eleven
species representing four families (Andrenidae,
Apidae, Colletidae, and Halictidae) were collected
on C. florida at both the urban and exurban sites
(Table 3).

The two tree species shared 34 Dbees
representing all five families. Eleven species
representing three families (Apidae, Halictidae,
Megachilidae) were captured exclusively on C.
canadensis (Tables 2, 3). Seventeen species
representing four families (Andrenidae, Apidae,
Colletidae, Halictidae) foraged only on C. florida
(Tables 2, 3).

The most commonly observed but not always
captured visitor, independent of location, was the
honeybee, A. melifera. The most commonly
collected native species (N = 80) at exurban areas
was Colletes inaequalis Say remaining rare in urban
sites and represented by only three male
specimens (Tables 2, 3; Fig 1C). Likewise,
Augochlora pura Say was the most commonly
collected member of the Halictidae (N =15) on both
exurban tree species. It was absent from our urban
sites, although it was collected previously and
often from May through September in the St. Louis
area by Camilo et al. (2017).

Skewed distributions of bees preferring C.
canadensis to C. florida were noted for Bombus gynes
(8:1), the combined five Osmia species (30:3) and
Colletes inaequalis (72:11). The most commonly
collected Andrena species on both tree species at
urban and exurban sites was Andrena cressonii
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Table 2. Pollen-Carrying Bee Species Identity and Abundance Collected on Cercis canadensis, Urban vs. Exurban (Exurb =
Exurban). Parentheses differentiate female and male bees from total number of bees per site.

Bee Species Urban Female Male Exurban Female Male TOTAL
Urban Urban Exurb Exurb
Andrenidae
Andrena carlini 0 0 0
A. crataegi o o 0
A. cressonii 4 (4) 6 (5) Q) 10
A. forbesii 1 (1) 2 (2) 3
A. hippotes (o] o 0
A. ilicis 0 1 O 1
A. illini o] (o] 0
A. illini/sayi 0 2 (2) 2
A. imitatrix 3 (1) (2) 4 (4) 7
A. mandibularis 1 (1) 4 (4) 5
A. miserabilis 0 1 (M 1
A. nasonii 0 1 (M 1
A. nigrae 0 1 (M 1
A. nuda 0 1 (1) 1
A. perplexa 0 1 O] 1
A. pruni o 4 (2) (2) 4
Apidae
Anthophora ursina 1 Q)] 0 1
Apis mellifera 14 (14) 39 (39) 53
Bombus bimaculatus 1 Q) 0 1
B. griseocollis 0 1 (1) 1
B. impatiens 0 5 (5) 5
Bombus spp. 0 1 (1) 1
Ceratina calcarata 0 2 (1) (™ 2
C. strenua 0 0 0
Eucera dubitata 0 1 (1 1
Nomada cressoni/sayi 0 1 (1 1
N. luteoloides 0 1 (1 1
N. pygmaea 0 0 0
Xylocopa virginica 17 (4) (13) 7 ) 24
Colletidae
Colletes inaequalis 3 (3) 69 (62) ) 72
Hylaeus (Prosopis) sp. 0 0 0
Halictidae
Halictus rubicundus 0 0 0
Augochlora pura 0 5 5) 5
Augochlorella aurata 0 2 (2) 2
Augochloropsis viridula 0 2 (2) 2
Lasioglossum birkmani o 0 0
L. callidum 0 0 0
L. cattellae 0 1 (1 1
L. coeruleum 0 2 (2 2
L. cressonii (o] 0 0
L. fuscipenne 0 0 0
L. gotham 0 2 (2) 2
L. hitchensi 0 2 (2) 2
L. illinoense (o] 0 0
L. imitatum ) 8 (8) 8
Lasioglossum sp. 1 0 0 0
L. tegulare 0 0 0
L. versatum 0 0 0
L. weemsi 0 0 0
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Table 2 continued
Bee Species Urban Female Male Exurban Female Male TOTAL
Urban Urban Exurb Exurb
Megachilidae
Osmia atriventris 0 1 (1 1
O. taurus 2 2) 3 3) 5
0. georgica 0 10 (10) 10
0. lignaria 0 8 (8) 8
0. pumila 0 6 (5) 1) 6
Total 47 (29) (18) 207 (183) (24) 254
Robertson (N = 39) but it appears to prefer C. florida mandibularis  Robertson, Bombus  bimaculatus

(N =29) to C. canadensis (N = 10; Tables 2, 3).

There was no significant difference between
bee visitor communities” diversity parameter g (F
=23, DF =1, 11, P = 0.1573; Table 4) between the
two tree species. Alternatively, there was a
significant difference in overall diversity between
urban and exurban treatments (F =26.3, DF=1, 11,
P =0.0003; Table 4), with the exurban sites having
over a 50% greater estimate than the urban sites.
Finally, there was a significant interaction effect
between tree species and urbanization level with
the urban C. canadensis having lower diversity than
all other combinations (F = 7.3, DF = 3, 11, P =
0.0058; Table 4).

The cluster analysis revealed a clear dichotomy
in bee visitor assemblages between urban and
exurban sites (Fig. 6). In the urban areas, bee
assemblages were segregated by the focal tree
species the habitat effect.
Alternatively, in exurban sites, the visitor

overriding local
assemblages within each location were more
similar to each other than to the same species at the
other location (Fig. 6) showing a stronger local
effect.

FREQUENCIES AND DISTRIBUTIONS OF FEMALE AND MALE
POLLEN-CARRYING BEES

More females than males were collected on
both tree species during both years regardless of
sites (Tables 2, 3). A total of 72 females were
collected from both C. canadensis and C. florida at
the urban sites, with 29 females from C. canadensis
and 43 females from C. florida. We collected 29
males from both research trees at urban sites, 18
males from C. canadensis and 11 males from C.
florida (Tables 2, 3). Females of five species were
collected and identified from both C. canadensis
and C. florida (Tables 2, 3). Only females of Andrena

Cresson, and Osmia taurus Smith representing
three families (Andrenidae, Apidae, Megachilidae)
were collected only on C. canadensis. Only females
of Andrena miserabilis Cresson, Lasioglossum
hitchensi Gibbs, L. illinoense Robertson, L. imitatum
Smith, Lasioglossum sp. 1, L. tegulare Robertson
representing the Andrenidae and the Halictidae
were captured only on C. florida (Tables 2, 3).

When males were compared between the two
research tree species at urban sites, we found one
species (Andrena imitatrix Cresson; Andrenidae)
was collected from both C. florida and C. canadensis
(Tables 2, 3). Two species (Anthophora ursina
Cresson, Xylocopa virginica L; Apidae) were unique
to C. canadensis (Tables 2, 3). Seven species
representing three families (Andrenidae, Apidae,
Colletidae) were unique to C. florida (Tables 2, 3).
More males of X. virginica (N = 13) were collected
on C. canadensis at urban sites than females (N = 4;
Table 2). More females of A. cressonii bees (N = 12)
were collected on C. florida at urban sites than
males of the same species (N = 1; Table 3).

A total of 293 females were collected from both
C. canadensis and C. florida at the exurban sites,
consisting of 183 females from C. canadensis and
110 females from C. florida. We collected 40 males
from both research trees at exurban sites, 24 males
from C. canadensis and 16 males from C. florida
(Tables 2, 3).

When females at exurban sites were compared
for both trees, we found that 18 species in all five
families were collected on both C. canadensis and C.
florida (Tables 2, 3). Twelve female bee species in all
families excluding Colletidae were collected only
on C. canadensis (Table 2; Fig. 1D). Eleven female
species representing the Andrenidae
Halictidae were found only on C. florida (Table 3).

and
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Table 3. Pollen-Carrying Bee Diversity on Cornus florida, Urban vs. Exurban (Exurb = Exurban)

Bee Species Urban Female Male Exurban Female Male TOTAL
Urban Urban Exurb Exurb
Andrenidae
Andrena carlini 0 1 (1) 1
A. crataegi 0 2 () 2
A. cressonii 13 (12) (1 16 (15) Q)] 29
A. forbesii 1 (1 1 O] 2
A. hippotes 3 (3) 0 3
A. ilicis 0 2 O O 2
A. illini ) 1 Q) 1
A. illini/sayi 0 1 Q) 1
A. imitatrix 5 (4) () 6 (4) (2) 1
A. mandibularis 0 2 (2) 2
A. miserabilis 13 (12) (1) 5 (5) 18
A. nasonii 2 (2) 10 (10) 12
A. nigrae 0 1 Q) 1
A. nuda 0 3 (3) 3
A. perplexa 1 (1) 1 (1 2
A. pruni 0 1 Q) 1
Apidae
Anthophora ursina o 0 0
Apis mellifera 8 (8) 24 (24) 32
Bombus bimaculatus o] (o] o
B. griseocollis o 0 0
B. impatiens ) 1 (1 1
Bombus spp. 0 0 o
Ceratina calcarata 0 3 (3) 3
C. strenua 1 1) 0 1
Eucera dubitata o] 0 0
Nomada cressoni/sayi 0 0 0
N. luteoloides (o] (o] 0
N. pygmaea 0 1 (1) 1
Xylocopa virginica 1 Q) 0 1
Colletidae
Colletes inaequalis ) 1 (1) g
Hylaeus (Prosopis) sp. 1 Q)] 1 (1 2
Halictidae
Halictus rubicundus 0 1 (1) 1
Augochlora pura ) 10 (10) 10
Augochlorella aurata 0 1 () 1
Augochloropsis viridula 0 2 () 2
Lasioglossum birkmani ) 1 Q)] 1
L. callidum 0 1 (1) 1
L. cattellae (o] (o] 0
L. coeruleum 0 1 (1) 1
L. cressonii 0 1 (1) 1
L. fuscipenne ) 2 (2) 2
L. gotham 0 0 0
L. hitchensi 1 (1 1 Q) 2
L. illinoense 1 1) o] 1
L. imitatum 1 (1) 2 (2) 3
Lasioglossum sp. 1 1 (1) 1 Q) 2
L. tegulare 1 1) 0 1
L. versatum 0 4 (4) 4
L. weemsi 0 1 (1) 1
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Table 3 continued
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Bee Species Urban Female Male Exurban Female Male TOTAL
Urban Urban Exurb Exurb
Megachilidae
Osmia atriventris 0 1 Q) 1
O. taurus 0 1 1) 1
0. georgica 0 1 Q) 1
O. lignaria 0 0 0
O. pumila 0 0 0
Total 54 (43) (11) 126 (110) (16) 180
13 urban bees representing three families

When males were compared between the two
research tree species at exurban sites, we found
five species representing two families (Andre-
nidae, Apidae) were collected from both C. florida
and C. canadensis (Tables 2, 3). Five species
representing three families (Apidae, Colletidae,
Megachilidae) were unique to C. canadensis (Tables
2, 3). Seven species representing all families except
Halictidae were netted only on C. florida (Tables 2,
3).

POLLEN LOAD ANALYSES

Of the bees foraging on C. canadensis, we found
195 exurban bees representing all five families and
45 urban bees representing four families (Andre-
nidae, Apidae, Colletidae, Megachilidae) carrying
pollen of C. canadensis (Fig. 1E; Appendix Tables 1-
2; 5-6). In addition, 24 exurban bees and 6 urban
bees collected on C. canadensis, also carried pollen
of C. florida (Fig. 1E; Appendix Tables 1-2, 5-6).

A total of 111 exurban bees representing all five
families and 42 urban bees representing four
families collected on C. florida carried this tree’s
pollen (Fig. 1E; Appendix Tables 3, 7-9). Thirty
exurban bees representing four families
(Andrenidae, Apidae, Colletidae, Halictidae) and

(Andrenidae, Apidae, Halictidae) collected on C.
florida also carried pollen of C. canadensis (Fig. 1E;
Appendix Tables 3, 7-9).

Female bees collected on C. florida at the SLU
site carried the greatest mean number of pollen
morphotypes (mean =2.30, SD =1.70) compared to
males (mean = 0.93, SD = 1.07) when compared
with male and female bees at our three remaining
sites. When male bees were eliminated and female
and worker bees were combined, similar results
were obtained (mean = 2.18, SD = 1.66). The bee
carrying the greatest number of different pollen
morphotypes was a female Andrena miserabilis
collected at the urban SLU site on C. florida
(04/22/2019) with five recognizable morphotypes.
An additional three bees collected on C. florida
carried four different pollen morphotypes apiece.
Bees collected foraging on C. canadensis never
carried more than three pollen morphotypes.
When only female and worker Apis are considered
for C. canadensis at the urban TGP site, bees carried
more pollen morphotypes (mean =1.30, SD = 0.95)
than those caught at the remaining sites [SLU
(mean = 1.24, SD = 0.54; BSP (mean = 1.25, SD =
0.73); SNR (mean =1.19, SD = 0.86).

q° q'(<se) q’(se)

) ) Table 4. Hills diversity para-
Cercis canadensis 37 19.1(1.6) 10.3(1.1) meter 4 estimates fo)r,' pbee
urban 10 8.1(0.7) 4.5(0-6) community assemblages from
exurban 35 17.7(1.2) 7.6(0.8) Cercis canadensis and Cornus
. florida, as well as urbanization
Cornus florida 43 22.2(2.0) 13.9(1.4) level, from the St. Louis, MO,
urban 16 11:1(1.0) 5.1(0.6) USA, metropolitan region. The
exurban 38 17.9(1.2) 7.8(0.8) parameter q° is species rich-
ness, while q' is analogous to
Urban total 30 14.9(1.9) 10.0(1.1) Shannon’s H’, and g is analo-

Exurban total 51 22.8(1.5) 12.2(1.1) gous to Simpson’s D.
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Figure 5. Species rarefaction curves for bee communities sampled in the greater St. Louis metropolitan area. The solid lines
represent the observed while the dashed lines are the extrapolated values. Shaded areas represent the confidence intervals. (A)
Rarefaction curves for Cercis canadensis (blue) and Cornus florida (red); (B) Rarefaction curves for urban (green) and exurban
(yellow) sites; (C) Rarefaction curves for the individual locations, SLU (pink square), TGP (violet cross), BSP (orange circle), and

SNR (blue triangle).

DISCUSSION

THE IMPACT OF THE HEAT ISLAND EFFECT ON TREE PHENOLOGY
AND BEE DIVERSITY

We expected that the urban environment will
affect bee visitor assemblages, either directly, via
habitat alteration, e.g. impervious surface, or
indirectly, via the urban heat island effect. We also
hypothesized that the focal tree species
populations in exurban sites will bloom later than
the urban ones. Results supported our hypotheses.
The significantly warmer urban environment
resulted in earlier blooming for both tree species as

compared to the exurban sites. The earlier
blooming could have resulted in decreased insect
richness and abundance of potential foragers for
both tree species in the urban areas. This gap
between the time when the first urban flower buds
open and the time in which the first urban bees are
collected on C. canadensis may represent a
challenge to bees provisioning their nests. We
suggest that the extra early flowering of urban C.
canadensis limits the species pool of potential bee
visitors because much of the flowering period has
already elapsed. The overall differences in species
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richness (Fig. 5), diversity (Appendix Table 1), and
species turnover (Fig. 6) suggest that the effects of
urbanization, including the heat island effect, are
significant. This, in turn, leads to similarity in
assemblage composition between urban sites (Fig.
6). The urban C. florida follows a similar pattern
although not as drastic. Alternatively, in the
exurban sites, the later and longer blooming
periods allow for the enlargement of the visitor
species pool, and consequently, greater similarity
in bee visitor assemblages (Fig. 6).

In contrast, by the time the urban bees begin to
forage on C. canadensis, a significant period of
flowering time of C. canadensis has already elapsed.
Once these bees begin to forage on C. canadensis,
they have missed a significant proportion of the
tree’s pollen and nectar supply. Perhaps this heat
island effect is evidence of the early stages of
decoupling between foraging bees and selected
species of mass flowering trees in a city (see
Freimuth et al. 2022). This would help explain the
comparatively low diversity of urban bees on both
tree species compared to our exurban sites.

Of course, bees can achieve high diversities in
urban centers (Baldock et al. 2015; Hall et al. 2017;
Buchholz et al. 2020) despite the challenges that
urban infrastructure represents (Lambert et al.
2021). Some studies have suggested that this

TGP Cornus

urban

Figure 6. Dendrogram of bee
assemblages visiting Cercis
canadensis and Cornus florida
in urban and exurban sites in
the St. Louis metropolitan
region, MO, USA. The greatest
dissimilarity was between
urbanization level.

SLU Cercis
TGP Cercis

increased diversity is associated with the warmer
urban centers (Banaszak-Cibicka 2014; Geppert et
al. 2023). However, Banaszak-Cibicka (2014) and
Geppert et al. (2023) studied urban bee diversity
later in the flowering season compared with this
study. We found decreased diversity and
abundance from late March through early May in
the urban centre compared to exurban locations.
Furthermore, the results of the cluster analysis
suggest that the local microhabitat effect observed
in the exurban sites is overturned completely by
the urban infrastructure and associated heat island
effect (Fig. 6).

BEE ABUNDANCE AND DIVERSITY OF POLLEN-CARRYING BEES

Both tree species had a significantly higher
diversity of bee foragers (Fig. 5B), and a greater
number of males, at the exurban sites (Table 4, Fig.
5). Cornus florida in exurban areas received a
greater bee species richness compared to C.
canadensis (Fig. 5A).

In this study, urban bee collections on C.
canadensis started in April, two to three weeks
earlier than the previous studies conducted in St.
Louis by Camilo et al. (2018), yet this present study
adds only three new species to the Camilo et al.
(2018) bee checklist. This included two female,
pollen-carrying specimens of Osmia taurus, a
Eurasian species first identified on the east coast of
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the United States in 2002 (Gutierrez et al. 2022). We
also added Andrena rugosa but it was not carrying
pollen of either tree species (see Appendix Table
4). As the urban bee checklist did not identify
Nomada specimens to species, we are unable to
match them to our four exurban species (see
Appendix Table 4). In addition, the St. Louis bee
species checklist (Camilo et al. 2017) lacks several
species (Andrenidae: Andrena miserabilis, Andrena
nigrae  Robertson, Andrena pruni Robertson;
Apidae: Ceratina mikmaqi Rehan & Sheffield, Eucera
dubitata Cresson; Halictidae: Lasioglossum birkmanii
Crawford, L. fuscipenne Smith, L. gotham Gibbs, L.
weemsi Mitchell) found only in our two exurban
sites.

However, our exurban collections also show
that as in other mass-flowering canopy tree
species, our two, smaller tree species also attract a
diverse cast of polylectic females and
pollinivorous males (Urban-Mead et al. 2021,
2022). This may be comparable to bee collections
from mass-flowering trees of the Neotropics
(Frankie et al. 1998) and temperate Australia
(Bernhardt 1989). As daily temperatures increase
in temperate zones, the abundance and diversity of
vernal bees increases with the abundance and
diversity of the vernal flora (Bernhardt 1989).
Consequently, bee diversity is higher in exurban C.
florida compared to exurban C. canadensis.

FREQUENCIES AND DISTRIBUTIONS OF POLLEN-CARRYING
FEMALE AND MALE BEES

The percentage of male to female bees was
disproportionately higher in our urban sites
compared to our exurban sites for both tree species
(C. canadensis 38% urban, 12% exurban; C. florida
20% urban, 13% exurban). As in most winged,
hibernating-pupating insects, we expect that male
bees will emerge from hibernation before females.
While this suggests that the males of a few bee
species (e.g., Colletes inaequalis, X. virginica) may be
particularly sensitive to the long-term stimulus of
the urban heat island effect as winter grades into
spring, it must be treated with caution. The
abundance of male X. virginica at the urban sites
may be based in part on its overwintering
preferences in wood and twigs exposing the
developing males to the earlier cycle of urban heat.
If this is true, though, it fails to explain the rarity of
males of Osmia species on urban C. canadensis, as
bees in this genus are also wood and twig nesters.

When the sex ratios of female:male bees are
combined for both tree species at our exurban sites,
females dominate overwhelmingly, as usual, but
14 species were represented only by males.
However, with the exception of X. virginica, males
of each of the remaining 13 species were
represented by only one to three specimens.

In eastern North America, female and male
bees collect and/or eat pollen from canopy, wind-
pollinated trees (Urban-Mead et al. 2023).
Consequently, we presumed that we would
capture more female than male bees on our two
species of subcanopy, nectariferous and mass-
flowering trees. Smith et al. (2019) emphasized that
male and female bees behave differently. Based on
sex, this includes foraging preferences, periods of
foraging activity and flight distances. Food
consumed by males is converted into fuel for
flight, mating, and competition with other males.
In addition, some males merely scout flowers for
incoming females, so their contact with anthers
and stigmas may be minimal. The same cannot be
stated for females. We note that males of X.
virginica were more common on C. canadensis than
females of the same species (Fig. 1A). In contrast,
males of X. virginica were not attracted to C. florida.
Males of Bombus species were not collected from
either tree species because they do not emerge
until later in the year.

In fact, the two tree species in this research
attract many of the same bee species that forage on
the vernal, herbaceous flora of the Midwestern
United States. Our results contribute to recent
reconsiderations of the roles of male bees as
consumers of floral rewards (Smith et al. 2019;
Urban-Mead, 2023). Previous studies also show
varying ratios of male to female bees as
prospective  pollinators of the Midwestern
herbaceous flora (see Bernhardt et al. 2016; Edens-
Meier et al. 2018; Edens-Meier et al. 2020; Edens-
Meier et al. 2021).

TREES SHARING BEE SPECIES VS. URBAN/EXURBAN BEE
FORAGING PREFERENCES

With more bees (N = 254) collected on C.
canadensis than on C. florida (N = 180), we suspect
this is another consequence of seasonal warming.
As more bee-pollinated plants are in bloom later in
the season with C. florida, there must be some
competition for the limited pollinator guild (see



126 Camilo et al.

below). In addition, there was only a 48% overlap
of bee species shared by the two tree species.

An interaction effect in bee species diversity
between tree species and location showed a
significant decrease in bee diversity on urban C.
canadensis. We attribute that decrease to the limited
species pool available given this tree species'
earlier bloom cycles. Of the shared bee species, the
skewed density of Colletes inaequalis in exurban
versus urban sites is surprising. While the most
commonly collected exurban species, it was absent
on urban C. florida and almost completely absent
from urban C. canadensis although large nesting
aggregations have been found in several
residential areas in St. Louis city (Camilo
unpublished). We conclude that even generalist
foragers have preferences based on the availability
of plants in bloom. Batra (1980) found that C.
inequalis prefers to forage on native trees in the
genus Acer in the eastern United States, especially
Acer rubrum L., as soon as the soil defrosts. Acer
species are not native to the oak-hickory
woodlands in either of our exurban sites
(Yatskievych 1999). In contrast, at least four Acer
species native to North America are grown as
ornamentals in the city of St. Louis, MO
(Yatskievych (1999). Most likely, the urban Colletes
inaequalis in the present study ignored C. canadensis
in favor of co-blooming Acer species. Likewise, the
comparative absence of Osmia species and Bombus
gynes on C. florida in exurban sites would also
appear to reflect pollen and nectar preferences.
Previous studies by Rhoades et al. (2011) also
found that suburban stands of C. florida were
visited primarily by members of the Andrenidae
and Halictidae. In this study all of the 16 Andrena
species identified as pollen foragers visited C
florida while nine of the 14 pollen carrying
Lasioglossum species (Halictidae) were collected
only on C. florida.

We hypothesized that we should observe more
specialist foragers in the exurban sites than in the
urban sites. Consequently, our data did not
support the hypothesis of specialized exurban
foragers as none of the bee species collected are
regarded as oligolectic on either tree species or
specialists on the Fabaceae or Cornaceae (Fowler
2016). Our pollen load analyses indicated that most
of our bee species are more likely to visit more than
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one plant species during the same foraging bout,
especially when C. florida blooms.

It is also understood that some of the polylectic
bee species divide their foraging bouts between
woodlands and adjacent habitats (Urban-Mead et
al. 2023; Edens-Meier et al. 2011). Furthermore, our
exurban bee collections indicate that bees foraging
on trees that are between six and twenty meters in
height are also foraging on and pollinating the
native, vernal, herbaceous flora of the Midwestern
United States. Based on past identification of
pollinators, no vertical barriers are obvious
between the low growing herbs and our taller trees
(Edens-Meier et al. 2011; Bernhardt et al. 2016;
Edens-Meier et al. 2018; Edens-Meier et al. 2020).
We note that out of 88 native bees collected on
Hypoxis hirsuta L. Coville, 25 specimens carried the
pollen of H. hirsuta mixed with C. florida (Ren et al.,
2019).

URBAN VS. EXURBAN POLLEN LOAD ANALYSES

Bees in exurban sites were more likely to carry
mixed loads of pollen when they visited C. florida,
compared to when they visited C. canadensis. As
our foraging females all belonged to polylectic
species, the mixed pollen loads they carried are
predictable, reflecting previous pollination studies
(see above; Bernhardt et al. 2016; Edens-Meier et al.
2011, 2018, 2020, 2021). However, why does the
diversity of pollen morphotypes found on urban
bees foraging on C. florida, exceed those of the more
diverse bee species collected on exurban trees?
Once again, by the time C. florida blooms in St.
Louis the urban landscape offers polylectic
foragers additional mass-flowering woody plants
based on many cultivars in the Rosaceae (Malus,
Prunus,  Spiraea) and  Syringa  (Oleaceae)
unavailable at the exurban sites. In contrast, bees
collected on urban C. canadensis foraged too early
to exploit these ornamental species with the
possible exception of nectar secreting Chaenomeles,
Pyrus calleryana Decaisne (Dolan et al. 2023) and
Forsythia.

Nineteen bees (12 species) carried the large and
distinctive pollen grains of the invasive Asian
shrub Lonicera maackii (Rupr.) Maxim (Fig. 1F) in
both urban and exurban sites. This included A.
mellifera and 17 bees dominated by eight Andrena
species. Only two bees collected on C. canadensis
carried pollen of L. maackii as their flowering
periods do not have a broad overlap during the
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Missouri spring (Yastkievich 1999). The role of
some native bees in the pollination of L. maackii
deserves further investigation since many factors
appear to influence the foraging preferences of
native bees on exotic flora (Frankie et al. 2019;
Staab et al. 2020).

IMPLICATIONS

The small sample size of sites investigated is a
limitation of this study. We encourage potential
future research to address this issue and add to the
existing knowledge base of bees visiting vernal
blooming native trees in urban and exurban areas.
There are more opportunities globally because the
domestication of native species of mass- and
spring-flowering plants for ornamental display is
virtually pandemic (Bauer & Carlquist 1965;
Goody 1990; Robbin 2002). As the overall scientific
consensus insists that urbanization is altering
ecosystems and biodiversity at unprecedented
rates (Peng et al. 2017; Simkin et al. 2022), this
should also be true of plant-pollinator interactions
(Marcacci et al. 2023).
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