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Biology of Andrena (Callandrena sensu lato) asteris
Robertson (Hymenoptera: Andrenidae), an Eastern Aster
Specialist that Makes a Very Deep Nest

Anna C. Espinoza'?", Katherine R. Urban-Mead*?, Mark A. Buckner?,
Nathalia Florez-Goémez?, Jordan G. Kueneman?, and Bryan N. Danforth?

Abstract - Here we present the first description of nest architecture, immature stages, and
brood-parasitism of Andrena (Callandrena s. 1.) asteris (Aster Miner Bee) and the first
description of the nesting biology of any Callandrena in eastern North America. Brood
cells varied from 50 to 91 cm in depth, making this the deepest solitary bee nest recorded in
northeastern North America. Additionally, we assembled data on soil texture, phenology,
geographic distribution, and host-plant preferences. By modeling publicly available observa-
tion data, we find that areas of peak habitat suitability for 4. asteris are in proximity to coastal
and inland shorelines and major water courses. Our results corroborate a recent assessment of
the conservation status of New York pollinators, which ranked A. asteris as “vulnerable”.

Introduction

Andrena is one of the largest genera of bees, with ~1500 valid species and an
estimated 500 more yet to be described (Dubitzky et al. 2010). All members of
this genus are solitary or communal, and ground-nesting. They range from narrow
host-plant specialists that only consume pollen from a few species (e.g., Andrena
astragali Viereck and Cockerell [Death Camas Miner Bee]; Cane 2018) to more
broadly polylectic species, which visit a variety of host-plant families (Wood and
Roberts 2017, 2018). Andrena is most diverse in arid regions such as the North
American Southwest, the Mediterranean basin, and the steppes of Central Asia
(Dubitzky et al. 2010). The genus Andrena diverged an estimated 20 million years
ago and, along with their brood parasites in the genus Nomada (Apidae), is one of
the most rapidly diversifying lineages of bees (Bossert et al. 2021).

In eastern North America, Andrena species fall into 3 broad ecological groups:
spring-flying species foraging predominantly on trees that flower in early spring,
spring-flying species specializing on herbaceous ephemerals, and summer-flying
species specializing on herbaceous prairie plant species (Wood and Roberts 2018).
In a study of Michigan Andrena, Wood and Roberts (2018) found that roughly half
(48%) were host-plant specialists, primarily on plants in the families Asteraceae,
Geraniaceae, Hydrophyllaceae, and Montiaceae. Host-plant specialization is more
common in North America than in the Palearctic region, such as Britain, where only
around 36% of the species are oligolectic (Wood and Roberts 2017).
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Callandrena is the largest exclusively North American subgenus of Andrena
with 86 described species (see Table S1 in Supplemental File 1, available online at
https://www.eaglehill.us/NENAonline/suppl-files/n29-4-N1991-Espinoza-s1, and
for BioOne subscribers, at https://www.doi.org/10.1656/N1991.s1), 14 of which
occur east of the Mississippi, and 12 of which occur in New York (see Table S1 in
Supplemental File 1; Ascher and Pickering 2021). Callandrena is most diverse
in the southwestern United States and Mexican plateau (see Table S1 in Supple-
mental File 1; LaBerge 1967). All Callandrena collect pollen exclusively from
Asteraceae (LaBerge 1967).

The subgenus Callandrena, as originally defined, is now known to be a paraphy-
letic group, based on multiple phylogenetic analyses (Bossert et al. 2021, Larkin et
al. 2006, Pisanty et al. 2021). Callandrena in the narrow sense (i.e., Callandrena
sensu stricto), including the type species, Andrena manifesta (Fox), was recovered
as part of a monophyletic group referred to as Group A by Larkin et al. (2006) and
Clade 4 by Pisanty et al. (2021). Many other species, previously referred to as Cal-
landrena, belong to another, unrelated (and currently unnamed) group (referred to
as Group B,C,D by Larkin et al. [2006] and Clade 12 by Pisanty et al. [2021]). An-
drena asteris Robertson (Aster Miner Bee) belongs to this second, unnamed group.
The morphological characters traditionally used to group these 2 distantly related
groups of “Callandrena”, such as highly branched scopal hairs, presumably arose
as a consequence of their shared use of Asteraceae pollen (Larkin et al. 2006).

Most previous studies of “Callandrena” nesting biology have been conducted on
species that are in the unnamed group. Given the uncertainty surrounding Andrena
subgeneric classification, we refer to 4. asteris as belonging to “Callandrena sensu
lato” until a proper taxonomic name is applied to the subgroup recognized as Larkin’s
Group B,C,D and Pisanty’s Clade 12. See Table S1 in Supplemental File 1 for group
affiliations for all of the 86 currently described species in Callandrena sensu lato.

All previous studies of nesting biology and life history of members of Callan-
drena s.l. were conducted in the western United States (Neff and Simpson 1997,
Parker and Bohart 1982, Parker and Griswold 1982, Rozen 1973). To the best of our
knowledge, this is the first paper to document nesting biology of a species of Cal-
landrena s.1. in eastern North America.

Andrena asteris (Fig. 1a) is a late summer/early fall bee, active in September and
October in the northeastern United States. It has been recorded collecting pollen on
various species of Symphyotrichum and Solidago (LaBerge 1967). Very little else is
known about this species, as its nesting behavior has never been studied. Here we
present new information on the nest architecture, immature stages, pollen usage,
and likely brood-parasitism of 4. asteris.

Field Site Description

We conducted our field study from 22 September to 3 October 2020. The site
is located on a glacial moraine ~4.8 km (3 mi) southwest of Cortland, Tompkins
County, NY (42°33"22"N, 76°13'42"W, Fig. 2). The center of our study site consists
of an open meadow surrounded by poplar trees. Flowers blooming at the time of
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Figure 1. (a) Female Andrena asteris, lateral view, and (b) female Nomada banksi, lateral
view.
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Figure 2. (a) panoramic view of field site, and (b) Google Earth image of field site; arrow
indicates location of nests.
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A. asteris activity included Daucus carota L. (Wild Carrot), Euthamia graminifolia
(L.) Nuttall (Grass-leaved Goldenrod), Symphyotrichum novae-angliae (L.) Nesom
(New England Aster), Symphyotrichum lateriflorum (L.) Love and Love (Calico
Aster), Lotus corniculatus L. (Bird’s-foot Trefoil), and multiple Solidago species
(hereafter, Solidago spp.). Nests of A. asteris were located in exposed patches
of sand. The area in which nests were located was southwest-facing and gently
sloping; we did not find any nests in the adjacent flatter and wetter portion of the
meadow. The soil at this site is classified as Valois and Howard gravelly loams
(NRCS 2019). Other Apoidea found nesting at the site included bees in the genus
Lasioglossum, Halictus ligatus Say (Halictidae), Melissodes druriellus (Kirby)
(Drury’s Long-horned Bee; Apidae), and abundant solitary, hunting wasps, includ-
ing Cerceris fumipennis Say (Crabronidae), a predator of buprestid beetles (Swink
et al. 2013). There were also a few dozen Apis mellifera L. (Honey Bee) hives at
the northern edge of the clearing.

Methods

Phenology and geographic distribution

We used publicly available data from the Global Biodiversity Information
Facility (GBIF), Symbiota Collections of Arthropods Network (SCAN), and the
American Museum of Natural History’s Arthropod Easy Capture Specimen da-
tabase (AMNH-AEC) to characterize the phenological activity and the known
geographic distribution of A. asteris. We downloaded data in June 2021, then in-
spected the data and removed duplicate and suspect specimen records. In the end,
we obtained 456 observations that included reliable phenological and geographic
data (see Table S2 in Supplemental File 1). We used these records to plot both the
period of adult activity as well as the known geographic range using R (version
4.1.2) and QGIS(version 3.16) (QGIS.org 2022, R Core Team 2021).

In order to further characterize the geographic range and habitat suitability of
A. asteris, we used the package ‘MaxEnt’ (v3.4.3; Phillips et al. 2022), through the
package ‘ENMeval’ (v2.0; Kass et al. 2021). In R, we combined occurrence data
from the 3 repositories described above and filtered to retain occurrence records be-
tween 1981 and 2010 to align with the climatology data obtained through CHELSA
(v2.1; Karger et al. 2017), leaving 31 occurrence records. We first checked records
against a gazetteer to identify and exclude occurrence records with georeferencing
errors using the package ‘CoordinateCleaner’ (version 2.0-20; Zizka et al. 2019).
We thinned the remaining occurrence records to 10 km with the package ‘spThin’
(version 0.2.0) to reduce the effects of spatial sampling bias (Aiello-Lammens et
al. 2015, Radosavljevic and Anderson 2014, Sillero and Barbosa 2021). To account
for the role of the climate and nest-site availability on the distribution of A. asteris,
we included bioclimatic variables derived from the 1981-2010 climate normals
(Karger et al. 2017) and soil-texture data (Hengl 2018a, 2018b) as environmental
covariates (see Table S3 in Supplemental File 1). We performed principal compo-
nents analysis on these covariates to (i) limit the potential impacts of collinearity,
even though ‘MaxEnt’ is thought to be robust to collinearity when not extrapolating
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across space or time (de Marco and Nobrega 2018, Feng et al. 2019), and (ii) to
reduce dimensionality by including components up to a threshold of 95% of vari-
ance explained. Finally, we trained the models using both block and jackknife
partitioning of the presence data and assigned random background points to 30%
of the background pixels (~24,600 points). We evaluated model performance with
area under the curve (AUC) and Akaike information criterion corrected for small
sample size (AICc), which we compared to 100 iterations of the null model gener-
ated through ‘ENMeval’.

Nest architecture and soil-texture analysis

We located nest entrances by observing female bees who were actively pro-
visioning brood cells and thus could be seen making regular trips to and from
nests. We placed a clear plastic cup over the nest entrance after female bees
entered their nests, and then collected the bees as they emerged several minutes
later. We identified these specimens with the Discover Life Andrena female key
(Ascher and Pickering 2020) and compared them to other 4. asteris in the Cornell
University Insect Collection (CUIC) for confirmation. Voucher specimens were
deposited in the CUIC.

We excavated a total of 5 nests, starting at the entrance and exposing the side
of the tunnel down to the brood cells using the methods described in Rozen et al.
(2019). We blew talcum powder into the tunnel to line the tunnel walls and used a
pocket knife and trowel to scrape away the soil. We measured the tunnel diameter,
length and width of brood cells, lateral length (distance of a brood cell from the
main tunnel), and diameter of tunnels for pollen provision using a tape measure,
digital calipers, and a pipefitter’s small-hole gauge. Dimensions of nests and brood
cells are herein expressed as mean =+ standard deviation. We submitted soil samples
collected from the surface and the brood-cell depth of each for particle-size analy-
sis to the Cornell Soil Health Laboratory (https://soilhealth.cals.cornell.edu/).

Pollen analysis

To aid in pollen identification, we collected reference pollen from all flowers
observed blooming within 100 m of the nest site in September 2021. We analyzed
pollen provisions from 3 different brood cells. We first homogenized each provi-
sion mass by vortexing in 70% ethanol, and then randomly took 3 subsamples from
each provision. For each subsample, we pipetted 70 uL of the pollen suspension
onto a microscope slide, added several drops of Calberla’s solution to dye the
grains, and added a coverslip. We examined pollen grains at 200x magnification
on a compound Olympus BX41 microscope (Olympus Corp. Tokyo, Japan) with
CellSens® software (Olympus Corp.). We randomly initiated 10 unique transects
along the short edge of the coverslip and examined all pollen grains that were
fully visible in the field of view for the full length of the coverslip. We compared
pollen morphospecies from the brood provisions to the reference photos and took
multiple voucher photos. Due to the exceptional difficulty of differentiating As-
teraceae pollen, and the lack of keys for the Solidago and Symphyotrichum groups
(e.g., Faegri et al. 1989, Punt and Hoen 2009), we measured multiple traits on
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pollen reference photos of New England Aster, Calico Aster, Solidago spp., and
Grass-leaved Goldenrod in an attempt to identify distinguishing characters. Traits
included length of polar and orbital axes, polar-to-orbital axis ratio, spine length,
furrow depth, and number of spines visible from polar view (see Figs. S1, S2 in
Supplemental File 2,available online at https://www.eaglehill.us/NENAonline/
suppl-files/n29-4-N1991-Espinoza-s2, and for BioOne subscribers, at https://www.
doi.org/10.1656/N1991.s2).

Results

Phenology and geographic distribution

Museum records extending from 1890 to the present indicate that A. asteris is
a late-summer bee that has been primarily collected from August through October,
with peak collections occurring in September (Fig. 3). Based on historical records,
the range of 4. asteris stretches from Ontario southward to Mississippi and from
Nova Scotia westward to North Dakota (Fig. 4).

For species-distribution modeling, we tested 25 combinations of model pa-
rameters with 2 partitioning methods for the predicted habitat model. The highest
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Figure 3. Temporal activity of Andrena asteris based on all specimen records from the
Global Biodiversity Information Facility (GBIF), Symbiota Collections of Arthropods
Network (SCAN), and the American Museum of Natural History’s Arthropod Easy Capture
Specimen database (AMNH-AEC), by month of collection.
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predictive performance was obtained using jackknife partitioning (linear, quadratic,
and hinge feature classes and a regulation multiplier of 3; AUC = 0.88). The AUC of
the model we selected was higher than 99% of the null model iterations, and in ad-
dition to its predictive performance, was highly supported based on its small AAICc
(1.15). The first principal component, weakly influenced by many of the bioclimatic
variables, contributed most to the model predictions and the fourth principal com-
ponent contributed the second most. The latter was strongly correlated with soil
sand content and increased with higher sand and lower clay composition. Areas of
moderate to high habitat suitability extend east from Oklahoma to the Atlantic Coast
of the US and north into New Brunswick, Canada (Fig. 5). Areas of peak habitat
suitability are in rough proximity to coastal and inland shorelines and major water
courses with low suitability at high elevations and in the southeastern US (Fig. 5).

Nest architecture and soil texture analysis

Nests extended straight downward through a sandy surface layer that was 10—20
cm thick (Figs. 6-8). In some nests, the initial part of the tunnel was lined with a
thin (~1-mm) layer of sandy loam from the deeper part of the nest. Once the nest
tunnel entered the sandy loam layer at ~10—20 cm underground (Figs. 6-8), the bur-
row continued straight, meandering only slightly around objects, down to the depth
of the cells. The vertical main tunnel varied from 5.5 to 6 mm in diameter.

Figure 4. Spatial distribution of specimen records from all 3 data sources
(SCAN+GBIF+AMNH), made with R. Same data as in Figure 3. The study site is indicated
with a filled red dot.
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Each nest contained from 1 to 5 brood cells in various stages of completion from
partially provisioned brood cells to closed brood cells with eggs, and larvae in vari-
ous stages of development. Brood cells were recovered at depths varying from 50
to 91 cm (mean = 81.06 + 14.81, n = 18; Fig. 6). Cells were located 4-10 cm from
the main burrow on a horizontal lateral tunnel and were randomly scattered around
the main tunnel (Fig. 6). Brood cells were 6—8 mm in width (mean = 7.16 + 1.02,
n=3)and 11-12 mm in length (mean = 11.73 + 0.59, n = 3), based on 3 brood cells
that were precisely measured with a digital caliper. Brood cells had a clearly visible
waterproof glandular coating which was thicker toward the back of the brood cell
and became progressively thinner toward the entrance of the brood cell (Fig. 8). All
of the 13 intact pollen provisions recovered consisted of a relatively solid spherical
mixture of pollen plus nectar, as in many Andrenidae (Danforth et al. 2019). Eggs
and larvae were on top of the pollen provisions, and fully fed larvae were observed
resting on their dorsum.

Pollen analysis

Consistent with expectations, all pollen found in all subsamples of all 3 pollen
provisions contained exclusively pollen from flowers in the family Asteraceae.
However, we were unable to reliably differentiate among genera or species of As-
teraceae at the site based on univariate and multivariate analysis of the data (see
Fig. S3 in Supplemental File 2). While Solidago spp. inflorescences were the most
numerically abundant by far, the number of other Asteraceae blooming at the site
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Figure 5. The modeled distribution of suitable 4. asteris habitat trained on 31 unique locali-
ties identified between 1981 and 2010 (empty circles). The study site is indicated with a
filled black dot.
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was non-trivial, and we cannot rule out the possibility that 4. asteris may also use
or prefer Symphyotrichum spp.

Nest #3 Nest #2 Nest #5

sandy
ol loam |
sl 64%sand

ol - expanded L i
.. broodcell .

Figure 6. Diagram showing nest dimensions and brood-cell structure. (a) Empty brood
cells prior to provisioning, (b) completed brood cell with pollen ball and small larva, and
(c) completed brood cells with fully fed larva prior to defecation.
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Parasitism

Adult Nomada banksi Cockerell (Fig. 1b) were common at the site and were
observed inspecting nest entrances and entering nests of 4. asteris. In one case,
we discovered a living female N. banksi in an old, partially provisioned brood cell
of A. asteris at a depth of ~90 cm. Our observations strongly suggest that N. bank-
si is a brood parasite of A. asteris. Other brood parasites seen flying in the area
included Triepeolus pectoralis (Robertson), and various species of Sphecodes,
Epeolus, and Coelioxys.

Discussion

Phenology and geographic distribution

Analysis of historical collection records suggests 4. asteris, like many Callan-
drena species (Larkin et al. 2008), is a late-summer bee. Based on the Larkin et al.
(2008) review of Andrena phenology and host-plant use, late-summer/fall foraging
has arisen repeatedly (up to 4 times) in Callandrena, and A. asteris is nested within
a clade of other species that emerge in late-summer to fall.

Our analysis of historical collection records also indicates that A. asteris has

a broad geographic distribution across the eastern US, east of the 100" meridian
(Fig. 4). However, our species-distribution modeling indicates that the highest habi-
tat suitability occurs near large inland water bodies or the coast (Fig. 5). Areas of
moderate to high suitability correspond to low-elevation areas with high sand and
moderately low clay content in the soil.

Figure 7. Texture
analysis of soil taken
near surface (~5 cm
below surface; blue
dots) and at level of
brood cells (60-90
cm below surface;
red dots). Soil at
surface is comprised
largely of pure sand
whereas subsurface
soils, where brood
cells are located, is
composed of sandy
loam (Sa = Sand, Cl
= clay, Si =silt, Lo
= loam). The sandy

loam layer starts at = ’ '
@ ) 3
~10-20 cm below the | Sand % o o 2 o Silt

surface. Soil triangle Sand (%)
and phenology plot
were made in R using the ‘ggplot2’ and ‘ggtern’ packages (Hamilton and Ferry 2018, R Core
Team, 2021, Wickham, 2016).
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Nest architecture and soil-texture analysis

Andrena asteris females build nests that are up to 91 cm deep. The females
themselves are between 1.2 and 1.3 cm in length, so the nest is built to a depth of
as much as 72 average female body lengths. This feat is equivalent to a 1.8-m (6-ft)
tall human digging a 132-m (432-ft) deep tunnel. To the best of our knowledge this

Figure 8. Photos of nest architecture: (a) brood cell showing cell lining, (b) pollen ball with
small larva, (c) fully developed larva, (d) nest entrance (indicated by arrow), and (¢) main
burrow extending downward through upper sand layer and into lower sandy loam layer.

Figure 9 (following page). Brood-cell depth in Andrena species. Data from Cane and Neff
(2011). Species ranked by the midpoint of the range of brood-cell depths. Species of Cal-
landrena Group A (= Callandrena sensu stricto) in black; species of Callandrena Groups
B-D (= Pisanty et al. Group 12) in orange; other Andrena in grey. Andrena asteris is high-
lighted in red.
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is the deepest solitary bee nest recorded in northeastern North America, although
some communally nesting or more highly social ground-nesting species in the re-
gion have built deeper ones (Cane and Neff 2011:supplementary material).

In order to compare depth of brood cells in A. asteris to other members of the ge-
nus, we utilized data assembled by Cane and Neff (2011) on the brood-cell depths
of various ground-nesting bee species. For Andrena, there are a total of 41 observa-
tions of brood-cell depth (Fig. 9). Brood-cell depths vary widely in Andrena, from
a minimum of 5.5 cm (in Andrena [Ptilandrena] suavis Timberlake; Linsley and
MacSwain 1959) to a maximum of 270 cm (in Andrena [Callandrena] haynesi Vi-
ereck and Cockerell; Parker and Griswold 1982). Andrena asteris ranks seventh in
median brood-cell depth out of the 41 species included in the Cane and Neff (2011)
dataset (Fig. 9). Interestingly, there is a clear phylogenetic component as well. All
members of Callandrena Group B,C,D exhibit very deep brood cells. Six of the top
10 deepest nests include species of Callandrena Group B,C,D, including Andrena
asteris (Fig. 9). The only species in the dataset in Callandrena sensu stricto (Group
A of Larkin et al. 2006), Andrena (Callandrena) accepta Viereck (Rozen 1973), a
communal bee, builds a much shallower nest (Fig. 9). Deep nests are hypothesized
to be an adaptation to nesting in sandy, dune-like habitats (Parker and Griswold
1982), such as the glacial moraine at our site, where the surface layer of the soil is
likely to shift over time.

Our soil-texture analysis revealed that the nests of A. asteris were built through
a surface layer of essentially pure sand followed by sandy loam with almost no clay
content (Figs. 6—8). Sandy loam soils retain heat because of the low water content
of these soils (R. Schindelbeck, Cornell Soil Health Laboratory, Ithaca, NY, pers.
comm.), which may facilitate bee larval development either early or late in the year.
For a late-summer bee nesting in the northeastern US, the deep brood cells and
sandy loam soil texture could provide additional protection against winter freezing.

The soil texture we observed A4. asteris nesting in is comparable to the prefer-
ences of other species of Andrenidae reported in Cane (1991). Many andrenid bees
construct nests in sandy loam, and Andrena (Plastandrena) prunorum Cockerell
prefers essentially pure sand (Cane 1991). Without additional observations of
nesting sites of 4. asteris, it is impossible to say if females of this species are pref-
erentially selecting soils with the texture we observed at our site, but the unique
texture of the soil and the depth at which nests are constructed would suggest that
they have particular soil requirements that might put limits on their spatial distribu-
tion and abundance.

Pollen analysis

Our pollen identification supports the hypothesis that 4. asferis is an Asteraceae
specialist, consistent with historical collection records (LaBerge 1967). Despite
challenges separating these taxa morphologically, we are confident that the most-
likely host plants are goldenrods or asters in the genera Solidago, Symphyotrichum,
and/or Euthamia. Asteraceae are important late summer floral resources in the east-
ern US. While spring emergence is the ancestral trait in North American Andrena,

486



2022 Northeastern Naturalist Vol. 29, No. 4
A.C. Espinoza, et al.

11 of the 14 species of Callandrena that occur east of the Mississippi are late sum-
mer/fall-active (Larkin et al. 2008) during the period when the majority of floral
resources available are Asteraceae. Asteraceae pollen has been shown to be rela-
tively unpalatable to honey bees, bumble bees, and some Colletes species (Loper
and Cohen 1987, Miiller and Kuhlmann 2008, Vanderplanck et al. 2020); it lacks
amino acids essential to honey bee brood development and may be both mechani-
cally and chemically protected (Loper and Cohen 1987, Vanderplanck et al. 2020;
but see Giacomini et al 2018 for medicinal benefits of sunflowers to bumble bees).
Andrena do not seem to be so discriminating. Asteraceae specialization has evolved
at least 4 times in the genus (Larkin et al. 2008), and some generalist Andrena use
Asteraceae pollen despite its difficulties for other taxa (Wood and Roberts 2018).

Parasitism

Ascher et al. (2014) hypothesized, based on phenology, that Nomada banksi
could be a brood parasite of A. asteris. Our results corroborate this hypothesis based
on observations of N. banksi within the nests of 4. asteris.

Conservation status

In a recently released statewide assessment of the conservation status of focal
New York pollinators, White et al. (2022) ranked Andrena asteris as S3, mean-
ing “vulnerable” (defined as “at moderate risk of extirpation in the jurisdiction
due to a fairly restricted range, relatively few populations or occurrences, recent
and widespread declines, threats, or other factors”). While our study of a single
population cannot directly assess the conservation status of 4. asteris, our analysis
of voltinism, nesting biology (including soil texture), and host-plant use would
suggest that this bee exhibits life-history traits that would render it of conserva-
tion concern. Previous studies indicate that univoltine bees that are host-plant
specialists are more vulnerable than either multivoltine or generalist species. In a
study of historical trends in bee abundance and species richness in Britain and the
Netherlands, Biesmeijer et al. (2006) found that habitat and floral specialists and
univoltine bees were the most likely to be in decline. Likewise, Burkle et al. (2013),
in a comparison of contemporary and historical bee communities in the midwest-
ern US, found that specialists were more likely to experience extinction than
generalists, despite the fact that the host-plants of the specialists were still present.
Finally, Bogush et al. (2020), in a study of bees from the Czech Republic, found
that oligolectic bees (host-plant specialists) were proportionally more commonly
represented in the [UCN Red List of threatened bees than generalists. Furthermore,
several studies (summarized in Danforth et al. 2019:66) indicate that Andrena of-
ten have very low per-capita offspring production. Female Andrena have relatively
short adult lifespans and provision fewer than 1 offspring per day (Franzén and
Larsson 2007, Giovanneti and Lasso 2005). These 2 factors together presumably
result in low (<10) lifetime fecundity for many species of Andrena. In summary,
species of Andrena with narrow host-plant preferences and unique soil and habitat
requirements like 4. asteris are likely of conservation concern.
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