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Abstract

Native bees are all around us, yet very few surveys have been performed on which bees
reside in Portland, Oregon. For this honors thesis, native bees collected from two urban orchards
and one botanical garden located in eastern Portland in 2018 and 2019 were identified to genus
or to species, and their floral use recorded. This data will become part of the ongoing native bee
survey being performed by Susan Masta’s laboratory and the Museum of Natural History at
Portland State University. The bees that were most commonly collected included Ceratina spp.
(n =42), Andrena spp. (n = 34), Halictus spp. (n = 29), and Bombus spp. (n = 21). Observations
made during these collections suggest that a diversity of floral resources, but especially
ornamental plants within Asteraceae, Rosaceae, and Boraginaceae (notably genera Erigeron,
Symphyotrichum, Fragaria, and Pentaglottis) may support a wide diversity of native bees in an

urban or suburban orchard setting over the greatest proportion of native bee flight seasons.

Introduction

Wherever angiosperms can be found flowering, there will most certainly be a variety of
native bees close by, be they actively foraging, pollinating, or nesting hidden from sight. Oregon
is home to a great diversity of these native bees, at an estimated 500 species, which perform
valuable pollination services for gardens, agricultural crops, meadows, and natural areas
(Broussard et al., 2011; Gonzalez et al., 2013; Kimoto et al., 2012; Rao & Stephen, 2010).
Native bees have varying floral preferences, seasonality, and habits evolved to best take
advantage of the breadth of resources present during their short adult lives. Most native bees
from the families Andrenidae, Halictidae, and Colletidae nest underground, with Megachilidae
and some Apidae nesting from within pithy stems or wooden cavities bored by beetles. Unlike

the European honeybee (Apis mellifera), native bees are overwhelmingly solitary, meaning adult



females must forage for pollen in order to provide directly for their own brood (Michener 2007).
Because of this, native bees have evolved associations with flowering angiosperms accessible
during their flight season. Many bees have formed specialist associations to a particular plant
family or morphology, while others can be considered floral generalists that access the widest

range of available floral sources (Cane, 2018; Cane & Love, 2016).

Although native bee biodiversity is rich, it is not immune from the dangers of habitat loss
that plague both urban areas and agricultural areas. Of the factors that have been established as
the main causes for bee decline: habitat fragmentation, climate change, agriculture and
pesticides; habitat fragmentation and loss have been recognized as the most threatening to native
bees (Potts et al. 2010; Winfree et al., 2009). Although of course native bees have always
pollinated the native plants they have coevolved with, there is increasing evidence that native
bees may perform a greater share of pollination services for human crops when compared to the
honeybee. To lose native bees would mean to disrupt plant-pollinator interactions and phenology
that have evolved over hundreds of thousands of years, which would have compounding effects

on the environment as well as economy (Boggs & Inouye 2012; Willmer 2012).

No systematic surveys have been performed on what species of native bees are found in
Oregon, let alone Portland specifically — presenting a need for this type of biological survey.
Considering that urban environments may be at risk for pollinator decline due to habitat loss,
there is a unique opportunity to fill a gap in knowledge on Portland, Oregon’s native bees and
their floral usage. Urban orchards and the bees that pollinate them are important to study for their
role in providing food to these habitats. For this Honors thesis, | participated in an ongoing

survey of Portland’s native bees, which included collecting, identifying, and analyzing bees and



their floral use from a number of sites in Portland - focusing most specifically on integrating

collections from 2018 and 2019 from two orchards and one botanical garden into the survey.

Methods

Research sites

Three sites were selected for their proximity to local orchards and one botanical garden in
Portland, Oregon by PSU’s alum Jess Tyler during his master’s thesis work on citizen science.
The three sites were located in eastern Portland, each with varying layouts. Parkrose Community
Orchard is organized stringently, with structured rows of fruit trees as opposed to natural
spacing. Sabin Community Orchard, however, is organized far less intentionally. Both orchards
are surrounded with other plants both native and non-native, to serve the environment as well as
for aesthetic value, on which most collections were performed. Although not being an orchard,

Leach Botanical Garden was selected for its similarly wide diversity of flora.
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Figure 1. Map displaying all the three Orchard native bee survey locations. Clockwise from top:
Sabin Community Orchard, Parkrose Community Orchard, Leach Botanical Garden.



Collection methods

Collections occurred between the months of March and September of 2018 and 2019 at
regular intervals. The sampling process involved hand or net collection, as opposed to blue-vane,
bowl, or pan traps — which are known to over sample Halictidae (Griswold 2008). By using
hand collection techniques, the sampling method was more conservative, removing fewer
specimens from the environment. By hand netting each bee, we were able to record precisely
what flower it was visiting at the time it was collected. Upon collection, each bee was placed into

a plastic vial.

Labels were added into each vial highlighting coordinates of the site, floral use or
association, as well as current date. In the case of no floral association, bees were labeled with
“none” or a description of their behavior, such as “hovering over ground”. Bees were then frozen
to euthanize, pinned to show identifying features, and sterilized in a -80°C freezer before being
stored in airtight drawers in invertebrate collections at Portland State University’s Museum of

Natural History.

Identification

Once stored, bees were retrieved and identified based on differentiable characteristics.
Many taxa are able to be identified to the species level, while others are only identifiable to
genus or morphospecies, such as Andrena, many Osmia, and Lasioglossum. Published keys were
used to achieve the lowest possible level of identification for each individual. Bees were first
identified to genus using August Jackson’s “The Bees of the Willamette Valley” as well as The
Bee Genera of North and Central America (Hymenoptera: Apoidea) (Michener, McGinley, and

Danforth, 1994). Afterwards, bees were identified to species using Bees of the Genus Ceratina in



America North of Mexico by Daly (1973), Leafcutter and Mason Bees of the Genus Megachile
Latreille (Hymenoptera: Megachilidae) in Canada and Alaska by Sheffeild et al. (2011), Bees of
Northwestern America: Halictus (Hymenoptera: Halictidae), as well as Bees of Northwestern

America: Agapostemon (Hymenoptera: Halictidae), by Roberts (1973).

Features used to identify bees to their lowest level are recognizable only by microscopic
inspection, and involve relative measurements between features such as the ocelli, mandibles,
antennae, sub-antennal sutures, and propodeal triangles as seen under a dissecting microscope.
Other features include variants of integument hue and texture, number of sub-marginal cells in
wing venation, abdominal hair banding, presence of axillae, facial fovea, facial markings,
antennal length, and many other lines and landmarks found on the integument of bees. The
identification of bees from Sabin Community Orchard, Leach Botanical Garden, and Parkrose
Community Orchard were preliminarily performed by Jess Tyler in 2018 and 2019, but many
taxa were checked for species identification accuracy, or identified to species for the purposes of

this survey.

Results

Research sites and identification

In total, 234 specimens were sampled from Sabin, Leach, and Parkrose between the
months of March and September of 2018 and 2019, supplementing the previously collected bees
from the main study’s industrial, urban, and residential sites (Table 1). From Sabin Community
Orchard a total of 56 individuals were collected, from Parkrose Community Orchard 64

individuals were collected, and from Leach Botanical Garden 127, making it the most sampled



site of the three. Taxa that had not previously been found in other locations in Portland include

the genus Dianthidium and Colletes.

Table 1. Counts of all bees collected from Parkrose Community Orchard, Sabin Community Orchard, and

Leach Botanical Garden, identified to the level of genus.

Family Genus Sex Family  Genus Sex Family  Genus Sex
Andrena Halictus Megachile
° spp. 19 Q confusus 4 Q sp. 11 Q
3 15 & 0o & 3 4
@ Total 34 ligatus 5 Q Total 14
2 Panurginus sp. 3 Q 4 a8 Osmia
< 3 3 rubicundus 1 Q cornifrons 1 Q
Total 6 0 a 1 I
Ceratina tripartitus 12 Q lignaria 1 Q
acantha 17 Q 3 1 I
8 3 virgatellus 1 Q sp. 3 Q
micheneri 0 Q 1 a 7 I
2 3 sp. 1 Q v Total 10
pacifica 11 Q 0 a 2 Anthidium
2 ) Total 29 S manicatum 3 Q
Total 42 Lasioglossum 5y 1 4
Bombus sp. 18 Q = sp. 3 Q
fervidus 1 Q § 1 a 1 4
o g B Total 19 Total 4
flavifrons 8 Q E" Agapostemon Dianthidium*
0 a8 coloradinus 2 Q sp. 3 Q
melanopygas 4 Q 0 a 1 4
1 a femoratus 2 Q Total 4
mixtus 4 Q 0 1) Heriades
0 a sp. 1 Q sp. 1 Q
é vosnesenskii 3 Q 1 a 0 I
S 0 3 texanus 4 Q Total 1
Total 21 0 a Coelioxys* 1 NI
Nomada virescens 1 Q
sp. ? 7 4
3 Total 18
Total Sphecodes
Eucerinii sp. 4 Q
sp. 4 Q 2 a
1 3 1 NI
Total 4 Total 7
Tripeolus Hylaeus
sp. 1 Q sp. 1 Q
0 a v 4 a
Total 1 2 Total 5
% Colletes
© sp. 1 Q
o 4
Total 1




The most frequently collected taxa included Ceratina (n = 42), Andrena (n = 34), and Halictus
(n=29) (Table 1). Ceratina acantha, being the most common species of Ceratina, was the most

collected of any individual species, at 25 collections (Table 1).

Flight Seasonality

Bees collected from all three sites were analyzed separately from the urban core of
Portland bees. However, flight seasonality data was compiled between the two surveys in order
to increase the robustness of previously identified trends. All bees from these additional sites
were added into existing genera on the chart, but newly identified taxa were not included due to
the low number of individuals that were collected (Table 1). Native bees (excluding bumble
bees, which overwinter as adults) were present primarily between the months of March and
September, with only one individual of the genus Agapostemon being collected in October. The
earliest bees to peak in spring include Andrena, Nomada, and Osmia, followed in the summer by

the Halictids, Megachilids, and by Ceratina and Melissodes (Table 2).

Table 2. Flight seasonality chart generated from compilation of collection dates for three years of the
native bee survey. Excluded are new genera or genera low in total number of collections.

Family Genus March  April May June July Aug. Sept. Oct.
Andrena 22 54 34 25 1

Andrenidae Panurginus 35 7 1
Ceratina 7 11 il 29 13 44 20

Apidae Eucerinii 1 4 5 18 29 6
Nomada 1 20 15 4 1

Colletidae Hylaeus 5 12 16 8 9
Agapostemon 6 6 8 13 21 1

Halictidae  Halictus 2 8 10 22 [N 29 6
Lassioglossum 2 3 17 27 - 20 20
Anthidium 4 14 15 12 3
Heriades 4 10 S

Megachilidae
Megachile 2 9 24 14 1

Osmia 20 I 16 8 4



Floral Use
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Table 3. Number of collection events on each floral family and genus. Most visited, recommended
genera are bolded.

Geraniaceae

Total

Family Genus Count Family Genus Count
Erigeron 20 Lathyrus 6
Symphyotrichum 11 Vicia 2
Helianthus 6 Fabaceae Trifolium 2
Achillea 6 Lupinus 1
Hypochaeris 5 Total 11
Solidago 4 . Allium 11
Calendula 2 Amaryllidaceae Total 11

e Taraxacum 2 e Symphoricarpos 10
§ Eriophyllum 2 Caprifoliaceae Total 10
o) Mentha 1 Philadephus 6
< Rubus 1 Hydrangea 3
Cichorium 1 Hydrangeaceae Deutzia 1
Echinacea 1 Total 10
Bellis 1 Rhododendron 4
Cosmos 1 Ericaceae Arctostaphalos 2
Rudbeckia 1 Gaultheria 2
Coreopsis 1 Total 8
Total 66 Malvaceae Malva 5
Holodiscus 7 Total 5
Spiraea 6 Ceanothus 4
i Rhamnaceae

Fragaria 5 Total 4
Rubus 4 Plantaginaceae Pentstemon 4
w Cotoneaster 4 Total 4
§ Pyrus 2 Eschscholzia 2
g Prunus 2 Papaveraceae Papaver 1
= Oemleria 1 Total 4
Ribes 1 Limnanthaceae Limnanthes 2
Malus 1 Total 4
Rosa 1 Apiaceae Daucus 2
Total 34 Total 4
Mentha 7 Brassicaceae Lobularia 2
o Salvia 5 Total 4
§ Melissa 3 Crassulaceae Sedum 2
c Stachys 2 Total 4
3 Prunella 1 Onagraceae Chamaenerion 1
Total 18 Total 4
w Pentaglottis 15 Cornus 1

s Coraceae
! Symphytum 1 Total 4
£ Borago 1 . Mahonia 1
?gn Hyrdophyllum 1 Berberidaceae Total 4
@ Total 18 . Gallium 1

Rubiaceae
Total 4
Total Floral Data Entries = 215 Geranium 1
4




# of specimens
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In total, 215 native bees were found on 64 plant genera. Floral families Asteraceae,
Rosacae, Boraginacae, and Lamiaceae were all among the most commonly visited by native bees
(Table 3). Asteraceae (n = 66), represented 28.7% of total collections - Erigeron,
Symphyotrichum, and Achillea were most frequently sampled on. Rosaceae (n = 34), represented
14.9% of bees collected - Holodiscus, Fragaria., Spiraea were most common. Likewise,
Boraginaceae (n = 18) made up 8% of collections, of which 15 were Pentaglottis sempervirens.
Lamiaceae (n = 18) also made up 8%, of which Mentha arvense, Salvia sp., and Melissa

officinalis shared similar prevalence.

18

16
B Megachilidae

14 Halictidae
Colletidae
12 .
W Apidae
10 B Andrenidae
8
6
4
0 IIIII II | (N I | 1l III II
rUCV’EfUV’V’V’IOJV’_QEl'BfUV"J’V’E_@V‘V’mmm_gm(ﬁCIJV’ENEWGJWCAEGJCNWENWW(UWNAEE
> “ UV O S>S= 35 > 3 3 S o > > = Q >S= QO = =} > 3 >
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3080w gil5H00c28508>00505606gCPT 2 RS0 HhaooOHoes5cE20500e00
0w T = 2 9] =} I T 20 T s T %) 0 25 3
o 3 w cFcol 2<com [ c Z 000 <Y< woE v<c g VoL cECD cODL %)
a 2 2S2<Ssco>E < o © S22 5 =240 Sa o©og IS )
© 7] n=a = @ a n % N o © o o n
(o) © © © (o) (o) ©
Asteraceae Rosaceae Boraginaceae Lamiaceae FabaceaeHydrangeacearicaceae

Figure 2. Native bee genera sorted by number of collections and by the most common plant
families: Asteraceae, Rosaceae, Boraginaceae, Lamiaceae, Fabaceae, Hydrangeaceae, and
Ericaceae
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Discussion

By combining the three new sites, two orchards and botanical garden, with data from the
previous three years of survey, counts were increased for nearly every genus previously
identified, with the addition of new discoveries, Dianthidium and Colletes (Table 1). A total of
234 native bees were collected and identified, representing 20 genera. The total number of
species present in this sample is unable to be determined due to the inability to identify bees that
lack either taxonomic keys or species descriptions, but the Masta Laboratory’s surveying in

Portland overall has conservatively suggested the number at 104 species, and counting.

Asteraceae, Rosaceae, and Boraginaceae were among the dominant plant families visited,
which could potentially be explained by their abundance in urban gardens and orchards (Wojcik
& McBride 2011). In addition, weedy, ornamental plants are some of the most pervasive floral
visitation sites, as they flower a majority of the year and are generally attractive to all native bee
families (Lowenstein et al. 2018). Even non-native plant species, despite their status, can provide
resources for native bees that need support in the form of pollen and nectar during the fringes of

flight seasonality.

As we gather more data, we can better determine what flowers native bees use in
Portland, keeping in mind that native bees’ visitation of certain plants is dependent on floral
morphology and seasonality. Bombus spp. and other larger bees have been associated in the
literature with flowers with tubular, occluded morphologies such as Fabaceae and Boraginaceae,
while smaller bees have been shown to prefer flowers with open, accessible morphologies such
as Asteraceae (Roof et al. 2018). These findings were partially substantiated in even the

relatively small samples of Portland’s urban orchards, as Bombus spp. account for a majority of
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collections on Boraginaceae, while accounting for no collections on Asteraceae (Figure 2).
Ceratina spp. appear to be the broadest generalists, being collected on all major floral families
except Fabaceae and Ericaceae (Figure 2). When viewed by family however, the data suggests
that Halictidae overall have the greatest bias towards Asteraceae. For most bee taxa, plants in the
family Asteraceae were the most frequently visited, with Erigeron and Symphyotrichum in

particular accounting for 15% of all collections (Table 3).

As spring bees present between March and June, but most abundant during April (Table
2), Andrena spp. were often collected on Rosaceae. Interestingly, Andrena spp. were never
collected on Asteraceae, unlike most other bee genera (Figure 2.) This suggests a phenological
association between their flight seasonality and Rosaceae’s flowering period, but may well also
be due to their floral preference. Fragaria sp. and Malus sp., of the family Rosaceae are some of
the most common orchard plants, making their association with Andrena spp. notable in that
environmental context, but more study would need to be performed to determine the extent of

Andrena’s use of Rosaceae.

A way in which this research could potentially be of value is in informing the choices of
city planners in their pursuit to improve green spaces. Urban environments have the potential to
be havens for wild bees (Hall et al. 2017), as they have been shown to be greater in native bee
biodiversity than more rural areas, despite lacking in abundance (Choate et al. 2018, Fortel et al.
2014, Simao 2017). Despite this, cavity nesting bees, notably Osmia, may perform better in
urban environments than ground nesting bees, due to the pavement of roads and sidewalks
limiting ground space (Cardoso & Gongalves 2018). This means that for urban planners and
gardeners, there is increased responsibility to make choices that best support the widest possible

diversity of native bees, including the provision of ample open ground with permeable surfaces.



14

Considering the increase in conservation or sustainability focused attitudes in Portland,
there is a genuine interest in pollinator conservation in an urban context. We should be cognizant
of providing floral resources that the hard-working and diverse native pollinators can access

year-round — their existence, as well as our urban food gardens directly depend upon it.
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