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Novel Quantitative Methods in Pollinator Ecology & Management

Molecular methods for pollination ecology

Juan Lobaton?, Linsey Kirkland?, Sarina Macfadyen?, Rose Andrews*,
Romina Rader®

Pollination studies traditionally use ecological approaches to estimate pollinator
efficiency and foraging behavior. Yet, with the advent of new genetic technologies in
the past decade biologists and ecologists can now ask novel questions using molecular
tools within the fields of genomics. We examined the differential gene expression
during different pollination events in an apple Mallus domestica cv. Pink Lady orchard
located in Stanthorpe, Queensland Australia. We conducted a series of cross-
pollination, self-pollination and honey bee single and multiple visits events to
determine the genes involved in apple pollen-stigma recognition. Thought a series of
hand pollination treatment we identify differentially expressed genes involved in the
pollen tube development, pollen recognition by the stigma and activation of the auto
incompatibility system. Furthermore we conducted the first transcriptome analysis of
an apple natural pollination events at orchard conditions using single and multiple
visited honey bee stigmas. In addition, we use pollen DNA sequencing data to
developed PCR markers to identify pollen varieties on honey bee pollen loads to track
variety pollen flow at orchard conditions.

Implementing a honeybee foraging model and REDAPOL
fruit set predictions in Washington State’s Decision Aid
System

Vincent P. Jones,, Gloria DeGrandi-Hoffman-, Stefano Borghi:, Ute
Chambers:, Peter W. Shearer:, Henry Graham -, Matt S. Jones :

We have implemented a version of the honeybee foraging model sub-program of the
REDAPOL model in the WSU Decision Aid System (WSU-DAS)
(https://decisionaid.systems). This model provides users with the foraging activity and
conditions over the past 3 days using near-real time environmental measurements
(temperature, solar radiation, windspeed and rainfall) and over the next three days
using gridded weather forecasts. We are also in the process of final validation of the
REDAPOL model that predicts fruit set based on bloom density and overlap, and
colony size and number. Our data so far suggests that 95% of fruit set occurs in the
first =75% of the blooms that open, regardless of the cultivar. The incorporation of the
fruit set predictions should significantly improve the growers’ understanding of the
system and help guide them during the bloom period. These models will also be useful
in evaluating the effects of climate change on pollination.
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Using DNA metabarcoding techniques to improve plant-

pollinator interaction networks
Victoria A. Reynolds +, Anya J. Cutler ;, Karen L. Bell -, Margaret M.
Mayfield -, Berry J. Brosi :

Plant-pollinator networks have typically been composed using insect-visitation data
that may not accurately depict true pollination events. Recently, there has been an
increase in the number of networks created via insect pollen-load samples. These
networks are often determined through light microscopy identification, requiring
specialised knowledge and reference collections; yet even with these, lower levels of
identification can be hard to achieve. DNA metabarcoding has been used as an
alternative to identifying species-specific pollen samples from honey, hives and
insects. However, this novel approach has not yet been used to test ecologically driven
questions, like how varying landscape factors may be altering resource collection
patterns and floral fidelity in pollinating insects. We use DNA metabarcoding and the
newly developed DADA2 bioinformatics pipeline to assess the impacts of a mass-
flowering crop, Brassica napus, on the floral fidelity of pollinating insects in
wildflower communities adjacent to these fields. We collected 120 pollinating insects
from remnant patches of York Gum-Jam woodland wildflower communities in SW
Western Australia that were varying distances from the edge of a blooming canola
field. Using DNA metabarcoding we identified the individual species composition of
insect pollen-loads and created pollination networks and pollen-load composition
analyses to determine how increased proximity to canola crops alters pollen-load
consistency. With this research, we highlight the practical applications of using this
technique and the potential for its use in ensuring improved accuracy for plant-
pollinator network analyses and pollen-load analyses that will give valuable insights
towards answering central questions in ecology.

CITIZEN SCIENCE DATA FOR MAPPING BUMBLEBEE
POPULATIONS

Claudio Gratton?, Benjamin Zuckerberg?

Understanding large-scale distributions of bumble bee species has increased in recent
years with the ability to harness the power of observations from legions of citizen
scientists. Citizen science has proven useful for detecting regional population declines,
identifying climatic constraints on species distributions, and identifying traits
associated with vulnerability to environmental change. Nationwide projects such as
Bumble Bee Watch (Xerces Society) or regional programs (Bumble Bee Brigade, --
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-Wisconsin; Beespotter, Illinois) allow citizen scientists to catalogue bee observations
at unprecedented scales. By participating in these projects, observers can record and
identify bee species using both casual as well as targeted surveys. The advantage of
these programs is that observations come from a diversity of locations that have
proven difficult to sample by trained experts (e.g., private lands, urban areas, etc.). As
part of these programs, experts verify observations collected by the general public. Our
goal was to explore the usefulness of these data to model bee distributions across the
Upper Midwest. We modeled bee distributions using information on land cover
variability and presence-background modeling. Further, quantified rates of agreement
between citizen scientists and experts to explore which species were are prone to
misclassification. Citizen science and species distribution modeling are powerful
ecological research tools that has been widely applied in the conservation of bird and
mammal populations, and has untapped potential for the conservation and modeling of
bee populations.

From Theory to Practice: The Bumble-BEEHAVE Model
and its Application to Enhance Pollinator Friendly Land

Management
Matthias A. Becher+, Grace Twiston-Davies:, Juliet L. Osborne:, Tonya A.
Lander:

The decline in abundance and species-richness of bumblebees raises serious concerns
as they are important pollinators for crops and wild flowers. To better understand how
spatial and temporal availability of nectar and pollen affects colony and population
dynamics of bumblebee species, we developed the agent-based model Bumble-
BEEHAVE. The model simulates multiple UK bumblebee species in a spatially-
explicit landscape. Bees, represented as individuals or as cohorts, decide about their
activity, using a stimulus-threshold approach. Activities include egg laying, foraging
for nectar and pollen, and brood care. Successful colonies will produce new queens
and males. Stressors such as parasites, predators and pesticides, can, to some degree,
be included. Bumble-BEEHAVE can be used to predict and identify the variables
associated with bumblebee colony success. Beesteward, a modified version of the
model, was then designed to be specifically used by farmers, land managers and land
advisors as a management tool for the conservation of pollinators in agricultural
landscapes. We will give an overview of the model features and provide examples how
they can be used. The models are freely available to download from http://beehave-
model.net/.
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A Laboratory System to Study the Effects of Stressors on
Honey Bee Health and Fecundity

Julia D. Fine?, Hagai Y. Shpigler'?, Gene E. Robinson'?

As the sole producer of fertilized eggs in a colony, honey bee queen health and
reproduction are essential to the longevity of a colony. Research has demonstrated
negative effects of agrochemicals on colony reproduction, including decreased colony
expansion, queen failure and replacement, and decreased queen egg laying. This
suggests that agrochemicals can have negative effects on queens and developing brood
as well as workers. However, it is much more difficult to track the performance of
queens and brood in the field, and previously, there were no laboratory assays to
quantify queen performance. This presentation will describe a new system developed
to study the effects of stressors on honey bee queen egg laying and brood development
under tightly controlled, laboratory conditions using custom designed Queen
Monitoring Cages (QMC) and current efforts to develop a robotic system to rear the
eggs produced in these cages. The results of the first experiment in this system
examining the effects of imidacloprid administered in worker diet on queen egg laying
will be reported. Future applications including the tracking of brood survival and
health following maternal stress exposure in QMCs and the system’s use in parallel
with field level studies of colony health will be discussed.

Using automated tracking to link individual behavior to
colony performance in bumblebees

James Crall!, Callin Switzer 2, Andrew Mountcastle®, Nick Gravish?,
Robert Oppenheimer®, August Easton-Calabria!, Ashlee N Ford
Versypt®, Biswadip Dey’, Andrea Brown?, Mackay Eyster®, Claire
Guerin®, Sarah Kocher?, Naomi Pierce!, Stacey Combes'?, Benjamin L
de Bivort!

Many critical pollinators live in complex, tightly integrated societies. A key challenge
in the ecology of these social insect pollinators is studying the behavior and
interactions of many animals simultaneously, and understanding how these individual-
level phenomena drive colony performance. While this has traditionally posed a
significant methodological hurdle, recent advances in computer vision and automation
are making it increasingly feasible to (1) study the behavior of many individual
workers in parallel, and (2) link these individual behaviors with the dynamics, growth,
and health of entire colonies. Here, we describe recently developed tools for tracking
the behavior of individual workers in bumblebee (Bombus impatiens) colonies across
extended time scales and in multiple colonies in parallel. Our approach reveals
substantial, stable individual variation in worker behavior within bumblebee colonies
that plays a critical role in colony resilience. Next, we show that exposure to a
common neonicotinoid pesticide alters the behavior of workers within the nest,
including disrupting nursing, social interactions, and thermoregulation performance.
Finally, we preview state-of-the-art, emerging techniques - including deep learning
approaches - for studying social insects, and highlight the potential of these
technologies to open new lines of inquiry in pollinator behavior and ecology.
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Thurs, July 18: Session 2

Drivers of Host-Pathogen Interactions

DWYV as the driver of bee decline
Robert Paxton?

Elevated losses of honey bee (Apis mellifera) colonies have been widely reported in
temperate zones for over a decade. Though multiple causes have been suggested, the
finger of blame is often pointed at the exotic ectoparasitic mite Varroa destructor and
viruses that it transmits, especially Deformed wing virus (DWV). Here | demonstrate
that DWV is causal in colony loss, and that the elevated virulence of DWV genotype B
(DWV-B), a relatively new variant of DWV, may explain why beekeepers have more
recently had greater difficulty in maintaining healthy colonies. DWV-B and several
other viruses associated with honey bees can also be found in wild bee species, with
the weight of evidence suggesting that virus sharing occurs at flowers. The higher
prevalence of DWV in honey bees argues for this virus spilling over into wild bee
species, yet the impact on wild bee populations of viral spill-over is currently an open
question. Using results from our recent laboratory infection and selection experiments,
| attempt to answer this question, and, in so doing, reveal aspects of host susceptibility
that can inform on the honey.

NOVEL TRANSMISSION ROUTES AND
INTENSIFICATION AS DRIVERS OF DISEASE
EMERGENCE AND VIRULENCE IN HONEYBEE

VIRUSES
Mike Boots-, Lena Wilfert:, Lewis Bartlett-, Robyn Manley:, Carly
Rozins:

The drivers of the emergence of infectious disease and the determinants of the
evolution of virulence remain central questions in disease ecology and evolution. There
is some discussion and limited theory on how novel transmission modes and in
particular the acquisition of vector transmission may determine the risk of emergence
and may select for higher virulence. Alongside this there is an increasing interest in
understanding how management practice may also influence not only disease spread
but also their evolution. Honey bee viruses in the context of the acquisition of varroa
mites as novel route of transmission and intensive management highlight both of these
issues. | will present empirical and theoretical work on the potential impact of the
acquisition of the novel vector on disease spillover and virulence and present theory on
the impact of intensification on disease prevalence. Our results suggest that the
acquisition of the novel vector rather than intensification has the most impact on
disease.
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Viral transmission in honey bees and native bees, supported
by a global BQCV phylogeny

Elizabeth A. Murray*?, John Burand?, Natalia Trikoz?, Julia Schnabel?,
Heather Grab?, Bryan N. Danforth?

Virus transmission across pollinators is an emerging area of research, and little is known
of virus patterns in solitary bees. Our research addresses virus crossover in bees foraging
in the same localities. We tested for the presence of three different viruses in field-
collected managed honey bees and native bees (Andrena spp.), and we incorporated bee
community data to relate those metrics to the incidence of the viruses sampled. We
postulated that extensive sampling would allow us to provide evolutionary context to the
viral incidence patterns in a region, and we wanted to determine if we could ascertain
the geographic source of a common pollinator virus and detect species crossover.
Towards this objective, we sequenced BQCV - the most common virus in our study —
from across five sites and analyzed the strains in a phylogenetic framework, along with
hundreds of others obtained from GenBank. We believe that a global phylogeny is
essential for deciphering the origins of viral strains, due to worldwide pathogen
movement. Our results substantiate viral crossover between honey bees and native bees,
revealing multispecies viral transmission.

Drivers of pathogen distributions in feral and managed
honey bees Panuwan Chantawannakul

Asia hosts at least nine honey bee species and the honey bees are important in
maintaining regional biodiversity and food security. Since the 1980s, the European
honey bee (Apis mellifera) has been introduced and has successfully replaced the Asian
honey bee (Apis cerana) in traditional apiculture in Thailand and in much of South East
Asia. However, A. mellifera is prone to many diseases and parasites that have been co-
evolved with native honey bees. One of the previous classic examples is the Varroa mite
(Varroa destructor) that originated from A. cerena, but which has spilled over to the
European honey bee and is now spreading worldwide. The Tropilaelaps mite
(Tropilaelaps mercedesae) originally parasitizes giant honeybees and recently has
jumped to the A. mellifera in southeast and east Asia. Recent disease and parasite surveys
clearly showed that the feral honey bees are also affected by viral and nosema diseases
as well as the parasitic mites, however appear to be more resistant than A.
mellifera. Biotic and abiotic drivers of geographical and species distributions of bee
pathogens and parasites will be described. In addition, the population decline of A.
mellifera has been previously reported in many parts of the USA and in European —
-countries, resistance mechanisms are being investigated in the Asian honey bees in
different levels. The information may assist beekeepers to combat current diseases and
pests in commercial beekeeping operation and to assess the risks of the future
introduction and spread of invasive bee pests and parasites.



Serratia marcescens: a pathobiont of honey bees
Kasie Raymann:, Kerri L Coon:, Zack Shaffer:, Stephen Salisbury:, Nancy
A Moran:

Only a few honey bee diseases are known to be caused by bacteria. However, pathogens
of adult worker bees may go unrecognized due to social immunity mechanisms. For
example, infected adult bees usually abandon the hive or are removed by
guards. Serratia marcescens is an opportunistic pathogen of many plants and animals
and is identified at low abundance in the guts of honey bee workers. It has also been
isolated from Varroa mites and the hemolymph of dead and dying honey bees. However,
the severity and prevalence of S. marcescens pathogenicity in honey bees have not been
fully investigated. Here we characterized three S. marcescens strains isolated from the
guts of honey bees and one previously isolated from hemolymph. In vivo tests confirmed
that S. marcescens can be pathogenic in workers. However, expression of antimicrobial
peptide and phenoloxidase genes was not elevated following infection, suggesting that
these S. marcescens strains can evade the immune response of honey bees. By surveying
four different locations in the United States we identified the presence ofS.
marcescens in the guts of over 60% of the worker bees evaluated, but at very low relative
abundance. Our results indicate that S. marcescens is a widespread in adult honey bees
and can be highly virulent under certain conditions such as perturbation of the normal
gut microbiota. Therefore, we hypothesize that S. marcescens represents a pathobiont of
honey bees (i.e. a potentially pathogenic organism which, under normal circumstances,
lives as a symbiont).

Foreign fungi in native bees across the Commonwealth of
Virginia

Kathryn LeCroy:, Erin Krichilsky:, T’ai Roulston:, Heather Grab:, Bryan
Danforth:

A risk of introducing exotic species into new ecosystems is introducing their pathogens
along with them. A number of mason bee species (genus Osmia) have been introduced
into the United States in the last 50 years. The Japanese horn-faced bee, Osmia
cornifrons, was introduced by USDA researchers in the 1960’s-70’s for crop pollination.
In 2002, another Japanese species, Osmia taurus, was first documented in the United
States, but it is unknown how it arrived. Previous research found Ascosphaera
naganensis, a pathogenic fungus native to Japan, present in O. cornifrons in New York.
Ascosphaera is the causative agent of chalkbrood, a frequently serious disease for cavity-
nesting bees, which can lead to production shortages in agricultural systems managing
cavity-nesting bees. This study examined prevalence of Ascosphaera across the
Commonwealth of Virginia in the nests of both exotic and native Osmia. Our trap-
nesting efforts, carried out by citizen scientists at 100 locations, yielded over 1,000
specimens for molecular analysis with Sanger sequencing. Results indicate Japanese
species, Ascosphaera naganensis and Ascosphaera fusiformis, are present in native
Virginia mason bees, Osmia lignaria and Osmia georgica, with high prevalence of A.
naganensis found in O. georgica. Our study is the first record Japanese Ascosphaera in
native North American Osmia. We also found A. naganensis in multiple parasitic wasps
(family Chrysididae), which highlights potential for Ascosphaera to move across trophic
levels. Future work will involve assessing pathogenicity of Japanese Ascosphaera for
Osmia to better inform our understanding of these novel associations between native
hosts and exotic fungi.
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Traits as Drivers of Plant-Pollinator-Pathogen Networks

Scott H. McArtY, Quinn S. McFrederick?”, Lynn S. Adler?, Becky E.
Irwin*, Christopher R. Myers?®, Stephen P. Ellner®, Paige A. Mufiiz?,
Ashley A. Fersch?, Peter Graystock’, Wee Hao Ng*

Pathogens are a main contributor to declines in pollinator health, yet we know
surprisingly little about how pathogens are transmitted among different species of bees.
Such epidemiological information is crucial if interventions will be considered to limit
disease transmission and spread, thereby improving pollinator health. We have recently
found that flowers are an efficient venue for pathogen transmission among bees. Indeed,
we find that about one sixth of individual flowers in eastern old-fields test positive for
bee pathogens, and bees acquire pathogens when visiting contaminated flowers.
However, how can disease spread possibly be predicted in highly complex plant-
pollinator networks, which are often comprised of dozens if not hundreds of plant and
pollinator species? In this talk, we will outline our efforts to merge a trait-based approach
with network modeling to understand disease spread in diverse communities of bees that
transmit pathogens at flowers. We will show new theory that predicts disease hotspots
and super-spreaders in trait space. Then, we will test trait-based theoretical predictions
with empirical data and computational approaches using a diverse community of bees
(>100 species) that transmit pathogens at nearly 100 species of flowers. Practically, our
approach can inform the design of improved pollinator-friendly wildflower plantings
that maximize forage while minimizing disease transmission among bees.



Friday, July 19: Session 3

Variable Climates and Changing Pollinators

Bee nutritional ecology: from genes to landscapes
Christina M. Grozinger ¢

Multiple interacting factors are driving bee declines, including parasites and pathogens,
as well as biotic and abiotic features of the landscape, such as the availability of forage,
pesticide use, and climate. Our studies evaluating the genomic responses of bees to
multiple stressors have demonstrated that nutrition and metabolic pathways play a
critical role in supporting bee health. Moreover, macronutrient ratios in pollen underpin
bee resilience to diverse stressors, and bee foraging preferences are shaped by these
nutritional factors. While these studies can inform pollinator forage and habitat
restoration, bees can forage over large distances and thus be exposed to stressors at the
landscape scale. To address these issues, we have developed online decision support
tool, Beescape, to help beekeepers, land managers, growers, and policymakers evaluate
the quality of their landscapes for supporting bee populations and obtain
recommendations for improving their landscapes and management practices.

BEE RESPONSES TO CLIMATE CHANGE: FROM

MICRO- TO MACROECOLOGY
Jessica Forrest!

Anthropogenic climate change can affect bees and other pollinators through a variety
of processes, from physiological effects of warming temperature through altered
interactions with other species to geographic range shifts. Of course, these various
effects do not operate on the same scale, and they are not independent of one another;
rather, they are hierarchical. For example, if locally rising temperatures, by affecting
activity rates, alter local species interactions in such a way that rates of population
growth fall below zero, local extinction is likely; spatially clustered local extinctions
ultimately result in range shifts. So, in principle, it should be possible to infer regional-
scale (macroecological) changes from local (“microecological”) processes. However,
this integration across scales is rarely achieved, at least in the pollinator context. In this
talk, I will describe recent work from my lab on populations of a solitary bee species
(Osmia iridis) distributed across an elevational (and climatic) gradient. We have
focused on local-scale, “microecological” effects of temperature variation on bee
activity levels, phenology, generation times, and interactions with flowers and
parasites. All of these things are affected by temperature, but what will be the net
effect for this bee species in terms of its global abundance, geographic distribution, and
long-term fate? Here, | propose a way for researchers to clarify our thinking about
climate-change impacts on pollinators (specifically, bees), and | suggest some contexts
in which we can use an understanding of local-scale processes to anticipate larger-scale
changes in species distributions—and perhaps even to inform management.
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A Climate Vise of Temperature Extremes May Explain Past

and Predict Future Bumble Bee Range Shifts.
Michael E. Dillon!, Kennan J. Oyen?, James D. Herndon 2, Meaghan
Pimsler?, James P. Strange?, Jeffery D. Lozier®

Recent shifts in the geographic ranges of bumble bees appear to be tightly linked to
changes in climate. Warming temperatures could explain range contraction at the
southern edge, but the failure of many bees to move northward remains enigmatic. As
with many other species, we know little about the mechanistic links between changing
temperatures and bumblebee physiology. To address this gap, we first measured
critical thermal limits of B. vosnesenkii workers reared from queens collected across
the geographic range of the species (from southern CA to northern OR). We found
strong divergence in cold (but not heat) tolerance across latitude and altitude, with
CTmin closely tracking winter minimum temperatures of the queen collection sites.
We predict past distribution by filtering historic climate data with measured thermal
limits. Finally, we used projected climates to predict future range shifts given
geographic variation in both temperature extremes and in bumble bee thermal
tolerance.

Effects of Climate Change on Nesting Habits of Megachilidae

Bee Species in Northern Arizona
Lead Author (Janice Baldwin-Rowe):, Co-author 1 (Lindsie McCabe):

This project examines the impacts of climate change on Megachilidae nesting habits in
Northern Arizona. Changing temperature and precipitation levels in Northern Arizona
impact the populations of native tree species. Many indigenous Megachilidae species
nest in native trees, so when the tree populations are reduced due to climate change,
Megachilidae nesting patters are disrupted as well. We hypothesized that if bee blocks
of non-native wood and native wood types were distributed at different life zones in
Northern Arizona, bees would prefer to nest in native wood bee blocks. Results
indicated that there is not a significant difference in bee nesting preference between
non-native wood, Ponderosa pine, and aspen bee blocks. There was a significantly
lower difference in the number of nests found in fir bee blocks. Nesting habitats will
continue to be limited at higher elevations, but artificial nesting blocks may help
stabilize Megachilidae populations in Northern Arizona.

TESTING THE PHENOLOGICAL MISMATCH
HYPOTHESIS FOR A PLANT-POLLINATOR

INTERACTION

Charlotte W. de Keyzer:, James D. Thomson:, J. Scott Maclvor:
Phenological mismatches occur when organisms respond differently to environmental
cues. Climate change can alter these cues and as a result, mismatches are predicted to
become more common in the future. For most plant-pollinator interactions, detecting
5



mismatch is difficult because long-term data are lacking. When mismatches are
observed, the mechanisms behind the phenological shifts are rarely explicitly tested.
Fortunately, manipulative experiments can help to overcome these difficulties. Here,
we present the first experimental test of the phenological mismatch hypothesis where
both plant (Cercis canadensis) and pollinator (Osmia lignaria) are exposed to the same
cue manipulations. Although experiments designed to investigate plant-pollinator
mismatch exist; to date, these experiments have only manipulated one side of the
interaction. Our experimental species are both generalists; however, O. lignaria has a
strong preference for C. canadensis pollen and early nesting success has previously
been linked to C. canadensis availability. To assess the mismatch hypothesis, we
manipulated three abiotic cues (chilling temperature x chilling length x forcing
temperature) in environmental chambers. We found that all three cues were used to
time first flowering and adult bee emergence phenology, but the strength of the forcing
cue was organism dependent. Because the plant was more responsive to warmer
forcing temperatures than the bee, female bees were more likely to emerge after the
average date of first flowering. Under warm spring conditions, bees that are unable to
mate and find a nest immediately upon emergence may be at risk of missing peak
flowering of this preferred pollen source.

Phenological mismatch between bees and flowers early in the
spring and late in the summer

Gaku Kudo 1

Changes in snowmelt regime affect phenology of many organisms in high latitude and
altitude ecosystems. When the synchrony of flowering and pollinator emergence time is
disturbed by climate change, symbiosis between plants and pollinators may decay.
Phenological mismatch between interacting species tends to occur at the marginal
growing season. | introduce how phenological mismatch occurs between bumble bees
and bee-pollinated flowers in the early spring of cool-temperate forest and the late
summer of alpine ecosystem in northern Japan. The mechanism of phenological
mismatch between spring ephemeral and overwintered bumble bees were analyzed
based on a long-term monitoring and a snow removal experiment in a deciduous forest.
Flowering onset was explained with surface thermal degree-days after snowmelt, while
bee emergence was determined by soil temperature. Early snowmelt intensively
accelerated the flowering time more than the emergence time of bees. Phenological
mismatch in early spring occurred when snow melted early but subsequent soil warming
progressed slowly. Seed-set success of plants was strongly related to the extent of
mismatch. In the alpine ecosystem, colony development of bumble bees depends on the
floral resource of snowbed communities. Flowering period of snowbed communities
highly varied from year to year reflecting the fluctuation of snowmelt time. However,
seasonal dynamics of bees were more conservative probably because of eusocial
lifecycle. Mismatch occurred in early-snowmelt summer in which flowering progressed
rapidly and bee populations increased after the major flowering period. In both cases,
therefore, acceleration of flowering phenology more than bee phenology is a major cause
of mismatch.
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Climate change impact on Brazilian pollinators

Tereza Cristina Giannini'?; Wilian Franca Costa'; Rafael Cabral
Borges'?; Leonardo Miranda®

Global climate change directly affects biodiversity, also affecting the interactions
occurring between species. An interaction that deserves special attention is that
between plants and their pollinators. In Brazil, we have conducted studies aiming to
evaluate the impacts of climate change on Brazilian crop pollinating bees, and on the
pollinators (bees, birds and bats) that occur in an Amazonian protected area, the
Carajas National Forest. To analyze vulnerability of crop pollinators, we firstly
determined that 60% of crops in Brazil are dependent on pollinators, with a greater or
lesser degree of dependence. Secondly, we evaluated 95 pollinators from 13 pollinator-
dependent crops and found that pollinators’ occurrence probability could fall 13% by
2050. Almost 90% of the 4,975 Brazilian counties analyzed will experience loss of
pollinator species in the next 30 years. As for Carajas, we determined a potential
reduction of pollinating species that ranges from 70 to 100% based on different
scenarios. Some Amazonian protected areas in the vicinities of Carajas presented
greater climatic suitability, and we are evaluating the application of ecological
corridors to connect these areas to improve the climate-forced dispersal of species.
Conservation projects including climate-refuge areas and wildlife corridors are urgent
to guarantee the preservation and provision of pollination in this area.

Climate Change Effects on the Status, Distribution, and
Phenology of California Bumble Bees

Leif L. Richardson?2, John Mola3, Kristal Watrous*, Neal Williams?, and
S. Hollis Woodard*

Climate change is altering the geography and timing of plant-pollinator interactions.
Such changes are associated with increases in temperature, drought, fire frequency,
extreme weather events, and decreases in winter snowpack. While some plants and bee
pollinators are tracking climate change in parallel, there is evidence for other pairs of
mutualists of both spatial and phenological mismatch driven by climate. California is
critical to US agriculture and also hosts more than half of all bumble bee (Bombus)
species found in North America. We constructed a database of bumble bee occurrence
records spanning more than a century and used it to assess changes in bumble bee
species abundance, distribution, and phenology between historic and recent time
periods. We found evidence for both persistence and declines among the state’s native
bumble bees. We report that some species, such as B. centralis, appear to be shifting
their distributions northward and upslope in response to warming, while others with
historic ranges confined to Pacific Coast habitats, such as B. crotchii, may be shifting
southward. Many of the state’s more common bumble bees are tracking warming by
advancing mean emergence date of foundress queens by up to 3 weeks, yet we find
evidence that some declining species are failing to track advancement of spring in this
way. Taken together, our results suggest that climate change is interacting with other
threats such as agricultural intensification, development, and habitat loss to drive
strong shifts in the distribution and ecology of California’s native bumble bees.
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Causes and Consequences of Pesticide Use: from use patterns to pollination services

A new framework for environmental risk assessment of
pesticides

Francisco Sanchez-Bayo

Pesticides applied to agricultural land contaminate a significant proportion of the planet’s
land, water and air. As a result, innumerable species of animals associated with agricultural
landscapes are declining at rates that may put them on the brink of extinction in a few
decades. It is obvious that current risk assessments of agrochemicals have failed to protect
the environment on a large scale. Despite recent improvements, current risk assessments
are still deficient on three accounts: i) the effect of the time factor on toxicity at the
individual level; ii) the combined effect of mixtures, and iii) the inclusion of population
endpoints that are crucial for the survival and recovery of species. Taking bees as a case
study, a new framework for risk assessment is proposed here that combines the mandatory
introduction of new toxicity endpoints with a more logical assessment of risks within the
existing tiered approach. In the first tier of the risk assessment, chronic toxicity tests
designed to detect time-cumulative effects should be a requirement for assessing delayed
mortality among individuals in a population. In a second tier, crucial population endpoints,
such as fecundity and other reproductive outcomes, should demonstrate unambiguously
that no negative effects on the viability of a species occur before a chemical can be
registered. Emphasis is given to the modern tenet of toxicology: “the dose and the time of
exposure makes the poison.” Thus, dose and time help us understand the severity of the
impacts that pesticides have on bees and their colonies.

Putting insecticides on the map for pollinator research and
conservation

Margaret Douglas!, Eric Lonsdorf?, and Christina Grozinger®

Wild and managed pollinators are essential to both food production and the function of
natural ecosystems; however, multiple stressors including insecticide use threaten their
populations. Because most pollinator species travel hundreds to thousands of meters to
forage, recent research has stressed the importance of studying drivers of pollinator decline
at the landscape scale. However, scientists’ ability to do this has been limited by a lack of
data on insecticide use at relevant spatial scales and in toxicological units meaningful to
pollinators. We synthesized several large, publicly available datasets on insecticide use,
land use, and toxicity to generate novel datasets that describe patterns of aggregate-
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insecticide use in units of honey bee lethal doses from 1997-2014 for states and major
crop groups in the continental US. Furthermore, we illustrate how these estimates can be
mapped to existing land use data to facilitate landscape-scale research and conservation
planning for pollinator populations and their ecosystem services. Lastly, we summarize
variation in US agricultural insecticide use over space and time and the hypothesized
drivers of this variation.

Estimating pollinator pesticide exposure

Maj Rundléf, Nika Galic:, Ove Jonsson:, Bjorn K. Klatt;, Jessica L. Knapp:,
Eric V. Lonsdorf:, Charlie C. Nicholson=, Ullrika Sahlin:, Clara Stuligross:,
Neal M. Williams: & Joachim de Miranda:

Pesticide use has the potential to expose pollinators when they forage on crop and wild
plants. Such pesticide exposure can affect the pollinator’s survival and ability to provide
pollination services. Our knowledge on pesticide exposure to pollinators are currently
limited, particularly for non-Apis bee species, for mixtures and in real landscapes. In our
projects, we aim to quantify exposure of pesticide mixtures to bees across crops,
landscapes, regions, seasons and years. We explore two approaches to estimate pesticide
exposure to pollinators: 1) quantification of pesticide residues in pollen and nectar
collected by several species of bees in combination with identification of pollen to plant
species origin and 2) extending bee foraging models to include temporally and spatially
explicit pesticide use information combined with pesticide environmental fate information.
We will present a few cases highlighting the variation in estimated pesticide exposure
depending on the approach used, where the study is performed and the pollinator species
in focus. The outcomes of the projects are relevant for monitoring pesticide residues in
terrestrial environments and for ecological risk assessment of chemical mixtures.

A Risk Assessment of Neonicotinoid Insecticides in New York

Travis Grout?, Scott McArt!

Like any pest management technology, neonicotinoid insecticides present both benefits
and risks, which vary with location, crop, timing, and many other conditions. This study
examines the trade-offs of common neonicotinoid uses in New York State. Rather than
using a “no treatment” alternative, we compare the benefits and risks of neonicotinoids
relative to likely substitute pest management products and/or practices. This approach
permits a realistic assessment of the impacts, both positive and negative, of a range of
potential restrictions on neonicotinoids. While this risk assessment is intended to support
science-based regulation, it makes no recommendations or policy prescriptions. Finding
the "best policy" for New Yorkers will require hard choices between competing priorities.
This study aims to clarify those choices and their likely consequences.



Risk of exposure in soil and sublethal effects of systemic
insecticides applied to crops on adult female ground-nesting
bees using the hoary squash bee as a model species.

D. Susan Willis Chan-, Ryan S. Prosser:, Jose L. Rodriguez-Gil:, Nigel E.
Raine:

Ground-nesting solitary bees comprise 70% of bee species in temperate climates. In these
species, female bees contact relatively large amounts of soil as they excavate their
nests. Using the hoary squash bee (Peponapis pruinosa) as a model species, we evaluated
the risk to adult female ground-nesting bees of exposure to lethal doses of systemic
insecticide residues (clothianidin, thiamethoxam, imidacloprid, chlorantraniliprole) in
agricultural soil in Ontario, Canada. To do this, we gathered agricultural soil samples at
biologically relevant depths both during the bee-active period (July/August) and before
insecticide application was made. Samples were analyzed for insecticide residues, and the
residue concentrations were fitted to a distribution curve relating concentration to
probability of exposure. Three LD50 benchmarks were then applied to the distribution
curve to determine the probability of exceeding these benchmarks. Our assessment
demonstrated high risk to ground-nesting bees, of exposure to lethal doses of clothianidin,
thiamethoxam, and imidacloprid residues in agricultural soil based on the hoary squash bee
model. No exposure risk was found for chlorantraniliprole. In parallel to our risk
assessment, we introduced mated adult female hoary squash bees into net-covered hoop-
houses in which a squash crop had been treated with imidacloprid, thiamethoxam, or
chlorantraniliprole or not treated to evaluate the effects of exposure to these insecticides
on nest establishment, reproduction, and pollen harvest. Statistically significant sublethal
effects on pollen harvest, nest establishment, and reproduction were found for bees exposed
to imidacloprid-treated squash plants with no effects found for bees exposed to squash
plants treated with thiamethoxam or chlorantraniliprole.

Delayed lethality: The effects of a widely-used fungicide on
honey bees (Apis mellifera)

Adrian Fisher II-, Teddy Cogley:, Meredith Johnson:, Aurora Beans:, Dena
Kalamchi:, Kenyan Kerman:, Jon Harrison:, Jennifer Fewell:, Osman
Kaftanoglu:, Brian Smith:, Gloria DeGrandi-Hoffman:

Populations of the honey bee (Apis mellifera) and other pollinators are declining worldwide
for unexplained reasons, threatening over $12 billion in agriculture that depends on
pollination services. Fungicides, often considered harmless to pollinators and other
animals, are often applied on flowers before pollination to prevent rot and disease, leading
to consumption of fungicides by pollinators. Despite frequent exposure, few studies have
documented isolated effects of fungicides on honey bee health and behavior. To mimic
likely fungicide consumption under field conditions, we forced colonies to feed on pollen
containing the fungicide formulation Pristine-, which is composed of a carboxamide
fungicide, boscalid, and a strobulurin fungicide, pyraclostrobin, at four doses ranging from
0.1 to 100x concentrations previously reported for agricultural pollen. Pristine-
consumption reduced adult population by 20-40% in a dose-dependent manner, with
effects increasing over time, and reduced over-winter survival. Pristine- exposure increased
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pollen consumption and foraging, suggesting it may interfere with protein digestion or
absorption. Honey bees exposed to the fungicide also began foraging at an earlier age and
had higher in-hive mortality rates. These findings suggest that fungicides may play a
significant role in pollinator decline. Our results may influence current fungicide
application regimes and the importance of understanding fungicides in future assessments
of honey bee health.

Towards Next Generation Chemistries For Reducing
Arthropod-Borne Disease In Honey Bee Colonies

Troy D. Anderson:

The honey bee plays an economically vital role in global agriculture as a pollinator of a
wide variety of food and fiber crops to satisfy the needs of human and animal health. The
loss of honey bees is a major environment health challenge that demands attention from
the scientific community. There are numerous environment stressors that negatively impact
the health and survival of honey bees, although a growing consensus identifies the high
levels of parasites and pathogens, especially arthropod-borne viruses, are among the most
significant threats to the health of these pollinators. A common approach to arthropod-
borne virus management is the use of synthetic neurotoxicants alone or in combination
with organic acids and botanical oils to reduce ectoparasite infestations. These
conventional acaricides not only have adverse health effects on honey bees, but widespread
acaricide resistance limits their use to reduce mite infestations and their transmission of
viruses to honey bees. The development of acaricide resistance is an evolutionary
phenomenon that requires appropriate and comprehensive monitoring and management
strategies within an integrated vector management framework. Here, | will discuss (i) novel
acaricide resistance surveillance and reporting tools, (ii) alternative interventions to
mitigate acaricide resistance evolution and preserve the efficacy of existing acaricides, (iii)
exploration of next generation anti-parasite and -pathogen modes of action and their
applications, and (iv) building of local, national, and global response partnerships that are
actively engaged in reducing arthropod-borne diseases to honey bees and improving the
health and protection of these pollinators.
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BEE PROTECTION AND CONSERVATION
Cedric Alaux, Jean-Luc Brunet, Mickael Henry

Due to growing anthropogenic pressures, heavy losses of honeybee colonies (Apis
mellifera) have been reported around the world, and the species richness and abundance
of many groups of wild bees have recently declined across Europe and North America.
Assessing the possible impacts of ongoing and future environmental changes and
developing mitigative policies are therefore at the top of the agenda. For that purpose,
there is an urgent need to identify new metrics that can be used to capture the state of
health of bees and therefore improve their population monitoring. Indeed, monitoring is
essential for species conservation/protection as it can serve as an early warning system
for detecting environmental problems, but can also help to determine how well remedial
actions are working. As a proof-of-concept, we showed that the combination of
landscape ecology and physiological metrics of honeybee health status is a highly
valuable approach to measure the efficiency of habitat-restoration and enhancement
schemes. More specifically, we found that honeybee physiology was significantly
improved by the presence of flowering catch crops, which were associated with a
significant increase in pollen diet diversity. The influence of semi-natural habitats on
bee health was even stronger. We therefore suggest transposing this approach,
combining physiological and ecological data, to wild bees to better assess habitat
suitability and effectiveness of current and future conservation strategies.

Keeping bees in a warming world: Protein biomarkers for
heat stress and queen failure diagnostics

Alison McAfee

Honey bee colony health and productivity is intrinsically linked to the quality of the
queen. Unfortunately, queen quality is compromised by stressors such as extreme
temperatures and pesticide exposure, both of which drastically reduce their stored
sperm viability. This causes colonies to dwindle, produce less honey, and ultimately
fail. However, diagnostic tools for identifying root causes of queen failure are lacking,
so beekeepers are often left wondering why their queens have failed and are unable to
take evidence-based action to prevent recurrent failures. Here, we exposed queens to a
range of temperatures (5 to 42 <C) and measured the impact on their stored sperm
viability while looking for protein biomarkers that indicate temperature stress. We
found that exposing queens to 42 <C for 4 h reduced sperm viability by 56% and
induced expression of strictly ATP-independent heat-shock proteins (HSPs) in queens’
spermathecae, but not in their ovaries. Viability of ejaculated sperm and the drones
(males) themselves plummets with heat, with only 42% of drones surviving 6 h at

42 <C. Conversely, 100% of queens survive. This sex-biased heat tolerance may be a
quality control mechanism to ensure that queens are inseminated only with high quality
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sperm. We are currently testing if expression of specific HSPs we observed with
laboratory heat-shock experiments are useful biomarkers in the field. These signatures
could serve as biomarkers for heat stress and enable post-failure diagnostics for the
beekeeping industry. Honey bees may yet become sentinels for heat-induced loss of
sperm viability in diverse landscapes.

Factors influencing colony survival in migratory beekeeping
based on honey bee resistance traits

Michael Simone-Finstrom:, Thomas O’Shea-Wheller;,; Hannah Penn;
Frank Rinkevich:, Bob Danka:, Kristen Healy:

Commercial beekeeping in the United States and Canada accounts for the majority of
colonies in circulation, with migratory pollination comprising <75% of the industry.
Notably, this system experiences high overwinter losses on a yearly basis. Crucially,
without substantial improvements in bee health, large-scale migratory pollination is
likely to become both biologically unsustainable, and commercially infeasible in its
current form. Consequently, our research aims to identify the key predictors of colony
loss, and their relative weightings and importance through a targeted multi-year
longitudinal study of honeybee health in migratory beekeeping. As such, we analyse
pathogens, agrochemicals, nutrition, and parasites, at a large spatiotemporal scale, in a
real commercial pollination operation. Moreover, the study incorporates a test of Pol-
Line bees, a stock bred for resistance to Varroa destructor, which our current data
indicate to account for up to 70% of observed mortality across regions. Pol-Line bees
are unique in their combination of mite resistant traits paired with favourable
beekeeping characteristics, and thus represent a viable integrated solution to ongoing
and intense parasite pressure. Further work showing differential responses to viral
infection and how this may impact field results will be discussed. In sum, our research
aims to parsimoniously quantify the relative impacts of key stressors, allowing for
more effective management and predictive modelling. Furthermore, we evaluate a mite
resistant commercial bee stock, providing a potentially integrated solution to the
ongoing V. destructor pandemic.

TEMPORAL AND SPATIAL DYNAMICS OF
POLLINATOR COMMUNITIES ACROSS NC

AGROECOSYSTEMS
Hannah (Levenson)-, David (Tarpy)-

Honey bees and native bees together provide important pollination services to our
agricultural and natural landscapes. In agriculture, this equates to pollinating over $18
billion worth of crops annually in the United States. In natural landscapes, bees
pollinate more than 80% of our flowering natural areas. Despite their economic and
ecological importance, bees are facing extreme population pressures from factors such
as pathogens, pesticides, and habitat loss. Additionally, there are few native bee
species whose populations have been thoroughly documented, especially when



compared to the wealth of knowledge we as a scientific community have on honey
bees. This study fills the research gap on native bee populations by focusing on an
initiative implemented by the North Carolina Department of Agriculture (NCDA)
called “Protecting NC Pollinators.” This initiative mandates the planting of wildflower
seed mixes — creating ‘pollinator plots’ — at all NCDA Experimental Agricultural
Research Stations across the state in order to preserve biodiversity. For the past three
years, we have surveyed native bee populations at these plots in order to measure the
impacts of the plots on population growth and health over time. As such, this study is
the most detailed survey of native bee populations in NC to date and is the first to
empirically measure the consequences of planted habitat on native bee populations at
the physiological, disease, and community levels. Additionally, findings from this
study could be used to facilitate nationwide studies and advise national policymakers
on ways to protect pollinator communities.

THE EFFECTS OF LAND COVER ON HABITAT

QUALITY FOR NESTING BUMBLEBEES
Lead Author (Genevieve Pugesek):, Co-author 1 (Elizabeth Crone):

Evaluating habitat quality is a fundamental goal of conservation ecology. Ideally,
evaluations of habitat quality should incorporate demographic measures of species
success, because abundance, survival, and reproduction are not always positively
correlated. Here, we used two metrics to evaluate the impacts of land cover on Bombus
impatiens nesting habitat quality: colony density and colony reproductive output.
Using mark recapture methods, we compared bumblebee nest densities across three
different land cover types (forests, meadows, and hayfields) at three farms in
Massachusetts. Nest density surveys were conducted at 30, 1500 m: plots, which were
each searched on four different occasions. After locating colonies (n = 17), we
evaluated reproductive output of each colony by counting newly produced queens
entering or exiting nest entrances for a 30-minute period 4 times a week. Our nest
density surveys suggest that natural habitats, like forests and meadows, provide more
suitable nest sites for bumblebees than do hayfields. We found no nests in hayfields (0
nests per hectare), and similar nest densities in forests (6.20 nests per hectare) and
meadows (4.73 nests per hectare). These results contrast our surveys of reproductive
output: we encountered a greater number of queen bumblebees at colonies located in
forests (16.8 queens encountered per colony) than at colonies located in meadows (5.3
queens encountered per colony). Our research is one of few to address the impacts of
land cover on bumblebee nest density and showcases the value and feasibility of
demographic metrics for evaluating habitat quality for ground-nesting pollinators.

Improving Bee Health in Canola Pollination

Shelley Hoover

The link between canola and beekeeping is strong in Canada. Approximately 75% of
Canadian honey production is from canola, and an estimated 78-84% of the economic
value of pollination to agricultural production is due to the commodity and hybrid seed
canola production, grown on over 21 million acres of land. As a result, there is a strong
imperative to ensure both sustainable bee health and pollination services in this crop.
This is especially critical in Alberta, which has over 40% of the managed honey bee
colonies in Canada, 6.5 million acres of commodity canola, and a thriving seed
production industry pollinated by both honey and leafcutter bees. Our research takes a
multi-pronged approach to the issue of sustainable bee health and pollination in canola
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production systems. I will present results from specific experiments examining honey
bee management (including colony size, protein supplementation, hive-product
production, and queen production), discuss the relationships between managed honey
and leafcutter bees (pathogen transmission, and behavioural interactions), and our
studies of the effects of pollination and other inputs on canola yield. We find there are
many approaches through which beekeepers can increase bee health, profit, and the
delivery of pollination services, and there are many areas of common ground between
beekeepers and crop producers. The results of this research are used to inform
government surveillance and policy decisions, to advocate on behalf of the industry,
and to provide beekeepers and crop producers with best management options to
maintain bee health and pollination services.

MITIGATING POLLINATOR FORAGE LOSSES
CAUSED BY LAND USE DECISIONS

George Hansen

Every year a significant amount of pollinator forage is lost due to a host of causes.
Land use decisions are intended to do things that will in their own way be good, like
help infrastructure, create opportunity, make money, or some other motivation.
However, rarely if ever in the decision-making process is what has been lost even
identified, let alone replaced or mitigated. For instance, forage, habitat, wildlife shelter,
pollinator nesting sites, to name a few, are commonly lost or diminished in our rush to
use land for a new, more efficient purpose. Sometimes policies, rules or laws are
enacted to compensate for our activities. For example, in Oregon, when a parcel of
public or private land is logged by clear cut, it must be replanted within a few years to
avoid a tax penalty. But many land owners, when given the chance, will try to do the
right thing even without regulations. | want in this talk to point out some voluntary
actions that are a positive response to pollinator forage losses caused by land-use
decisions. Many are currently being demonstrated as options, and can make a huge
difference in mitigating landscape impacts from a variety of land use decisions, but
without regulatory action.

Impacts of landscape-scale floral resource availability on

pollinator communities
Aaron lverson, Allyson Evans, Heather Grab, Alison Power, Scott McArt

The surrounding landscape is often an important predictor of pollinator communities,
yet a mechanistic understanding of why the landscape matters is limited, partially due
to the lack of detailed characterizations of the landscape. We addressed how floral
resource availability at landscape scales relates to the abundance and diversity of
pollinators in New York State, USA. We modeled floral resource availability by first
sampling the plant community composition in all major habitat types in the region. We
then translated the plant community data into the amount of floral area present through
time per habitat by measuring flower density, flower size, and phenology of each plant
species. Using pollinator data collected from different studies in the same geographic
region, we tested whether a detailed floral resource depiction of the landscape
improved the ability to predict pollinator communities compared to coarser metrics,
such as percent agricultural land. We found that floral resource availability can be an
important predictor of pollinator communities, yet the strength of the relationship
varies according to pollinator groups and traits.
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Floral trophic ecology of a North American metropolis

revealed by honey bee foraging assay
Doug Sponsler

Florivory, a trophic interaction of which pollination visits are a special case, was likely
instrumental in the co-diversification of angiosperms and insects in the mid-Cretaceous
and remains a trophic keystone of modern plant-arthropod communities. The ecological
centrality of flowers-as-food extends to systems in which the historic floral trophic
interface has been dramatically altered, such as urban landscapes characterized by novel
assemblies of native and exotic flora. Urban landscapes can host surprisingly diverse
communities of flowers and flower-visiting insects, sometimes even functioning as
refugia for rare species. Studying floral resources at the landscape scale is technically
daunting under any circumstances, but the challenge becomes especially acute in urban
landscapes where the physical obstacles of the built environment and the limits of land
access often render traditional approaches to floral surveying impracticable. Flower-
visiting insects, having the advantage of flight and a disregard for property lines, might
be harnessed as elegant environmental samplers of landscape-scale floral resources,
provided the spatial and taxonomic scope of their interaction with the landscape is well-
understood and the materials they collect can be identified and quantified. The western
honey bee (Apis mellifera L.) is arguably the organism best suited to such a sampling
approach due to the large spatial scale of its foraging, its ability to integrate landscape-
scale information to allocate foraging effort dynamically to the most rewarding floral
patches, and its amenability to standardized sampling techniques. We employed a
network of 12 sentinel apiaries, sampled over two years, to characterize the floral
resources of Philadelphia, PA. Using a combination of DNA metabarcoding of monthly
pollen and honey samples and hourly colony weight monitoring, we inferred both the
taxonomic composition and the cumulative abundance of floral resources throughout the
foraging season. Out results reveal a floral resource landscape dominated by woody
plants, both native an exotic, including many varieties likely cultivated as ornamentals.
We also document clear temporal patterns in the cumulative availability of floral
resources, with marked peaks in spring and fall and a dramatic dearth in late summer.
These findings lay the foundation for understanding the floral trophic ecology of major
city with a long history of species introductions and a complex mosaic of urban land use
forms.
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Pollinators and urban warming: A landscape physiology
approach

Elsa Youngsteadt, April L. Hamblin, Margarita M. Ldpez-Uribe, Steven D. Frank

Cities are thermal mosaics. The warmest parts of a city often average 1 — 3 °C warmer
than the surrounding landscape, placing them several decades ahead of the global-
warming curve. Cities may thereby provide opportunities to test predictions about effects
of global change on pollinator health and abundance. As ectotherms, bees are sensitive
to environmental temperatures, and each species or population has characteristic heat
tolerance limits. We asked whether bee species with low physiological heat tolerance
are the ones whose populations decline the most in urban hotspots. We sampled the wild-
bee community at 18 sites in Raleigh, NC, USA, using a combination of pan traps, vane
traps, and netting. We monitored air temperatures at each site using iButton temperature
dataloggers. To assess bee thermal tolerance in the lab, we measured critical thermal
maxima (CTmax) for 15 common species using a heat-ramping assay. The entire
community sample included 3,593 individual bees of 113 species. Across sites, total bee
abundance declined by 41% per °C urban warming. Among the 15 common species for
which we measured CTmax, those with the lowest thermal tolerance were those whose
populations declined the most at hotter sites. Ongoing and future work aim to detect how
temperature-related changes in bee behavior, abundance, and community composition
alter the provision of pollination services across urban landscapes.



Green infrastructure to support urban wild bees:
Communicating science to practitioners

Scott Maclvor

Practitioners are encouraged by city staff and citizens to support bees and other
pollinators in urban planning and design. Bees are especially portrayed as beneficiaries
of urban green infrastructure, such as bioswales, green walls and even green roofs, all of
which are commonly planted with pollinator-friendly flowers and food crops. However,
individual green infrastructure projects are often isolated and small, embedded into high-
density urban conditions and as a result, may be limited in the type and diversity of bees
they support. This talk will describe three studies in which wild bees were evaluated on
green roofs in Toronto that demonstrate 1) green roofs are limited in nesting
opportunities for ground- and cavity-nesting bees, 2) green roofs are dominated by non-
native plant species with restricted bloom times supporting functionally narrow bee
communities, and finally 3) building height is significantly negatively correlated with
bee abundance and diversity. With over 550 green roofs in Toronto, we have a
tremendous opportunity to consider them as unique and novel habitat, pose questions
and design experiments, and cultivate information that supports best practices and policy
to enhance wild bee conservation. These findings have contributed to the development
of the new City of Toronto Pollinator Protection Strategy, and this case study will be
discussed within the context of green infrastructure, an increasingly common feature of
all urban environments.

Linking pollinator health, microbiome composition and
human provisioning in Anna’s Hummingbird (Calypte
anna).

Rachel Vannette*, Lisa A. Tell, Casie Lee, Rachel Dutch

Humans provision pollinators in many urban and suburban areas through high-density
floral plantings, presentation of sugar water, and providing other pollinator resources.
Despite positive effects on caloric availability for a variety of pollinator species, the
potential consequences of other components of pollinator health, including disease
transmission and effects on pollinator microbiome, remain poorly understood. Here, we
assess if human-provisioned sugar water via feeders can serve as a source of pollinator-
associated bacterial or fungal pathogens by comparing feeder and flower microbial
community composition. Second, we characterize variation in hummingbird
microbiome composition of multiple gastrointestinal tissues (upper intestine, lower
intestine, and proventriculus) and fecal material from wild birds and deceased
rehabilitated birds from environments ranging in anthropogenic influence. We compared
the relative influence of bird age, geographic location (urban vs suburban) and symptoms
of disease on hummingbird microbiome composition. We found that human-provisioned
feeders host abundant microbial populations, which differ from floral resources in their
microbiome composition. Some microbes associated with avian disease were detected
in feeder sugar water, although in very low frequency and numbers, but none were
detected in floral nectar. Bird gastrointestinal microbiomes were distinct among tissue
types, distinct from food sources, changed over bird development, and were associated
with disease. Novel taxa from bird microbiomes were described and suggest that
hummingbirds, despite having incredibly rapid gastrointestinal transit times, host a
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resident and potentially functionally important microbiome. Taken together, our results
suggest that urbanization can affect pollinator health through diverse routes including
effects on disease and microbiome composition.

The Effect of Land Use on a Sexually Selected Characteristic
of the Cabbage White Butterfly (Pieris Rapae) in the United
States

Anne Espeset!, Matthew Forister?

Anthropogenic forces have impacted natural ecological systems over the last few
decades at rapid rates. Specifically, the exponentially-increasing use of fertilizer in
agricultural fields and increases in nitrogen deposition in developed areas has changed
nutrient cycling and availability in these areas. How these human-induced land use and
nutritional changes affect sexually selected signals has not been extensively studied. In
collaboration with citizen-scientists (The Pieris Project), | collected the cabbage white
butterfly, Pieris rapae, and investigated how land use and nitrogen deposition affect
their sexually-selected signal (wing coloration). Butterflies were collected from varying
habitats and nitrogen deposition was calculated. Wing reflectivity was compared for
individuals across the US. We found that land use, but not nitrogen deposition, had a
significant negative effect on pterin reflectance. Specimens from an area of high
proportion of crop land are less bright and are less saturated, but do not differ
significantly in hue. Our findings are consistent with the possibility that human-induced
land use change is affecting the sexually selected signal of Pieris rapae.

Urban pollinator conservation opportunities: integrating
research with policy and practice

Katherine Baldock -, Mark Goddard -, William Kunin:, Simon Potts :,
Phillip Staniczenko :, Graham Stone -, lan Vaughan -, Jane Memmott :

Pollinators are currently the focus of international concern as numerous studies
document their declines and the multiple threats they are facing. Land use change is one
of the main drivers of pollinator declines, with urbanization regarded as a major threat
to biodiversity. Yet urban areas could represent a fantastic opportunity for pollinator
conservation: an increasing number of studies suggest that at least some urban land uses
can harbor high pollinator diversity and the appetite of the general public, many of whom
reside in towns and cities, for pollinator conservation seems to be ever-growing. I will
outline the findings from the Urban Pollinators Project, a national scale study of insect
pollinators in UK towns and cities, involving academics along with practitioner partners
from local councils and Wildlife Trusts. The research addressed three questions: (1)
Where is the UK’s pollinator biodiversity? (2) Where are the hotspots of pollinator
biodiversity in urban areas? (3) How can we help conserve pollinators in urban areas?
We studied multiple urban areas across the UK and used a plant-pollinator network
approach to compare urban to rural landscapes (Q1) and to identify urban pollinator
hotspots and conservation opportunities (Qs 2 & 3), developing Bayesian models to
assess plant-pollinator community robustness at a city scale under different management
interventions. | will also describe the knowledge exchange activities that are underway
to integrate our research findings with policy and practice, including partnerships with
local and national governmental organizations, industry and NGOs.



Beekeeping Ordinances: Protecting Bees and Neighbors

Tracy Ellis, Jaime Garza

Many hobbyist beekeepers are currently requesting revision to beekeeping regulations
in their communities. San Diego County revised beekeeping regulations to suit local
requests but also established an Apiary Inspector to ensure responsible
beekeeping. These extra measures of a comprehensive beekeeping program were
necessary in southern California’s locally over-defensive (Africanized) honey bee zone
to protect public safety. The ordinance incorporated expertise and suggestions obtained
from the local beekeeping society, commercial beekeepers, community planning groups,
stakeholders, and experts. It allowed reduced setback distances from roads and
neighboring dwellings, and defined distances from property lines and sensitive sites
compared to the previous ordinance. In addition the program recruits beekeepers to
abide by state regulations and register their hives, provides educational outreach on best
management practices and conducts ongoing compliance monitoring to prevent apiary
infestation with over-defensive bees, pests and diseases.

Urban Pollinator Conservation: Bee City USA as a Model for
Meaningful Community Engagement

Phyllis Stilest, Mace Vaughant, Jennifer Marshman?

Global population is expected to grow to more than nine billion by 2050. Already, more
than half of the world's population lives in urban areas and about half of the global land
mass is being used for agriculture. Sustainability planning is complicated by global
climate change which makes predicting future trends challenging. What is not debatable
is that pollinators are needed more than ever to help sustain people and the planet.
Happily, pollinator research has increased dramatically over the last decade and many
nations, states, and cities are incorporating pollinator conservation into their policies and
practices. There is no time to waste for engaging the general public in pollinator
conservation efforts. Bee City USA was founded in 2012 to test the theory that untrained
citizens would create and enhance pollinator habitat in urban and suburban areas if given
ongoing encouragement. In the seven years since Bee City USA’s launch, both
communities and colleges have been experimenting with ways to promote, create, and
enhance pollinator-friendly landscaping on public and private land. The commitment to
pollinator conservation efforts includes education, celebration and habitat enhancement
by reducing pesticide use, integrating more native plants and trees, and removing
invasive plants, among other strategies. Annual reports from Bee City/Campus USA
affiliates reveal inexpensive, creative ways of mobilizing campuses and communities to
alter their landscaping paradigms to welcome pollinators into urban and suburban
spaces. We will highlight some of the successful initiatives undertaken by Bee City
USA’s 150 affiliates to think globally, and act locally.
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Electric Power Companies Protecting Pollinators

Jessica Fox: and Ashley Bennett:

Electric power companies have become increasingly aware of pollinator declines and
recognize they have an opportunity to manage lands such as rights of ways (ROWSs),
solar sites, wind energy facilities, and power stations for pollinator conservation. Power
companies own and manage millions of acres throughout the United States and
internationally. However, a major gap for pollinator research and conservation is
translating basic academic research to on-the-ground application and decision making
for power companies. In 2018, the Electric Power Research Institute (EPRI) launched a
collaborative initiative, Power-in-Pollinators, to accelerate the pace, scale, and
effectiveness of pollinator projects in collaboration with power companies. EPRI
recognizes the potential impact power companies can have on promoting pollinator
conservation by working together on research and conservation efforts. This effort is
now the largest collaboration in North America designed specifically to support power
companies in research, monitoring tools, and management practices needed to create and
maintain pollinator habitat on utility lands. EPRI has also initiated research including:
1) measuring Integrated Vegetation Management (IVM) treatments on pollinator
abundance and richness, 2) protecting and increasing monarch butterfly populations by
establishing pollinator friendly habitat, 3) developing methods to remotely detect
monarch habitat by mapping milkweeds, 4) establishing and maintaining pollinator
friendly plantings at solar and wind energy facilities, and 5) documenting the role ROWs
play in facilitating pollinator dispersal across the landscape. This presentation will
discuss research with power companies and provide insights into how academic research
can be developed to consider corporate application and inform land management
decisions.
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Investigating the attractiveness of native wildflowers to
pollinators and natural enemies

Aaron Anderson?, Gail Langellotto?!

Many organizations have published pollinator-friendly planting lists for home
gardeners. However, many lists lack empirical evidence to support recommendations.
In 2017-2018, we screened 23 wildflowers native to the Willamette Valley. Plants
were selected based upon their potential use in ornamental gardens, as well as
anecdotal reports of attractiveness to pollinators. We included four exotic comparators
known to be attractive to pollinators. Species were planted in meter-squared plots
spaced six meters apart. Between April and October, we monitored pollinator visits
and floral bloom phenology. We also sampled insects from plots, weekly. Though this
research is ongoing, we have early findings on the attractiveness of these wildflowers
to bees. The most attractive plants varied between 2017 and 2018, possibly due to
differences in bloom phenology and plant establishment. In 2017, four native
wildflower species Solidago canadensis, Symphyotrichum subspicatum, Clarkia
amoena and Gilia capitata) were the most attractive flowers for bees, followed by the
exotic Nepeta cataria. In 2018, three of the top five most attractive plants to bees were
exotic garden species. However, this pattern was strongly driven by European honey
bee visitation. When we limited our analysis to native bee abundance, the five most
attractive wildflowers were all native species. Similarly, across both seasons native
wildflowers attracted the highest native bee species richness. This research will
continue for a third field season, after which we will publish our own list of pollinator
plant recommendations for gardeners in the Willamette Valley region of Oregon.

Changes in the phenology of the southeastern blueberry bee
(Habropoda laboriosa) based on historic collections data

Anderson, Sarah E., and Rachel E. Mallinger?

It is well documented that many bee species have experienced an advance in
phenology over the past century. The southeastern blueberry bee (Habropoda
laboriosa) is a large-bodied, North American bee that emerges early in spring and is
thought to be oligolectic on blueberries (Vaccinium spp.) which have an early and
relatively short bloom period. These traits make this bee particularly susceptible to
changes in phenology that may decouple it from its host plant. This study uses
historical data gathered from data repositories and non-databased collection specimens
to examine the changing phenology of H. laboriosa from 1919 — 2019. Across this
time period, collection date for H. laboriosa (Julian date) advanced in phenology by 44
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days averaged across all latitudes where this bee has been collected. Much of this trend
is accounted for, however, by the rapidly advancing phenology of this species at
latitudes above 35°N where the advance in collection date is 83 days. Wild Vaccinium
corybosum is one of the most widespread blueberry species in H. Laboriosa’s
geographic range. Preliminary evidence suggests that the first day of flowering (Julian
date) for this blueberry species has advanced as well. Results regarding the changing
phenology of this plant will be compared to those corresponding to H. laboriosa.
Phenological mismatches between H. laboriosa and Vaccinium spp. have the potential
to disrupt this pollination system, with consequences for both plant pollination success
and H. laboriosa diet breadth.

Plant-pollinator networks created from DNA metabarcoding
data in eastern Oregon are more complex than those created
from behavioral observations

Katherine A. Arstingstall*?, Sandra J. DeBano?, Kenneth E. Frost'?,
David E. Wooster!?, Xiaoping Li% and Mary M. Rowland*

With recent declines of some pollinators, including native bees, many land managers
are implementing restoration and conservation plans to enhance native bee habitat.
However, information is limited about which plant species serve as major food sources
for native bees. During the summer of 2018, we sampled 589 native bees from three
locations in eastern Oregon: the United States Forest Service Starkey Experimental
Forest and Range, The Nature Conservancy’s Zumwalt Prairie Preserve, and
Threemile Canyon Farms. We obtained behavioral observations of foraging by
recording the flower species that each bee was visiting when sampled. We then washed
all pollen from each bee, extracted DNA from the pollen mixtures, and used DNA
metabarcoding to identify the plant species in each pollen mixture. These data, coupled
with vegetation surveys conducted during each sampling period, allowed us to
determine major food sources and preferences for native bees in these areas. The
sampled bees were recorded visiting over 50 species of plants, and more than 60% of
all bee visits occurred on just 10 plant species across the three sites. Most commonly
visited plants included both native species (e.g., slender cinquefoil (Potentilla
gracilis), Missouri goldenrod (Solidago missouriensis), and hoary tansyaster
(Machaeranthera canescens)), and non-native species (e.g., diffuse knapweed
(Centaurea diffusa), yellow star-thistle (Centaurea solstitialis), and bull thistle
(Cirsium vulgare)). Plant-pollinator networks created from DNA metabarcoding data
were more complex than those created from behavioral observations, indicating that
metabarcoding provides a more complete record of bee foraging behavior relative to
behavioral observations.



Effects of Climate Change on Nesting Habits of Megachilidae
Bee Species in Northern Arizona

Janice Baldwin-Rowe, Lindsie McCabe

This project examines the impacts of climate change on Megachilidae nesting habits in
Northern Arizona. Changing temperature and precipitation levels in Northern Arizona
impact the populations of native tree species. Many indigenous Megachilidae species
nest in native trees, so when the tree populations are reduced due to climate change,
Megachilidae nesting patters are disrupted as well. We hypothesized that if bee blocks
of non-native wood and native wood types were distributed at different life zones in
Northern Arizona, bees would prefer to nest in native wood bee blocks. Results
indicated that there is not a significant difference in bee nesting preference between
non-native wood, Ponderosa pine, and aspen bee blocks. There was a significantly
lower difference in the number of nests found in fir bee blocks. Nesting habitats will
continue to be limited at higher elevations, but artificial nesting blocks may help
stabilize Megachilidae populations in Northern Arizona.

Radio frequency identification technology use in
characterizing feeder visitations and contact network of
hummingbirds in urban habitats

Ruta Bandivadekar?!, Pranav Pandit? and Lisa Tell!

Despite the popularity of hummingbirds in urban environments, there are limited
studies evaluating the effects of changing climate, congregation, sharing food
resources and increased contact when hummingbirds visit feeders. To evaluate
visitation patterns to feeders over time, we tagged two hummingbird species (Anna’s
and Allen’s Hummingbirds), with passive integrated transponder tags and recorded
their visits with commercial RFID transceivers at feeders. Data recorded included the
number of feeder visits, time spent at the feeder, and simultaneous feeder visitation by
different individuals. For the study period (September 2016 to March 2018), 118,017
detections were recorded at seven feeding stations located at three California sites. The
rate of tagged birds returning to RFID equipped feeders at least once was 61.3%
(141/230 birds). Females stayed at feeders longer than males per visit. During spring
and summer, hummingbirds visited feeders most often in morning and evening hours.
Although most hummingbirds visited the feeders during the daytime, our system
recorded night feeder visitations (n = 7 hummingbirds) at one site. This efficient use of
RFID technology to characterize feeder visitations of hummingbirds in urban habitats
could be used in the future to elucidate behaviors, population dynamics and
community structure of hummingbirds visiting feeders.
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Toxicity of premixed insecticide chemistries to female blue
orchard bees

Joseph Belsky and Neelendra Joshi

Populations of bees have dramatically declined in recent years. At the same time,
insecticide application in agro-ecosystems has largely increased worldwide. As a
result, investigating the effects of insecticide exposure on bees is vital to ensure future
food security and environmental stewardship. Here, we simulated a field realistic
exposure scenario of female blue orchard bees, Osmia lignaria (Say) to four premix
insecticides (containing two or more active ingredients, each with a different mode of
action). A spray tower was used in a laboratory setting to simulate insecticide field
application. We sprayed bees with one of four premix insecticides in petri dishes and
immediately transferred them to clean cages. To simulate realistic grower insecticide
application in orchards and subsequent bee exposure, we used formulated products as
opposed to technical grade insecticides placed in a distilled water solvent as opposed
to acetone. We quantified the resulting mortality of bees from single spray exposure to
these insecticides at 24, 48, 72 and 96-hours post-treatment. Bioassay results will be
discussed and presented.

Maximizing the potential and minimizing the cost of prairie
seed mix design for wild bees

Kate Borchardt?, Julia Brokaw?, Julia Schreiber?, Bethanne Bruninga-
Socolar?, Michelle Vohs?, Kimiora Ward?!, Daniel Cariveau?, Neal
Williams?!

Enhancing foraging resources for bees by planting diverse wildflower mixes is a
common strategy to mitigate bee declines. Many mixes are costly, however, because
seed of pollinator-friendly flower species can be expensive. Our research objectives
are to determine how variation in seeding rate, wildflower species richness, and grass
seeding density affect flowering performance and bee attractiveness of pollinator
mixes. We chose these factors because land managers commonly decrease the species
richness or seeding density of the mix to lower seed costs. To resist invasion by
aggressive weeds, they sometimes add grass seed to the lower density wildflower
mixes because grass seed is chea