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Thurs, July 18 - Session 1

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.

Session 1 - Novel Quantitative Methods in Pollinator Ecology & Management

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.


http://beehave-model.net/
http://beehave-model.net/

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.

Session 3 - Variable Climates and Changing Pollinators

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
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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 cl