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What is pollination?

* Coevolved mutualism between plants and pollinators
* Exchange of food for service of pollen transfer

Tae Process
OF POLLINATION

The pollinator brings the pollen from the -
-*  anthers of Flower A to the stigma of Flower B.
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Pollination, a critical ecosystem service

» 88% of flowering plants are animal pollinated

* 75% of crop plants benefit from animal pollination

* Pollination = 10% of total value of agriculture

* 20,000 species of bees (honey bee = 1)

* Wild bees often vital for pollination, regardless of honey bee presence




What is the status of pollinators?
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Global pollinator declines: trends,

Widespread reports of decline—and persistence impacts and drivers

Loss of ecosystem function?

Loss of ecosystem service to agriculture?

How do we know?
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Bumble bees (Bombus) are vitally important pollinators of wild study in the United States identified lower genetic diversity and




What do we mean by pollinator ‘declines’?

* Reduction in overall pollinator density/ abundance
e Reduction in species diversity or shifts in community
* Reduction in plant reproductive success




Who are Vermont’s pollinators?

* Bees

* Flies

e Butterflies and moths
* Wasps and ants

* Beetles

* Birds

* Thrips



1. Butterflies and moths (Lepidoptera)

* Pollinators of native plants
* Declines of VT grassland butterflies
* Declines, range retractions, and shifts: California, US prairies, UK, EU

e \Vermont?
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2. Flies

e 71 fly families feed at flowers
 Pollinate >100 crop plants, including mango, onion, canola, cacao
* Changes in hoverfly diversity in UK, Netherlands

e What about Vermont?




Vermont fly pollinators




3. Bees

* Plant pollen = protein source for bees

* Range retractions: EU, UK, North America

 Diversity declines: UK, Netherlands, North America, EU, Asia, S. America

* Evidence of competition with non-native bees driving some bee losses




Vermont bee pollinators




Status of bumble bees in Vermont?

* Modern collections (2000-2014)
* N=10,650
 Citizen science volunteers

 Historic collections (1915-1999)
* N=1,669
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The data

Historic (1915-1999) Modern(2000-2014) Spatial subsample (5km)




Bee declines—relative abundance

* Loss of species, changes in relative abundance
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e Loss of 28% of historical diversity



Bee declines—species diversity

* Vermont has lost bumble bee species
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Landscape changes affect bee persistence




Effect of landscape on bee occurrence
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Association with roads :
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Why are bees (& other pollinators) declining?

e Habitat loss

e Disease

* Pesticides
e Climate change




Habitat loss

* Habitat conversion, fragmentation

* Change—e.g., increased efficiency of ag, incentives, technology
 Documented negative effects on flies, butterflies and bees
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Disease

* Pathogen spillover from commercial bees




Pesticides—insecticides, fungicides, herbicides

* Neonicotinoids, many others
* Lethal, sublethal and synergistic effects on consumers

* Linked to declines in bee abundance and diversity




Climate change

* Range contractions: bumble bees
* Phenological mismatch for plants and pollinators
* Negative effects on survival, reproduction: solitary bees (Osmia)

* Rapid evolutionary change?




Bumble bee declines due to climate change

* Retreat from southern margin of range, but no increase to north
* Elevation shifts in response to climate
* Geographical changes due to climate, not pesticides, land use change

1000
°

|

.

® North America
® Europe

500

0

0 200 400 600 800

-500

A Northern limit (by 1999 - 2010, km)
A Southern limit (by 1999 — 2010, km)

5000 7000 4000 6000
Northern limit (1901 — 1974, km) Southern limit (1901 — 1974, km)

Kerr et al., Science 2015




We can measure effects of threats on agriculture

* Blueberry in VT: Pollination service increases with % natural area
around farms (Nicholson et al. in review)

* Apple in UK: Neonicotinoid exposure reduces bee pollination service
to trees (Stanley et al. 2015)
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Solutions for a pollination crisis?

* Rethinking agriculture: pesticides, land management
* Habitat restoration/ enhancement
* Better regulation of disease in commercial bee industry

* Increased funding for assessments of bee, fly, butterfly/ moth and
other pollinator taxa.

* Address climate change effects
* CO,
* Predict effects and adapt (research needed)
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