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Mutualistic 

interactions 

underlie life on 

earth
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Are mutualist partners shifting their 

phenologies at similar rates?
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10 days of mean advance since 1870

P <0.001
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faster advance the last 40 years

{

P <0.001
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Can bee biodiversity buffer 

pollination against climate change?



Cariveau & Winfree 2016, Current Opinion in Insect Science













Can bee biodiversity buffer 

pollination against climate change?





4 years of data from 18 farms

>16,000 bee visits to >46,000 flowers

471 pollen deposition experiments









estimate pollination provided per bee species 

group



Bumble bees 

(98% Bombus 

impatiens)

Green bees

(89%

Augochlora 

pura)

Small dark 

(15 

species)

Melissodes 

bimaculata
Honey bee 

(Apis 

mellifera)

Tiny dark  

(7 

species)

Peponapis 

pruinosa

Ceratina 

(3 species)
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Biodiversity buffers crop pollination 

against climate change

Rader, Reilly, Bartomeus and Winfree, 2013  Global Change Biology



The 8 groups range from    19% to      82%

Biodiversity buffers crop pollination 

against climate change



The 8 groups range from    19% to      82%

Biodiversity buffers crop pollination 

against climate change

Aggregate pollination services      5%





Pollinators and climate change: 

the link to human health



75% of crops



breakfast without 

pollinators









Thank you


