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Questions 

• Can we detect community phenological 
changes through herbarium specimen data? 

• Will alpine plant communities advance bloom 
date in response to climate change? 

• Are widespread species used in phenology 
networks appropriate indicators for alpine 
habitats? 

 



Alpine Environments 

Alexander et al., 2015 – Novel competitors shape species’ responses to climate change 



• Data portals and digitization 

• Locality information: Georeferencing 

• Phenology notes – lowest priority 



Herbaria! 



Locality: Among acacia along 
Oray Creek bank at Painted 
Cap… 
 
Date: June 10, 1937 



Climate Change 

• USA National Phenology Network 

• Satellite images 

• Repeat photography 

• Natural History Collections 



Rocky Mountains 



 



 



Big Data 

 



Climate Data 
http://prism.oregonstate.edu/ 

devtools::install_github("ropensci/prism") 

1950-2011 

• Average annual maximum temperature 

• Average annual minimum temperature 

• Average monthly precipitation  

1981-2011 

• Daily minimum and maximum temperatures 
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Precipitation Average Low Temperature 

Growing Degree Days Average High Temperature 



61 Years 

468 species: 
Advancing 8.9 days 



61 Years 

 

57 species: 
Advancing average of 33 days 

Achillea lanulosa Nutt.: 
Delayed 53 days 



Precipitation 
1.68 mm a year  

0.02 days per mm  



Rain and Snow 

 

44 species: 
0.09 days per millimeter 

2 species: 0.06 days per millimeter 



Low Temperature 
0.03°C a year  

4.2 days per °C  



Low Temperature 

74 species: 
9.6 days per °C 

2 species: 9.5 days per °C 



Growing Degree Days 

10.6 heating units a year  

0.04 days per GDD 
heating unit 



GDD 

 

69 species: 
0.06 days per heating unit 

Sambucus racemosa var. racemosa:  
0.06 days per heating unit 



NPN species 

 

26 species: 
Advancing 17.5 days 



 

3 species: 
Advancing average of 38 days 



NPN 
Precipitation 

1.68 mm a year  

0.02 days per mm  



NPN 
Rain and Snow 

 

Erythronium grandiflorum: 
0.09 days per millimeter 



NPN 
Low Temperature 

0.03°C a year  

7.2 days per °C  



NPN: 
Low Temperature 

6 species: 
12.9 days per °C 



NPN: 
Growing Degree Days 

10.6 heating units a year  

0.04 days per GDD 
heating unit 



NPN: 
GDD 

 

Zigadenus elegans Pursh: 
0.05 days per heating unit 



Herbaria data &  
Phenological monitoring 

• Scale of interest 

• Select monitoring species 

http://www.museum.tulane.edu/geolocate/ 

http://www.fallingrain.com/world/index.html 



 



Annual Average High Temperature 

Advancing 4.3 days per degree 



High Temperature 

 

67 species: 
10.6 days per degree increase 

2 species: 
8.9 days per degree increase 


