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I find photographs of plants from the past, 

measure how long their sex parts are, 

and when their sex parts open 

and close over the years.



Global Biodiversity Information Facility

~ 75 million preserved specimens records

GBIF 2018



KEW



Richard Griffin, Flickr

Chesapeake Bay Program, FlickrCrfullmoon, FlickrAnneke1998, Flickr



Montague et al. 2008



1) Parallel clines across North America
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2)   Phenological shifts over time 
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phind = 
0.5 ∗𝑓𝑙𝑜𝑤𝑒𝑟𝑠+1∗𝑓𝑟𝑢𝑖𝑡𝑠

𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑓𝑙𝑜𝑟𝑒𝑠𝑐𝑒𝑛𝑐𝑒
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Growing-Degree-Days

𝐺𝐷𝐷 =
𝑇𝑚𝑎𝑥+ 𝑇𝑚𝑖𝑛

2
− 𝑇𝑏𝑎𝑠𝑒





62,208 annual weather records
6,303 unique weather stations 𝑮𝑫𝑫 =

σ𝟏
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3,427 herbarium specimens

West 
Coast

West Midwest East 
Coast



  

 

 

                

        

   

  

 

 

                

        

   

  

 

 

                

        

   

  

 

 

                

        

   standardized fti

Validation



                             

 
   

 
 
 
 

                                

    

    

    

    

        

  
 

1) Parallel clines across North America



2) Phenological shifts over time 

Growing-Degree-Days

phind

1

0



Growing-Degree-Days

phind

1

0

phind ~ 
1

1+(
𝐺𝐷𝐷𝑐

𝑓
)−𝑟

𝑟

𝑓

Variables in f and r:
Time since invasion
Season Length

Non-linear least squares 
model





                    

   

   

   

         

    

 
 
  

 

                     

   

   

   

   

         

    

 
 
  

 

                   

   

   

   

   

         

    

 
 
  

 

                              

              

   

                    

   

   

   

   

         

    

 
 
  

 

                     

   

   

   

   

         

    

 
 
  

 

                   

   

   

   

   

         

    

 
 
  

 

                              

              

   

            

                    

   

   

   

   

         

    

 
 
  

 

                     

   

   

   

   

         

    

 
 
  

 

                   

   

   

   

   

         

    

 
 
  

 

                              

              

   

            

   



• Replicated clines in phenology across 
North America

• Phenological clines have strengthened 
over time
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Questions?



Flowering time index 
fti ~ phind + RatioGDDc



Growing Season

Collection Date



             

                 

                                     

                   

                    

 

  

  

  

  

          

          

  
 
 
 
  
  
  
  
 
 
  
 
 
  
 
  
  
 
 



 

   

   

   

   

            

    

 
 
 
 
 
  
 
  
 
 
 
 
  

 
 
 

      
         
       
    
         

 

   

   

   

   

            

          

 
 
 
 
 
  
 
  
 
 
 
 
  

 
 
 


