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Cook et al. 2012 Ecosystems DOI: 10.1007/s10021-012-9584-5

Spatial, temporal and 
taxonomic distribution of 
phenological data highly 
uneven.

Pan European Phenology Project 
PEP725
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The herbaria of New 
England house more than 
half a million herbarium 
specimens.

Can serve as baselines prior 
to anthropogenic change. 
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Meineke et al. Ecol. Monographs
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…. and span most branches 
of the vascular plant tree of 
life



Reconciling observations with herbaria

Herbaria are distributed worldwide, and many house >million 
specimens
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Herbarium specimens are a bit like German tanks …
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The German Tank Problem
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The German Tank Problem
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Observed 
serial number:
217

(assuming tanks are numbered sequentially)



The German Tank Problem
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The German Tank Problem
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Herbarium specimens equivalent to observations of defeated 
tanks

Day of year



Day of year
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Number of tanks
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Herbarium specimens equivalent to observations of defeated 
tanks

Day of year
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Two random draws (red and blue) from 
the same distribution (in black)

Herbarium specimens equivalent to observations of defeated 
tanks or dodo sightings
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Two random draws (red and blue) from 
the same distribution (in black)

Herbarium specimens equivalent to observations of defeated 
tanks or dodo sightings



Estimates of first flowering from herbarium records and field 
surveys (Thoreau’s Woods, MA) 1853-1903
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Open circles: 
herbarium 
specimens

Red: statistical 
estimate

Blue: observations
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Power analysis:

Percentage of simulations 
where the 95% confidence 
intervals of our estimate 
overlapped the true value.
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