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Climate Change

Á CO2 and other 
greenhouse gases are 
at their highest level in 
400,000 years

Á The planet is warming 
faster than any time in 
last 10,000 yrs.

Á Many plants will not be 
able to shift ranges to 
keep pace with 
warming

http://www.esr.org/outreach/climate_change/mans_impact/large/co2_temp.jpg


Even with modest change, many 
plants are in trouble

The proportion of 
native US vascular 
plant species that 
were entirely out of 
their climate 
envelopes as a 
function of the 
increase in 
temperature above 
mean annual 
temperature. Three 
methods were used to 
determine climate 
envelopes (A, B, C). 
From Morse, Kutner 
and Kartesz, 1995.



Habitat loss will compound 
the problems

Image: COURTESY OF JEREMY WEISS AND 
JONATHAN OVERPECK, THE UNIVERSITY OF 
ARIZONA 

Predicted coastal 
inundation in the 
United States in the 
next few centuries

(J. Overpeck, et al., 
2006, in Science )



Natural migration will be difficult

Barriers to migration (from Abraham J. Miller -Rushing and 
Richard B. Primack, Plant Talk 2004)

ÅIn the past, plants 
and animals migrated 
as the climate 
changed

ÅToday anthropogenic, 
as well as natural, 
barriers limit dispersal 
ability



Climate change is 
already here

ÁAbout half of the 
US has warmed 
one hardiness 
zone based on 
the last 15 years 
of weather data



Responses to Climate Change

Á Adaptation

ÅPlants will cope, 
adapt, migrate, or 
go extinct (locally or 
globally)

ÅPeople can conserve 
habitats, bank 
seeds, assist 
migration, or accept 
extinction

Á Mitigation

ÅWe can attempt to 
reduce the magnitude of 
climate change through 
research and through 
our actions



During the 20th century, 

the Earthôs average temperature rose 0.6°C.

Some effects:

ïArctic warming twice as fast

ïMelting snow and ice 

ïChanging extreme weather events (droughts, heat 

waves, hurricanes)

ïSea level rise

ïLonger growing season

ïChanges in timing of phenological events

IPCC (2007)

During the 21st century, models predict Earthôs average 

temperature will rise between 1.8 and 4.0° C.



Coping: Phenological changes

Á Phenology = the timing of natural 
events

ÁMany plant species respond via 
plasticity (individual flexibility) to 
warming temperatures by 
flowering earlier; earlier flowering 
dates can also evolve

Á Phenological shifts can be 
detected using herbarium 
specimens, photos, naturalistsô 
diariesémuch of this work in the 
US has been done by Richard 
Primack at Boston Univ.

5/30/1868

5/30/2005



Phenological changes in Boston

Á Primack recently studied the 
contemporary metro Boston flora and 
compared it to Thoreauôs records from in 
the 1850s

Á Plants are flowering 4 days to 30 days 
earlier, due to a 2 degree temp increase

ÁSince Thoreauôs time, 20% of the ~600 
common plant species he recorded are 
regionally extinct, 32% are now rare

http://en.wikipedia.org/wiki/Image:Henry_David_Thoreau.jpg


Phenological changes in Chicago

Á Contemporary phenology records from 
Project BudBurst were compared to 
phenology records gathered from 
1950 -1994 published in ñPlants of the 
Chicago Regionò by Swink and 
Wilhelm

Á Half of the species have had an early 
flowering record in the last 3 years, 
from a few days to one month earlier 
than previously recorded

Á Gerry Wilhelm reports that roughly 
half of the plant species he saw in the 
60s and 70s (while working on earlier 
editions of the book) have now 
disappeared from the Chicago region 
flora



Ecological mismatches

Á Phenological changes are particularly 
troubling when mutualistic relationships 
are disrupted, such as when a plant is 
cued by temperature and an animal by 
daylength.

Á For example, the English oak blooms two 
weeks earlier and moth larvae hatch two 
weeks earlier to feed on the leaves. The 
pied flycatcher used to arrive when the 
larvae hatched to feed on them. Now the 
larvae population is dwindling when the 
birds arrive and the bird population is 
declining as a result.  



Phenology monitoring

ÁSatellites

ÁSpecies 
observations

ÁCloned plant 
observations

ÁWeb cams



Satellite Phenology

ÁGlobal coverage, but 
short history, cloud cover 
interference and 
interpretation issues  

ÁBest used with ground 
truthing                             



Citizen Science projects

Á A great way to engage 
citizenry, build awareness, 
gather large data sets, but 
quality control is important

ÅProject Budburst (US) 

ÅNature Watch/Plant Watch 
(Canada)

ÅNatureôs Calendar (UK)

ÅEuropean Phenology 
Network





Floral report card: Project design

Á Identical gardens piloted this year at 10 
organizations (20ô x 20ô plots)

Á 4 clonal replicates of each of 4 ecotypes 
(collected in USDA Zones 4,5,6,7) of 7 native 
species ( Aster novae -angliae, Baptisia 
australis, Monarda fistulosa, Panicum 
virgatum, Penstemon digitalis, Physostegia 
virginiana, Schizachyrium scoparium )

Á NPNôs clonal lilac

Á Climate datalogger and web cam

Á Plans to expand to include several schools 
next year



Components of a ñClimate 
Change Monitoring Gardenò

http://www.eeob.iastate.edu/research/iowagrasses/ornamental/aaimages/PanVir19s.jpg


Data Collected by Volunteers

Á First bud break

Á First bloom

Á Peak flowering

Á First fruit ripened

Á Fecundity



Potential outcomes

ÁRaised public awareness of plant 
conservation and global climate 
change

ÁNational data on responses of 
cloned plants to different 
environments for use in 
improving modeling efforts that 
forecast plant responses to 
climate change



Adaptation

ÁWho will adapt and who wonôt?
Á Success depends on genetic 

variation for traits that confer 
fitness in new environment and 
strength of selection

ÁGeneration time factors in 
strongly due to speed of climate 
change

ÁñWinnersò likely to be weedy 
species

Brassica rapa , a weedy

species, will likely adapt

(Franks, et al, 2006, PNAS)



Experimental evidence

Á Julie Etterson (2001, Science) found 
Chamaechrista fasiculata (Partridge 
pea) unlikely to adapt by studying 
translocation of MN plants to KS

ÁHer work indicates that the rates of 
evolutionary change of these traits 
will not match the rate at which 
climate changes toward increasing 
drought

ÁMore from Julie to come!



Migration: ñIf you canôt stand the 
heat, get out of the kitchenò

ÁMigration is the remaining option 
for surviving climate change

Á Species likely to migrate quickly 
enough are those with short 
generation time and adaptations 
for longer distance dispersal 
(animal and water -mediated seed 
dispersal)

ÁCorridors for migration will 
become increasingly important in 
our highly fragmented 
landscapes


