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Using phenology to detect plant 

responses to climate change 



• What is phenology?   How is phenology related to 
climate and climate change? 

– Case studies 

• California Phenology Project (CPP) 

• USA National Phenology Network (USA-NPN) 

• How to get involved with the USA-NPN and the CPP 

– At John Muir National Historic Site (JOMU) 

– On your own 
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Spring wildflowers 

Foliage color change 

Migration patterns 
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  Phenology is the science of the seasons 

Phenology is the study of recurring plant and animal life 

cycle stages (phenophases) 



Spring wildflowers 

Foliage color change 

Migration patterns 
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  Phenology is the science of the seasons 

Other examples? 



Invasions 

Allergies 

Pests & Diseases 

Wildfires Flu season 

Agriculture 

Festivals 

Ecotourism 

Timing and 

abundance are 

important 

  Phenology: economic importance 



Phenological indicators used by fisherman:  
plant phenophases can predict the best time to hunt 

Fisherman on the east coast of Canada would not fish for 
shad (Alosa sapisissima) until after the shadbush 

(Amelanchier spp.) flowered. 

Beaubien, E.G. 1991. Phenology of Vascular Plant Flowering in Edmonton and across Alberta. MS thesis, 

University of Alberta. 



Phenological indicators used by hunters:  
plant phenophases can predict the best time to hunt 

Okanagan indians used blooming of mock-orange 
(Philadelphus lewisii) as an indicator that marmots 

were fat and ready to hunt. 

Turner et al., 1980. Ethnobotany of the Okanagan-Colville Indians of British Columbia and Washington. Occ. Pap. 

Brit. Col. Prov. Mus. No. 21., Ministry of Provincial Secretary and Government Services Provincial Secretary, 

Victoria, B.C. 



Phenological indicators used by indigenous people:  
plant phenophases can predict harvest times of 

animals 

Bouchard & Kennedy, 1990. Clayoquot Sound Indian Land Use.  Report prepared for MacMillan Bloedel Ltd. 

Peacock, S. L. 1992  Piikani Ethnobotany: Traditional Plant Knowledge of the Piikani Peoples of the Northwest 

Plains.  MS thesis, University of Calgary. 

The Nuu-Chah-Nulth tribe of Vancouver Island used the ripening of 
salmonberries (Rubus spectabilis) to predict the return of adult 

sockeye salmon (Oncorhynchus keta) to freshwater. 



Phenological indicators used by indigenous people:  
plant phenophases can predict harvest times of 

animals 

The Blackfoot tribe of s. Alberta and Canada used the flowering of the 
buffalo bean (Thermopsis rhombifolia) to indicate that bison males 
(Bison bison) had eaten enough spring browse to be ready to hunt 

(their meat was sufficiently marbled with fat). 

Johnston A. 1982. Plants and the Blackfoot.  Prov. Mus. Alberta Nat. Hist. Occ. Pap. No. 4, Alberta Culture, 

Historical Resources Division, Edmonton, Alberta. 



The Tubatulabal tribe of Kern County (CA) used the ripening of 
coffeeberry fruits (Rhamnus californica) at low elevations to indicate 

that pinyon pine (Pinus monophylla) seeds in the mountains were 
ready to harvest. 

Anderson, M. Kat. 2002.  UC Davis. 

Phenological Indicators used by indigenous people:  
plant phenophases at one location can predict harvest 

times for plants at another location 



Plants & animals are dynamic over the seasons 

Vegetative phenology  Reproductive phenology 

Phenology: biological importance 



Plants & animals are dynamic over the seasons 

Vegetative phenology:  

• Leaves provide energy to the plant for reproduction & growth, 

food for herbivores, shade and protection for understory 

animals 

• Influences global biogeochemical cycles (e.g., C-cycle) 

 

Phenology: biological importance 



Plants & animals are dynamic over the seasons 

Reproductive phenology:  

• Plant reproduction depends on flowers  fruits 

• Many flowers provide nectar & pollen for pollinators 

• Many plants provide fruits & seeds for animals 

 

 

Phenology: biological importance 



… and sensitive to climate 

… and sensitive to climate change. 

“Phenology…is perhaps the simplest 

process in which to track changes in the 

ecology of species in response to climate 

change.” (IPCC 2007) 

“Because of their close connection with 

climate, the timing of phenological events 

can be accurate indicators of climate 

change.” (EPA 2010) 

Phenological patterns are 

important, economically and 

biologically 
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– Case studies 

• California Phenology Project (CPP) 

• USA National Phenology Network (USA-NPN) 

• How to get involved with the USA-NPN and the CPP 

– At John Muir National Historic Site (JOMU) 

– On your own 



• The first phenological monitoring effort in the U.S.  

• 1950’s - 1990’s:   ~3500 private citizens monitored lilac 
plants in backyards and gardens 

• Each year, they sent postcards reporting the date of 
first bloom to Professor Joe Caprio at Montana State 
Univ. 

• First bloom dates of these lilacs have been used: 

• To show the effects of elevation and latitude on the onset of 
spring 

• To generate predictive maps for safe sowing dates 

• To assess climate change throughout the U.S. 

 

Cloned Lilac Monitoring Nationwide 



Cloned Lilac Leaf Phenophases 



Cloned Lilac Monitoring Nationwide 

Many individuals tracked over 
time… what about one individual? 



Date of first flower 

Date of first leaf 

Phenology for one Lilac 
individual 

Phenology is an indicator of environmental change 
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Phenological events in this lilac have advanced as 
the climate has warmed 



English oak 

Winter moth 

Pied flycatcher 

Both et al. 2006 Nature 

Leafing out earlier 

Migrating the same time 
each year 

Emerging earlier 

Bird populations have declined by 
90% where food for nestlings is 

peaking earlier in the season and 
the birds’ arrival and breeding 

events are now mistimed. 

“Phenological mismatches” may cause population 
crashes 
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Ozgul et al. 2010 

Shifts in phenology result in changes in body mass and 
population dynamics 

(a)  time of weaning 

(b)  mean mass on August 1st  

(c)  total abundance at each 

age class 

22 



23 

Can you think of other ecological consequences of changes 

in plant phenology as a result of climate change? 

 

Can you think of a few potential economic consequences of 

changes in plant phenology as a result of climate change? 
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California Phenology Project  
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California Phenology Project: Goals  

establish a coordinated phenological monitoring network 
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1) address important scientific questions,  

2) guide resource management decisions, & 

3) engage Citizen Scientists in phenological 

monitoring 

4) educate the public about phenology & climate 

change research 
 

monitor across a large geographic area and along key 

environmental gradients  
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CPP in the National Parks 



California Phenology Project  
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• identify key scientific questions 

 

• facilitate selection of focal species for 

three bioregions (desert, coastal, 

mountains) 

 

• identify historical datasets 

 

• develop phenophase descriptions 

appropriate for California plant taxa 

 

• develop and refine monitoring 

protocols, infrastructure, and tools in 

pilot parks 

 

• engage Citizen Scientists in 

phenological monitoring 



Monitoring by Citizen Scientists  
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1. Visit and monitor labeled and mapped plants: each plant is 

visited frequently when it is phenologically active  

(e.g., CPP plants in National Parks) 

 

2. Visit and monitor labeled (unmapped) plants whenever it’s 

convenient  

(e.g., plants in a schoolyard) 

 

3. Visit and monitor unlabeled plants whose location you’re 

familiar with  

(e.g., the big tree at the corner) 

 

4. Visit and monitor unlabeled plants one time, or opportunistically  

(e.g., plants you encounter while hiking the Pacific Crest Trail) 
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CPP: outreach and education 
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CPP: outreach and education 
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CPP: outreach and education 



www.usanpn.org/cpp 
– Tools for monitoring: maps, monitoring guides, 

species profiles, and more 

– A wide array of phenological education materials for 
formal and informal settings 

– CPP documentation: scientific questions, species-
selection process, and more 

– Powerpoint presentations 

– CPP DRAFT Interpretive Guide 

– Instructions for joining the CPP listserv 
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California Phenology Project  

http://www.usanpn.org/cpp
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A collaborative monitoring network  

that brings together citizen scientists, government agencies, non-

profit groups, educators, and students of all ages to monitor the 

impacts of climate change on plants and animals in the U.S. 

What is the USA-NPN? 
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USA-NPN monitoring sites 



www.usanpn.org 

∙ 300+ plant species 

∙ 160+ animal species 

∙ Core protocols 

 

 

a project of the USA-NPN 
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USA-NPN datasheets 

Aesculus californica 
California Buckeye 
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USA-NPN datasheets 

39 

Aesculus californica 
California Buckeye 



USA-NPN datasheets 
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Aesculus californica 
California Buckeye 



CPP species profiles 
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California Buckeye phenophases 
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CPP: focal species 

• 30 CPP species with profiles 
http://www.usanpn.org/cpp/meet-the-species 

• >100 USA-NPN plant species occur in CA 
http://www.usanpn.org/species_search 

http://www.usanpn.org/cpp/meet-the-species
http://www.usanpn.org/cpp/meet-the-species
http://www.usanpn.org/cpp/meet-the-species
http://www.usanpn.org/cpp/meet-the-species
http://www.usanpn.org/cpp/meet-the-species
http://www.usanpn.org/species_search
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California Bay– Umbellularia californica 

California Buckeye– Aesculus californica 

Blue Oak– Quercus douglasii 

California Live Oak– Quercus agrifolia 

California Wild Rose– Rosa californica 

Common Snowberry– Symphoricarpos albus 

Coyotebrush– Baccharis pilularis 

 

 

CPP focal species monitored at John Muir NHS 



Monitoring by Citizen Scientists  
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1. Visit and monitor labeled and mapped plants: each plant is 

visited frequently when it is phenologically active  

(e.g., CPP plants in National Parks) 

 

2. Visit and monitor labeled (unmapped) plants whenever it’s 

convenient  

(e.g., plants in a schoolyard) 

 

3. Visit and monitor unlabeled plants whose location you’re 

familiar with  

(e.g., the big tree at the corner) 

 

4. Visit and monitor unlabeled plants one time, or opportunistically  

(e.g., plants you encounter while hiking the Pacific Crest Trail) 

 



Benefits of monitoring CPP focal species 
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• species-specific monitoring tools, 

including species profiles, are available 

for download on the CPP website; 

 

• new sites complement CPP data 

collected at the National Parks and UC 

Natural Reserves, which collectively 

contribute to our understanding of how 

CA taxa respond to environmental & 

climatic variation; and, 

 

• benefit from the collective experiences 

of the CPP observer network, share your 

experiences monitoring CPP species, and 

mentor new CPP observers in your area.  
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• What is phenology?   How is phenology related to 
climate and climate change? 

– Case studies 

• California Phenology Project (CPP) 

• USA National Phenology Network (USA-NPN) 

• How to get involved with the USA-NPN and the CPPdd 

– At John Muir National Historic Site (JOMU) 

– On your own 
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Get involved at John Muir NHS! 

How can you participate? 

• If you are a naturalist, participate in monitoring at the 

park 

• If you are an educator, create a phenology garden at 

your school (see the CPP education page for guidance) 

• If you are a community organizer, coordinate volunteer 

monitoring efforts  

• If you are an undergraduate student, arrange an 

internship or directed study project to create 

interpretive media, signs, blogs, etc. 

• If you are a university educator, supervise 

undergraduate or graduate student research on 

phenology  



Contact info: 
 

Fernando Villalba 

Fernando_Villalba@nps.gov 
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