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thousand words
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California Phenology CAP-

TCN

Capturing California’s flowers: Using digital images to 
investigate phenological change in a biodiversity hotspot



Plant Diversity

• California has about  ~ 6,000 distinct species

• ~ 1,000 non-native species, ~5000 native species

6,000

4,300 species

4,500 species

6,300 species



Biodiversity Hot Spots



California Climate



California Floristics

• ~6,300 native plant species

• ~30% are endemic

• > 3/4 of the original habitat has 
been lost

• Population: >40 million

• Half of the food of the nation is 
grown 

• Still one of the most biodiverse 
places outside the tropics



Annuals —

Annuals —

Perennials —

Perennials —

Perennials —





A Flora of Annuals



California poppies in Antelope Valley grassland



Grassland and Wildflowers, Temblor Range Eastern SLO County





Climate 

Chaos 



How will plants respond?

•Which species are in the most danger of phenological 
shifts?

• What are the impacts of these shifts?

• Agricultural plants, pollinators, pathogens, and 
pests

•Which habitats and vegetation types are most 
phenologically sensitive?

•What is the effect of both precipitation and 
temperature?



• Phenology can effect 
the stability and 
structure of complex 
interaction networks

Burkle et al. 2013 Science



Building a historical record of flowering time



Collaborators

(BSCA) Colorado Desert District, 
California Dept. of Parks and Recreation
(CHSC) CSU, Chico 
(CSLA) CSU, Los Angeles
(CSUSB) CSU, San Bernardino
(DAV) UC, Davis
(FSC) CSU, Fresno
(HSC) CSU, Humboldt
(IRVC) UC, Irvine
(LA) UC, Los Angeles
(LOB) CSU, Long Beach
(MACF) CSU, Fullerton
(OBI) California Polytechnic State 
University, San Luis Obispo 
(RSA) Rancho Santa Ana Botanic 
Garden 
(SBBG) Santa Barbara Botanic Garden 
(SD) San Diego Natural History 
Museum
(SDSU) San Diego State University
(SFV) CSU, Northridge
(SJSU) CSU, San Jose 
(UC/JEPS) UC, Berkeley 
(UCSB) UC, Santa Barbara 
(UCSC)



Building a record of flowering time

From 22 California institutions:

•Image 904,200 specimens

• All with label capture

• Georeference

• Phenological status



Taxonomic Extent

•22 target families
• Oldest records

• Most diverse families

• Most endemic and threatened families

•250 additional taxa
67%

58%

Native species

Endemic species







Developing Standards
•Establish the framework for which trait-based data can 

be shared via Darwin Core Archives



Plant Phenology Ontology

• Using the Plant Phenology Ontology to integrate many data types

• Ramona Walls, Rob Guralnick, Brian Stucky, John Deck



Data Standards: Advisory Team

•Katharine Gerst (USA-NPN)

•Gil Nelson (iDigBio)

•Patrick Sweeney (Yale, TCN: NEVP)

•James Macklin (AppleCore, Agri-food Canada)

•Liz Matthews (US-National Park Service)

•Ramona Walls (Plant Phenology Ontology/CyVerse)

•Ed Gilbert (Symbiota/SEINet)

•John Wieczorek (Darwin Core)



Developing Standards
•Phenological scoring workflows

•During digitization

•From images

•Institutional

•Citizen science

•Deep learning

•From label data

•Attribute mining tool

•Image attribute tool
Rob Guralnick & Michael Denslow



NEVP: Attribute Mining Tool



NEVP: Image Attribute Editor



Modify the occurrence data entry form to 

accommodate the phenological scoring fields



Develop the ability to query and display phenological 

characters in the Symbiota interface



Project Team

Data manager: 

Jason Alexander

UC Berkeley

Project manager: 

Katelin (Katie) 
Pearson,

Cal Poly

Jenn Yost
Cal Poly

Susan Mazer
UCSB



Understanding Phenology Across Scales

6,000



Stay Tuned!
www.capturingcaliforniasflowers.org

@CalPhenologyTCN

Jenn Yost: jyost@calpoly.edu

Katie Pearson: kdpearso@calpoly.edu

Jason Alexander: jason_alexander@berkeley.edu

mailto:jyost@calpoly.edu
mailto:kdpearso@calpoly.edu
mailto:jason_alexander@berkeley.edu


Education and Outreach

•K-12 phenology lesson plans

•Undergraduate courses at OBI and UCSB

•UCSB School of Education internships

•Citizen science: phenology expeditions

•Public phenology workshops at UCSB, SBBG, RSA 
and/or UCB



California’s Plants

• Total native species: 5,094

• Total native taxa (subspecies 
and varieties): >6,500

• Largest native families: 

1. Sunflower Family

Asteraceae (733 species)

2. Legume Family

Fabaceae (307 species)

3. Forget Me Not Family

Boraginaceae (295 species) 

4. Grass Family

Poaceae (252 species)

5. Buckwheat Family

Polygonaceae (215 species)



Implementation

•Phenology portal (Symbiota)

•Imaging stations for 19 institutions



Timeline
•

Y
e
a
r 

1 • Establish 
phenology 
portal

• Purchase and 
install imaging 
stations

• Develop 
protocols

• Train personnel 
in imaging 
protocols

• Continue 
developing data 
standards

•
Y

e
a

r 
2 • Image 

specimens

• Develop 
Symbiota 
phenology tools

• Launch Notes 
from Nature 
expeditions

• Integrate data 
using Plant 
Phenology 
Ontology

• Public 
phenology 
workshop at 
SBBG

•
Y

e
a
r 

3 • Image 
specimens

• Score 
phenology

• Develop 
Symbiota 
georeferencing 
tools

• Batch 
georeference 
records

• Notes from 
Nature 
expeditions

• Phenology 
courses at 
UCSB and OBI

• Public 
phenology 
workshop at 
UCSB

•
Y

e
a
r 

4 • Finish 
phenological 
scoring

• Finish batch 
georeferencing

• Phenology 
courses at 
UCSB and OBI

• Public 
phenology 
workshop at 
RSA or UCB


