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Phenology is the science of the seasons

Spring wildflowers 3. ; Migration patterns

Foliage color change

Phenology is the study of recurring plant and animal life
cycle stages (phenophases)



Phenology is the science of the seasons

Spring wildflowers '-' e Reine Migration patterns

Foliage color change

Other examples?




Phenology: economic importance
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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.
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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.
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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

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.

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.



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).

T S RS,
;":
S

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



Phenological Indicators used by indigenous people:
plant phenophases at one location can predict harvest
times for plants at another location

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.
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Anderson, M. Kat. 2002. UC Dauvis.



Phenology: biological importance

Plants & animals are dynamic over the seasons
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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)
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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




Phenological patterns are
Important, economically and
biologically

... 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)
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Common Lilac Monitoring Nationwide

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

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

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

e First bloom dates of these lilacs have been used:

e To show the effects of elevation and latitude on the onset of
spring
e To generate predictive maps for safe sowing dates

e To assess climate change throughout the U.S.



Common Lilac Leaf Phenophases




(January 1st=1)

Average 1961-1990 Spring Indices (Sl) First Leaf Date

Many individuals tracked over
time... what about one individual?



Phenology is an indicator of environmental change

160 — Cloned Lilac 1st Leaf and 1st Bloom
156 — Essex Junction, VT
44.52°N, 73.12°W, 105m

Phenology for one Lilac
individual

152 —
148 —
144 —
140 — A Date of first flower
136 —

132 —

128 —
124 —
120 —
116 —
112 —
108 —
104 — Date of first leaf
100 —
96 —
92 —

Days after January 1st

I | | | | I I | | I
1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004
Year

Phenological events in this lilac have advanced as
the climate has warmed



“Phenological mismatches” may cause population
crashes

Winter moth

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

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

Pied flycatcher events are now mistimed.
Migrating the same time

each year Both et al. 2006 Nature



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

Day of year

Number of individuals
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Can you think of other potential 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




California Phenology Project: Goals

establish a coordinated phenological monitoring network

i

monitor across a large geographic area and along key
environmental gradients

i

1) address important scientific questions,

2) guide resource management decisions, &

3) educate the public about phenology & climate
change research



California Phenology Project

identify key scientific questions
facilitate selection of focal species for &

three bioregions (desert, coastal, bl
mountains)

Ml Lassen Volcanic NP

Identify historical datasets

Point Reyes NS
\\,-. ®John Muir NHS

Yosemite NP

develop phenophase descriptions Galden Gate A R—

. g - Presidio of San Francisco)
appropriate for California plant taxa %
develop and refine monitoring protocols,
Infrastructure, and tools in pilot parks
develop outreach and education

programs to engage Citizen Scientists in
phenological monitoring



CPP scientific questions

e What are the phenological responses of iconic,
widespread species to environmental variation and
climate change?

e Which taxa or functional groups are most sensitive to
climate change?

e Do communities or habitats differ in their general
responses to climate change?

e Are relationships between plant and animal mutualists
disrupted by climate change?




CPP: focal species

Joshua Tree, Yucca brevifolia

e Ability to address scientific questions
e Ability to engage Citizen Scientists

e Proximity to other monitoring efforts
e Species of local management concern
e |ndicator species

29
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Monitoring by Citizen Scientists

1. Visit and monitor labeled and mapped plants: each plant is
visited frequently when it is phenologically active

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

3. Visit and monitor unlabeled plants whose location you're
familiar with

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



CPP: monitoring infrastructure
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CPP: monitoring infrastructure




CPP GOGA (Presidio)
Lobos Dunes to Mountain Lake (LDML) Monitoring Sites
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CPP GOGA Plants
(O Baccharis pilularis (BAPI)
@ Eschscholzia californica (ESCA)
(O Heracleum lanatum (HELA)
@® Mimulus aurantiacus (MIAU)
@ Querucs agrifolia (QUAG)
== Primary Road
Secondary Road
GOGA Trails

[] coGABoundary

600 Meters




CPP GOGA (Presidio) Lobos Dunes to Mountain Lake (LDML)
Monitoring Sites and Plants

L

Future LDMLS5
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CPP: other monitoring tools

cPP -REDW - CBO 1 - (BAPI 1 -6)

Coyote Brush (Baccharis pilularis) Crescent Beach Overlook

whale watching
sign ¥

whale watching
sign

BAPI3  JJEEs M- &

(H964) | e Ll

: BAPI2

(#963)
@

BAPI5 ®
(#966)

89



CPP: outreach and education




Group Name:
Site: Lobos Dunes-Mountain Lake (LDML)
Subsite (#):

Phenophases

R = | 2 N % =
Young leaves: A leaf is considered youung Fresh flower: The flowers of the oak tree are pendulous strands  Fresh fruit: Look inbetween the leaf stalk and the main Ripe fruit: The ripe fruits of

once the leaf stalk (petiole) or leaf base is visible, of catkins (think of a strand of beads). stem (the leaf armpit) to find fresh fruits developing. the oak are acorns.
but before the leaf has reached full size or turned

the darker green color of mature leaves on the
plant.

Plant Number Plant Number

Do you see...? (Circle Y or N) How many do you see? Do you see...? (Circle Y or N) How many do you see?
Less than 3 (<3); 3 to 10; More than 10 (>10) Less than 3 (<3); 3 to 10; More than 10 (>10)
Young leaves or Young leaves

Fresh flower or Fresh flower
Fresh fruit or Fresh fruit
Ripe fruit or Ripe fruit

Plant Number Plant Number

Do you see...? (Circle Y or N) How many do you see? Do you see...? (Circle Y or N) How many do you see?
Less than 3 (<3); 3 to 10; More than 10 (>10) Less than 3 (<3); 3 to 10; More than 10 (>10)
Young leaves or Young leaves

Fresh flower or Fresh flower
Fresh fruit or Fresh fruit
Ripe fruit or Ripe fruit




CPP: outreach and education
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CPP: outreach and education

National Phenology Network Data Sheet
Site One

School Name: Date: Weather:

Plant ID | MNew | Leaves | Fresh flowers Open ‘ Pollen Fresh Seeds Ripe Seeds Recent

Tag Leaves Flowers ————

BAPI 3 NY N Y N Y

BAPI 2 NY N Y N Y

HELA 4 NY NY N Y N Y

BAPI 1 NY N Y N Y

HELA 5 NY NY N Y N Y

HELAG6 | NY | NY N Y N Y ' . _ . Site 1

Common Name Scentific Nanw

Conpuee Bk Recvere:

Comw Paranip Jlvrudenmw Lonctnw




CPP: outreach and education

Phenology education materials available on the CPP website:
« Lesson plans for primary educators
 Activities for formal and informal education settings

« Undergraduate lecture series
* Readings and discussion questions for advanced undergraduate

or graduate seminar in phenology

ETHNOFPHENOLOGY

A hands-on nature exploration activity designed to engage participants in observing plant phenology while
investigating how traditional cultures remedied health ailments with seasonally-available wild plants

oy | (e | eSSy | [
A 4 SATE A TS AT T AT

Barbara Edition

“Ethnobotany” — the study of cultural uses of plants

“Phenology” - the study of seasonal plant and animal activities Ca I Iforn Ia Poppy Open Flower

California Poppy  Buds -



California Phenology Project

www.usanpn.org/cpp

— Tools for monitoring: maps, monitoring guides,
species profiles, and more

— Includes 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 Interpreters’ Guide
— Instructions for joining the CPP listserv


http://www.usanpn.org/cpp
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What i1s the USA-NPN?

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.
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USA-NPN monitoring sites
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Using USA-NPN datasheets

Baccharis pilularis
Coyotebrush




Broadleaf evergreen
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Using USA-NPN datasheets

Do you see...

Young leaves

Check whean dala anbersd arline:

Comments:

Coyotebrush
(Bacchars piliiaris) na tux ,E'I 5
Phenophase Definitions note Dﬂ{k

Directions:

As yow report on phenophase stalus (Y. N ar Than the datasheels,
refer [ the definilions or this sheat bo find aul what you shouwld
Ik few, Fow each phenopiiase in aach species. To rapor

ite intensily af fhe phenophase, chaose the bes! amswer [o fhe queshion below

e phenaphass, if one is included. Feel free nal [o report on phenaphasas or infensily guestions
thal seem oo adifficull or time-cansuming.

Young leaves

Ome or more young, unfolded leaves ane visible on the plant. A leaf Is considered "young® and *unfolded®
once Its entire length has emerged from the breaking bud so that the leaf stalk (petiole) or leaf base ks
visible at its point of attachment to the stem, but before the leaf has reached full slze or turmed the
darker green color or tougher texture of mature keaves on the plant. Do not includa fully dried or dead
leaves.

Himy mary pourig leaves are present?
Less than 3; 3 to 10: 17 10 100; 101 o 1,000; 1,007 to 10,000 kMare than 10,000;

Flowers

Flowers or flower buds
Ome or more fresh open or unopened flowers or flower buds are visible on the plant. Include flower buds
that are still developing. but do not include wilted or dried flowers.

Himy marny fowers and fower buds are present? For species i wiich indhaidual owers are clustered in Mower heads,
spikes or catking (inflorescences), simply estimale the number of Mower heads, spikes or calking and mol fhe numiber
of incdiviceal lowers.

Less than 3: 3 to 10: 17 1o 100: 107 1o 1,000: 1,007 to 10,000; Mare than 10,000;

Mmaorm Floisansre




CPP species profiles

California Phenology Project: n v
- 4 . \ O NATIONAL
monitoring guide for Nauonal Phenology Network seRvice

Coyotebrush
(Baccharis pilularis)

o AN
UCSB ‘@S
>

CPP site(s) where this species is monitored: Golden Gate National Recreation Area,
Redwood National Park, Santa Monica Mountains National Recreation Area

What does this species look like?

This shrub can be up to three meters tall. The leaves are
toothed, oval, and sticky. Coyotebrush is dioecious, meaning
that each plant either produces flowers with only male parts
or with only female parts. The male flowers produce yellow
pollen and appear yellowish from a distance, and the female
flowers produce fruit and are white. The flower heads
appear round and disc-like.

When monitoring this species, use the USA-NPN broadleaf
evergreen (with pollen, no leaf buds) trees and shrubs
datasheet.

Photo credit: stonebird (Flickr)

Species facts!

*  The CPP four letter code for this species is BAPI.

*  BAPI is amember of the sunflower family (Asteraceae).

*  This species arrives as a secondary pioneer species after fire
or grazing.

*  Baccharis derives from the Greek word "bakkaris", referring
to plants with fragrant roots, and pilularis refers to sticky
globs on the flower buds.

. Native Americans used the heated leaves to reduce swelling,
and the wood to make arrow shafts and houses.

*  This species is an important nectar source for wasps, flies,
and butterflies.

Photo credit: Jerry Kirkhart (Flickr)

Where is this species found?

*  Found in many habitats including coastal bluffs and
oak woodlands.

*  Found from 0 to 750 meters elevation, but
occasionally up to 1500 meters.

*  This species is occasionally found on serpentine
soil.

Photo credit: KQED QUEST (Flickr)

For more information about phenology and the California Phenology Project (CPP), please visit
the CPP website (www.usanpn.org/cpp) and the USA-NPN website (www.usanpn.org)

California Phenology Project:
monitoring guide for %«!..! n i

Coyotebrush UC SB

(Baccharis pilularis)

| Young leaves

Young leaves are
generally thinner
and lighter colored
than mature
leaves.

The flowers pictured to the left
have only male parts (anthers)
and will not produce fruit

The flowers pictured to the right
have only female parts and will
produce fruit. Each flower may
produce asingle seed.

Flowers or
flower buds
When monitoring
flower abundance
for this species,
count each
inflorescence as a
single flowering
structure! For
example, if there are
two inflorescences
with many flowers or|
buds each, then
abundance should be
recorded as <3.

Open flowers
Can you see the
anthers or stigma?
Proportion of open
flowers should be
recorded at the scale
of individual flowers,
not inflorescences
(i.e. count individual
flowers)!

Note: flower
phenophases are
nested; if you record
Y for “open flowers”
you should also
record Y for “flowers
or flower buds”

Fruits

Ml The fruit is

a tiny, one-seeded
capsule tipped with
a tuft of white hairs. .
Fruits are grouped in

a seed head and i
change from yellow-
green to tan or light
brown as they ripen.
When fully dry, the
fruits are blown
from the plant.

Ripe fruits

The fruitis
considered ripe when
& it is tan or light
brown.

Note: fruit
phenophases ars
nested; if you record
Y for “ripe fruits” you
should also record Y
to “fruits”
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&8 v, Cry_stal Anderson

Phenophases not pictured: Pollen release, Recent fruit or seed drop




OUTLINE

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

— Case studies

e (California Phenology Project (CPP)
e USA National Phenology Network (USA-NPN)
* Botany for CPP observers




Basic Botany Review

Vegetative structures
e Leaf buds

e |eaves & stems

Reproductive structures
* Flower buds
* Flowers

* Fruits & seeds

I

—

Do you see...

Pollination = Fertilization = Seeds & Fruits develop




Basic Botany Review

- Terminal bud

Bud at node

Lateral bud  * “=  Leafor
branch

Buds may be found in several locations relative to leaves
and stems. Generally, leaves ALWAYS have a bud in their
axil, even though it may be very small



Parts of a Flower

female

male

stigma

stamen— \ VETE / style

—ovary

g pistil

e ——

receptacl

Pollination & fertilization




Vegetative structures: breaking leaf buds, expanding leaves, and full-sized leaves

Common Lilac




CPP: phenophase descriptions




Reproductive structures: flower buds, open flowers, and fruits

Joshua Tree
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California Buckeye phenophases







