2014 ENH 160 Project: Solano County RCD:
Urban Greening Project
Bike path/Riparian site (Tulare Dr)
And FIoodDetentlon Basm Slte

Report by students of UCD’s Restoration Ecology Class (ENH 160 & 160L)
Compiled by Valerie Eviner

Professor: Valerie Eviner veviner@ucdavis.edu
TA: Christiana Conser



mailto:veviner@ucdavis.edu

Notes

This document is a product from UC Davis’ Restoration Ecology class (ENH 160 & 160L) in
the spring of 2014, and is a result of the hard work of the students. Each topic was written by
an individual student, as noted at the start of each report. Some of these reports have been
modified in an effort to synthesize and streamline this report. Due to logistical issues
(inability to import parts) some figures are missing. Synthesis sections derive from class
discussion and lab data collected.

Acknowledgements

We thank Katherine Holmes from Solano County RCD for guidance on key topics that they
needed addressed, lecturing to the class and lab, giving tours and background information on
the site, and allowing us access to the study site.




Contents:

Introduction S
Tulare Riparian Site Overview & Site Synthesis 6
Detention Basin Site Overview & Site Synthesis 16

Individual student reports- high quality reports are highlighted in yellow 25
Native plant species

Moist trees

Big leaf maple (Acer macrophyllum) Jerome Peters 26
Dry trees

Valley oak (Quercus lobata)- Sylvia Delfino 39
Moist or shady small trees/shrubs

Dogwood (Cornus sericea)- Heidi Jansen 48
Spice bush (Calycanthus occidentalis) Steven Vitales 59

Dry small trees/shrubs

Blue blossom (Ceanothus thyrsiflorus) Joseph Fiorello 70
California buckeye (Aesculus californica) Alanna Burhans 80
California rose (Rosa californica) Ellie Marin 90
Silver bush lupine (Lupinus albifrons) Alexander Rodriguez 102
Western redbud (Cercis occidentalis) Erik Grijalva 113
Poison oak (Toxicodendron diversilobum)- Joel Friesen 123
Sub-Shrub

California blackberry (Rubus ursinus) Chloe Bombardieri 133
California fuchsia (Epilobium canum) Grace Amico 143
Forbs

Mule's ear (Wyethia sp.) Chenoa Wilcox 151
Showy milkweed (Asclepias speciosa) Jamey Wilcher 161
Yarrow (Achillea millefolium) Gevork Arutyunyan 173
Lupines (Lupinus sp) Mandy Royal 182
Poppy (Eschscholzia californica) Matthew Valle 193
Grass/sedges

Purple needle grass (Nassella pulchra) Sarah Anderson 205

Plant species- exotic invasives
Herbaceous species
Exotic annual grasses- Marina LaForgia 217
Fennel (Foeniculum vulgare) Ale Hoyos 231
Italian thistle (Carduus pycnocephalus) Efrain Delgado 240



Woody species
Himalayan blackberry (Rubus discolor) Joshua Bertuch 246

Native Wildlife species
Reptiles and amphibians
Western pond turtle (Emys/Clemmys marmorata) Ali Zarreen 253

Birds
Hawks (red-tailed, red shoulder) Kelsey Ray 266
Swainson’s hawk (Buteo swainsoni) Sarah Hammarlund 276

Grasshopper sparrow (Ammondramus savannarum) Jeffrey Haight 295
Burrowing owl (Athene/Speotyto cunicularia) Angela Prada-Baez 311

Mammals

River otter (Lutra Canadensis) Claire Bryant 327
California vole (Microtus californicus) Garrett Allen 337
Coyote (Canis latrans) Sylvie Josel 353
Mountain lion (Puma concolor) Anais Castillo 366
Bobcat (Lynx rufus) Julia Furstenau 379
Introduced/invasive animals

Feral cats/ house cats (Felis catus)Arielle Crews 394
Feral pigs (Sus scrofta) Lori Anderson 410

Red-eared slider (Trachemys scripta elegans) Justin Brieno 421

Ecosystem services

Minimize Wildfires- Clark Richter 425
Increase Carbon storage on-site Haley Stott 441
Water purification Sara Hutton 444
Pollination Anna Nichols 457
Erosion control Leigh Hiure 459

Other case studies/ issues
Northern and Southern California species to use in drought gardens- landscape

architecture to design demonstration garden Katie OMalley 472
Demonstration “native lawn” garden- Alexandre Dopkin 488
Riparian woody species in general- zonation Rhia Bordon 493
Development of a forb seeding mix for the basin James Mizoguchi 520
Fungal interactions with invasive plants- Kayla Spawton 536

Appendix- Assignment outline 548



INTRODUCTION TO THE REPORT

The integration of science and management is a highly desirable goal for both the
management and scientific communities. There are many obstacles to this goal, but some
particularly important challenges include:

1. The need to train students who are familiar with both science and management,
and who can balance the tendency of science to be focused and rigorous, with the
need for management to consider many factors, many of which are difficult to
control or isolate.

2. The difficulty in collecting and synthesizing an overwhelming amount of
scientific literature that is scattered across many sources.

3. The challenge in both science and management to consider:

a. awide diversity of interacting goals and constraints, and the potential for
trade-offs and win-win scenarios

b. Changes in patterns and controls over biotic and abiotic factors over space
and time

This report is a result of the collaboration between Solano County’s Resource
Conservation District, and the Restoration Ecology Class (ENH 160) at University of
California, Davis. Solano RCD graciously agreed to serve as a test case for this project,
and set the stage for it by:
- providing a list of key questions, topics, challenges, organisms, and ecosystem
services of concern
- providing background information on the sites
- providing access to lab students for monitoring and observational activities
- lecturing in class about the challenges of implementing restoration projects,
and providing background information on the Vacaville Greening Project.

The overall goal of class project was to develop a restoration handbook for Solano
County RCD’s Urban Greening Program. Each student was in charge of a different
restoration goal (a key organism, ecosystem-type, or ecosystem service), and was
instructed to do a thorough literature search to determine:

- the status of that organism, ecosystem, or ecosystem service

- the key ecological and socio-economic controls over that goal

- successes and failures of previous management/restoration attempts

- key gaps in knowledge

- possible funding sources for management and restoration of their goal

Using this information, each student was instructed to design a management/restoration
plan for their goal in California’s Central Valley. Our hope is that these individual reports
provide a handy literature review on key individual restoration and management goals.

These individual projects were just the start of the instructional, and project-wide goal.
The lab section of the class surveyed the sites for their ecological potential, and presented
that information to the class. Our ultimate goal was to develop some overall management
options based on all of these goals—coming up with alternative management scenarios



that carefully stressed the multiple goals they could achieve, and the tradeoffs in other
goals. To do this, after the individual phase of the project was completed, each student
presented a summary of their individual projects. We then spent a few class sessions
integrating all of the individual projects to come up with management scenarios that
could attain these multiple goals, given the site conditions determined by the lab. Results
of these discussions can be found in the “project synthesis” section.

A full description of the students’ assignment can be found in Appendix |

While this report is far from perfect or complete, it should be a handy guide for both
science and management- providing literature reviews on many important topics in
California grasslands, and pointing to some key holes in our scientific understanding that
will aid with the implementation of restoration and management programs. The
management recommendations are very preliminary due to time limitations, but the
literature reviews and lists of trade-offs should provide important information for those
managing California grasslands. | am very proud of all of the hard work, open minds and
synthetic thinking that the students invested in this project.

RCD URBAN GREENING PROJECT- TULARE DR SITE

Introduction
This is a stretch of riparian and upland habitat on the bike path.




Site goals include:

Enhance native vegetation for aesthetics, habitat and shade to the bike path
Expand the riparian corridor in available open fields

Remove Arundo and decrase other invasive species

Stabilize creek bank with herbaceous species (e.g. native sedges and grasses, the
need for maximum creek volume during flood precludes the use of woody
vegetation)

Site restrictions include:
¢ Limits to woody vegetation within the creek channel to enhance flood water
volume of the channel
e Fire prevention
e Safety (decrease potential hiding places for criminals- this limits the height and
density of tall/woody vegetation near the bike path)

Site challenges:
Highly incised and eroded creek channel (uplands very separated from the water)
e Proximity to houses, high human activity
Prevalence of invaders- Arundo in the creek channels, upland grasslands are
almost entirely non-native species

Site benefits:
e High riparian tree establishment- dense tree cover, mix of old and young trees
e High native cover of riparian trees

e High use by turtles




Site survey summary:

One focal area along the bike bath is an extended area between the bike path and the
creek, of varying elevations from the creek. This currently has a mix of herbaceous and
riparian tree cover, but it’s likely the creek is incised enough, that many riparian trees
would have a hard time establishing now (difficult to get their roots deep enough). To
assess the conditions at this site for plant restoration, we determined:
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2. Erosion potential

Red= high erosion
concern into creek

Erosion resistance-
units are kg/cm2 (so
that low numbers are
more susceptible to
erosion)

Site has ample N, K,
low to ample P- no
spatial trend
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4. Current vegetation

RIPARIAN UPLAND
Species lists- =~ "o T N
p — OregonAsh —  Cottonwood
—  Wild Alder —  Valley Oak
L]
bike path ~ e - ctary
—  Valley Oak
—  Coyotebush
—  CA buckeye N
—  Willows — CAbuckeye )
. —  Cottonwood —  Bedstraw (Galium)
* Animals —  Elderberry —  Poison Oak
—  Coyotebush
Snakes — California wild rose . Exotic plants
- Songbirds —  Mugwort —  Walnut (likely non-native)
—  Poison Oak - Fig
— Turtles . Exotic plants —  Almond
_ FISh —  Walnut (likely non-native) —  Chinese pistache
- Fe —  Arundo
- FrOgS —  Chinese pistache K
—  Ripgut brome
. — Arundo
— Mice —  Ripgut brome - So.ft chess brome
—_ SqUirreIS —  Soft chess brome — Wild oats
—  bedstraw — Barley
— Hawks/raptors —  Plantain ~  Filaree
—  \Virginia creeper — Geranium
Insects — Radish —  Plantain
— Lizards —  Wild lettuce —  Radish
—  Bindweed —  Wild lettuce
~  Mustards —  Bindweed
. . —  Dandelion
Red= dominants on site o - Mustards
—  Periwinkle Dandelion
—  ltalian thistle
—  Periwinkle
—  Fennel
— Italian thistle

LEGEND:

. CHINESE PISTACHE
(Pistacia chinense)

O VALLEY OAK (Quercus lobata )
@ ELDELBERRY (Sambucus nigra)

() ARUNDO (Arundo donax)

CALIFORNIA ROSE
(Rosa californica)

COTTONWOOD (Populus fre-
mointii)
ALMOND (P. dulcis)

BOX ELDER (Acer negundo)

CALIFORNIA BUCKEYE
(Aesculus californica )

OREGON ASH (Fraxinus latifolia)
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Exotic Plants - River Site
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Management recommendations based on lab data:
+ Key goals to focus on

Red shoulder hawk

Increase voles

Decrease Bromus diandrus, Bermuda grass, Arundo
Decrease erosion

Increase water quality

Increase shade along bike path

Control fire

Safety

C storage

» Constraints

Limited habitat for wildlife

Limited new woody plants on banks
High human activity

Feral cats

* Opportunities

Good establishment of trees, shrubs, herbaceous, good native
representation
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Legend:
Restoration Map * Blue: Sedges and rushes
¢ Santa Barbara sedge
* Slender sedge
Baltic rush
Mugwort
Grindelia
alifornia Rose
hrubs and trees
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BASIN SITE
Site introduction: This is a detention pond that handles overflow during flooding.

Google earth

lev 1831t eyealt 1412ft
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Basin site goals:
1. Enhancing storm water infiltration and retention in the basin through planting native
herbaceous vegetation.

2. Which natives are most appropriate for the site?

3. In areas within the basin dominated by natives, how should these be managed?

4. In areas dominated by invasives, who are the invaders and how can they be
minimized?

Site restrictions:
¢ No woody vegetation in the basin

Site benefits:
e Connected to braoder landscape of natural vegetation
e Good reference native communities in uplands/riparian areas
¢ Diverse habitat types (basin, grasslands, oak woodland, riparian, wetland-ish site)

Site challenges:

Varied conditions- dry vs. flooded
Proximity to freeway

Proximity to houses

High human activity

Invasion

Site survey summary
1. Map of natives (dominated by Stipa pulchra)
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Basin Site- maximum depth = 9m
Depth from top edge to nearest basin floor = 4.8-6.4 m
(spillway is 2m)

Red designates native remnant patches- tend to be in areas with slightly less compaction

and more moisture than exotic dominated areas in basin- Purple needlegrass, California Poppy

Low erosion concern, low N but ample P, K

2. Vegetation list

Species lists- basin

In basin

*  Natives
Purple needlegrass
CA poppy
— Exotics

¢ Fennel
Yellow starthistle
Wild oats
Ripgut brome
Softchess brome
Barley
Radish
Periwinkle
Wild lettuce
Clovers
Mustard
Bindweed
Geranium
Watercress
Pepperweed
Dock
Italian thistle

Red= dominants on site

Surrounding basin

—  Natives
Valley Oak
*  Holly Oak

¢ Oregon Ash

*  Cottonwood
CA buckeye

*  Elderberry
Interior live oak

*  Red willow

*  Wild cherry

¢ Toyon
Coyote bush
CArose
Wedgeleaf Ceanothus
Poison Oak
Purple needlegrass
CA poppy
Cattail
Rushes
Soap plant
Yarrow
Lupine

Bulbs (e.g. Triteleia, Brodeiaea)

—  Exotics
Chinese pistache
¢ Wild oats
Radish
¢ Wild lettuce
¢ Mustard

*  Pepperweed
*  Fennel

* Animals
—  Burrowing rodents
—  Snakes
— Songbirds
— Hawks/raptors
— Insects
* Bees
*  Crickets
* Flies
* Butterflies
—  Frogs/ tadpoles
— Lizards
— Mountain lion
— Coyotes
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Approximate Cover (%)

Exotic Plants - Basin Site
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© CHINESE PISTACHE
(Pistacia chinense)
‘ OREGON ASH (Fraxinus latifolia)

CALIFORNIA BUCKEYE
(Aesculus californica )

COTTONWOOD (Populus fre-
mointii)

. HOLLY OAK (Quercus ilex)

@ RED WILLOW (Salix /aevigata)

INTERIOR LIVE OAK (Quercus
wislizenii)

COYOTE BRUSH (Baccharis
pilularis)

. POISON OAK Toxicodendron)

CALIFORNIA ROSE
. (Rosa californica )

O WILD CHERRY (Prunus cesa-
rusj

3. Soils
Potassium: High Levels
Phosphorus: Medium-High Levels
Nitrogen: Low
- Due to leaching?
Cohesion/erosion control is ample throughout basin
Water infiltration is high throughout basin (no significant compaction)

Management recommendations
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Restoration Map







Goals Around Basin

Vegetation
— Surrounding dense woody vegetation (habitat for mountain lions)
- Enhance native grasses
—  Wetland
—  Enhance native forbs
*  Will require repeated disturbances to control grasses (e.g. grazing, burning, mowing)
—  Milkweed and lupine bad for grazers
»  Wet-season grazing can compact soils and decrease ground nesting bees
—  Burning- issue with ground nesting birds
—  Mowing- issue with ground nesting birds- especially April-August
— All disturbances can be disruptive to ground nesting bees
*  For pollinators- have diverse forb species that flower throughout the year, 6 ft diameter clumps scattered through
— Remove invasives
* Avena, fennel, yst,

Wildlife
— Focus on larger open grassland
— Red- tailed and Swainson’s hawks (but not enough habitat for both?)- add trees for perching/nesting
—  Grasshopper sparrow
—  (burrowing owl, but likely can’t do with others)
— Voles- already there, so maintain (and try to keep populations high, even during low population swings)
— Grass height with enhancing voles (3” or higher veg) and giving access to predators (2-3”)
— Higher trophic levels- bobcat, mountain lion, coyotes (conflicts within these?)
*  Provide corridors (e.g. especially over/under 1-80)
— Corridors/alternative habitat for all species during flooding
—  Enhance pollinators
— Keep out feral pigs, cats
e Issues with dogs?

Tradeoffs- Basin

Mowing
— height- voles vs. predators
— Spring mowing
* Pros
— To manage weed populations, often need to mow April/May
* Cons

— To protect ground nesting birds, no mowing April-August

— To protect pollinators, no mowing during flower blooms (March-June/July, possibly later), need to maintain 6 ft
diameter areas

— Can enhance erosion

— Fall/winter mowing- good to enhance forbs, good for wildlife?
Tilling

— Pro: Good way to begin restoration, to decrease invasives

— Con: disruptive to: AM, ground nesting bees, voles

— Timing effects
Removal of invasive forbs (radish, fennel, thistle?)- can be important for pollinators
(also herbicides, etc. can be detrimental)
Voles

— Critical for wildlife

— Can decimate restoration plantings
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INDIVIDUAL STUDENT REPORTS
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Native plant species
Moist trees
Big leaf maple (Acer macrophyllum) Jerome Peters

Bigleaf Maple (Acer Macrophyllum) Management Strategies for
Riparian Zones

Group: Dicot
Family: Aceraceae
Duration: Perennial
Growth Habit: Tree

(PLANTS, 2014)
BACKGROUND AND JUSTIFICATION

The Bigleaf maple (Acer macrophyllum) is one of the few commercial hardwood
trees native to the West Coast, found throughout California, Oregon, and Southern British
Columbia(Burns, 1990). It has a diverse range, however it is mostly found in Riparian
zones, with well drained alluvial and colluvial soils (Burns, 1990). Bigleaf maple would
be useful for riparian restoration, as this tree has many soil enhancing properties. It
produces a great deal of leaf litter that contains high levels of calcium, potassium, and
other nutrients (Fryer, 2011). Both the bark and leaf litter of the Bigleaf Maple contain
high Nitrogen and Calcium content, which can support large epiphyte populations, like
mosses, liverworts, and ferns (Fryer, 2011), on its bark. (Turk et al, 2007). This is also an
important species in many ecosystems, because it provides many animals with habitat.
Deer, beavers, and other rodents feed on the tree’s foliage. Any woody debris that falls
into a river channel will slow water flow, enhancing habitat for a variety of fish, like the
steelhead. Bird species use the tree as habitat, including harlequin ducks and a variety of
woodpeckers. Honey bees and other insects are drawn to areas with Bigleaf maple to feed
on its nectar. (Fryer, 2011).

FACT SHEET

Specific characteristics of Bigleaf Maple
LIFE CYCLE

Growth Characteristics
a) Native deciduous tree that grows to about 80 feet in height (USDA, 2006)

* 12 to 36 inches Diameter at Breast Height (OSU)
« It has leaves about 15-30 centimeters wide and long (USDA, 2006)
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« Taproots must reach moist soil before the dry season for the plant to survive
(Fryer, 2011)

« If grown in the open, they will have rounded crown. They will also have “short,
branching boles,” which are the part of the trunk above the roots and below the
first branch (Burns, 1990).

« If grown in dense area, they will be structurally sound and will usually have no
branches for the first half to two-thirds of their height (Burns, 1990).

- Bigleaf maple litterfall was found have higher concentrations of Nitrogen, Calcium and
Potassium than other trees in western North America (Turk et al, 2007).

Reproduction

« It has both hermaphrodite and unisex flowers at the same time. Has both the
staminate and perfect flowers in the same cylindrical raceme (Burns, 1990).

« Produce yellow-green in color, scented flowers. These are produced in March in
in the southern part of the distribution and at low elevations. While
at higher elevations and in the North, they are produced in June.
(Burns, 1990).

« Seeds are pollinated by bees, flies, and beetles (Fryer, 2011).

- Bigleaf Maple seeds (Samaras)are often triangular with two lobes
and are 4-12 mm long and 4-9 mm wide. The seeds are wind
dispersed. (Burns, 1990).

« Begin producing seeds at age 10, and continues this prolifically
every year after (Burns, 1990)

« Trees grown in the open usually have good seed production, however trees grown
in the shade have more irregular seed production (Fryer, http://www.corbisimages.com/image

2011) s/Corbis-42-

25092614.jpg?size=67&uid=e09b12
41-5959-4e76-b8c4-e7fe772afdd4

« Seed banking for the bigleaf maple cannot exceed one winter.
(Fryer, 2011).

RANGE AND DISTRIBUTION

« Found widespread throughout Western North America. The native
range is from Southern British Columbia to Northern California,
latitudes 33° to 51° N (Burns, 1990). It also always stays within
300 miles of the Pacific Ocean (Turk et al, 2007)
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- Bigleaf maple trees are found in moist mountainous zones, in Southern California they
are found at a range from 915 m (3,000 ft) to 2135 m (7,000 ft) (Minore).

- Liberal moisture and well drained alluvial and colluvial soils, produce the best growth.
This can be found in flood plains, river terraces, and seepage locations. The tree is
found in a wide variety of soils, such as “Inceptisols, Ultisols, Spodosols, Mollisols,
Entisols, and Alfisols” (Burns, 1990).

« The bigleaf maple does not require a large nutrient load, however best growth does
occur in rich lowland soil (Fryer, 2011).

Habitat and Ecosystem Associations

Habitat

« Bigleaf maple is commonly found in mixed conifer, evergreen, and hardwood
communities and in several brush-fields. Of several plant communities that bigleaf
Maple is important in, it has its greatest frequency in mixed-evergreen forests in
Northern California and Oregon. (Fryer, 2011)

« They are also found in conifer dominant communities. Often they will be along riparian
borders of dominant conifer communities, or scattered within the conifer forest (Fryer,
2011).

« Bigleaf maple is a fast growing species, with disturbance tolerance to fire and flood.
These characteristics allow it to grow in a variety of areas whenever there is an opening
in the forest canopy (Minore).

« Laboratory findings reveal that bigleaf maple seedlings had the greatest photosynthetic
yield in sites resembling forest edges or gaps, which show a preference for open
conditions (Fryer, 2011).

SUCCESSIONAL STATUS

« The Bigleaf maple is not a rapid invader of a disturbed site. However it is present in
undisturbed areas and will have intense sprout growth after disturbance (Burns, 1990).

« Bigleaf maple can respond to disturbance by sprouting from the root crown or stump
after top-kill by fire, cutting, or herbicide use (Fryer, 2011).

« Bigleaf maple have shallow root systems that are better suited than deep rooted plants
for saturated and shallow soils (Burns, 1990)

TOLERANCES

« Frost tolerance low. Soil cannot freeze before first snowfall (Fryer, 2011).

« Somewhat shade tolerant. Seedlings can form under sparse conifer colonies, however
the tolerance decreases with age (Fryer, 2011).

« Fire tolerance, due to its sprouting after damage (Minore).

- Bigleaf maple tolerates short-term flooding. It does not tolerate sustained flooding, as
all age classes die after 2 month inundation (Fryer, 2011).
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INTERACTIONS
Wildlife

« The Bigleaf Maple’s seeds provide food for a variety of animals, like squirrels, mice,
chipmunks, and many birds. Elk and deer also forage on the young saplings and
branches. (USDA, 2006)

« The carpenter worm (Prionoxystus robiniae) burrows inside the tree and creates larval
tunnels that degrade the wood. These worms usually attack trees that are open-grown
(Burns, 1990).

Plants

« The high Nitrogen and Calcium content support large epiphyte populations on its
bark. Epiphytes on the bark were shown to add four times the foliar biomass to
the host tree. These add critical nutrient cycling to ecosystems (Turk et al, 2007).

« The epiphytes include Mosses, liverworts, and ferns. Bigleaf maple’s have the
most moss growth than all other tree species in the Pacific Northwest. (Fryer,
2011)

« The bigleaf maple is more at risk to wind damage than species that are not
covered with as large epiphyte communities. (Fryer, 2011)

- Bigleaf maple is competitive and limits conifer survival, as bigleaf maple sprouts
usually grow faster than conifer seedlings (Turk et al, 2007)

Pathogens and Fungus:
» The Bigleaf maple is one of many native non-oak hosts of the pathogen,
Phytophthora ramorum, that causes sudden oak death (Fryer, 2011).
« Wood Rotting Fungi are a big problem for Bigleaf Maple. Fungi, like Heterobasidion
annosum, Fomitopsis pinicola, enter the tree through damaged stems and branches.
« Overmature Bigleaf maple are also at risk of root rot by Armillaria spp. and two butt
rots Ganoderma applanatum and Oxyporus populinus. (Burns, 1990).

Benefit to Humans

« Infused bark was used in the past to treat tuberculosis (USDA, 2006)

« A fiber found in the inner bark of the tree was historically used to make ropes, baskets,
and clothing. (USDA, 2006)

« Economically, the tree wood is used to make furniture and musical instruments (USDA,
2006)
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MANAGEMENT OPTIONS
Establishment:
Propagation by seed:

« In a cold frame, soak the seeds for 24 hours, and then gradually increase the
temperature from 1 to 8 degrees Celcius over a two to four month period. Then
harvest the seeds after they have become fully developed, without allowing
them to dry too much. This will ensure that no germination inhibitors are
produced. (USDA, 2006)

« seeds should be sown immediately after they ripen, in early September and
October (OSU).

Planting:

« Wait until seedlings are large enough to move without damage. Move them to
individual pots until they are 20 centimeters or larger. Then plant into permanent
positions. (USDA, 2006)

« Dig the planting hole as deep as the maple’s root ball and three times as wide
(Teo).

« Juvenile height growth of over three feet per year should be expected (OSU).

KEY KNOWLEDGE GAPS

* I would like more information for the planting of the tree and how to actively integrate
it in a restoration project. | was able to find the expected growth rate of the tree once it
has been planted, however | was unable to find an exact method for use of this in a
restoration site. | have looked through many websites that offer information on how to
perform the cuttings and get the seedlings to start growing, however | cannot get
concrete information on how large to let it go before transplanting it and how to do it
effectively. These websites offered the information on the techniques
(http://plants.usda.gov/plantquide/pdf/pg_acma3.pdfy o4 (OSU) even said “there are

no specific studies of site preparation and vegetation management practices for bigleaf
maple” (OSU).

Necessity for restoration. | was able to go back and understand its role in a riparian
restoration on this revision. The tree is fast growing, with shallow root structures that
allow it to adapt to various soil conditions and increase erosion control. The tree also
increases habitat for wildlife by altering water flow, providing physical space for birds
and other animals, and by distributing leaf litter to the floor which bugs can use for
habitat and will also increase the fertility of the soil for other plants to grow. This tree is
a medium succession plant which is great for restoration projects in riparian areas that
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need to add soil retention and diversity of shade and canopy space. These things have
been added throughout this document above on this revision.
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Part 1. Management of Acer Macrophyllum in Central Valley riparian zones
Il. Goal:

Restoring and maintaining populations of Big Leaf Maple (Acer Macrophyllum) Tree in
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the Central Valley:

Assessing whether Big Leaf Maple is a viable species at the site:

Big Leaf Maple trees are native to riparian zones throughout California, and
therefore rely on a permanent water source (USFS). They commonly occur in moist
forests, canyons, and floodplain habitats. The tree thrives under well drained alluvial or
colluvial soils (Burns et. al, 1990). However, the tree is well adapted to many conditions
and is found on a variety of soils and topographical gradients like these soil orders:
Inceptisols, Ultisols, Spodosols, Mollisols, Entisols, and Alfisols (Burns et. al, 1990). The
tree is evolved to handle varying nutrient levels, but it does not have a salt tolerance and
cannot grow in an area with a high concentration (Costello et. al, 2003). The Big Leaf
Maple is found at a pH range of 4.8-7.2. This shows that the tree prefers slightly more
acidic soils than basic, which is why it is often seen in Douglas fir stands and other
conifer tree communities that have acidic needles (USDA, 2006).

|. Establishing Big Leaf Maple population at the site:

Big Leaf Maple establishment methods will depend on the size and characteristics of the
restoration site.

Sowing seed: Sowing and seed germination methods will be used when it is a large area
and there is open space without an established tree stand.

Transplant: Transplants will occur where there already are trees present or spatial
distribution needs to be precise.

Il. Maintaining populations of Big Leaf Maple

Management of the site should be done to limit destruction of the plant by foraging

animals. Managerial use of fire, herbicide, and cutting can be used to promote Big Leaf
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Maple dominance in a system, due to it’s sprouting and fast growth rate.

111. Monitoring

Monitoring should take place short term to see whether the plants have established in the
year they were sown or planted. If not, the processes must be repeated due to the short
seed bank and lack of seed bearing capacity of the transplanted plants until they are ten
years old (USFS).

Potential of the goals: interactions and trade-offs

interactions:

These goals should be feasible given that the Big Leaf Maple is quite resilient and
open to many different habitats, given that it has ample water. In riparian zones, this tree
would do very well for restoration as it does not require as much water as the apex, very
large pines while still performing necessary soil building and retention functions (Fried
et. al, 1990).

The Bigleaf maple provides great ecosystem services by increasing native
biodiversity, providing biomass to the soil through tree litter, strengthening the soil
structure with strong root systems, and providing habitat and feeding niches for a variety
of species. The Bigleaf maple’s shallow root system can also outcompete many deeper-
rooted conifer species due to the shallow, saturated soils in the Riparian zones.(Burns et.

al, 1990)

trade-offs: Big Leaf Maple are not as flood tolerant as red alder, black cottonwood, Sitka
spruce, and western red-cedar, as flood inundation for 2 months during the growing

season kills both mature plants and seedlings (Burns et. al, 1990).
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B. Restoration Plan
« Establishment

The establishment of the Big Leaf Maple will depend on the spatial distribution of
plants and space at the site. If there is a moist open area available for the Big Leaf Maple,
then | believe seeding will be the best strategy. However, if there are already tree stands
or large bush populations on the site where the Big Leaf Maple would be best situated
then a transplant is most applicable. A transplant is more applicable because it will be
important to place an individual or cluster of individuals in a particular place that gets the
most sunlight through the canopy of the surrounding tree stand. Transplanting the plant
will give a higher likelihood of survival for that location than seed scattering. Due to the
Big Leaf Maple’s high production, there is little needed for site preparation for seedlings.
Basic methods of limiting fast growth weed species can be applied, so this slower
growing tree species can have an advantage over invasive weeds. Regeneration from
sprouting requires no site preparation (OSU).

Seed Dispersal— If seed dispersal is chosen for the site, one should collect seeds
from a nearby Big Leaf Maple population. This way, the seeds will likely have a genetic
disposition that will fit the sample site characteristics. This is not a steadfast rule,
however, as the closest population could be located at a different altitude range or other
unrelated conditions to the restoration site. In this case, it may be beneficial to find a
population that is in a habitat mimicking the restoration site, with an emphasis on soil
dynamics, moisture availability, and altitude. When a population has been chosen, the
seeds should be collected and stored for preparation before they are sown. Bigleaf maple

seeds are enclosed in double samaras, with wings about 1.4 to 2 inches long. The actual
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seeds are oval in shape and range from about 0.2 - 0.45 inches in length. Seeds typically
ripen from early September through October, and are dispersed by wind from October to
January (OSU). The seeds should be collected when the minimum moisture content, 10-
20% dry weight, is reached. These seeds can be stored in this condition for one year only,
as the viability of the seeds is drastically reduced past then (Burns et. al, 1990).

These seeds should be developed for about four months in a cold-frame before
planned sowing. First, presoak the seeds for twenty-four hours. Then gradually progress
from 1-8°C during a two to four months interval in the cold-frame. The seeds can be
harvested when they are fully developed, but before they have dried. The seeds should
then be sown immediately (Mcmillan 1985). The sowing should not exceed a density of
30 seedlings/m?, to not overcrowd the plot and have intraspecies competition. This is
based off of the North American Silvics manual that states an increase from 1 to 60
seedlings/m? could cause a 50% decrease in seedling mass (Burns et. al, 1990).
Transplant:

As with the seed dispersal, Big Leaf Maple population should be chosen based on
similar characteristics of that area and the restoration site.Young shoots should be cut in
June or July. A cutting should have three pairs of leaves and one pair of buds on the base.
Place each cutting into a sealed container to manage moisture loss. Trim the cuttings
below the lowest node to Take off the lower leaves and only leave three or four at the tip.
Place the cutting half way into a rooting material that will resemble soil at the sample site
(Heuser 1997). After three weeks, they should have rooted and will now be potted. Place
each into a separate pot with soil from the intended restoration site, and grow until they

are greater than twenty centimeters in height before planting them permanently in the
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restoration site (http://plants.usda.gov/plantguide/pdf/pg_acma3.pdf). When planting, the

minimum density is 300 individuals/ acre and the maximum is 700 individuals/ acre
(USDA, 2006).

1l. Management of Big Leaf Maple Populations

Wildlife can damage Big Leaf Maple seedlings and sprouts. Deer feed on young
plants while birds and rodents eat the seeds. Deer also use saplings for rubbing their
antlers, which may also harm the plant. If it is a large area, it will be easiest to focus on
keeping deer out of the site by erecting a fence. Other animals can be kept away by
placing nets around the young trees until they are resilient enough to deal with foraging
animals.

Bigleaf maple respond well to disturbances like fire, cutting, or herbicide usage
by sprouting from its stump or root crown, the part of the the stem where the root arises

(http://www.fs.fed.us/database/feis/plants/tree/acemac/all.ntm|#205). Big Leaf Maple are

also very reactive to changes in canopy space. Controlled fires allow the Big Leaf Maple
to sprout and outcompete other tree species, while destroying understory conifer and

ladder fuels and slowing succession to late-seral species such as western hemlock.

111. Monitoring:

All bigleaf maple seeds germinate during late winter and spring after seed
dispersal. The seeds will not live more than one winter. This is important for monitoring
the population, especially in the first establishment period. A minimum number of

successful establishments should be created for your site, and if this is not reached, more
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seed dispersal must be completed the following year, as the seed bank would be
destroyed by the winter and there is no possibility of reaching your target (USFS).
Seedlings grown in open conditions can grow about 1-2 meters in one growing
season. This rate can be reduced by half on sites with dense vegetation. Monitoring
should take place every year of a representative sample of the trees to get an idea of
whether there is too much vegetation around the trees, and whether any competition
needs to be destroyed or limited. (USFS).
Risks:
Risks are inherent in some of the management techniques, like fire, herbicide, and
cutting. These can all damage the surrounding areas by contaminating air and water
quality, and by damaging other animals habitats in the cutting.

Research questions that need answered:

1. It would be nice to have a field study at several locations directly comparing sewing
methods to transplanting potted plants. This would be influential in the restoration of this
species, as it would guide future sites management choices. This could be started in our
restoration project by making a small portion of our site have seeding and transplant

neighboring each other.

2. The relative effectiveness of the different management techniques of fire, herbicide,
and cutting and which has the greatest influence on Big Leaf Maple. We could try to
answer this by performing different methods on separate portions of the population, if the

restoration site was large enough.
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Dry trees
Valley oak (Quercus lobata)- Sylvia Delfino

Background and Justification

Valley Oak (Quercus lobata) is a California endemic species that once populated the
valley and foothills of California with 2.2 to 48.9 trees/ha” (Whipple). Q. lobata is
challenged with declining recruitment due to habitat alteration, fragmentation, change in
the hydrological cycle (soil moisture and ground water) and climate change “ and most
remaining stands are degraded due to persistently low oak recruitment, disease, invasive
exotic species, and altered fire regimes.” (Whipple). Riparian sites of Q. lobata have
almost completely disappearead due to conversion to crop and agricultural land. There is
an estimated that 21,449 hectares of mature riparian forest is left in the Great Valley, most
of which has been disturbed (Meyer). Quercus lobata has many cultural as well as
ecological uses. It creates a diverse habitat for many different species whether it is in an
oak woodland (similar to a savanna) or riparian setting (Meyer, Whipple). Conservation
and restoration efforts using Valley Oak have been very successful due to the nature of
the species (discussed below).

Specific Characteristics

Valley Oak (Quercus lobata) is found in the valleys and foothills of CA and is provides a
diverse habitat for many species (Whipple) including woodpeckers, predatory birds,
burrowing mammals, and reptiles. It is a quick growing species that effects soil and land
formation in the areas it populates, creating islands of fertility in the savanna setting
(Hayes). Q. lobata is both flood tolerant and is dominant in both oak woodland and
riparian areas. In woodland the distribution is savanna-like with individual to small
clumps of trees in an annual grassland (Hayes). Valley Oak is usually found in valley
bottoms and floodplains with deep fertile soils. This particular species of white oak is
very long lived; heart rot makes hard to date but some have been dated at 200 years and
others estimated at 400-500 years. Adults have been found to grow within 200m of a
stream bed that fills either annually or perennially, while seedlings and saplings have
been observed to grow within 100m. Studies by Meyers, Hayes, and Danielsen have
found that growth and recruitment of Q. lobata depend on the hydro cycle and soil
moisture. Valley Oak is widespread due to they many bird species that harvest their
acorns and fly several kilometers away (Sork).

Ecosystem Needs

When using Valley Oak in restoration it is best planted at higher elevations in the
floodplain so as to avoid prolonged inundation during flooding. While Q. lobata is flood
resistant it does best when soil moisture is high, but does poorly when the roots are held
under water for prolonged periods of time (Trowbridge). Q. lobata is drought resistant,
but not as much as other deciduous oak species (Meyer). Its use in restoration can extend
to areas affected by drought as long as it has time to establish and there is enough soil
moisture present in its early years. It has been found that Seedling and saplings survive
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more in mesic habitats but it is noted that other obligate phreatophytes were present like
cottonwood (Meyer). It is suspected that the other species present were facilitators, but
the mechanism of the facilitation is not known. When using Q. lobata in restoration it is
worth keeping in mind that establishment near riparian areas may be increased with
natural flooding events. This could be due to increased soil moisture and decreased
predation by burrowing mammals (Trowbridge). Valley Oak also does better when not
too surrounded by vegetation; this keeps down herbivory on the seedlings and saplings.

Responses to Management/Ecosystem Changes

It has been observed that Valley Oak recruitment and establishment has changed with
climate change, doing better in cooler, wetter settings (McLaughlin), and poorer in the
savanna setting. It has also been observed that restriction of habitat due to climate change
has little effect on populations growing in riparian areas due to the fact that seedlings and
saplings have a narrower range of micro-climate they can establish in (McLaughlin). This
is not to say that the species as a whole is not effected by climate change, just the
opposite. Climate change is a restricting factor for Q. lobata regeneration, especially in
savanna habitats. Climate change will effect Q. lobata on the local scale; southern areas
will have the most impact because the temperatures tend to increase more there (Sork).

If used in a savanna site for restoration fire can be used to control invasive species. This
species has adapted to fire, so use of fire to prevent regeneration of annual invasive
grasses (which inhibit Valley Oak establishment due to decreased soil moisture) does not
harm the oak saplings (Danielsen, Holmes). It was observed that after a burn, there was a
sharp increase in growth for the following two years (Danielsen).

e Goals
o Long Term Goals
= Increase recruitment of seedlings and saplings- long term
e This will be easiest to accomplish near riparian habitats where soil
moisture is high enough, and competition is low from invasive species
of grasses. In addition, facilitating species such as cottonwood are
present in these ecosystems. Restoring riparian areas could lead to
overall restoration of lobata due to the moderating effects of water on
temperature, lessening the effects of climate change (Whipple).
= Restore riparian habitats of Valley Oak
e Valley Oak is a dominant species in riparian ecosystems. The presence

of Q. lobata in riparian ecosystems has decreased due to the
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conversion of riparian areas of the Central Valley to agricultural uses.
This conversion has led to the overall decrease of Valley Oak densities
due to habitat destruction and fragmentation (Whipple).

= Decrease invasive grasses in both types of habitat (savannah and riparian)

e Invasive grasses are detrimental to the establishment of Q. lobata

seedlings and saplings by decreasing soil moisture. Decreasing the
invasive grasses increases soil moisture, which leads to an increase of
lobata establishment (Meyer). Valley Oak is fire adapted due to
indigenous uses of fire in the California landscape (Holmes), therefore
fire can be used in invasive grass management in Valley Oak

ecosystems.

= |ncrease native grasses in both types of habitat (savannah and riparian)

e Valley Oaks grow in conjunction with grass species, especially in the
savannah setting. As mentioned above, invasive grasses are
detrimental to lobata establishment, but native grasses do not decrease
soil moisture enough to effect lobata establishment (Meyer).

o Short Term Goals
= Reconnect rivers with their floodplains

e Evidence suggests that recruitment of Valley Oak saw increases when
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the connection between rivers of riparian areas and their floodplains
were reconnected. Though Valley Oak cannot withstand their roots
being inundated for extended periods of time, a properly draining
floodplain (or upland riparian ecosystem) with loamy soils provides
the best conditions for not only recruitment but establishment of
Valley Oak (Trowbridge). It is also suggested that there is a high
probability that these conditions could lead to the establishment of a

dense mature forest.

Increase recruitment of seedlings and saplings- short term

By planting saplings as well as acorns to promote seedling recruitment
and establishment in the immediate time period. Protection from
herbivory will have to be taken into consideration, especially in

riparian areas with existing woodlands in surrounding areas.

Restore connectivity of habitat systems between Valley Oak and related

species

Valley Oak woodlands in both savannah and riparian habitats provide
a habitat for many organisms: predatory birds, woodpeckers, reptiles,
biota, and other plant life (Whipple). Many birds (like the
woodpecker) and squirrels act as facilitators for the spread of Valley
Oak acorns. They do this by sequestering the acorns and burying them
for later retrieval. These animals like to bury the acorns in sandy loam

soils, which are the preferred soils for these trees.
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e Restoration Plans

For the restoration of Q. lobata, transplants from container stock would see the best
results in both riparian and savannah settings. While the use of acorns would
increase genetic diversity and should be considered, the chances of survival for
consecutive years is greatly increased if a root system is already established. The
transport of invasive pests, such as Argentine ants, is something to take into
consideration and take precautions against (Young). The cost of container stock
(which increases with the size of the plant) is also something to be taken into
consideration. If seed stock is the method chosen, successful establishment of
lobata would increase substantially if the seeds come from the surrounding area.
Local adaptations and resistance to pathogens increases survival. Planting at the
beginning of the growing season, in conjunction with natural flood and fire
regimes, help promote grow and establishment in both riparian and savannah
settings due to increased soil moisture from flooding, and nutrient inputs from the
immediate after effects of a low-severity fire (Young, Holmes).

Drip irrigation and hoods to protect from herbivory (especially in wooded areas like
riparian systems) are needed to promote the establishment of Q. lobata. Irrigation
can be lessened in areas that flood regularly. Seasonal monitoring of lobata is
recommended, especially in areas with high populations of invasive grasses. In
areas where there is complete failure to establish I would first determine the
reason for the failure, then take measures to eliminate that factor for as much as is
feasible before reattempting restoration. For example, if the failure is due to

decreased soil moisture as a result of invasive grasses | would do prescribed burns
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before the flowering of the grasses to manage and eliminate the grasses during the
growing season before replanting lobata. In that situation | would use almost
exclusively transplanted container stock from the local area if possible. If
recruitment was poor | would take similar measures and replant more individuals.
Monitoring can taper off after the first two or three years, and establishment has
been confirmed. Irrigation can stop after establishment is confirmed.

Climate change poses a problem with long-term recruitment of lobata, especially in
savannah ecosystems. The increased temperature and decreased relative humidity
and soil moisture lead to decreased establishment of seedlings by natural seeding
(McLaughlin). Despite precautions taken in order to promote establishment, the
change in micro-climates within Q. lobata habitat over long periods of time may
render our precautions useless. When using lobata in restoration of systems with
hot, dry climates irrigation is crucial to the successful establishment of lobata in
these areas. Another challenge can come from herbivory in riparian areas where
there is already and established woodland. In savannah settings herbivory is an
issue in “oak woodland” groupings more than the small clusters that also occur.
High grasses around seedlings and saplings can also lead to increased herbivory
as well as decreased soil moisture. All of those factors lead to decreased
establishment of Q. lobata (Meyer, Trowbridge).

The largest uncertainty when using Q. lobata in restoration is the response of
pollination, recruitment, and establishment to climate change over the long term.
By using Q. lobata in both a savannah and riparian setting we can compare the

specie's long term response to the shift in the world climate as well as the shifts in
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micro-climate in local areas. By using a mixture of seed stock and transplant stock
in both systems we can compare the rates of recruitment as well as establishment
separately.
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Moist or shady small trees/shrubs
Dogwood (Cornus sericea)- Heidi Jansen

REDOSIER DOGWOOD
Cornus sericea
A. Background and Justification

Cornus sericea is a California native, deciduous species, part of the dogwood, or
Cornaceae family; common name Redosier dogwood. It is commonly found in wetlands
and riparian areas but is not obligated to only this kind of habitat. It prefers wet, high
nutrient conditions, and can be a very strong competitor in newly developing
communities because of its high rate of establishment. The Redosier dogwood is not only
beautiful and vibrant with its red coloring, but it is also is very useful for stabilizing
eroded stream banks and riparian areas. It has a good root system for soil stability and
can live in moist and even inundated conditions. It has high rates of survival even with
disturbance and has the ability to bounce back after fire or partial damage to its branches.
Because of all of these characteristics, the Redosier dogwood is an important species to
establish near eroded riparian areas in order to help them recover and maintain the
desirable riparian habitat.

OUR GOAL.: Restoration of stream banks by using the native Redosier Dogwood
B. Literature Review

Species Characteristics:
CLIMATE:

Redosier dogwood is abundant in boreal, temperate and cool mesothermal climates,
(Klinka 1989) usually growing in areas that get 20 inches of rain or more per year.
Sometimes rain can be very limiting for the establishment of dogwoods but once
established, studies have proven that redosier dogwoods can show "extreme" drought
tolerance (Barry 1988) but this is not always the case so it is unknown why it can
sometimes tolerate it.

Redosier dogwood can also endure very cold temperatures (USDA hardy zones 2 to 7)
(Gucker 2012). Once acclimated, they can survive very severe winter temperatures just
fine. Dogwood trees acclimated to different temperatures show different growth rates
when all transferred to the same site, but each clone was able to acclimate and survive
regardless (Smithberg 1968).

HABITAT:

Redosier dogwood trees found in California typically grow up to around 9200 feet
elevation and grow best in rich, moist, poorly drained soils, with high levels of nutrients.
Although it is most abundant where conditions are as listed above, the redosider dogwood
has the ability to grow on a wide range of soil types (Pijut 2004). Surveys have shown
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that farmers using dogwood as windbreaks for their crops ranked their endurance much
higher if they gave the dogwood irrigation, as opposed farmers who didn't, showing that
the dogwoods prefer wetter conditions (Tuskan 1991). Redosier dogwood has been
found in northeastern Illinois in very wet marshes with little to no drainage and where the
water table is very shallow in the soil showing that similar conditions in our site can also
be tolerated. Because they like wet soils, dogwoods can tolerate very long periods of
inundation, up to 7 years in some studies (Green 1947). Although they can tolerate
inundation and flooding, they do prefer soils that can drain standing water but still
provide lots of moisture.

Redosier dogwood can live in many different types of plant communities, ranging from
forest with high canopy cover, woodland with high ground cover but more sun exposure,
shrubland with lots of vegetation similar to dogwood, and grasslands They can also live
in a variety of geologic conditions as well, such as near streams or in canyons.

PLANT AND FLOWER MORPHOLOGY:

Redosier dogwood is most often found as a multistemmed, deciduous shrub, but can
sometimes grow as a one-stemmed tree in some locations. Shrubs growing with more
light availability tend to be denser and more compact than those growing in shady areas,
which tend to be taller and thinner (Monsen 2004).

The Redosier dogwood flowers in spring, and sometimes will flower more than once in a
growing season (Chapman 1990). They have flowers with both male and female parts,
but require cross pollination to produce fruits. Flowers are small and arranged in dense
cymes creating showy inflorescences. Each inflorescence can produce 10-30 small fruits.
Time of flowering largely depends on temperature so it will sometimes flower slightly
earlier in the southern part of its range where temperatures tend to be slightly warmer.
The most common pollinator is the bumblebee, but bee, fly and butterfly pollinators have
also been seen pollinating the dogwood trees (Gucker 2012).

REPRODUCTION:

How many seeds a dogwood produces can be related to how old the plant is, time since
last large seed crop (Haeussler 1990, Hardy 1989), and the age of the forest habitat
(Noyce 1990). They typically start making seeds when they are 3 or 4 years old and
produce them in small amounts which increase in the following years (Haeussler 1990,
Hardy 1989). The seeds of the dogwood fruit are dispersed mainly by animals that eat
the fruit that grows in the form of drupe. Many different birds and mammals like bears
and squirrels eat the fruit. Studies have shown that seeds that were found in animal feces
had much higher germination rates than seeds that were not consumed and digested.
Rodents also play a role in the secondary dispersal of the seeds from animal feces by
burial (Gucker 2012).

Cold stratification can also help improve germination rates.

IMPORTANCE TO WILDLIFE:
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Many wildlife species depend on Redosier dogwood for the resources it provides. Many
species like moose, deer, elk, mountain goats, beavers, bighorn sheep and rabbits browse
the stems, while others like bears and other small mammals eat the fruit. Some
amphibian species also use the surrounding habitat as an egg deposition site. It has been
reported to have high palateablity or being an "ice cream™ plant to animal species. This is
why so many species feed on it. It also provides a good nesting habitat for birds and gives
summer cover.

DISTURBANCE AND HERBIVORY:

Dogwood in general is very resitant to disturbance and herbivory. | can withstand losing
high percentages of its stems due to browsing and can regrow quickly after disturbance
that can destroy above ground vegetation like fire.

An experiment in northeastern Alberta showed that dogwoods are highly resistant to
damage by rodents. They were tested with 0%, 25%, 50% and 75% of the stem
circumference removed. Up to 50% the dogwoods had 100% survival and still 93%
survival when 75% of the stem was removed. Even with these high rates of survival,
seedlings' growth was still largely effected. Seedlings that were eaten had much slower
growth rates even after survival. In most cases, the seedling died-back to the point of
injury and began new growth from there. (Pauls 1986)

Redosier dogwoods have the ability to have vegetative regeneration by stolons, layering
and root crown sprouts (Pijut 2004), it's previous classification was because of the first
feature: stolonifera. Stolons can be up to 10 feet from the original base, resembling many
coastal dune vegetative species (Haeussler 1986). Regeneration from root crowns is also
possible for the redosier dogwood after the plant suffers damage to its top.

SUCCESSION:

Redosier dogwood has been observed in all stages of succession but is more typical in
earlier stages with more light availability, but can still survive in conditions with high
canopy cover and highly shaded areas. Establishment of redosier seedlings is common in
floodplains with newly deposited sediments, and can become a dominant species in many
riparian environments in the Western United States. Because of the Redosier Dogwood's
ability to regenerate and establish after disturbance, it can become a tough competitor
with conifers when they are growing in conifer forests (Haeussler 1990).

With heavy browsing, Redosier Dogwood has not proven to be quite as strong of a
competitor. With even moderate cattle grazing, abundance of the dogwood was reduced.
With heavy browsing, dogwoods can be eliminated and taken over by invasive grasses.

FIRE:

Adaptations include growth from stolons, and occasionally establishment from seeds that
are heat activated and stored in the soil.
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Responses include sprouting from stolons or other root and stem material in the soil.

Redosier dogwood cover has been reported to restrict fire spread in wet areas (Smith
1978).

Fire intervals have ranged from 10 to 70 years but is likely to be a greater range because
of the dogwoods varied distribution and habitat that it can live in (Arkle 2010, Larsen
1998).

WHY GROW DOGWOOD?

Because of the Dogwood's many favorable characteristics, it is often a good species for
revegetation and erosion control in riparian habitats. It does well on wet soils and has
fast establishment and growth, providing rapid stability and cover for wildlife.

Not only does dogwood provide structural benefits for a plant community as a whole but
it can also be a good species to grow where there is disturbance and herbivory because it
is highly resistant and can eve benefit from these aspects.Studies in Montana showed that
seed planted on burned plots had better seedling establishment than plots that were not
burned. And they had even worse establishment where the plots had been logged with
slash scattered (Schmautz 1950).

Dogwood also helps the entire ecosystem by providing the favorable characteristics that
wildlife need in order to nest, feed and live. It is overall, a very useful plant to use in
restoration projects
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REDOSIER DOGWOOD

Cornus Sericea

Dogwood is a very important player in promoting the restoration of Californian
riparian zones. They are accustomed to moist conditions and can stand the long periods
of inundation the sometimes occur with occasional cyclical flooding of these areas. They
not only grow readily in these conditions but are major help in giving bank soil the
stability it needs in order to support other forms of plant growth and wildlife habitat.
Without having appropriate native vegetation along the banks of riparian areas, they are
prone to non-native weed invasion because of the favorable conditions; however, these
weeds can easily be outcompeted by native species that are more meant to withstand the
cyclical flooding of riparian areas.

OUR GOALS:

We want to control invasive weeds and restore native species Cornus sericea in
order to help restore riparian areas as a whole. By focusing on the restoration of this
species along with a mix of other helpful vegetation we can get many positive results for
the entire area. The spatial scale of the restoration will depend on the specific site and

how much of it needs to be restored. The area will need to be assessed for invasive
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species that could be competitors for newly established Dogwoods, and then assessed for
the level of degradation of the banks of the riparian area. If grazers are an issue in the
area, control for this factor will need to also be put in place during the growth of the
Dogwood.
1. Remove invasives

The first step would be removing invasives to the fullest extent that we can. This
would most likely include manual removal of the invasives and light use of herbicides.
Because herbicides could cause damage in runoff in an area so close to the water, we
need to be very careful about what herbicides we use; we would need herbicides that are
especially labeled for riparian areas (Sheley 1995). Even if we are not able to fully
remove them, they will not be a strong enough competitor to re-grow with natural
ecological conditions put back in place. Native species in general are much stronger
competitors and will be able to outcompete any native species in natural riparian
conditions once established. This goal would be more short-term because in the long run
invasives will naturally be outcompeted with the restoration efforts and won't be a
concern.
2. Establish early successional native species, including dogwood

Ideally, we would use cuttings of dogwoods because they have a higher rate of
establishment. However, when creating a revegetation with many types of plants, this
may not be practical; we might rather use a seed mix that includes all species of
vegetation that we are trying to establish. We would need to put irrigation in place for at
least three years, making sure that the plants are receiving adequate moisture during their

development
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In our efforts to restore the areas to their natural, more native conditions and
structure, they will better serve as a favorable habitat to many native riparian species,
both aquatic and terrestrial. Wildlife will benefit from the stability of the banks because
stability will help prevent erosion and sediment pollution in the water, which can make it
shallow and murky for aquatic species. The water temperature can also be changed with
more cover and shade, which many fish species require. Also some species, especially
amphibians, depend on the damp soil and shady conditions in order to reproduce.

3. Monitoring the success rate

With all of these efforts to establish Dogwoods, we will need to monitor the site
to ensure that the Dogwoods are surviving. It is our concern that conditions are kept
favorable for the growing shrubs during their time of growth. We will need to take
samples of the surviving plants approximately every two weeks during the first few
months following restoration. Any plant that is still alive can be considered surviving.
MANAGEMENT PLAN: RESTORATION

Before beginning the restoration project, it will be necessary to evaluate the
specific site through surveying. We will need to collect data on factors like climate, and
flooding regimes in the current conditions of the site in order to know if our vegetation
will be able to survive these conditions until the natural conditions are restored. We
should monitor the growth of invasive species and what kinds of invasives we would be
dealing with. The best removal method will need to be chosen based on the types (e.g.
full root removal vs. removal of just above ground growth vs. use of herbicides). We
should also survey soil conditions including factors like salinity, pH, and moisture as well

as the soil structure if it has been altered at all by growth of invasives. In order to gather
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information on longer term cycles, like flooding regime, we could consult historical
records that would give us this information. If there is any visible destruction of the site
(bank erosion, stream widening and shallowing, non-native invasion, etc.) we will need to
take action. Once the process of riparian degradation has started, it is likely to spiral into
a positive feedback in which it further diminishes.

After surveying we can go about removing invasives that could be considered
competitors during the young growth stages of the Dogwood. Like stated above, the
necessary method for their removing should be determined based on the specific type of
plant. If we are removing invasives with herbicides we should do so when there will be
little runoff, so during the dry season. Since removal of these invasives could in itself
allow for changes in soil, we should take new measurements of soil conditions before
making any necessary changes or before establishing Dogwoods.

In order to establish Dogwoods the best method is to do so by using hardwood
cuttings. These cuttings should be taken in the spring from a part of the plant that has
wood around 1 year old, or has potential growth from axillary buds at the base of the
branch being cut; these axillary buds are where the roots potentially grow from so it is
important to get them in the cutting. These cuttings can be replanted and will root readily
given that conditions are moist enough (Cooksey 2003). These cuttings need to be at
least 18 inches long and 3/8 inches across. If conditions are unusually dry during the
time of restoration, basal leaves can be removed to prevent water loss through
evapotranspiration. (Cooksey 2003). In order to make sure we plant the Dogwood at an
appropriate distance from the water, we should observe it in its naturally growing habitat

first and find the average distance from the water that it is most abundant. We will also
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need to provide irrigation for the mix of vegetation that is being planted for at least 3
years.

To make sure that the young cuttings are able to root, we need to continue to
monitor them and the habitat to make sure it stays suitable for the Dogwood to grow
there. We will need to continue to monitor climate to make sure that the Dogwoods are
not losing too much water. We should be taking measurements for soil quality
periodically during their growth. We should also be aware that grazers might be an issue.
Small mammals like rabbits can browse on the wood of the dogwood and cause harm.
During the young development of the cuttings, it might be necessary to fence off the
areas where they are planted in order to keep wildlife from grazing on them. We will
need to take samples of the dogwoods to calculate their success rate often during the first
few months after planting.

If for some reason the cuttings are not able to survive, or if it is easier to plant by
seed, would use seed instead. When collecting seeds we should collect them from plants
living in similar climate and conditions. Dogwood is highly able to acclimate in
gradually changing conditions but when conditions change too quickly, they will likely
die, this is why we try to collect the most similar ecotype to avoid abrupt changes. Since
cold stratification is a big help in the germination of Dogwood seeds, we will need to
place collected seeds in a moist peat, and store it in a refrigerator for up to two weeks to
help trigger germination in the seeds. Once the seeds have been in the refrigerator for
two weeks, we can plant them at the site, and again continue monitoring success rate

about every 2 weeks to make sure they can establish (Roof 2008).
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This plan requires that we monitor the plants very carefully through their
development, and it is very possible that the plants might not be able to root or grow if
the conditions are not moist enough or there is too much or not enough shade. Also, by
planting these dogwoods, we may see effects on the ecosystem that we were not
expecting; these could be positive or negative effects. This kind of project can be risky,
especially because of the focus on the species level, but it can provide a lot of insight to
the ecology of the species and its effects on the ecosystem and community as a whole.
There are not many current studies that focus just on this one species, rather they are
focused on the restoration of multiple riparian species which is why we should try and
create a good mix of riparian species to plant. This will help them feed off each other and

create the balance that they would in a naturally occurring riparian system.
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Spice bush (Calycanthus occidentalis) Steven Vitales
Calycanthus occidentalis
Western Spicebush

|

Background:

Agricultural runoff of fertilizers into riparian ecosystems has been a major concern in
California due to farmers not having a mandate for any maximum cap on fertilizer use
(Eviner 2014 ). In addition, Arundo doniax has also greatly spread throughout
California’s riparian areas, displacing many natives in the process (Cushman 2010). As
restoration ecologists focus their attention repairing these ecosystems, it is important to
choose plants that will be successful in current environmental conditions, as well as
making note of anticipated changes in climate over the next one hundred years.
Calycanthus fits this roll as it develops roots under wet soil conditions, which makes it a
great plant to use after clearing out some Arundo off a riparian slope, or as an addition to
a riparian forest meant to slowly purify its river/stream of nutrient and pesticide runoff.
Why Calycanthus occidentalis?

When selecting a reference site for restoring ecosystems, it is important to devise a
reference site using both a historic reference, and observing similar sites and observing its
success there. Calycanthus has traditionally been a California native to the riparian
environment (Ferris 1968), and a common plant found along streams and river ways in
today’s riparian ecosystems (Brenzel 2012).

“Native along streams and moist slopes in California’s Coast Ranges and Sierra Nevada
foot-hills. To 4-12 ft. high and wide. Bright green leaves turn yellow in fall. Brownish
red flowers to 2 inch across, resembling small water lilies, appear in mid-spring to
summer, depending on climate. Both flowers and bruised leaves have the gragrance of an
old wine barrel. Can be trained into a multistemmed small tree, but is most useful as a
background shrub.” (Brenzel 2012)

Main Targets for Riparian Restoration:

“...results indicate that Arundo invasion was associated with significantly lower richness
of native perennial plant species on stream banks and floodplains, whereas there was no
relationship on gravel bars. Additional research showed that plots invaded by Arundo and
Vinca, both individually and collectively, exhibited significantly lower native and exotic
species richness and abundance of both established plants and seedlings than uninvaded
plots. Finally, after 2 years, experimental reductions of Arundo biomass via cutting and
herbicide resulted in significantly increased native plant species richness and abundances
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of both established plants and seedlings, while having no effects on other exotics. In
summary, our results indicate that Arundo and Vinca have strongly negative effects on
diverse components of a riparian plant community, which must be addressed via effective
control and restoration efforts.” (Cushman 2010)
Pesticides and fungicides (Wauchope 1978) and nutrients, mainly Nitrogen, Phosphorous,
and Selenium are running off the surface of agricultural fields and into riparian
ecosystems. This surface water also increases surface erosivity of streams (Rice 2014).
Restoration ecologists are going in and removing invasive species that are flourishing
under the nutrient load and restoring classic riparian forest plants that will remove the
nutrients from the water, and develop root matrices that will help stabilize riparian banks.
Literature Review:
Native Range:

¢ Native Distribution: CA Coast Ranges & w. Sierra Nevadas from Tulare Co. to

Shasta Co. (Wildflower)

e Native Habitat: Moist stream banks below 4000 ft. (Wildflower)

Species Characteristics:
e Can develop roots in wet soils (Brenzel 2010)

e 3x3 meters mature size (Practical Plants)

e Perennial

e Hermaphroditic flower (Practical Plants)

e Even heavy levels of inundation does not greatly affect net photosynthetic rate
(Stewart 2007)

Ecologic Requirements:
e 6.1-7.5 pH Soil Tolerance (Kubitzki 1990)

e Sandy/ Loamy Soil (Practical Plants)

e Up to -15C temperature tolerance (Kubitzki 1990)
e Moist, well-drained soil (Practical Plants)

¢ Any shading or open sun (Watershed)

Pollinators/Herbivores/Diseases
e Beetle Pollinated (Kubitzki 1990) Which the California Poppy can also be
pollinated by Endeodes insularis, a beetle (Garvey 2010)
e Resistant to Oak Root Fungus (Yerba Buena Nursery 2014)
e Deer resistant (Brenzel 2012)
e No known insect or disease problems (Brenzel 2012)

Propagation:
e Removing suckers from parents is an easy way to propagate this species.
(Brenzel 2012)
e Cold stratification required to overcome dormancy of seeds. Stratification
involves placing seeds in a moist 70% peat moss and 30% vermiculite
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environment from one-to-five degrees Celsius for one-to-two months prior to
spring planting, and is required to deactivate dormancy in this species
(Practicalplants).

Calycanthus is a fairly tolerant and hardy plant that naturally fits into California’s
riparian ecosystem, being a native, that shouldn’t be disturbed by the main forages of
small shrubs in that ecosystem, deer. Being that it develops roots under wet soil
conditions, it makes a great plant to use after clearing out some Arundo, or as an addition
to a riparian forest meant to slowly purify its river/stream of nutrient and pesticide runoff.

My main concern with this plant is that under drought conditions Calycanthus did
not perform so well. While there was no correlation between control and flood
conditions on photosynthesis rate, under drought conditions an estimated 30-35% drop in
net photosynthetic rate occurs (Stewart 2010). As climate change progresses and
California’s current drought problems become exacerbated, use of Calycanthus in drying
up riparian ecosystems might no longer be favorable depending on the cost and
availability of water. If affordable, irrigation could be set up for five years to get newly
started Calycanthus established long enough to develop enough roots to support itself.
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Part Il

A. Goal:
Establishing and maintaining populations of Calycanthus occidentalis in the target
site:

1. Providing sufficient genetic diversity, and hopefully some acclimation, in
collected Calycanthus seed from reference sites.

First thing to establish is the reference site where we will collect our seed. Being
a plant with a wide native and current range in California, we have a large amount of
ecosystems we can visit for our reference site. Collection would be from reference sites
similar to our target site so that our plants might have some passed-on genetic
acclimation from parents living in similar conditions. From each site, ten seeds from ten
plants will be collected until enough seed is collected for the size of our target site. If the
target site is so large that five-thousand or more seeds need to be collected, fifty seeds
from fifty plants will be collected.

2. Ensuring high recruitment percentage from planted seeds, and ensuring
juvenile plant health

High recruitment percentage will be considered forty to fifty-five percent of
sprouted plants of seeds planted. Anything above fifty-five percent would be considered
a great success. This will be accomplished through proper storage of collected seed,
stratification of seed before planting, ensuring soil conditions are ideal, ensuring shading
aspects are ideal and restricting access to the area with plastic fencing to exclude

herbivores from eating juvenile plants.
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3. Ensuring safe juvenile to adult transition and long term survival of the
population.

At the end of the first year if twenty-five to forty percent of initial planted seeds

reach the adult stage, this goal will be considered a success. Anything above would be
considered a great success. After juvenile plants have grown to three feet tall, fencing
can be removed. The adult plants are rarely eaten by deer, one of the major herbivores of
California (Brenzel 2012). To attract more beetle pollinators, which the Calycanthus is
pollinated by (Kubitzki 1990), native forbs which are also beetle pollinated will be
planted in the first step of the restoration plan. Planted populations will be monitored
monthly for the first five years, and every six months for the following fifteen years to
ensure population health. Suckers can be cut from mother plants and transplanted in
areas that there is die-off, or seed from the original planting can always be sown any
spring using stratification, or during fall using dry seed.

B. Restoration Plan

I. Introduction

I1. Seed collection and storage

I11. Environmental Conditioning

IV. Planting

V. Juvenile to Adult transition maintenance

V1. Long-term Maintenance

I. Introduction
When selecting a reference site for restoring ecosystems, it is important to devise

a reference site using both a historic reference, and observing similar sites and observing
its success there. Calycanthus has traditionally been a California native to the riparian
environment (Ferris 1968), and a common plant found along streams and river ways in
today’s riparian ecosystems (Brenzel 2012).

Pesticides and fungicides (Wauchope 1978) and nutrients, mainly Nitrogen, Phosphorous,

and Selenium are running off the surface of agricultural fields and into riparian
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ecosystems. This surface water also increases surface erosivity of streams (Rice 2014).
Restoration ecologists are going in and removing invasive species that are flourishing
under the nutrient load and restoring classic riparian forest plants that will remove the
nutrients from the water, and develop root matrices that will help stabilize riparian banks.

I1. Seed collection and storage
Collection will begin from June to August during the end of Calycanthus’

blooming time (Watershednursery). Collection from Calycanthus plants in current
reference sites similar to the target site. From each site, ten seeds from ten plants will be
collected until enough seed is collected for the size of our target site, and twenty-five
percent surplus. If the target site is so large that five-thousand or more seeds need to be
collected, fifty seeds from fifty plants will be collected. Seeds will be stored at fifteen
degrees Celsius six months to induce germination (Practicalplants). In mid-September,
one and a half months prior to planting, seeds will be treated with cold stratification until
planting (Practicalplants). Stratification involves placing seeds in a moist 70% peat moss
and 30% vermiculite environment from one-to-five degrees Celsius for one-to-two
months prior to spring planting, and is required to deactivate dormancy in this species
(Practicalplants).

I11. Environmental Conditioning
Calycanthus does not have very many specific required environmental conditions,

except for one. The soil must be well-drained and moist (Rhs.org). A moist soil
environment is essential for development of roots. Soil pH can be anywhere from 6.1-7.5
(Kubitzki 1990), and the genus does not have any known insect or disease problems

(Brenzel 2012). Calycanthus can tolerate no-to-medium shading; however heavy shading
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is not advised (Watershed). Soils will be tested for element/nutrient composition for a
starting reference point.

IV. Planting
Because Calycanthus requires moist soils, if the target site does not have this, it is

suggested to plant Calycanthus near hardwood plantings on the slope or woodlands that
also would need irrigation to reduce costs. Calycanthus will need regular irrigation for
the first year it is establishing, but will not after developing a mature root system. When
planting near the water source, soils are traditionally moist due to the capillary action of
soil to move water. As mature plants grow to be two-to-four meters wide (Rhs.org),
seeds will be planted in grids three feet apart from another Calycanthus plant. When
planting Calycanthus we will also be planting some Eschscholzia in between the plants,
as they share the Endeodes insularis beetle as a pollinator (Garvey 2010). Planting will
occur during the first rain of the spring season with the stratified seeds to reduce watering
costs. Plastic fences made of rebar and plastic netting will be erected around restored
areas to prevent herbivores from interfering with recruitment.

V. Juvenile to Adult transition maintenance, First Year
Plants will be watered weekly for ten minutes via a buried drip system. If soil

nutrients are lacking, light amounts of nutrients can be added. After growing to three feet
tall, the plastic fencing will be removed, and the planted area will be inspected for die-
off. These areas will be marked, and replanted through layering and seed next spring.
Soils will again be tested for any changes since planting. If the plants have seeded in the
first year, new seed will be collected for planting next year. If they have not seeded, we
will collect more seed as we did originally from the same sites. Populations of the

Eschscholzia will need to be monitored as well, as a collapse in the poppies might signal
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a collapse in the shared pollinator with Calycanthus. Seed germination and subsequent
stratification preparation preformed for next years anticipated planting.

V1. Long-Term Maintenance, Second Year and After
Areas of die-off surrounded by healthy plants can be restored using layering, as

Calycanthus sends out suckers in early spring (Practicalplants). Suckers sent into areas
of die-off can be pinned into the ground using a paper clip, and propagated directly from
the mother plant into the soil without being severed from the mother. This technique is
called layering, and is commonly used for plants that send out suckers (Evans 2014). At
the end of summer, pinned down suckers will be cut from their mothers if they have
developed mature roots.

If there are large areas of die-off, or layering seems inconvenient to the land
manager, a fifty percent combination of collected seed from the planted Calycanthus will
be mixed with fifty percent of the original collected seed prior to planting, and the area
will be closed off with rebar and plastic net fencing. The irrigation system and soil will
be checked prior to planting to ensure they are not the reason for the die-off. Every year
twenty-five percent of plants will have twenty-five seeds collected for future plantings for
the first five years.

Monitoring will be defined as a species population count, soil test, test of the
irrigation, estimation of pollinators (done while doing population count), and mapping
any die-off. The target site’s Calycanthus population will be monitored, and replanted in
this way for five years, and after the fifth year, the irrigation will be shut off. The site
will be monitored heavily for the following month, to ensure removal of irrigation will
not cause mass die-off (defined as twenty percent or more death after the irrigation is shut

off), and then monitored monthly for five more months. If the population seems stable
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(no die-off detected), the target site will be monitored every six months for the next
twenty years.
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Dry small trees/shrubs
Blue blossom (Ceanothus thyrsiflorus) ** Joseph Fiorello
Ceanothus thyrsiflorus (“Blue Blossom”)

“Blue Blossom’ sometimes also called “Blue Brush”, is a native to the California coastal
region and is prized by many for its rare, true lilac-blue flowers. C. thyrsiflorus is a hardy
evergreen part of the Euceanothus section of the genus, and is hardy, evergreen shrub that
can grow 6-25 ft. tall. Like all species of Ceanothus, it is well adapted to drought,
although other native shrubs such as Quercus agrifolia have been shown to be more
efficient in handling water-stress (M. Abril, R. Hanano). This species requires well-
drained soils is an important factor in wildfire ecology as its foliage is highly flammable
and its seeds utilize fire for heat in order to germinate (USDS Forest Service). All species
of Ceanothus are crucial members of their communities, in a multitude of California
habitats such as a variety of forest types to chaparral and coastal bioregions. The Range
Plant Handbook (USDA Forest Service 1937) describes C. thyrsiflorus, along with C.
sanguineus and C. fendleri as being among the most important browse species in their
respective ranges.

C. thyrsiflorus is best known for its beautiful spring plumage that attracts a long list of
pollinators, most commonly honeybees, bumblebees, butterflies and hummingbirds; other
native bird species such as the bushtit and quail feed on the seeds that fall in the early
summer (Hansen’s). Due to improper fire-control practices, populations of Ceanothus
have been noted to be in decline (USDA Forest Service). Not only would restoring native
populations of this genus intensely beautify California’s surroundings in a drought-

sensitive manner, it would also offer a multitude of benefits to many California species.

Distribution/Range

e The range of C. thyrsiflorus extends from Southern California
chaparral to up along the rest of the entire California coast,
into the Eastern San Joaquin-Central Valley and even further
up into Southwestern Oregon (Jepson Flora Project).

e This species is established in both forest and chaparral sites
and shares its natural range with other species of the genus,

such as C. Cuneatus and

“Bioregions in which C.

thyrsiflorus occurs” (Jepson Flora

Project 2013).




C. Incanus , though C. thyrsiflorus is recognized as being the most important

browse species for wildlife in its range (USDA Forest Service).

Growth Conditions and Propogation

Intolerant to shade, though afternoon shade can be beneficial in especially hot
areas (Sonoma County Master Gardeners)

Tolerant to stress, summer drought, extreme temperatures and very poor site
conditions (USDAFS)

Requires well-drained, sandy soils and will experience root rot in standing water
(USDAFS)

Can be sprouted from seed or grown through cuttings (USDFS)

Seed is best sown as soon as it is ripe in a cold frame after being treated to heat
and soaked for 12 hours (Sonoma Country Master Gardeners)

Best planted in fall before winter rains to establish root growth (Sonoma County
Master Gardeners)

Do not water in the summer except for infrequent soakings during the first
summer (SCMG)

Specimens can live up to 12 years (USDFS)

Tolerant of maritime exposure though slow to establish in most-exposed

conditions (Practical Plants)

Reproduction

Hermaphrodite flower clusters, fragrant smell, blooms March-May (Sonoma
County Master Gardeners)

When ripe, seeds are ejected from their pods and fly shorts distances, making
successful collection of viable seeds difficult (USDA Forest Service)

Species of the genus are estimated to store between 47,000 to 29.2 x 10 ° /hectare
of viable seeds in the duff layer (soil) in a single season (USDS Forest Service)
Although not essential, fire is the most common and effective way of germination
(USDA Forest Service)

71



Only a fraction of produced seeds are stored in the soil, in chaparral regions 90-
99% of all seeds are mainly eaten by rodents, in addition to birds and harvester
ants (USDA Forest Service)

Ceanothus spp. seeds have been shown to remain viable after long periods, shown
in a lab to germinate after up to 24 years in dormancy (USDS Forest Service)

Birds and ants act as seed dispersal agents

Need of disturbance for germination ((USDA Forest Service)

All species of Ceanothus can readily hybridize with each other (Sonoma County
Master Gardeners)

Fire Management

Stands of Ceanothus die off after 70 years without fire suppression (George,
M.R.; Alonso, M.F.)

Fires are necessary in oak-woodlands to control live-oak stands from shading out
C. thyrsiflorus.( George, M.R.; Alonso, M.F.)

Compared to disturbances caused by fire, grazing is long and relentless and not a
beneficial disturbance in the event of fire recovery (Forrestel et al.)

After the 1995 Vision Fire, dense stands of Blue Blossom appeared in areas only
scattered with Blue Blossom prior to the fire (Forrestel et al.)

Rapid high mortality is common among seedlings after a fire event (USDA Forest
Service)

Fall slash burnings have shown to be more effective in producing more seedlings,
thought to be due to the wet stratification offered in the winter rain
months.(USDA Forest Service)

Too frequent or intense fire burnings can lead to elimination of the species in the
area (USDA Forest Service)

Intensity of fire is not as crucial as frequency, because seed bank has time to

recover (Forrestel et al.)

Ecology and Relationships with Biotic Factors

Several species of butterfly and moth feed on the leaves of C. thyrsiflorus

(California Floral Nursery)
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Considered a colonizer or pioneer by many for its quick ground-covering
capabilities in open land and its ability to nitrify soil in root nodules that store
bacteria (USDA Forest Service)

Several species of insects can heavily infest and damage seed crop (USDA Forest
Service)

The high protein content in leaves attracts can attract grazers such as elk, sheep,
deer and cattle in the spring and summer months (USDA Forest Service)

In forest sites, fungi such as Armillaria mellea can infect roots and girdle them
through rhizomorphs (USDA Forest Service)

In the absence of fire, C. thyrsiflorus has shown to be dominated by the maritime

shrub Arctostaphylos pajaroensis that overtops and shades it (Van Dyke et al)

Human Interaction

For centuries Native American tribes would practice fire control leading to the
mosaic of grassland, chaparral and forests we have today (Forrestel et al.)
Native Americans also used the foliage as a fragrant soap base that removes dirt
but leaves natural oils in the skin due to high saponin content (Practical Plants)
a green dye is manufactured from the blue flowers (Practical Plants)

“The Royal Horticultural Society received seeds of
Ceanothus thyrisflorus from Richard Brinsley Hinds from the 1837 expedition of
HMS Sulphur, making it the first California species introduced into European

gardens “

Gaps in Research

Where exactly will Ceanothus?

Quantitative optimum and extreme values of abiotic conditions such as
elevation, site quality, soil moisture and days needed for growth and
establishment.

Age at onset of seed production.
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e Duration of viable seed in soil
e Factors that limit Nitrogen fixation for C. thyrsiflorus

e Threshold tolerance to summer watering
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Due to the widespread use of Ceanothus species in California and their ability to thrive in
nutrient poor, drought-laden areas, “Blue Blossom” is hardly considered an endangered
or threatened species. However, due to modern fire suppression policies and the
ecological effects of land cultivation, native stands of C. thyrsiflorus are increasingly rare
in California. This leads to the two long term main goals of the project:

e Protecting chaparral land from cultivation and other types development: once land
has been cultivated and tilled native species lose their advantage and become
subject to increased competition (Keeley,1992)

e Employing low intensity prescribed burnings once stands have reached maturity
(every 40-50 years): wildfires alter the allelopathic chemicals in Ceanothus spp.
seeds that otherwise inhibit them from germinating (George, Roche and Eastburn
2012). By practicing controlled fires, not only are seeds germinated, competitors

that are more likely to shade out C. thyrsiflorus over time are set back to balanced

populations.

Short-term goal:

e provide well-drained soil by clearing sloped soils of invasive species: Ceanothus

thyrsiflorus requires well-drained soil such as that on hillsides in order to survive

Potentials of goal, trade-offs with prescribed burning

Waiting too long to prescribe burnings allows faster growing shrub species of oak
(Quercus) and Arctostaphylos to outcompete C. thyrsiflorus for sunlight. Too frequent or
too intense fire schedules could eliminate Ceanothus stands (USDA Forest Service 1982)
and lead to the conversion from an oak-woodland to oak-grassland (George, Roche and
Eastburn 2012).

Because not all species in the Central VValley are aptly adapted to fire, planned fires meant
to restore overtaken stands of Ceanothus can potentially destroy other important plants to
the area. But due to the planned infrequency of implemented fires (40-50 years),
biodiversity in the community has time to recover. Additionally, most native species are
adapted to some frequency of fire and probably will benefit from such events.
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Pre-Monitoring

Because it is unclear whether C. thyrsiflorus is the appropriate species for Central Valley,
an analysis of the area for native species of Ceanothus will help determine what species
does best there now.

To ensure the best locations are chosen to promote the establishment of new Ceanothus
stands, areas of soil with good drainage should be located. Because of the need of fire in
managing older stands, chosen areas for the restoration project should be distant from
pine forests and human establishments. Sites popular with Quercus spp. or
Arctostaphylos spp. should be avoided as they have been shown to outcompete C.
thyrsiflorus unless fire disturbance occurs.

During times of heavy rain, it would be beneficial to monitor how well the soil drains and
discern appropriate sites from those with inadequate drainage.

Restoration

Due to the difficulty in cultivating Ceanothus spp. by seed or cutting, one-gallon saplings
purchased at local nurseries will provide the specimens. Due to the ability of this species
to produce up to 29.2 x 10 ° /hectare of viable seeds, only about 20-30 individuals should
be necessary in each location to establish long-lasting stands. The best time to plant them
is in the fall before the onset of rain so the Blue Blossom will be able to grow deep roots
that deeply penetrate the soil in preparation for hot, dry summers. As the saplings begin
to establish, it is necessary to make sure they receive enough water. Give plants 3-4 deep
soakings within the first 2 months. In the cooler months the roots are less susceptible to
rot because the fungi prefer warm environments.

As already stated C. thyrsiflorus requires well-drained soil, otherwise it should be planted
on slopes or with the root ball slightly above the grade of the soil (SCMG 2014). Choose
spots in full sun, away from trees and other tall shrubs. Plant one specimen for every five
feet, plants are expected to branch outward and may reach heights over 6 feet. Once
planted, the area should be watered enough to keep soil around roots moist but not
waterlogged (between once a week and once a month).

If desired, C. thyrsiflorus may be planted in conjunction with other species of Ceanothus,
including different cultivars of C. thyrsiflorus because other native species of Ceanothus
are also adapted to the Central Valley such as C. incanus (USDA Forest Service 1982)
and all species are capable of hybridizing with one another (SCMG 2014). It should be
noted that deer are attracted to graze on this species and so planting in areas of high deer
populations should be avoided, or the prostrate cultivar, C. thyrsiflorus repens, should be
planted instead because of its smaller leaves (SCMG 2014).

It is important to not use drip irrigation techniques, fertilization and never to irrigate
during the summer. Like most native species, C. thyrsiflorus is adapted for dry summers
and nutrient-poor soils.

Every year after the flowering season (July), inspect plant for seed production. Usually
Ceanothus spp. will reach maturity after 3-6 years. Once mature, a prescribed burning
can help germinate the seeds produced by each plant. Slash-burnings are most effective in
the fall right before it rains to ensure proper seed stratification and germination (USDA
Forest Service). The following season many seedlings should sprout in the area in the
place of the original plants and result in large natural stands of Ceanothus. No further
maintenance should be required in order for the seedlings to reach maturity.

Monitoring
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During the spring the newly planted saplings should be inspected to ensure survival. If
young plants show signs of heavy grazing or browsing, the area might have too many
deer for the species to establish and the prostrate variety of C. thyrsiflorus should be
planted instead.

Mature stands should be monitored every five years and a slash-burn subscribed when
over 50 percent of a stand becomes woody or composed of dead growth, or when the
growth of neighboring species threatens to outcompete the Ceanothus for sunlight. This
will typically be a period of at least 50 years, as wild scrubs of chaparral have been found
to contain healthy stands of Ceanothus at least 50 years old depending on the amount of
competing species in the area (Keeley 2002). Every year during the fall the amount of
carbon stored on average by each stand should be recorded by measuring plant volume,
as this is a good indicator of how many seeds will be produced the following year (USDA
Forest Service 1982). Years of high seed production are particularly suited for fire
disturbance. The amount of nitrogen present in the soil following a fire and every year
thereafter in the Ceanothus stands would also be beneficial to record because little is
known about the nitrogen-fixing capabilities of this species.

Concerns

It is uncertain how well this species can withstand cold, winter temperatures, although
other species of Ceanothus are capable of growing in high elevations with snow. During
the first winter especially, temperature freezes might be too harsh for young saplings to
establish, requiring planting to be done perhaps a month earlier or in areas not in low
points where cold air will not collect.

As stated already, areas with high deer populations might not be suitable for C.
thyrsiflorus. However, it is recognized that to some extent of grazing is beneficial if not
necessary for optimal growth.

To best prevent root rot in the first months of establishment, cover soil with organic
mulch and soak plants at the end of the day when it is cooler.

Research questions

What species of Ceanothus will grow best in areas of the Central Valley? It would be
important to find out whether old stands experience die-off due to changes in soil,
changes in neighboring species abundances, or just due to old growth? How long can
stands grow without prescribed fires?
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If some stands were weeded out of competing shrubs while similar stands nearby were
not, this would determine whether it is the shading effect of competitors or another factor
determine the longevity of Ceanothus stands.

How long should management wait to prescribe burnings?
This can be answered by differentially managing disturbances in different locales and
comparing the vitality and size of the stand in the next five years. Will the new stand be
bigger than if no fire occurred?

Can this species be hybridized with another to make it more adapted to poory-drained
soils?
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California buckeye (Aesculus californica) Alanna Burhans
California Buckeye
Aesculus californica

Classification

Kingdom: Plantae

Phylum: Tracheobionta
Class: Magnoliopsida

Order: Sapindales

Family: Hippocastanaceae
Genus: Aesculus L.

Species: Aesculus californica
(USDA 2012)

Background and Justification Copyright 2009-2013
by Ken Cheetham

Aesculus californica (California Buckeye) is a species endemic to California. It is
largely distributed throughout California, from the costal range and stretching as far east
to the Sierra Nevada (Howard). It also spans from Northern California down to Los
Angeles County. Its ability to live in such a wide array of places demonstrates it can
tolerate a variety of conditions (Howard, USDA 2012). It can grow on dry slopes, in
canyons, and along streams and riverbeds. It is able to tolerate large amounts of drought
but is also adapted to places that get more frequent rainfall during winter months. There
is no specific data on how much rainfall or waterlogging it can handle but it cannot
tolerate being submerged in water (Howard). Because of its ability to grow on slopes and
near water this tree is commonly used at restoration sites, even though it is toxic if
ingested by most animals and humans. Planting of this tree helps with erosion control and
reduces loss of the landscape (Howard). Aesculus californica has been shown to be
effective in riparian restoration sites in areas like Central Valley, where it can help with
soil loss. However for the plant to be effective at this task it need to be able to become
established. Lastly, the Buckeye has large inflorescences that are pretty when in bloom
and these attract butterflies and hummingbirds that feed on the trees’” nectar. This makes
Aesculus californica an attractive plant to use in areas that are frequently visited
(Calflora).

Goal
The goal is to decide if Aesculus californica is suitable for a site and/or to choose
the ideal location for planting the tree on a restoration site.
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FACT SHEET

LIFE CYCLE
Growth Characteristics

Aesculus californica is a deciduous shrub or tree that grows to approximately 12
meters high. At maturity it has a wide rounded crown. (USDA 2004)

Has a fairly short span where it has foliage and blooms. It is one of the first shrubs
to produce leaves in May and one of the first to loose them in July. (USDA 2004;
Calflora)

Has large inflorescences (USDA 2004)

Reproduction

Honeybees are important in their reproduction cycle. (Howard)

In natural conditions the Aesculus californica reproduces by seed. Between the
months of November and mid-February a single tree can produce up to 100 seeds.
The seeds do not disperse very far and are viable for up to a year. When
temperatures stay below 40 degrees Fahrenheit for more then 2 months the seeds
may get a fungal infection. (Howard)

When propagating the California Buckeye seeds, they should be collected
between September 1% and December 1*. The husks will need to be removed from
the seeds and then stored in moist conditions in the refrigerator. Do not store dry.
When ready to propagate soak them in water for 24 hours, and afterwards soak
them in a 5% bleach solution for 1 minute. After rinsing the seeds with water, one
should place them into freezer bags filled with sterile perlite. Place the bags in the
refrigerator for 6-8 weeks. When the radicals emerge they are ready to be sown in
standard potting soil, one plant per container. It should take about 21 days for the
Buckeye to become established with a 90% survival rate. (Young 2001)

RANGE AND DISTRIBUTION

Aesculus californica is endemic to California. (Howard)

It grows in Coastal Ranges spanning from Siskiyou County to Los Angeles
County. As well as the Cascade Range and the foothills of the Sierra Nevada.
Finally it spans from Shasta County to Kern County and is found in the Central
Valley. (Howard)

HABITAT AND ASSOCIATIONS

It is found in Mediterranean climates, where there are cool moist winters and hot
dry summers. (Howard)

Grows in many different environments like dry slopes, in canyons, and along
waterways. For example in the Central Valley it is found along streams and
riverbanks (Howard)

Can handle seasonal flooding. (Buckeye 2012)

It also appears in mixed evergreen forests as understory shrubs. (Howard)

In California Buckeye communities and chaparrals, the Aesculus californica
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emerges as a climax indicator. (Howard)

There are several communities in which Aesculus californica are dominant or co-
dominant and these are California Buckeye woodland and oak woodland. They
are also occasionally dominant in chaparral communities. (Howard)

In the Sierras Nevada foothills, their leaves shed in the late spring to early
summer. (Howard)

It appears in grasslands and the individuals are widely dispersed. (Howard)

In coastal areas where the soil stays moist for longer periods of time, the leaves
won’t shed until fall. (Howard)

They are associated and tend to grow with poison oak (Toxicodendron
diversilobum) (Howard).

REQUIREMENTS

The wet season needs to last from 4 to 9 months and rain from 13 to 85 inches.
(USDA 2012)

During the summer the temperature must reach over 100 degrees Fahrenheit for
several days. (Howard)

Root depth needs to be a minimum of 36 inches. (USDA 2012)

Needs a minimum of 175 frost-free days. (USDA 2012)

Grows in areas with very low salinity. (Calflora)

Is suitable for several kinds of soil: sandy, sandy-loam, or gravelly-loam soils
(Howard)

Soil pH must be between 5.5 and 7.5. (USDA 2012)

Grows between an elevation of 0 and 4000 ft. (1,219). (Howard)

TOLERANCES

Does not handle anaerobic environments such as being submerged in water.
(USDA 2012)

Has a high drought tolerance rating. (USDA 2012)

Is able to handle some amount of fire. (USDA 2012)

Has intermediate shade tolerance. (USDA 2012)

Aesculus californica cannot survive with any salinity. (USDA 2012)

INTERACTIONS
Pathogens

Aesculus californica is a host for a fungus called Phytophthora ramorum, also
known as sudden oak death. The fungus infects the leaves and branches. (Rizzo
2002)

It is also a host for a bacterium called Xylella fastidiosa that causes Pierce's
Disease. (Calflora)

Susceptible to fruit tree leafroller pests and bark beetles. (Damask)

Wildlife

Aesculus californica is only moderately poisonous. The poison is mainly
abundant in seeds and flowers and is extremely toxic to honeybees. (USDA 2004)
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Even though it is one of the main pollinators. (Howard) These trees should not be
planted any where near bee yards. (USDA 2004)

The only wildlife known to eat the seeds are squirrels, for example the California
ground squirrel (Citellus beecheyi). (USDA 2004) It is also toxic to all classes of
livestock. There have been cases where the California Buckeye has induced
abortions in cattle. (Howard)

There are several species of butterflies and hummingbirds that benefit from the
Aesculus californica. They eat the nectar from the flowers. (Calflora)

Humans

Several parts of the Buckeye including the bark, leaves, stems, fruit and seeds
have been known to have a detrimental effect on humans if ingested. They contain
glycosidal compounds that can decrease the number of red blood cells in the body
and weaken the central nervous system. (Howard)

Many indigenous tribes utilized several different parts of Aesculus californica.
They would cook and eat the seeds (only poisonous in raw form). Cut up seeds
were mixed with water and used for medical purposes. The bark was used when
treating snakebites. Young shoots were used to make fire kits and finally the seeds
were sometimes crushed in pools of water to stun or Kill fish. (USDA 2004)

MANAGEMENT OPTIONS

In areas where there is erosion like streams, riverbanks or steep slopes Aesculus
californica can be used to keep the soil in place. (Howard)

Grazing is not a manageable way to keep California Buckeye in check because its
toxicity is harmful to animals. (Howard)

Using fungicides or botanical oils that are suited for a particular problem can treat
fungal infection. To prevent fungal problems avoid overhead watering and
destroy infected parts of plants (Damask)

The best ways to deal with pest are to do preventive measures by not stressing out
the plant and applying insecticides before there’s a problem. (Damask)

KEY KNOWLEDGE GAPS

Information on disturbance regimes.
Things that threaten Aesculus californica survival.
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Part 11

A. Goal:

Establishing and maintaining the California Buckeye (Aesculus californica) in Central

Valley restoration site by:

I1. Locating suitable habitats and locations with in a site.
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The California Buckeye is an endemic species (Howard) to California and can be found all
over the state a variety of communities. This is an important first to identify the what kind of
community that one wants to place the buckeye in because within that community there may
be more suitable locations for it to have its best chance of establishing. In the Central Valley
placing the Buckeye near streams and riverbanks is preferred because that is where they are
naturally found in here (Howard). Its is also important to keep in mind that Poison oak
(Toxicodendron diversilobum) tends to grow with the Buckeye (Howard) so it should not be
placed right next to frequented walking path.

I11. Properly collecting and propagating seed (timing and technique).

This is an important step that should be done once a restoration site has been identified. Like
stated previously Buckeyes are found in many different communities ranging from dry slopes
to along waterways (Howard). Collecting seeds from locations that match your site will be
beneficial because the they will have the desired traits that are need to best survive. The seed
need to be collected during the September to December. To start the propagation process the
seed need to be properly stored in a refrigerated space. Knowing when your site needs to be
planted is a very important goal because Buckeye seeds cannot be stared dry. They
immediately need to be prepared for the propagation process and starting this process to soon
could lead to root binding.

IVV. Monitoring post planting

Monitoring should be done after planting to make sure the seedling take hold and are not
diseased with any fungal infections. To prevent the infections do not use overhead watering

and remove any infected parts of the Buckeye. It is important to monitor to make sure the
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buckeye is not under duress because this can lead to many pests that will decrease its survival
rate. If possible apply insecticides can be a preventative measure. (Damask)

V. Providing Appropriate Pollinators.

Honeybees are the primary pollinators for the California Buckeye. Planting them in areas
where there are high numbers of honeybees would be beneficial to the Buckeye but is
harmful for the bee population. Honeybees find the Buckeye to be very poisonous. This
should be kept in mind when looking at your site because if it is located next to a be yard the
buckeye should not be used or planted sparingly. It will end up having negative effects on the
bee yard if planted in high amounts. (USDA 2004)

B. Restoration plan:

I. Introduction

Il. Locating suitable sites

lll. Collecting and Propagating Seed (techniques and timing)
IV. Monitoring post planting

V. Providing Appropriate Pollinators

VI. Research necessary for plan

I. Introduction

During the restoration process there are several criteria that must be met to give Aesculus
californica its optimal chances of survival. The most critical condition that needs to be met is
making sure your site has suitable conditions for the growth and persistence of the buckeye.
Secondly, it is very important to properly time the collection and propagation of seed. Then once
the propagules have been planted at a site temporary monitoring is best to help prevent major’s
losses from pest or fungi. Finally, it is important to keep in parasitic relationship that the

California Buckeye has with is main pollinator.
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I1. Locating suitable sites
There are many things that need to be taken into account when deciding if your site is suitable
for the Aesculus californica, such as climate, soil and topographical characteristics. As well as
looking at what plants are associated with it. There are many aspects of climate that need to be
taken into consideration. The Aesculus californica to live in conditions where there is a wet
season of 4 to 9 months and has at least 13 to 85 inches of rain. The conditions must allow for at
least 175 frost-free days and several days over 100 degrees Fahrenheit (USDA 2004; Howard). If
this is suitable soil testing need to take place to identify salinity, pH and texture. Buckeyes grow
in soils with very low salinity this is key thing to take note of because this is something they are
very sensitive to. They also grow in acidic soil with a pH of 5.5 - 7.5 and prefer sandy, sandy-
loam or gravely loam soils (USDA 2004; Howard). In the central valley, sites that favor the
restoration of Aesculus californica are along streams, riverbanks, canyons and dry slops
(Howard). They and can be good choice of plant if there erosion problems because they are
capable of living on slopes. Finally, California buckeye tends to be associated with Poison oak
(Toxicodendron diversilobum). This can be both a positive and negative feature. If you are
wanting to promote poison oak in a location of your restoration site, for example to keep
pedestrians on paths of prevent their access to certain areas, this could be a positive feature. On
the other hand if site is prone to many pedestrian in a more residential scene keeping poison oak
away from paths maybe want is needed meaning the buckeye should be set back from the path
(Howard).

I11. Collecting and Propagating Seed (techniques and timing)
When it comes to propagating Aesculus californica timing is a key part of this process. So

deciding your planting schedule need happen before you can even start collecting the seeds. The
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reason for this is that the seed cannot be stored dry. Collection of the seeds should take place
between September 1* and December 1%, once collected the husks are removed and the seeds
need to be stored in a moist refrigerated environment (Young). This is not a long-term way of
storage and must be propagated shortly after. When ready for propagation the seeds need to soak
in water for a 24-hour period and then put into a 5 percent bleach solution for 1 minute. Once
rinsed the seeds are placed in plastic bags filled with sterile perlites and are places back in the
refrigerator for 6 to 8 weeks. Once the radicals emerge they can be sown in single plant container
filled wit standard potting soil. When the specimens reach there desired size they can be planted
in the site and will take about 21 days to establish (Young).

IVV. Monitoring post planting
Monitoring the California buckeye after planting is an important step. They are susceptible to
pest and fungal infections. Going out on a regular basis while they are first establishing in the
site is need to help catch or prevent pest and fungal infections. Fungal infections are typically
due to overhead sprinkling so if this type of irrigation is being used at the site it is important to
make sure that directly hitting the buckeye seedling. This will help prevent infection. If there are
pest problem its best to remove the infected leaves and branches as soon as possible to prevent it
from spreading. Another option, if possible, is to use insecticides (Damask).

V. Providing Appropriate Pollinators
Bees are an important pollinator for many species including the California buckeye. But the
relationship between the two is really only beneficial for the buckeye. Honeybees find buckeyes
to be poisons can survive long after collecting its nectar. Having a populations of bee near or in

the restoration site is good for the Buckeye but because of this negative relationship between the
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to species it is best not to plant them near bee yards. It will end up killing off all the bees in the
bee yard (USDA 2004).

V1. Research necessary for plan
Further research that would be necessary for this restoration plan is to look into exact extent of
monitoring that need to take place. How frequently and how many months or years. Knowing
more about the negative effects Buckeye has on bees is important because this could effect the
pollination of other species in the area. Finally finding information on irrigation time and the

duration it may be needed to help establish the Buckeye at a restoration site is needed.

References
Howard, Janet L. 1992. Aesculus californica. In: Fire Effects Information System, U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences
Laboratory (Producer). Thurs. 10 April 2014
<http://www.fs.fed.us/database/feis/plants/tree/aescal/all.html#5>

Mendoza E, Dirzo R (2009) Seed tolerance to predation: Evi- dence from the toxic seeds of the
buckeye tree (Aesculus californica; Sapindaceae). Am J Bot 96:1255-1261 Sun. 13 April 2014
<http://www.amjbot.org/content/96/7/1255.full#ref-list-1>

Damask, T. (n.d.). Tree Care Maintenance for a California Buckeye. Home Guides. Retrieved
April 22, 2014, from http://homeguides.sfgate.com/tree-care-maintenance-california-buckeye-
30144.html

USDA, NRCS. 2004. California Buckeye plant guide. The Plants Database National Plant Data
Team, Greensboro, NC 27401-4901 USA. Tues. 8 April 2014.
<http://plants.usda.gov/plantguide/pdf/cs_aeca.pdf>

USDA, NRCS. 2012. The Plants Database National Plant Data Team, Greensboro, NC 27401-
4901 USA. Tues. 8 April 2014. <http://plants.usda.gov/java/charProfile?symbol=AECA>

Young, Betty 2001. Propagation protocol for production of container Aesculus californica
(Spach) Nutt. plants; , San Francisco, California. In: Native Plant Network. URL.:
http://www.nativeplantnetwork.org (accessed 23 April 2014). Moscow (ID): University of Idaho,
College of Natural Resources, Forest Research Nursery.

89



California rose (Rosa californica) Ellie Marin
ROSA CALIFORNIA (CALIFORNIA ROSE)

Kingdom: Plantae
Subkingdom: Tracheobionta
Superdivision: Spermatophyta
Division: Magnoliophyta
Class: Magnoliopsida
Subclass: Rosidea
Order: Rosales
Family: Rosaceae
Genus: Rosa L.
Species: californica

BACKGROUND AND JUSTIFICATION:

Rosa californica (common name: California rose) is
a native understory, woody, dry shrub occurring normally
near riparian zones in woodlands and chaparral throughout California (USDA, 2014) Itisa
deciduous angiosperm that can tolerate drought and moderately tolerate flooding (USDA, 2014).
Despite these tolerances, the California rose is at risk due to the destruction and alteration of
riparian systems and plant communities (Katibah, 1984). California rose is also vulnerable to
takeover by invasive plant species which are better at establishing themselves afterward or
tolerating a disturbance or stress event and might shade out the California rose, including
Himalayan blackberry, Arundo, and Blue gum eucalyptus
(http://lwww.plantright.org/regions/central-valley). California rose is also susceptible to diseases
transmitted by mites (Katibah, 1984). Streams are altered to transport water to urban centers, and
with those alterations come the inability for native plants to thrive (Robert et al., 1997). Stream
alterations include damming and diverting which can limit the available water for the California
Rose; development along riparian zones also leads to the alteration of the stream by changing the
landscape through species removal and alteration of the stream path, affecting the soil. With the
loss of its habitat, the loss of the California rose might eventually follow.

California rose completes various ecosystem functions. California rose is important in the
support of both agriculture and the environment. Importance of the California rose is in its
support of various wildlife species, some of which are endangered and some of which are
important pollinators such as insects and birds (USFWS, 2014). California rose provides habitat
and protection for the endangered Riparian Brush Rabbit as well as various important bird, bee,
and butterfly species (USFWS, 2014). As a flowering plant, California rose strongly facilitates
pollination within the ecosystem, supporting the pollinators as its own genes spread in a
mutualistic relationship with the pollinators (Katibah, 1984). California Rose also serves a role in
stabilizing the slopes upon which it resides along riparian systems; it limits the erosion potential
in the area due to its well-established roots and perennial growth (Doherty et al., 2006). The
California Rose has the ability to perform these ecosystem services that would be far more costly
if humans had to resort to performing them with human technology. Near the last quarter or so of
the 1900s, California rose’s environment faced growing degradation and destruction, slightly
decreasing the abundance of California rose; however, the future of the California rose will be
threatened if the destructive actions continue (Kelch & Murdock, 2012). However, in recent
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years, conservationists have made this species and the ecosystem where it survives a concern
(Kelch & Murdock, 2012). Restoration practices are needed to ensure that this species continues
to benefit humans and the ecosystem (Kelch & Murdock, 2012).

FACT SHEET:

Project Goal:

To facilitate the reintroduction of California rose in disturbed areas where invasive
Himalayan blackberry, Arundo, Scarlet wisteria, Blue gum eucalyptus, Saltcedar, and
Russian olive have been introduced and riparian ecosystems have been degraded.

Growth characteristics:

California rose is a woody shrub and undergrowth species that grows to an average of
five feet tall but can get as high as 9 feet (USFWS, 2014).

The rate of growth is moderate — about 1 to 2 feet yearly. As a shrub, it spreads, forming
a thicket. California rose is a deciduous plant, dropping its green leaves (Stanford, 2014).
California rose is a perennial dicot species (USDA, 2014).

The shrub has straight, slender prickles with a curve at the tip. California rose leaflets can
take on a variety of appearances, with simple or grandular-compound teeth and pinnate
venation (Najda & Buczkowska, 2013).

Reproduction:

Range:

California rose reproduces by rhizomes or seed. Pollinators include butterflies, bees, and
songbirds (Crepin, 1896).

Rose hips appear in late summer to early fall. The rose hips produce yellow seeds which
attract various pollinators. Seeds are disperse afterward (Cole, 1956).

California rose can also be planting by cuttings.

It has conspicuous, flowers that bloom in the late spring and early summer (Crepin,
1896).

California rose can self-fertilize (Cole, 1956).

Flowers have five petals that can be various shades of pink (Cole, 1956).

The flowers are hermaphroditic (Elias & Dykeman, 2009).

California rose is distributed throughout California with the exception of the High
Cascade Range and High Sierra Nevada Range — above 6000 feet (USDA 2014).

It also does not grow in the deserts or in other areas without a Mediterranean Climate.
California Rose can be found as far north as Oregon and as far South as Baja California.
California Rose grows in the following counties within California: San Diego, Riverside,
Orange, San Bernardino, Los Angeles, Ventura, Kern, Santa Barbara, San Luis Obispo,
Monterey, Tulare, San Benito, Fresno, Madera, Mariposa, Merced, Santa Cruz, Santa
Clara, San Mateo, Stanislaus, Toulumne, Calaveras, San Joaquin, Alameda, San
Francisco, Contra Costa, Solana, Sacramento, Yolo, Napa, Marin, Sonoma, Lake, Sutter,
Colusa, Lake, Mendocino, Glenn, Nevada, Butte, Tehama, Plumas, Shasta, Trinity,
Siskiyou, Modoc (USDA, 2014).
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e California Rose grows in the following counties within Oregon: Glackamas, Yamhill,
Jackson, Josephine (USDA, 2014).

Habitat:
e California rose normally inhabits areas near riparian systems and other moist areas
throughout California (Bendix, 1999).
e Due to the thorns, California rose faces little threat from mammal herbivory.

Succession:
e Following the initial grass colonization in an area, California Rose will, as a shrub,
replace non-woody plants that replaced forbs and grasses (Katibah, 1984).
e Following disturbance events that facilitate grass colonization in an area, California Rose
will, as a shrub, replace the woody plants that replaced the forbs and grasses (Doherty et
al., 2006).

Requirements:

e California rose does well in slightly moist soils and moderate sun with more needed near
the coast and at high elevations (Campa, 1950).

e This shrub does not grow well in water logged soils for extended periods of time (Roberts
etal., 1997).

e This shrub‘s light requirements vary depending on the amount of water and the location
of the plant.

e California Rose can do well in all soil pHs but does particularly well in soils with a pH
from 4.5 to 8 (Calflora, 2014).

e California Rose grows best in soils that have a largely clay composition but can thrive in
sandy loam to clay loam soils (Calflora, 2014).

Tolerances:

e California rose can tolerate drought-conditions but usually only after it is well
established. As a riparian zone plant, it can also tolerate seasonal flooding (Wildflower
Center, 2014).

e California naturally thrives in a Mediterranean Climate that can be classified as semi-
arid; therefore, the shrub usually thrives in soils that are on the dry side (Campa, 1950).

e California Rose has no tolerance for calcium carbonate that might precipitate
(Wildflower Center, 2014).

e Due to the thorns and thicket-forming nature, California Rose has a high tolerance to
herbivory (Cole, 1956).

Wildlife Interactions:
e Many species of birds and butterflies rely on the California rose for food; a mutualistic
relationship exists since they pollinate the California Rose (Cole, 1956).
e Additionally, rodent species such as the endangered Riparian Brush Rabbit utilize the
shrub for habitat and protection; the thorns and thick growth provide protection from
other animal species (USFWS, 2014).
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Plant Interactions:
e California Rose can associate with the Delta Tule Pea (Lathyrus jepsonii var. jepsonii).
This pea plant has been known to grow within and above the thickets which the
California rose so densely creates (Witham & Kareofelas 1994).

Human Interactions:

e Humans frequently utilize California Rose in native plant gardens or arrangements due to
their fragrant and attractive flowers (Najda & Buczkowska, 2013).

e Humans utilize the California rose to provide cover for small mammals and birds such as
quail

e Native Americans used the fruit for medicinal purposed for years, and some other
humans currently eat the flower of the California Rose for its abundance of vitamins and
minerals. It has also been incorporated into dietary supplements and into essential oils.
(Open Space Authority, 2014). California Rose is utilized for treatment of cold symptoms
and digestion issues (Elias & Dykeman, 2009).

e The rose hips of the California rose are sometimes made into rose water, jams, tea, fruit
leather, soup, and syrup and are rich in Vitamin C (Wildflower Center, 2014).

Threats:
e Alterations of riparian zones due to human water diversion, damming, and stream
movement threaten the California Rose’s habitat (Roberts et al., 1997).
e California rose is susceptible to various pathogens and pests such as spider mites,
caterpillars, whiteflies, apids, and thrips, small insects. It is also susceptible to fungal
outbreaks if under overly dark or moist conditions (Cole, 1956).

Propagation Requirements:

e California Rose can provide erosion control by stabilizing hillsides (Calflora, 2014).

e California Rose propagates most successfully by container.

e Seed germination requires 2 years due to warm periods following cold periods needed to
mature that embryo. Scarification followed by a few months in peat may possible
expedite this process (Plants for a Future, 2014).

e California Rose can be planted from seed propagation or cuttings (Wildflower Center,
2014).

e This plant benefits from pruning during the winter time. Within about two to three years
of establishment, they will likely have had their roots reach the water table, and the
California rose requires little to no human care (Stanford, 2014).
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Restoration Plan for California Rose

The restoration of California Rose to California’s Central Valley is vital in order to
support native animal species such as the Brush Rabbit, quail, butterflies, and songbirds. The
first goal of California Rose restoration ought to be to conduct a survey in order to gain
knowledge of existing patches of California Rose. The second goal should be to determine areas
that have great potential to support introduced California Rose. The third goal should be to alter
areas that could have potential to support introduced California Rose but currently require habitat
modification such as removal of invasive species or chemical, geological, hydrological, or
topographical modifications. California Rose should be revegetated based on the conditions
prescribed in the following sections. These goals will be accomplished through transplanting
individual California roses to appropriate or appropriately restored habitat. Success will be
measured by the persistence of or growing of California rose habitat patches, the decrease in
topsoil lost, and the increased resilience of the restored habitat to takeover by invasive species.
Revegetation Preparation: In preparation of restoration of California Rose in the wild, seeds
ought to be carefully collected throughout July and August while the fruits are deep red and the
collected seeds are hard (Young, 2014). Germination requires about two years due to the need of
warm periods after cold spells, although scarification and storage for a few months can possibly
expedite this process (Young, 2014). California rose seeds ought to be grown in D40 sized
containers in a controlled greenhouse until the individual California Rose’s roots firmly plug the
container bottom (Young, 2014). After shoveling loamy soil, ideal for California Rose, into racks
filled with the containers, the racks should be tamped to limit the empty space between soil
particles which could lead to water loss (May, 2010). Seeds ought to be planted to a 1-2 inch

depth. When the height of the plant equals the height of the container, it is ready for pruning or
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sowing if it is the right time for sowing: beginning of April (Young, 2014). This typically takes
two years after collection for these seeds to germinate. These methods combined with
greenhouse care during initial growth will ensure that individual California Rose species are off
to a good start, and California Rose tends to have a high survival rate when it comes to
replanting; they usually take 1-2 years to reach the water table, and management can turn to
monitoring (May, 2010). To increase the potential for California Rose success from replantings,
hybridization with nonnative cultivated roses that are not native can be helpful (Circuit Rider
Productions Inc., 2003).

Conservation:

California rose is currently largely growing in Western dogwood thicket habitats along
riparian zones (Geologic Information Center, 2014). We can analyze the ways in which
California Rose is being threatened and the conditions that it thrives in. There might be specific
areas where California Rose resides where it is witnessing increased growths, and there might be
areas where it currently resides where it is experiencing reduced growth. Comparing the various
patches and analyzing the differences between there conditions will aid in the development of a
plan to increase California Rose presence across the Central Valley (Harris et al., 2006).
Influencing factors that ought to be considered include microclimate, soil and water chemistry,
water quality and movement, nearby plant species, proximity to developed areas, competitive
species, hillside orientation (if applicable), geology, mutualistic relationships, pollinator and
herbivore abundance, and soil properties.

Conservation of these existing patches ought to then commence. Removal of Arundo,
Blue gum eucalyptus, and Salt cedar can aid in California rose growth facilitation. If

management plants for other native species conflict with the required management of the
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California Rose, then buffer zones will be required to ensure that these two systems can both be
restored (Harris et al., 2006). Indeed, if two native species that require opposing restoration plans
reside in the same place, they are likely not evolved to be a part of the same ecosystem, and,
therefore, management plants ought to be carried out in separate physical areas.

Focus on conserving existing patches of California Rose should initially place greatest
emphasis on the sites that are likely to continue hosting the species and, more importantly, the
areas with the greatest patch size and other plants which naturally thrive in the same community
as California rose, including Western sycamore, Toyon, White sage, and Prickly-pear (Harris et
al., 2006). By conserving larger patches of the California rose’s habitat and initiating restoration
plans that will make those patches increasingly larger, patch strength is more likely. Focus
should then be gradually shifted to the smaller patches of current California Rose that surround
the larger patches. It is likely that larger patches of California Rose will require less active
restoration, and the presence of a large patch will contribute to higher gene flow into the smaller
nearby patches.

Reintroduction:

After focusing time, energy, and funds on the conservation of current California Rose
patches in the California Central Valley, focus ought to be placed on the areas which are likely
able to support the species. Introduction of California Rose species into these areas ought to
commence, given that there are no conflicting restoration plans as described in the previous
conservation section. Surveys should be conducted to assess hydrology, microclimate, soil,
geology, water quality, shading, and current plant community in order to determine which areas
that have great potential to host California Rose. Of those potential areas, the ones that currently

experience the least amount of human disturbance and are likely to continue doing so ought to be
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considered first for vegetation of California Rose; this is due to the fact that human development
and disturbance can very quickly alter these site characteristics (Harris et al., 2006). Similar to
the methods utilized for conservation, reintroduction of California Rose ought to commence
beginning with focus on the development of a large patch followed by the development of
smaller nearby patches. Since the California Rose is a woody shrub that can reproduce quickly
with the help of pollinators, the focus of patch establishment will increase the likelihood of
pollination (Harris et al., 2006). Lone species are less likely to be pollinated due to their isolation
from other shrubs and their visiting pollinators (Seifan et al., 2014). Conducting reintroduction in
this manner is beneficial for many reasons. For example, this method does not require a large
area of suitable habitat. Habitat modifications have made vast expanses of undisturbed habitat
rare in the Central Valley, and, therefore, taking advantage of the suitable habitat patches will
increase the potential for California Rose reintroduction (Harris et al., 2006). Revegetation
actions should be followed as described in the previous Revegetation Preparation section. As a
clarification, this is meant to be conducted in areas which currently do not host any serious
threats to California Rose such as an invasive plant or animal species.

Habitat Modification:

The last area of focus of the restoration plan for California Rose is perhaps the most
challenging: areas which have the potential to be suitable habitat for the California Rose, namely
near riparian systems, but have been altered in such a way so that the area no longer has that
potential (Harris et al., 2006). Due to runaway agricultural development, damming, and the
aqueduct systems, many riparian areas in the California Central Valley have been drastically
altered. This renders the restoration of California Rose by means of habitat modification

particularly daunting. Since California Rose provides the ecosystem service of stabilizing slopes,
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thrives in riparian systems, and can tolerate seasonal flooding, the first places which ought to be
surveyed for California Rose introduction after habitat modification are the minimally altered
portions of riparian systems within the Central Valley. In order to carry out restoration into
disturbed areas, removal of invasive species that threaten the growth of the California Rose must
occur (Harris et al., 2006).

Removal of the aforementioned invasive species that reside in suitable California Rose
habitat is not easy due to the aggressive nature and rapid reproduction of the plants (United
States National Arboretum, 2008). However, since invasive plants occur in so many places

throughout the Central Valley, this task of removal is likely necessary.

Transplanting:

Ideally, the reintroduction of California Rose by transplant in fall — in time for the wet season—
along riparian zones and on hillsides would lead to stabilization of the soil that could then
facilitate the reintroduction of other native species that also naturally thrive in those types of
ecosystems. The California rose would need to be irrigated via water-efficient drip irrigation or
surface watering until about one year after transplanting. In order to aid in the restoration of
California Rose, assessments of pollinators within an area would occur. This will likely occur in
areas where nonnative or native flowering plants already occur. By reintroducing California
Rose in close proximity to these plants, there is a greater likelihood that California Rose will be
able to be pollinated; this means that the period of intense restoration intervention would be less
intensive, and mere management and monitoring can occur earlier. Once the removal of invasive
species occurs, which is no easy task, in order to keep them at bay, buffer zones of management

ought to be established around the native California Rose individuals that have been established.
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Since invasive plants can spread quickly, monitoring the area 100 feet around the California
Roses will assist in the preservation of revegetated California Rose.

Management and Monitoring:

Management of the revegetated and conserved patches of California Rose ought to occur until
the patches begin to reproduce and spread on their own. Transplanted California Rose that was
germinated in the manner previously discussed in the Revegetation Preparation section will
likely require watering, winter pruning, and competitor (such as the Delta tule pea) removal for
the first year or so (Young, 2001.) Increased patch growth can be measured by increased
physical space filled by and the persistence of native California rose plant community. Increase
in number of patches can indicate success if this phenomenon is occurring simultaneously with
the persistence of or growth of patch size, as previously described. The continued stabilization of
soils following a heavy rain or flooding event can be measured by the loss of topsoil; once less
topsoil is lost from erosion or runoff than previous flooding or heavy rain events of similar
magnitude, restoration has begun experiencing success. These measures are indicators that
management can be weaned and monitoring may take over. Depending on the soil and
topography of the site upon which California Rose is transplanted, more frequent watering,
pruning, and soil movement may be required to ensure that the California Rose is establishing
itself in the correct manner as to carry out the ecosystem function of soil stabilization (United
States National Arboretum, 2008). Monitoring of revegetated California Rose ought to continue
for several years. How long monitoring ought to continue is becoming less and less predictable
due to global climate change (Harris et al., 2006). Since climate change is leading to biome
shifts, microclimates within the Central VValley might alter ecosystems. Conditions that

California Rose thrives in might change. The drought of 2013 was one of the worst droughts in
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California history (Wang et al., 2014). For events like these in the future — as well as intense rain
events that will likely occur — management and monitoring might become more and more
important.
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Silver bush lupine (Lupinus albifrons) Alexander Rodriguez
Lupinus albifrons

Common Name: Silver Bush Lupine
CLASSIFICATION

Kingdom: Plantae

Phylum: Tracheobionta

Class: Magnoliopsida

Super Order: Rosanae

Order: Fabales

Family: Fabaceae

Genus: Lupinus L.

Species: Lupinus albifrons Benth.
(Young 2001)

BACKGROUND AND JUSTIFICATION

The Lupinus albifrons or more commonly known as the Silver bush Iupine>are a perennial
flower having a normal life cycle of around two years that grow to heights and widths of 3to 5
feet. It is native to both California and Oregon its range is from Southern Oregon to Northern
Baja. Also it should be noted that the Lupinus albifrons is not an endangered shrub.

The Silver bush lupine has a multitude of important roles that it can play such as being
able to attract beneficial insects such as bees and butterflies which are native pollinators of L.
albifrons. It also should be noted that it plays an important role as a host for the endangered
Mission Blue Butterfly. Lupinus albifrons is known to be used for erosion control as well as
restoration purposes since it can use nitrogen-fixation for low maintenance landscape purposes.
Silver bush lupine has a very appealing fragrance and vibrant beauty that have been known to be
favored by humans along walk and bike paths. The planting and introduction of the Silver bush
lupine alongside other natives would help to stabilize slopes as well as bring in more diversity by
the attraction of pollinating insects and fixing nitrogen to enrich the soil. The L. albifrons
provide a stabilizing force in ecosystems once introduced due to a combination of its roots that
help stabilize soil preventing erosion, attraction of pollinators increasing biodiversity, and the

ability of nitrogen fixation.

Fact Sheet
Life Cycle
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Growth Characteristics

-Grows to a height and width of around 3-4 ft. and is Perennial (having a normal life cycle that
exceeds two years.) (Annie 2013)

-L. albifron flowers in March or April in a single burst of blooming, and seeds are dispersed in

early May. (Torres-Lezama 1989)

Reproduction

-Mortality studies carried out in wild populations revealed a low seedling survivorship, which
was largely attributable to drought. (Torres-Lezama 1989)

-1t has been shown that Seedlings from larger seeds which are considered equal or greater than
30 mg emerged earlier and grew much more rapidly. (Torres-Lezama 1989)

-Lupinus albifrons seeds germinate 14 days after planting. (Torres-Lezama 1989) Their
germination can be stimulated by scarifying seeds by nicking them with a sharp knife. (Koomas
2003)

-In a study they found a significant increase of seed pod production following visits from insects
visits and found that this increase was attributed to induced self-pollination by insect tripping
(depressing of the keel petals). (Torres-Lezama 1989)

-The main mode of seed dispersal is by being carried and dispersed by small rodents such as
mice. The seed type is a legume and is know as a high protein source and is attractive to small

rodents.

Range and Distribution

-Lupinus albifrons range varies from Southern Oregon to Northern Baja. (Young 2001)

-1t has been found as native in areas in which there is an 8" to 35" rainfall average. (Young 2001)
-Lupinus albifrons has been surveyed to being found in rocky and sandy places that are below
4,500 ft. (Torres-Lezama 1989)

-Lupinus albifrons are typically found in multiple plant communities that include coastal sage
scrub, chaparral, northern coastal scrub, foothill woodland, and yellow pine forest.

Growing Conditions
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-1t will allow for some water collecting in the summer but it is better for this plant to be on the
dry side. (Wilson 2013)

-Silver lupine needs to be planted a little above soil grade in sunlight with access to good
drainage during the late fall to take advantage of winter rains and it grows well in lean soil.
(Wilson 2013)

-Soil Ph levels are found to be from 6 to 8 and by USDA 6 to 10 (Torres-Lezama 1989)

-The Silver Lupine is tolerant to cold up to -10 degrees when it is planted. (Young 2001)
-Lupinus Albifrons is known to tolerate some sitting summer water but it is suggested that it be

kept on the dryer side with adequate drainage. (Wilson 2013)

INTERACTIONS
Wildlife
-Host for the endangered Mission Blue Butterfly. (Annie 2013)
-Attracts Beneficial Insects, Bees, Butterfly, and Other Insect Nectar (Wilson 2013)
-A food source for snails and slugs in communities (Wilson 2013)
-When plants are young they may not have built up enough of the alkaloids that gives them a
bitter taste and deters deer. So protection of young plants until they can be established is
essential. (Annie 2013)
-Seed loss of the Silver Lupine to various predations is small. (Torres-Lezama 1989)

Plants and Pathogens

-The Silver Lupine seedlings that were large (greater or equal to 30mg) showed a strong ability
to compete with annual exotic grass, and were found to be more likely to emerge than seedlings
from small seeds (equal or less than 28mg). (Torres-Lezama 1989)

-There are no diseases that were observed as significant. (Wilson 2013)

THREATS

-Past field observations have hinted at a possibility of grass competition on the Silver lupine to
suppressing its establishment. (Torres-Lezama 1989)

-Loss of habitat is a serious threat since it takes time for the Silver bush lupine to establish and

needs protected habitats to survive if there are many herbivores in the area.
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MANAGEMENT POINTS AND FACTORS TO CONSIDER [SUB SECTIONS]

Possible uses
-1t is known to be used for erosion control once established in a community (Wilson 2013)
-Lupinus albifrons is a very low maintenance plant once established into a community (Wilson
2013)
-Lupinus albifrons has the potential use for nitrogen-fixation for low maintenance landscape
purposes. (Torres-Lezama 1989)

Germination
-1t was shown that only seedling from larger seeds (< or equal to 30mg) possess enough
competitive ability to establish in closed grass stands. (Torres-Lezama 1989)
-To stimulate see germination in the silver lupine you can bury seeds under bare soil and grass
litter, since this helps naturally scarify the seeds which you can also perform by hand using a
sharp knife to knick the seeds (Torres-Lezama 1989)

Transplanting

-A process that was suggested for establishing silver lupine instructs that Seedlings should be
transplanted “14 days after germination from original containers to individual 2” by 7” tubes
which contain a standard potting mix of peat moss, fir bark, perlite, and sand. The Length of this
process is around 28 days. (Torres-Lezama 1989)
-1t should also be noted that survival averages of transplant survival averages around a 75%
(Torres-Lezama 1989)
-Suggested methods of fertilization include using Nutricote NPK two months after transplanting
the plant. (Torres-Lezama 1989)
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Part I1. Goals and Management plans focused on Lupinus albifrons

A. Goals

1. Conserve existing patches

This goal as stated is to conserve the existing patches of Lupinus albifrons in order to make
the increase in population of this species more prevalent at this site. Success would be measure
by being able to conserve existing patches for L. albifrons. Preserving the existing patches of L.
Albifrons helps with our aim to overall maintain and increase L. albifrons population because it
is a very low maintenance perennial plant once established into a community (Wilson 2013).
There is also a need to take into consideration the flowering time of L. albifrons in case there is a
desire to use fire or flooding as a management for neighboring species. Since L. albifrons flower
in March or April in a single burst of blooming, and seeds are dispersed in early May there
would need to be an avoidance of fire treatment during these times (Torres-Lezama 1989). These
implications of course apply if there are already existing patches of L. albifrons present on the
sites in question. If this is not the case then we simply proceed to prioritize our second goal for

management of L. albifrons on this site.

2. Establish viable patches
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Establishing viable patches consisting of scrubland plant community, which can also be
categorized as reaching mature standards (average patch size described in the next sentence),
which also directly helps to increase the amount of patches that L. albifrons are capable of using
in order to increase population sizes of the species. In order to establish more viable patches
which have an average patch size that spreads ~5-7 feet, an average height of 5-6 feet, and a
spacing of 5-7 feet between we can maximize the ideal situations for L. albifrons at the sites in
question (Gold 2014).

Factors that need to be considered for this goal are that the L. albifrons needs to be planted a
little above soil grade in sunlight with access to good drainage during the late fall right before
winter starts (Wilson 2013). This time frame would be aimed around November to catch the
beginning of the fall showers. Also the L. albifrons needs to have plant protectors surrounding it
in order to keep pests such as slug and other predators from preventing proper establishment.
This goal is important because this can increase the spread of the population of L. albifrons
which is beneficial to the continued success of the species due to the fact that by covering more

locations the plant will have more access to pollinators and potential for wider seed dispersal.

3. Creation of a Monitoring protection plan

When L. albifrons are young they have not built up enough alkaloids to give them a bitter
taste that deters deer and other pests from eating them and research has been unclear at exactly
what point these develop but they indicate that this occurs around 2-3 months after seedlings
have developed (Torres-Lezama 1989). The goal is to have a successful growth of L. albifrons
after transplantation onto the site, monitoring, and protecting the patches of L. albifrons for up to

3 years in order to properly determine successful establishment. In order to achieve this we need
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to allow the L. albifrons to grow to a state in which they are no longer juveniles on the first
transplant therefore possessing the alkaloids which would take around 3 months of growing time
in a greenhouse. Therefore a close monitoring and plant protection of the early development of
the shrub would be highly beneficial and drastically increase its chance of survival and once
established L. albifrons require low maintenance (Wilson 2013). With a generation of a
protection plan for the early stages of the plants germination and growth you can increase the

chance of establishment and survivorship of L. albifrons.

A. Restoration Management Plan for Lupinus albifrons

The initial step that should be taken is to determine the locations on the site that are suited to
be patches for Lupinus albifrons. There would need to be a measure of the soil ph since the
levels that Lupinus albifrons are found at are from 6 to 8 Ph and by USDA 6 to 10 (Torres-
Lezama 1989). Also sites in the sunlight and with access to good drainage are needed since
Lupinus albifrons are known to tolerate some sitting summer water but it is suggested that it be
kept on the dryer side with adequate drainage (Wilson 2013).These sites would at minimum need
~10-14 feet of spacing between each of the shrub patches due to the fact that on average the
shrubs grow to be ~5-7 feet long and ~10-14 feet would provide ample adequate spacing (Gold
2014). An assessment of the wildlife surrounding these sites is necessary since past field
observations have hinted at a possibility of grass competition on the L. albifrons to suppressing
its establishment (Torres-Lezama 1989). Another favorable attribute to take into consideration is
the presence of foraging mammals since it has been found that seeds are often carried and
dispersed by small rodents such as mice you would want to increase dispersal rates by choosing

locations that are known to have a lot of small rodent activity.
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After locations have been chosen there are two ways to proceed with introduction of L.
albifrons to these new locations. One option is to order seeds that come from plant nurseries in
which the conditions are similar to the sites. A method that is used is to grow these seeds in the
greenhouses would be to sow the seeds into 2”x7” tubes which have a mixture of peat moss, fir
bark, perlite, and sand. The dimensions are that the seeds are planted two times its diameter in
regards to its depth. These containers are then watered with an automatic irrigation system the
length of this process is around 28 days, after that seeds are sown in June. In this situation the
percent of germination success is about 65% (Young 2001).

The second option that can be taken is to take seeds from already present L. albifrons
preferably seeds that were large (greater or equal to 30mg) in which they were shown to have a
strong ability to compete with grass, and were found to be more likely to emerge than seedlings
from small seeds (equal or less than 28mg) (Torres-Lezama 1989) and plant these seeds on these
locations by scattering them on the location and using a rake to rake them in. These seeds would
be planted a little above the soil grade in lean soil within late fall to take advantage of winter
rains. Checking on these seedlings once to twice a month until sprouting is advised with giving
the plant around one inch of water at these times (Wilson 2013). This part of the process would
be for the first 4-5 months until after their alkaloids develop fully. The difficulty is to monitor the
progress of these seeds since the legume seeds are small possessing a color that blends into the
background. This option is much more difficult since instead of the assurance of a transplant
operation the seed growing on the site is subject to being eaten by animals, carried off from
intended location by wind or rain, and failing to sprout at all. You would gauge this by the
percent of the patch that is filled and if the patches are over 60% filled by the end of the first

perennial cycle then this would be considered a success.
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In both options to protect the growth of L. albifrons it should not be given fertilizer since
the fertilizer can kill the symbiotic relationship with L. albifrons and the nitrogen fixating
rhizobia in the soil (King 2014). L. albifrons is vulnerable to snails, caterpillars and slugs in
which can be eaten by ducks, turtles, and predatory snails or you can also use handpicking to get
rid of these pests. For protection from these pests you can go with the first introduction option
and grow the Lupinus albifrons in a greenhouse until it has built up alkaloids, this can be around
3 to 4 months from seedling development, that give them their bitter taste in this situation the
transplant survival average is at 75% (Young 2001). Therefore increase establishment growing
the seedlings in a greenhouse and transplanting to the site is favorable. To improve the speed of
germination you can scarify seeds by nicking them with a sharp knife (Koomas 2003). This plant
after being established into a community L. albifrons is a very low maintenance plant and would
not require much monitoring after this establishment which includes setting up a drip irrigation
system to keep the soil in a lightly damp state when there are dry spells but turned off during
rainy times in order to prevent drowning the roots. You would use this irrigation system for the
first year and can remove it the summer after transplantation has occurred.

Monitoring of the patches to view success over 3 years would be ideal with checking in
on the patches 1-2 times a month to view progress over the first 6 month of each year since they
come into reproductive age following the first year of establishment during this time you will log
neighboring plants conditions and soil quality at each patch. You would want to monitor during 3
years because of the nature of the average life cycle being perennial and concluding around 2
years of living. Therefore 3 years would be appropriate so that the patches can be assessed after

the parent generation has died off. The needed stable establishment of L. albifrons and to see the
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success of the first few generations to make sure they are constantly maintaining adequate
survival to maintaining desired patch sizes.

Research that can be done to improve this plan is site research regarding conditions such
as frequencies of fluctuations in natural conditions (such as fires or floods) since mortality
studies carried out in wild populations revealed a low seedling survivorship, which was largely
attributable to drought (Torres-Lezama 1989). Also there is little data on the development of
alkaloids in this species and if more information is provided you can obtain a better timeframe

for growing the L. albifrons. This allows the development of a more accurate management plan.
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Western redbud (Cercis occidentalis) Erik Grijalva

Project Cercis occidentalis (western or California redbud)

Part 1: Project Background and Justification

Background and Justification

Cercis occidentalis (western or California redbud, also Cercis orbiculata) is a native California
deciduous shrub whose range extends into Arizona, Nevada and Utah. It is a close relative of C.
Canadensis (eastern redbud) which is more commonly used in horticultural applications. Both
species provide year-round interest: showy pink to purple flowers in spring, burgundy seed pods
in summer through fall, and unique heart-shaped light green leaves in summer that turn bright
yellow in fall. This leguminous (Fabaceae, Caesalpinioideae) shrub can reach 20 feet in height
and attains a dense, rounded form at maturity. C. occidentalis rarely forms uniform stands across
its range, generally establishing as scattered members of a shrub communities or open
woodlands. As a component of a native plant community, C. occidentalis contributes to soil
stabilization via a dense root network which can withstand both periodic flooding and drought
conditions once established. It also provides nectar to both native and introduced bee species and
other pollinators, may fix nitrogen for soil enrichment, and has historically been extensively used
by Native Americans as material for basket weaving. Additionally, its dense branching structure
often provides cover for nesting birds.

C. occidentalis has a generally stable population across its range which is somewhat enhanced by
propagation and trade in native plant restoration and horticultural applications. A difficulty for
restoration projects is obtaining sufficient stock for inclusion into planting designs. Many
available plants are small (and expensive) and may therefore be difficult to establish. The seeds
evolved to respond to the heat provided by fire scarification, and where fire has been excluded
from the landscape, seed germination must be assisted. Inclusion of C. occidentalis in a
restoration planting palette provides many ecosystem services in the form of a tough, beautiful
plant that can tolerate a variety of soil and environmental conditions. Additionally, C.
occidentalis can provide aesthetic interest on the borders of restored habitats and potentially
allow for restoration of historic cultural practices into restoration design. The overall goal of my
interest in C. occidentalis is to provide support for inclusion of the species in restoration design.

Literature Review: Species attributes and ecosystem services

[1 Nitrogen fixation — C. occidentalis is a nitrogen-fixing legume that forms a symbiosis with
Rhizobium bacteria. An early-branching member of the pea family (Fabaceae, Caesalpinioideae),
C. occidentalis does not form root nodules as do later-branching legumes (Fabaceae,
Papilionioideae). However, the N-fixing ability of California redbud allows the plant to survive
in N-limited sites, contributing nitrogen-rich leaf litter to the organic layer of soils. This may
provide increased habitat availability for associated restoration plantings, but may also provide a
competitive advantage to invasive plants over natives adapted to N-limited soils. (Liang and
Harris 2005, Adkins 2012)

[J Pollinator support — C. occidentalis can provide an important early-spring source of nectar
for around 40 spp. of both native and introduced bee species. Bumble bees (Bombus spp.)
orchard mason bees (Osmia spp.) and European honeybees (Apis mellifera) may use this
resource along with various species of flies, beetles, butterflies and other insects. Integration of

113



C. occidentalis into restoration planting schemes can enhance habitat for pollinating species.
(Andersen 2002, Kremen et al. 2002, Andersen 2006, Hauser 2006, Long and Anderson 2010)

(1 Soil stabilization — C. occidentalis has a dense, interconnected root system that is tolerant of
some inundation in well-drained soils that do not have standing water. As such it can be an
important component of the upper edge of riparian corridors. Additionally, once established, the
root system can survive prolonged drought. Plants can be found growing in rocky outcroppings
and steep, dry exposed areas. C. occidentalis may therefore play a role in stabilizing soils in
restoration settings, including clay and alkaline soils. (Andersen 2002, 2006, Hauser 2006)

[1 Cover for birds, mammals, insects — The thick, sometimes dense network of stems, leaves
and previous-season seed-pods found in mature plants of C. occidentalis provide shelter and
nesting support for various bird species. (Long and Anderson 2010)

[1 Cultural services

Horticulture — California redbud is most prized for the splash of early spring color provided by
magenta or pink pea-like flowers that precede leaf unfurling on bare branches. The cordate
(heart-shaped) leaves begin as lime-green and turn a darker blue-green over the course of the
growing season, eventually turning a bright yellow in the fall. The seed pods begin as a light
apple-green and move through burgundy to a charcoal grey after leaf-drop. Plants can grow up to
Plants respond well to pruning and can be kept in both tree-like and bush forms. Plants can grow
to 20 feet or more in optimal conditions and be cut to the ground to force growth of new shoots
or the re-establishment of the entire plant. C. occidentalis can fit well in xeriscape applications in
well-drained soils or as a background planting in mixed perennial borders. It is resistant to most
pests and infections, though it may be susceptible to oak root fungus in overly wet soils. (Brenzel
, Bornstein et al. 2005, Baldwin et al. 2012)

Basket weaving — the young shoots of C. occidentalis were highly prized by some Native
American tribes for the wine-red branches. As branches age, the bark turns grey. Stands of the
plant were induced to produce new vigorous shoots either through selective cutting of the plants,
coppicing or via application of fire. Wild growth in redbud produces relatively stiff, brittle
branching architecture, whereas new growth is generally straight and exhibits flexibility in terms
of the elastic and tensile strength properties coveted for bending in basket weaving. Baskets may
have required 25-50 2-meter shoots each, depending on the type of basket constructed (cooking,
seed gathering, sifting), an amount much more difficult to obtain from wild, uncultivated plants.
Tribes that utilized C. occidentalis in this way include Yosemite Miwok, Pomo, Wukehumni
Yokuts, Yuki, Northern Maidu, and Mono. There is also evidence that the Patwin (and other
Wintun), native to Solano County, utilized redbud shoots in the same way.(Anderson 1999,
Anderson 2000)

(1 Fire — C. occidentalis readily re-establishes after fire, resprouting from root crowns from
mature plants or from seed stored in a seed bank. Fire was used by Native Americans in C.
occidentalis habitat for many purposes, including for production of basket making materials. The
hard outer layer of the seed requires heat to break seed dormancy, and indicates that the plant
likely adapted to periodic fire over its range. (Anderson 1999, Andersen 2002, 2006, Hauser
2006)

(1 Propagation and Establishment— C. occidentalis is a fire-adapted species and the hard seed
coat requires heat scarification to break embryo dormancy. A typical way to simulate fire in
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propagation is to soak C. occidentalis seeds in boiling water (93°C, 200°) water that is allowed
to subsequently cool overnight. This process is repeated, and the seeds are then immediately
planted in a planting medium, or chilled under peat for up to 2 months. Young plants are
provided fertilizer to speed growth. Plants are ready for outplanting after 7 to 8 months. C.
occidentalis shoots have been shown to respond well to formulations of rooting hormone, rooting
an average of 58% of the time. However, propagation by seed is a more cost-effective approach
for restoration applications that require larger numbers of individuals. Once outplanted, young
plants may require supplemental irrigation for summer months for optimal growth. (Pooler and
Dix 2001, Andersen 2002, Keeley 2005, Andersen 2006, Hauser 2006, Palmerlee and Young
2010, Adkins 2012)

[1 Management — C. occidentalis should require little management once established, especially
in ‘wild’ or ‘natural’ restoration applications. It does respond well to fertilization and targeted
summer watering within the first 5 years of growth, but it is not required. Pruning or coppicing
are documented ways to manage unruly growth or produce new red shoots where a more formal
restoration border or cultural product is desired. Pruning should be done in fall, winter or early
spring when the plants are dormant. Flowers form on the previous season’s growth, so flowering
will be diminished in the year following pruning. If desired, plants can also be shaped into small
trees through selective pruning of side shoots in young plants. (Andersen 2002, Bornstein et al.
2005, Hauser 2006, Adkins 2012)
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Part 2: Project Goals and Management Plan

Ecosystem Background

California’s Great Central Valley has been highly modified from historic conditions that existed
prior to European-American occupation. Agriculture, industry and urbanization have
transformed the vast majority of the valley into a managed landscape that little resembles the
ecologically complex river valley and delta it once was. These modifications have introduced
exotic species, changed hydrology, modified animal and plant communities, introduced high
levels of nutrients and toxins, and overexploited most available resources. The landscape that
exists today contains only a scattered few remnant patches of habitat that preserve some of the
ecological character of the historic valley. Restoration of areas historically used for agriculture or
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other intensive activities provides an opportunity to steward ecological resources toward a
sustainable, native-rich and biodiverse future more able to adapt to changing climates and land-
use patterns.

Within that overarching restoration structure, this project examines the contribution of a single
species, Western Redbud (Cercis occidentalis), to restoration of disturbed communities across
the Central Valley. Historic distributions of C. occidentalis within the valley proper are difficult
to come by, but current distributions, the adaptable characteristics of the plant and extent of
Native American cultural use of the species indicate that C. occidentalis was a significant
component of many ecological communities across the valley. Where these communities exist in
fragmented form or where restoration activities are planned, C. occidentalis is a species that can
provide a suite of ecological and cultural benefits to enhance the performance of restoration
projects.

Project Goal

Inclusion and establishment of sustained populations of C. occidentalis on restoration sites.
Populations of C. occidentalis are well-distributed within California, especially along the Coast
Ranges and Sierra foothills that surround the Central Valley. As such, the species does not
require any specific conservation or restoration based on rarity or threatened status when
considered statewide. However, given the heterogeneity of the habitats in the valley before the
advent of large-scale land conversion, it is reasonable to assume that the species played a larger
role in upper riparian and upland habitats that bordered the complex network of waterways
within the valley than is currently the case. C. occidentalis is generally not absent from native
restoration planting palettes in the valley, but could play a more prominent role as a component
of shrubby understory or mixed woodland plantings throughout the Central Valley, especially in
the central and north-central portions. (Andersen 2002, Hauser 2006, Baldwin et al. 2012)
Restoration Plan

I. Propagation

I1. Establishment
[11. Monitoring/Mainenance
IV. Research

V. Conclusions
I. Propagation

Seed Collection

Redbud seed is produced from legumes that mature in late summer to fall. The seed pods persist
on the plant through the following growing season, but the seeds are generally released by mid-
winter as the pods dehisce. Seeds are mature after the somewhat fleshy, burgundy seed pod dries
and turns brown. Seed can be collected via breaking open the dried seed pods and separating the
hard individual seeds from the interior. Seeds can be stored for future use in paper bags kept in
cool, dry environments out of the sun. It is important to carefully choose donor sites for seed
collection. The areas around potential restoration sites may provide the greatest opportunity to
incorporate localized ecotypes into the planting palette but several factors must be considered
before any particular individual or population of plants is chosen as a donor site. If C.
occidentalis can be located in proximity to the planned restoration site in a similar habitat type, it
can be considered a potential candidate as a source population for propagules used in restoration.
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However, since redbud is often incorporated into horticultural applications that stress plant traits
that may differ from the habitat requirements of the site (flower color, flower size, leaf shape,
growth form, etc.), plants proximate to restoration areas may have origins in populations from
other locations within the species range (or may even be individuals of the closely related, and
similar appearing, species C. canadensis, Eastern Redbud). If possible, a historic analysis of
land-use in the area (ex. former farmhouse, garden, park) may point to transport from distant
locations. If one can be reasonably assured that the nearby population is of a localized origin, the
number of plants present should be analyzed carefully. There is no specific rule on how many
plants might constitute ‘enough’ to accommodate seed harvest, but as a rule-of-thumb, no more
than 10% of the seeds on a site should be taken in a 7-10 year timespan. For a single harvest
event, or where there are few plants present, a conservative approach would only allow for less
than 5% of the seed crop to be harvested.

Scarification

Once seeds have been collected they can be prepared for propagation. C. occidentalis is fire-
adapted and therefore requires heat scarification to end seed dormancy and enable germination.
In restoration settings where prescriptive fire is incorporated as an ecological restoration or
management tool, redbud seeds should be broadcast in targeted fire areas prior to the prescribed
burn. This may be especially beneficial where the planned burn precedes a rain event or the rainy
season to allow newly establishing seedlings sufficient moisture. Where site conditions preclude
use of fire, several techniques are available for scarifying the hard seed coat of redbud and
breaking dormancy. The simplest method is to put seeds in a pot and pour boiling water over
them until they are covered. The water is allowed to cool and the seeds sit in the water for 24
hours when the process is repeated. Any seeds that float are considered non-viable and removed.
After the second 24-hour period has elapsed, the seeds are ready to plant, or they can be chilled
for up to several weeks in peat. Other methods for scarification have been suggested that include
nicking the individual seed coats with scalpels (or similar), soaking in a strong acid overnight, or
placing the seeds in a paper bag and setting the bag on fire. Some sources recommend up to 3
months of cold stratification in moist soil following scarification treatments, while others forgo
this step (Keeley 2005, Andersen 2006, Hauser 2006, Palmerlee and Young 2010, Adkins 2012).

Seedling management

Once scarified, the seeds can either be directly outplanted to the restoration site or grown in a
nursery setting in a well-drained, sterile nursery soil mixture. The soil should be kept moist until
germination, when the soil should be allowed to dry down to avoid fungal infestation. When
plants have two true leaves they can be transplanted to larger containers. Though redbud is a N-
fixing plant, it can benefit from fertilization during early growth, especially in a container. Plants
are generally ready for outplanting after 7-8 months.

Horticultural work with C. occidentalis’ close genetic cousin C. canadensis has developed
processes for using softwood cuttings for propagation. C. occidentalis itself has been shown to
respond moderately well to rooting hormone under controlled conditions. Research on C.
canadensis from commercial growers on the east coast indicates that hardwood cuttings are
much less successful material for rooted cuttings. Once rooted, plants can be cared for under the
same conditions outlined above for plants generated from seed (Pooler and Dix 2001, Keeley
2005, Palmerlee and Young 2010).

118



I1. Establishment

C. occidentalis occurs in a wide range of ecological settings within its range. As such, it can
generally tolerate the disturbed settings found most restoration sites. Soil preparation should not
be necessary prior to outplanting as redbud occurs on many types of soils including the clay soils
typically found in the Central Valley. Siting of plantings should concentrate on sunny areas
though it can tolerate limited shade where it responds with less flowering. Sites along seasonal
watercourses, dry, shrubby slopes, streambanks, and foothill woodlands are among the areas
where it will thrive. Elevations in the Central Valley are generally at the lower end of redbud’s
range of 400-5000 feet, though suitable localized habitats, soils and exposures within this range
serve to expand the area able to support the species (Bornstein et al. 2005, Andersen 2006,
Hauser 2006).

Seedlings should be planted at the start of the rainy season in October or November to take
advantage of higher soil moisture levels through the winter season. Where rains are limited
during drought conditions or late arrival, plants will benefit from supplemental irrigation during
the first year or two of growth. After the first year, established plants may not require additional
water, but will still respond to additional allocations of water with increased vegetative growth.
Plants may also benefit from fertilization during the first year or two of growth, though it is not
required as the plants are nitrogen fixers.

In natural environments, redbud generally occur in mixed stands with other shrubs, in open
woodlands or as individual plants, though they are known to occur in uniform stands on occasion
(Hauser 2006, Baldwin et al. 2012). In a restoration setting, spacing of plantings can be tailored
to the goals of the restoration project. The considerable horticultural value of the species can
allow for a solid, denser planting distance (2-4m on center) for a high visibility border or
woodland transition, which also provides habitat value for animal species that utilize the woody
thickets provided by the plant’s branches. In other applications, plants can be interspersed with
other shrubs, situated on the edge of open grasslands or forb-planted areas at wider spacing
distances.

I11. Monitoring and Maintenance

Redbud plants can be maintenance-free once established, requiring little supplemental water and
no fertilizer. However, they are susceptible to fungal infections during wet conditions, especially
during the first year or two following germination. The US Forest Service identifies a fungal
canker (Botryospaeria ribis and B. dothidea) as a particular concern. Plants may also be
periodically grazed by deer, birds and other animals, especially when the leaves are freshly
emerged in the spring. Caterpillars can also be a problem on western redbud, as can the fruit tree
leafroller. Both can be effectively controlled with Bacillis thuringiensis (BT) formulations
(Hauser 2006).

To assess for survivorship of plantings and any subsequent impacts to the health of the plants, a
monitoring program should be implemented to track the condition of the site and the plants
themselves. Pre-planting, the sites should be assessed for soil characteristics, exposure and plant
species composition to determine the suitability for redbud in the planting palette. Especially
important in this initial monitoring is to locate areas containing tree species that will develop
extensive shading canopies at maturity. These areas may support redbud during the early stages
in restoration, but as the plants become shaded as the tree species mature, redbud is likely to be
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outcompeted and decline. This characteristic would fit well when successional patterns
incorporated into restoration design, but not if a persistent redbud component is desired.

In the first two years of growth, plantings should be assessed for overall vigor, shoot number,
plant height and cover, impacts from grazing or insects, evidence of fungal infection, and other
metrics to assess the health of the plants. Soil samples should also be taken annually to assess
changes to soil composition. Assessments of the amount and color of the flowers can also be
made (relatively sparse, lighter-colored flowers indicate sub-optimal lighting conditions).
Monitoring should be done at least twice yearly for the first two years, then annually thereafter.
Mortality should be noted and, where possible, a causal hypothesis suggested. If site conditions
are determined to be sub-optimal for C. occidentalis, inclusion of the species in the planting
palette should be re-evaluated. If mortality can be attributed to transient, one-time events, or to
easily managed stressors, replacement plants should be installed on the site.

Management of plants on the site may also include trimming, pruning or coppicing of the plants
if horticultural or cultural values are incorporated into the restoration design. Redbud responds
well to pruning, and plants can be shaped into specimen trees to highlight restoration edge areas
or focal highlights. If plants are incorporated to provide Native American basketmaking supplies
in the form of new, vigorous shoots, mature plants can be coppiced (cut to the ground) every 3
years to provide the colorful new growth prized for this art form (Anderson 1999, Anderson
2000).

IVV. Additional Research

Increased understanding of propagation techniques. Side by side trials of scarification
techniques on seeds in terms of germination success, outplanting success and long-term plant
characteristics would both inform C. occidentalis restoration across the plant’s range and could
also be easily incorporated into restoration plantings across sites.

Improvement of soils. Specific contributions of C. occidentalis to N-levels in soils, and soil
improvement trajectories from organic matter contributions. This work would provide a
quantified justification for including redbud in restoration plantings, and could be tracked over
long-term timescales at restoration sites. Various restoration soil types could also be incorporated
into this type of research (Liang and Harris 2005, Hauser 2006).

Provision of pollinator support. As one of the earliest blooming spring plants, C. occidentalis
has been suggested as a significant contributor to pollinators early in the growing season. Which
species utilize redbud, what proportion of contribution is made by the plant relative to other plant
species and how pollinator populations respond to varied levels of redbud plants would
illuminate another aspect of C. occidentalis’ role in ecosystem function. Plant numbers and
locations could easily be configured to answer these research questions as part of a restoration
effort (Andersen 2002, Kremen et al. 2002, Bornstein et al. 2005, Hauser 2006).

V. Conclusions

C. occidentalis plantings can be easily incorporated into most restoration settings within the
Central Valley. The plant is an adaptable and low-maintenance member of plant communities
throughout its range and provides ecological, aesthetic and cultural resources. Propagation
techniques are relatively simple and can be accomplished by experienced and novice growers
alike. The conditions observed at the Solano County Resource Conservation District restoration
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sites indicate that C. occidentalis would fit well within the ecology of the sites. The adaptability
of the plant allows for integration with other restoration goals for the sites in terms of plant
diversity, pollinator support, soil improvement, sediment control and general provision of
habitat. Establishment of redbud has a high likelihood of success in these restoration settings,
and should be seriously considered as a component of planting design.
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Poison oak (Toxicodendron diversilobum)- particularly focus on ecological role of this (e.g.
wildlife habitat) Joel Friesen

The Ecology of Pacific Poison Oak

Taxonomic Classification:

Kingdom: Plantae
Subkingdom: Tracheobionta
Superdivision: Spermatophyta
Division: Magnoliophyta
Class: Magnoliopsida
Subclass: Rosidae
Order: Sapindales
Family: Anacardiaceae
Genus: Toxicodendron
of California

Species: diversilobum (Torr. & Gray) Greene (syn. Rhus diversiloba)
Common Name(s): Pacific poison oak, western poison oak
(USDA, 2014)

I. BACKGROUND AND JUSTIFICATION

Pacific poison oak is reviled by nature-goers and more than a few restoration ecologists because
of the severe rash that it causes in the estimated eighty to eighty-five percent of people that are
allergic to its oils (DiTomaso, 2009). For this reason, its inclusion in restoration plans for
degraded, damaged, or destroyed sites has been minimal. However, evidence in the literature
suggests that poison oak serves important ecological roles. Indeed, poison oak is one of the most
versatile and resilient California native plants and is currently undervalued for its erosion control
and food and habitat provisioning capacities.
Il. FACT SHEET
A. Range and Distribution
1. Occurs in California, Nevada, Oregon, and Washington, as well as British
Columbia (Howard, 2014)
2. Distributed from sea level up to 5,000-foot elevations (DiTomaso, 2009)
3. Is the most widespread shrub in California, being found in fifty of California’s
fifty-eight counties (Eaton & Sullivan, 2013)
4. Not an endangered species nor is it protected at the federal or state level
(Howard, 2014)

B. Habitat Characteristics
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1. Found in mixed evergreen forests, woodlands, chaparral, coastal sage scrub,
and riparian zones (Howard, 2014)

2. Tolerates a wide range of microclimates, soil types, moisture gradients, and
light intensities, but is most often associated with shallow, well-drained,
acidic soils and sloped topography (Howard, 2014)

3. Thrives in disturbed sites, including roadsides (DiTomaso, 2009)

C. Growth Characteristics

1. Grows as a multi-stemmed climbing vine (10-30 ft) or as a shrub (2-6 ft)
depending upon presence of support structures (Gartner, 1991)

2. Vines have adventitious roots and may smother or break supporting plants,
sometimes killing them (Howard, 2014)

3. Develops a shallow yet extensive rhizome root system often several feet in
diameter which prevents topsoil erosion (DiTomaso, 2009)

D. Biotic Interactions

1. Is the most important black-tailed deer (Odocoileus hemionus columbianus)
browse in some regions of California (Howard, 2014)

2. Horses, woodrats (Neotoma sp.), pocket mice (Chaetodipus sp.) and to a
lesser extent, cattle, sheep, goats will browse on leaves and stems, which
contain high concentrations of phosphorus, sulfur, and calcium (Barkley,
1937; Howard, 2014)

3. Acts as nesting site in oak woodlands for California towhees (Pipilo crissalis)
(Benedict, 2009) and the federally endangered least Bell’s vireo (Vireo bellii
pusillus) (Benedict, 2009; Gray & Greaves, 1984)

4. Studies have linked poison oak woodlands with higher overall bird diversity
and density in California (Hehnke & Stone, 1979)

5. Drupes are a food source for California quail (Lophortyx californica), red-
shafted flickers (Colaptes cafer), Lewis woodpeckers (Asyndesmus lewis),
Nuttall woodpeckers (Dendrocopos nuttallii), yellow-billed magpies (Pica
nuttallii), olive-backed thrushes (Hylocichla ustulata), California thrashers
(Toxostoma redivivum), Fox sparrows (Passerella iliaca), golden-crowned

sparrows (Zonotrichia atricapilla), white-crowned sparrows (Zonotrichia
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leucophrys), bushtits (Psaltriparus minimus), Oregon juncos (Junco
hyemalis), ruby-crowned kinglets (Regulus calendula), Northern
mockingbirds (Mimus polyglottos), red-breasted sapsuckers (Sphyrapicus
ruber), Audubon warblers (Dendroica coronata auduboni), cactus wrens
(Campylorhynchus brunneicapillus), wrentits (Chamaea fasciata), hermit
thrushes (Catharus guttatus), Swainson’s thrushes (Catharus ustulatus), oak
titmice (Baeolophus inornatus), and spotted towhees (Pipilo maculatus)
(Barkley, 1937)

6. Drupes are reported to be a food source for scrub jays (Aphelocoma
californica), wild turkeys (Meleagris gallopavo), chickadees (Poecile sp.),
waxwings (Bombycilla sp.), and finches (Fringillidae) (Eaton & Sullivan,
2013)

7. Flowers are reported to be pollinated by soldier beetles (Cantharidae), long-
horned beetles (Cerambycidae), checkered beetles (Cleridae), burrowing bees
(Anthoporidae), and sweat bees (Halictidae) (Eaton & Sullivan, 2013)

E. Reproduction

1. Spreads by seed, ground layering of stems, or by underground rhizomes;
plowing acts to propagate rhizomes (Howard, 2014)

2. Digestion of seeds by birds aids in both dispersion and germination
(DiTomaso, 2009)

3. Fires of low to moderate intensity (<200 kcal/sec/m?) also enhance
germination rates and promote vigorous re-sprouting from root crowns and/or
rhizomes, but fire is not required for regeneration (Howard, 2014)

4. Sexual propagation protocols call for soaking dried seeds in sulfuric acid for
3.5 hours prior to sowing (Evans, 2001)

5. Asexual propagation protocols call for sticking 2-inch long softwood or semi-
hardwood cuttings in a coarse rooting medium under mist for 4-6 weeks
(Evans, 2001)

F. Key Gaps in Knowledge
1. Climate change should extend the range of Pacific poison oak beyond 5,000-

foot elevations. How will this movement into higher elevations alter the
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ecosystem dynamics at these elevations and the ecosystem services that
Pacific poison oak is able to provide?

2. To what degree might Pacific poison oak be able to out-compete invasive
species in disturbed sites?

3. Inrestoration sites, how densely should Pacific poison oak be planted to
ensure that it does not smother neighboring species?

I1l. REFERENCES

Barkley, Fred Alexander. A Monographic Study of Rhus and Its Immediate Allies in
North and Central America, including the West Indies. Saint Louis:

Washington U, 1937. Print.

Benedict, Lauryn. "Long-Term Occupancy of Home Ranges and Short-Term Changes in
Use of Habitat by California Towhees (Pipilo Crissalis).” The Southwestern
Naturalist 54.3 (2009): 324-30. Print.

Eaton, Joe, and Ron Sullivan. "Leaves of Three: The Rash Success of Poison Oak." Bay
Nature. N.p., 2013. Web. 23 Apr. 2014.

Evans, M. 2001. Propagation protocol for poison oak (Toxicodendron diversilobum).
Native Plants Journal 2: 108-1009.

DiTomaso, J. M., and W. T. Lanini. "Poison Oak." University of California IPM Online.
Regents of the University of California, July 2009. Web. 11 Apr. 2014,

Hehnke, Merlin; Stone, Charles P. 1979. Value of riparian vegetation to avian
populations along the Sacramento River Sy. In: Johnson, R. Roy; McCormick, J.
Frank, technical coordinators. Strategies for protection and management of
floodplain wetlands & other riparian ecosystems: Proc. of the symposium; 1978
December 11-13; Callaway Gardens, GA. General Technical Report WO-12.
Washington, DC: U.S. Department of Agriculture, Forest Service: 228-235.

Howard, Janet L. 1994. Toxicodendron diversilobum. In: Fire Effects Information
System, [Online]. U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station, Fire Sciences Laboratory (Producer). Available:
http://www.fs.fed.us/database/feis/ [2014, April 22].

Gartner, Barbara L. 1991. Relative growth rates of vines and shrubs of western poison

oak, Toxicodendron diversilobum (Anacardiaceae). American Journal of Botany.

126



78(10): 1345-1353.

Gray, M. Violet; Greaves, James M. 1984. Riparian forest as habitat for the least Bell's
vireo. In: Warner, Richard E.; Hendrix, Kathleen M., eds. California riparian
systems: Ecology, conservation, and productive management: Proceedings of a
conference; 1981 September 17-19; Davis, CA. Berkeley, CA: University of
California Press: 605-611.

"Plants Profile for Toxicodendron Diversilobum (Pacific Poison Oak)." Plants Profile for
Toxicodendron Diversilobum (Pacific Poison Oak). USDA.gov, n.d. Web. 22 Apr.
2014.

GOALS:

A. To outline restoration sites for which Pacific poison oak plantings may be appropriate
B. To provide guidelines that can be used to promote establishment of Pacific poison oak
stands

C. To detail management regimes to keep established stands from encroaching upon land

with agricultural or recreational value

A. APPROPRIATE SITE TYPOLOGIES

Pacific poison oak (T. diversilobum) is a species that causes a severe rash in an estimated
eighty to eighty-five of humans that come in contact with its oils and therefore should be used
with extreme caution in restoration applications (DiTomaso, 2009). Although T. diversilobum
exists naturally from sea level to five thousand-foot elevations as a member of a variety of plant
communities, including mixed evergreen forests, oak woodlands, chaparral, coastal sage scrub,
and riparian zones, once established it has the potential to smother slower-growing species
(Howard, 1994). Much like its East Coast relative, poison ivy, Pacific poison oak exhibits a

vining growth habit when provided with vertical support in the form of surrounding trees, shrubs,
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or even utility poles (Gartner, 1991). For this reason, it is not a suitable species for restoration
sites that are intersected by utility lines or sites with associate species that cannot tolerate intense
competition for light or the stress of physically supporting this vigorously climbing species.

Within mixed evergreen forests, associate species include Pacific madrone (Arbutus
menziesii), sugar pine (Pinus lambertiana), bigleaf maple (Acer macrophyllum), tanoak
(Lithocarpus densiflorus), California bay (Umbellularia californica), and chinquapin
(Chrysolepsis chrysophylla) (Howard, 1994). Oak woodland associates include valley oak
(Quercus lobata), interior live oak (Q. wislizenii), Monterey pine (Pinus radiata), Coulter pine
(P. coulteri), bigcone Douglas-fir (Pseudotsuga macrocarpa), and California walnut (Juglans
californica). Chaparral associates include toyon (Heteromeles arbutifolia), chamise
(Adenostoma fasciculatum), and California scrub oak (Quercus dumosa). Coastal sage scrub
associates include California sagebrush (Artemisia californica), coyote brush (Baccharis
pilularis), and sugar sumac (Rhus ovata). Lastly, riparian zone associates include bigleaf maple,
California sycamore (Plantus racemosa), white alder (Alnus rhombifolia), boxelder (Acer
negundo), willow (Salix spp.), California blackberry (Rubus vitifolius), toyon, and wild grape
(Vitis spp.)

Given the proclivity of Pacific poison oak to occupy disturbed sites, including rangelands
and roadsides, it would not be advisable to use this species in restoration sites that border fallow
agriculture land or land adjacent to transportation or recreation corridors (Eaton, 2013).
Generally, the use of Pacific poison oak is limited to wildlife habitat restoration projects (Evans,
2001). When used appropriately, Pacific poison is invaluable for its versatility as well as for its

role as a provider of food and habitat to a host of species, which are listed in Part | of this report.
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B. ESTABLISHMENT

Pacific poison oak is easily propagated by seed or stem cuttings (Evans, 2001). Fruits are
collected in late summer and scarified for three-and-a-half hours in sulfuric acid, after which
they are rinsed overnight in water and then promptly sown in flats containing equal parts (by
volume) perlite, vermiculite, coarse sand, and sphagnum peat moss. When kept under a
shadehouse in slightly moist conditions, seeds take about three weeks to germinate and six to
nine months until seedlings can be transplanted into restoration sites.

The best time to take cuttings is when plants are dormant in the winter, although even
contact with dormant stems without leaves can result in skin irritation (Evans, 2001). For this
reason, protective equipment should be worn when taking cuttings or collecting seed (e.g. long
sleeves and gloves). Softwood or semi-hardwood cuttings with one or two nodes should be
taken and stuck in a rooting medium containing three parts (by volume) course sand, perlite, and
vermiculite respectively, and one part sphagnum peat moss. Under humid greenhouse
conditions, roots should form on cuttings after four to six weeks. Once they are well rooted, both
seedlings and cuttings benefit from applications of Osmocote (18-6-12) at a rate of 2.7 kg/m* as
well as inoculations of the vesicular arbuscular mycorrhiza Glomus intraradices (sold by
Grolife) at a rate of 6 kg/m°. It should be noted that the literature does not comment on how
these treatments impact the survivability of the plants once they leave the favorable greenhouse
environment and enter the often-harsh conditions of the restoration site.

Documented methods to promote the in-situ establishment of Pacific poison oak are few
and far between in the literature. Observational studies indicate that prescribed fires of low to
moderate severity (<200 kcal/sec/m?) enhance the establishment of Pacific poison oak seedlings

while also reinvigorating mature stands through resprouting of root crowns and underground
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rhizomes, but little more has been published about how to encourage establishment (Howard,
1994). This lack of information may be due to the fact that so much focus has historically been
directed at the control of this species and not at its promotion, or alternatively, because the
hardiness and versatility of the species is such that prescribed manipulations of site
characteristics are unnecessary. While Pacific poison oak prefers sites with shallow, well-
drained, acidic soil and sloped topography, it is tolerant of a wide range of microclimates, soil

types, moisture gradients, and light intensities (Howard, 1994).

C. MANAGEMENT OPTIONS

In the state of California, loss of income due to exposure to Pacific poison oak is covered
by Worker’s Compensation Insurance, which reflects the considerable economic impact of this
species while also indicating the need for more effective management strategies (DiTomaso,
2009). In natural ecosystems, Pacific poison oak is not a pest, but when it is found growing near
residential areas or encroaching upon disturbed sites, it may need to be controlled mechanically,
chemically, or culturally. Ingestion of seeds by birds is the primary dispersal mechanism of
Pacific poison oak, although individual plants will form clonal colonies often several feet in
diameter via rhizomatous growth. Therefore, the most effective way to counteract long-range
dispersal is to remove young seedlings that germinate in undesirable locations. Hand pulling of
seedlings is best done when the soil is moist in late fall or early spring. Pacific poison oak plants
over two months old resprout readily from rootstocks, so the entire root and stem should be
removed whenever possible (DiTomaso, 2009). Introducing browsing sheep and goats can be an
effective way to prevent stands from flowering and producing seed and also can reduce the

biomass of stands dramatically. On a U.S. Forest Service plot in Oakland, for instance, when six
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hundred goats were released on each hectare of land, Pacific poison oak biomass decreased by
sixty-six percent, which is significant considering the propensity of the species to act as a ladder
fuel in forest fires (Howard, 1994)

Mowing is a moderately effective control measure if it is done at least four times
throughout the growing season (DiTomaso, 2009). However, any type of brushraking,
bulldozing, or plowing is not advised as it will only divide rhizomes into individual propagules,
each of which will then resprout. Prescribed burning can be effective at high intensities, but
given that those areas under active management are often near residential areas where high
intensity fires could prove deadly, this too should be discouraged. Furthermore, the skin irritant
found in Pacific poison oak’s oils does volatize and can cause severe respiratory irritation
(Howard, 1994).

Chemical management strategies include foliar, basal bark, and/or stump applications of
any of the following herbicides: glyphosate, triclopyr, 2,4-D, dicamba, and imazapyr (DiTomaso,
2009). Foliar sprays are most effective when leaves are mature and the plants are in their
flowering stage between April and June. Basal bark applications can be made any time of year,
whereas stump applications should be made during periods of active growth on cut stems one to
two inches above the soil surface.

Cultural control of Pacific poison oak consists of establishing plant cover at sites that
may be susceptible to invasion (DiTomaso, 2009). This involves regularly irrigating landscape
or agriculture crops and keeping the soil under cultivation because Pacific poison oak thrives in
ruderal-type sites with low levels of competition. In terms of biological controls, options are
limited given that Pacific poison oak is indigenous and as a result, potential biocontrol agents are

already present.
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Sub-Shrub
California blackberry (Rubus ursinus) Chloe Bombardieri
Part 1: Literature Review and Fact Sheet

Source: D.L. Smith, 2005

Background and Justification

California blackberries can be found in habitats along the California coast and river
systems in the central valley (Calflora, 2014). This native species is an excellent competitor in
shaded, wet environments such as riparian areas or coastal forests (River Partners, 2014). This
species can be invasive and dominant in unmanaged environments but it is also an important
habitat and source of food for many native species. California blackberry provides low ground
cover for small mammals, which are protected by the thorny vines of the plant. They also
provide nutrients for a wide variety of animals by producing pollen, nectar and blackberries and
allow the plant to spread to a large area (River Partners, 2014). Specifically, blackberries provide
food sources for native birds such as California quail, sharp-tailed grouse and others, along with
black-tailed deer and elk and other ranging organisms (Tirmenstein, 1989). California
blackberries are also excellent at growing in disturbed areas and areas with poor soil quality and
may be a good choice to prevent soil erosion and secure riverbanks (Tirmenstein, 1989).

Since Rubus ursinus is a dominant competitor and an early successional species and
tolerant of unexpected conditions there is no concern of it becoming endangered. Another
consideration for California Blackberries is the berries that they produce; they are commercially
cultivated and very popular. They do not require strenuous management and are easily
propagated so that they will provide nutrients and enrich the soil with leaf litter and fallen fruit.

General Characteristics

- Rubus ursinus is a shrub with a low, trailing growth pattern, when it mounds it can reach
heights of 5-6 meters.

- The vines of Rubus ursinus are thorny and green but develop into woody stems at
maturity. They have deep green leaves with small white flowers that develop at the end of
a vine in groups of 2 to 15 and eventually develop into berries (Tirmenstein, 1989).

- California blackberry is found in multiple, deteriorated habitats but require adequate soil
moisture in order to become established and succeed. They thrive in low floodplains and
mixed riparian forests (River Partners, 2014).
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Life Cycle

- Flowers bloom from February to May and are visited by native bees, bumble bees, and
hummingbirds which spread pollen for sexual reproduction (Calflora, 2014).

- Rubus ursinus can also reproduce asexually and vegetatively very successfully, and this
is some of the reasons why Rubus ursinus can spread quickly and widely (Tirmenstein,
1989).

- Vegetative propagation can be achieved through root clippings or tip-layering, and
placing these cuttings in 32°F in moist soil, though there is a possibility of root rot or
other infection when transplanting from unknown plants (Vossen, 2014).

- Seeds are hard and embryos are dormant for extended periods of time so germination
occurs when natural conditions are replicated, a period of 90 days of warm conditions,
86° to 68°F followed by colder conditions of 36° to 41°F for another 90 days. These
conditions often occur in the warm summer months and cold winter months in the central
valley, the seeds are often viable for years before germination(Tirmenstein, 1989).

- Seed dispersal occurs when animals and birds consume the blackberry fruit, which are
mature from green and sour to sweet and black at maturity and contain seeds in each
drupelet of the berry (Tirmenstein, 1989).

- Rubus ursinus flowers from April to June, Fruit ripens from June to August and seeds are
dispersed from July to September (Tirmenstein, 1989).

- The plant does not produce flowers or fruit in its first year, instead the vines only grow
leaves and are called primocanes.

Range and Distribution

- Rubus ursinus is found on the West Coast of North America, as far north as British
Columbia in Canada and as far south as California’s border with Mexico, it extends as far
east as lIdaho and as far west as the coast (USDA, 2014).

- In California, Rubus ursinus are most common on the coast and along rivers and deltas,
this is mostly due to their need of moist soils and seasonal climates (Calflora, 2014).

Growing Conditions and Tolerances

- Conditions for Rubus ursinus are wide ranging, they can withstand temperature ranging
from 28°F low in winters, and 96°F highs in the summer, they need a minimum of 12
inches of rain per year, but in general they rely on deep roots reaching a water table and
thus are found coastally and along rivers (Calflora, 2014).

- California Blackberries are often found in open prairies, canyons and previously
disturbed areas, such as logged or burned areas. They do not require a specific soil
texture and can survive in relatively infertile soils, they can withstand a pH range of 5.4
to 8 (Tirmenstein, 1989).

- Rubus ursinus can also withstand flooding from fresh and brackish water periodically
(Tirmenstein, 1989).

Successional Status
- California blackberry is able to establish itself in infertile and heavily disturbed soils so it
is an early successional plant (Tirmenstein, 1989).
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Rubus ursinus is especially dominant in formerly logged and burned areas, and it remains
dominant and in high abundance for about 5 years after a disturbance. Following that, it
can be found as a remnant species in mature, secondary successional forests
(Tirmenstein, 1989).

California blackberry is tolerant of fires, and can re-establish itself due to its extensive
root system. However, it cannot withstand very severe and intense fires that harm the soil
structure, in that case seeds can re-establish the plant (Tirmenstein, 1989).

Interactions

California blackberry thickets provide good habitat and cover for many species including,
nesting birds, mammals such as rabbit, squirrel, black bear and beaver also use it for
cover (Tirmenstein, 1989).

The leaves of Rubus ursinus are unpalatable to most domestic livestock, but some deer
have shown a preference for it (Tirmenstein, 1989).

The berries of Rubus ursinus are delicious at maturity and are eaten by several bird and
mammal species such as California quail, ring-necked pheasant, ruffled grouse, raccoons,
squirrels, chipmunks and humans (Tirmenstein, 1989).

Beneficial species to California Blackberry are the animals which eat its fruit and
disperse its seeds, also hummingbirds, bumble bees, and native bees which use the pollen
and nectar from the flowers and pollinate neighboring plants (Calflora, 2014).

Pests of blackberries are more cause for concern for agricultural blackberries but red
berry mites, spider mites, raspberry horntails and crown borers can negatively affect
Rubus ursinus.

Humans use Rubus ursinus agriculturally; the berries are widely used in pies, jams and
other goods. Native Americans also ate ripe berries in the late summer and dried them to
make teas and medicines (Tirmenstein, 1989).

Management

California blackberry can be controlled with mechanical means; the most effective is
multiple tillages. Mowing and burning are ineffective because the plant can branch out
from cut vines and re-establish itself from roots alone when burned (Pest Notes, 2010).
Biologically Rubus ursinus is difficult to control, in some cases introducing diseases such
as blackberry rust has somewhat controlled blackberry plants, though not completely
controlled it.

Yellow rust, Orange rust, Leaf and Cane spot, Crown gall, Dwarf virus, die-back,
Verticillium wilt, Armillaria root rot, and Phytophthora root rot are all viral and fungal
diseases that can affect Rubus ursinus (Vossen, 2014).

Various chemicals such as Glyphosphate, Dicamba, Triclopyr and Round-up can control
Rubus ursinus with relative success (Pest Notes, 2010).
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Project Part 2
California Blackberry Rubus ursinus
Goals:

1: Short Term: Establish productive California blackberry (Rubus ursinus) at our restoration site.

California blackberry is a common plant in native Californian riparian areas, establishing

a collection of Rubus ursinus can help secure soil and prevent erosion from the river and

play a role as a primary successor to help develop the habitat.

2: Long Term: Monitor and manage California blackberry and prevent over dominance at the

restoration site.

Since vegetative propagation and seed spreading through animals is very common in
California blackberry, it could be classified as an invasive species if it was not native,

management is important to prevent California blackberry from dominating the entire

habitat and pushing out other target species. This should be measured by
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3: Potential Demonstration Garden: The appeal of blackberry fruit and low maintenance
management would make it a good choice for a community garden.
California blackberries have the potential to thrive and be productive and useful to a

community after an initial trellis system is built and irrigation added.

Restoration Plan:

The introduction of Rubus ursinus would be most beneficial if it occurred very early in
the site restoration. Since California blackberry is highly tolerant of poor soil conditions and low
nutrients there is not a lot of physical preparation that needs to occur at the site so it can go in
early. Once established California blackberry will drop seeds, fruit and leaf litter to enrich the
soil, and will also attract animals to further enrich the soil with fertilizer, which may prepare the
site for further restoration efforts. With this in mind, California blackberry should be introduced
to an area in the site with moist soil, preferably near the river and should be done between
November and April (Vossen, 2014).

Short Term (0-12 months):

There are multiple ways that California blackberries can reproduce so there are various
ways to introduce it to the restoration site including vegetative propagation with stem or root
clippings and seed germination (Tirmenstein, 1989). Vegetative propagation occurs quickly and
usually more successfully than seed germination which may be beneficial since it can be
established quickly and restoration can focus on other species more readily. To achieve
vegetative propagation you must acquire stem or root trimmings. We would also need to

consider the source of the trimmings, ideally we could use local ecotypes that can be found in the
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surrounding areas but we could also introduce genetic diversity by using a seeds from a nursery.
Root trimmings are preferable since they are often more successful than stem trimmings, the
trimmings should be the thickness of a lead pencil or larger and then cut into six inch lengths to
be placed into the soil (Vossen, 2014). This can be done on site throughout November to April or
it can be done in a nursery and transplanted at the site in early April through June (Vossen,
2014). During this time, the trimmings need to be kept in moist soil so the area should be
irrigated regularly, such as two times a week when using sprinklers or daily for an hour using
drip irrigation, in this case it would be more convenient to propagate the plants in a nursery since
the plants do not need irrigation when matured (Vossen, 2014). The potential drawback to
vegetative propagation is the potential for disease from the original plant, such as leaf and cane
spot, yellow and orange rust, and Armillaria root rot, which can remain on the trimmings and
infect the new plant for restoration (Vossen, 2014). Also, since there is no guarantee that the
original plant is genetically pure, the trimmings may not be the native Rubus ursinus and that
could affect interactions with other species on the site. Native California Blackberries can
interbreed with invasive Himalayan Blackberries and the offspring is a hybrid that does not
contain the complete genetic diversity of the native blackberry, so using these hybrids does not
preserve native genetic diversity. Depending on where you collect seeds you may also have this
genetic problem through seed germination, though you could avoid this by getting seeds from a
nursery, or from a trusted source in local habitats. Seed germination would be best accomplished
in a nursery, then grown to seedlings for about six months to a year and transplanted to the site.
To germinate the seeds must be in 86° to 68°F conditions for a period of 90 days, followed by
colder conditions of 36° to 41°F for another 90 days, these conditions naturally occur in the

summer and winter months in California but the seeds should be monitored nonetheless because
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the seeds are hard and embryos are dormant so germination is not always successful
(Tirmenstein, 1989). After germination they can be treated the same way as vegetative
propagation. Also, rubus ursinus does not produce berries in its first year; so you can avoid this
by using seedlings and propagating off site for a year before planting (Vossen, 2014). This way
the plants are productive faster so that succession and nutrient cycling can occur faster as well.

Once seedlings have been acquired through vegetative propagation, seed germination, or
buying seedlings from a native nursery they need to be placed at the restoration site and
monitored. When planting, the seedlings should be approximately 2 to 4 feet apart into shallow
holes, and then watered to set the soil. The seedlings should be monitored and potentially
irrigated weekly to ensure that the plants have rooted and have established themselves
successfully, if the soil moisture is high then irrigation is unnecessary. If the blackberry plants
are planted in riparian zones or very close to the creek there is no need for irrigation
(Tirmenstein, 1989). Once the vines have started to branch out and the plants have reached 2 to 3
feet in height monitoring can slow to monthly, this monitoring does not need to be intensive, it
can consist of looking at the plants to make sure they are alive and producing which would be
easy if there were other plants in the area that needed more intensive care. After the plants
produce berries, which should ripen after the first year in the late summer months of July to
September then the short-term goal has been achieved and our goals should shift to long-term
management.
Long Term (1-5 years):

Once established, California blackberry requires very little management to produce seeds
and berries and tends to thrive without any further maintenance (Tirmenstein, 1989). At this

stage, managing and monitoring goals should focus on vine growth and how other plant species
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are interacting with Rubus ursinus. Since California blackberries can grow quickly and can
outcompete with many plants for sunlight and water, they are a threat to dominate the restoration
site. Every summer, during August or September when the blackberries are ripened, managers
should inspect the Rubus ursinus plants and see whether or not they are controlling the area and
negatively affecting other target species. Monitoring the growth pattern of the blackberry plants
and pruning the plants in the winter so that they are growing in a shrub shape, instead of
uncontrolled vines, can prevent domination. There is a danger that the blackberry plant will vine
out and cover the ground, suppressing the surrounding plants and preventing new growth by
covering the ground (Pest Notes, 2010). If California blackberries have taken over, managers
should follow up in the winter months, after some of the leaves have fallen from the plant and
remove the new sprouts and invading plants. This can be achieved by digging out the plants or
using a rototiller, making sure to go over the area multiple times to ensure the plants cannot
propagate. You could also use chemical control such as Glyphosphate, Dicamba, Triclopyr or
Round-Up, but in a sensitive restoration site, | would recommend mechanical control since it has
less negative side-effects and is the most effective form of control for Rubus ursinus (Pest Notes,
2010). Maintenance and restoration goals in the long term would be to promote the establishment
of secondary successor plants by increasing soil quality and increasing nutrient cycles. The
blackberry plants would only need to be monitored twice a year, in late August when the plant is
producing berries, and again in the winter to prune and encourage other plant species to grow
and become established.
Demonstration Garden:

Finally, California blackberries would be an excellent candidate for a demonstration

garden, the berries produced are popular and the community would appreciate them. Thornless
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hybrid species are used commercially, including some hybrids with Rubus ursinus, so the
demonstration garden could be used to determine whether local genotypes could be successful
agriculturally (Finn, 2013). To create ideal conditions for California blackberries in a
demonstration garden you would need to build a two-wire or three-wire trellis at about 6 to 7 feet
tall that could be in a raised planter box or simply in between rows of raised soil (Vossen, 2014).
Since the soil conditions would be drier than along a river, the plants would have to be irrigated
regularly. Under normal conditions they should be watered two times a week by heavy sprinkler
or daily for an hour by drip irrigation, which would be easier to manage, irrigation should be
increased if conditions were especially hot or windy, or if the fruit was ripening (Vossen, 2014).
After the plants were planted, in early spring from March to April, they should be guided toward
the trellis and should produce fruit after a year. In the long-term these plants should be pruned
yearly by trimming the canes from the previous year (\Vossen, 2014).

Future Research:

These restoration goals could help to analyze the question of how quickly can California
blackberry establish itself in a habitat. Also, since California blackberry often colonizes areas
after they have been burned and is identified as a primary successional species, you could
analyze the secondary species that colonize after or alongside California blackberry by
monitoring it within the site. Another area of research could be to observe the effects of the
additional leaf litter and fallen berries in the soil under and around Rubus ursinus and compare it
with a control plot of soil without any litter.
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California fuchsia (Epilobium canum) Grace Amico
The Management, Biology, and Impact of Epilobium canum, the California Fuchsia on its
Ecosystem

Background and Justification

The California fuchsia, Epilobium canum, is an eye-catching perennial native that thrives
in dry climates (Plant, 2009). E. canum can grow into several forms from large bushy shrubs to
single-stemmed plants. It is a garden favorite due to its habit of blooming in the late summer to
fall (July-November), adding splashes of color from bright red to pink or white in an arid
landscape. E. canum is one of the only members of the Onagraceae family to grow from
herbaceous to woody (Beidleman, 2003). One third of these species thrive in California, and the
plant is well known throughout the western side of North America. The California fuchsia can
often be found growing on rocky slopes and hills. This is possible because the California fuchsia
sends out spreading rhizomes as it grows (Bloom, 2014). This shrub is also very ecologically
important because of its close relationship to hummingbirds. E. canum’s tubular flower shape
has evolved for hummingbird feeding and therefore has become an important food source
(Boose, 1995). A species of bee also benefits from the nectar by drilling holes into the flower
petals (Plant, 2009). Two subspecies that are worth taking a look at are Epilobium canum
‘Calistoga’ and Epilobium canum ‘Schieffelin’s Choice’ (Hot, 2014). Both subspecies are
drought tolerant, prefer full sun, and can grow in poor quality soil.

Literature Review

1. Species characteristics

e E. canum is known for its tubular bright red to red-orange flowers and pale gray-
green leaves that grow opposite of each other. (Beidleman, 2003).

e Each flower is about two inches long and contains four petals and sepals (Plant,
2009). The leaves are usually thin and lance-like. They grow to be about an inch
long and can also be slightly hairy like the stems.

e Seeds are spread with the use of seedpods that can be seen growing alongside the
scarlet flowers.

e ltisadensely spreading subshrub that can be found growing on dry slopes and
ridges (UC/JEPS, 1993).

e May grow up to three feet tall (Plant, 2009).

e Grows from rhizomes (Bloom 2014).

e Epilobium canum ‘Calistoga’ has rounder leaves than most California fuchsia
subspecies (Hot, 2014). It is an attractant of hummingbirds and can spread to
about three feet. It prefers a habitat with full sun, can grow in poor soil, and is
drought and deer resistant.

e Epilobium canum ‘Schieffelin’s Choice’ grows prostrate and can also spread to
about three feet. It prefers growing in full sun and poor soil and is deer resistant. It
can survive temperatures down to 25 degrees F and may be slightly invasive. Best
to plant in arid, nutrient-poor soils to keep it from growing too rapidly.

2. Ecology and Impact
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e The California fuchsia is an important pollinator for hummingbirds and some bee
species (Boose, 1995).

e The bright color of the flowers in late summer and fall attract hummingbirds and
offer food during times when there are few blooming plants.

e Epilobium canum can often be found growing on rocky slopes and ridges with the
help of its rhizomes (Beidleman, 2003).

3. Management

e E. canum can often have an invasive growing habit due to its rhizome growth so it
is beneficial to grow the shrub in dry environments with poor soil quality to avoid
it getting out of hand (Schmidt, 2012).

e Inthe winter after it is finished flowering, the California fuchsia should be
trimmed back almost to the ground. This will allow the plant to create new growth
in the spring.

e Cuttings made from the plant are also easily propagated in the late fall.

e After the initial planting, California fuchsias only need to be watered once a
month to thrive (Hot, 2014). Over-watering may cause the soil to become too
acidic for the shrub.
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Part 2
A. Goals:

The California Fuchsia (Epilobium canum) is a California native that is well known for its
fall color. Its resistance to drought and attractiveness to pollinators like hummingbirds makes it a
good choice for the Central Valley climate and worth restoring and conserving. To begin the
process, existing populations of E. canum must first be noted. After recording the initial
populations, more populations of California fuchsia will be established in the area. This will help
provide a sufficient number of populations that could eventually become self-maintaining.
Lastly, it is the hope that after the California fuchsias have become established they will provide
a food supply for hummingbirds and other pollinators like butterflies and bees. In order for this
to be ensured, the populations must be monitored in order to upkeep optimum vitality.

1. Find and record already existing Epilobium canum populations.

This initial step would involve taking note of where and how many populations of California
fuchsia have already established in the chosen area. By recording this information, it can be more
easily determined what kind of environment this plant can survive and thrive in. It is more likely
that a new addition will have a greater chance of establishing if it is planted in a place where
other E. canum individuals are growing with vigor. By locating preexisting populations it would
also be possible to take seeds and cuttings of individuals that have already proven capable of
establishing in the area.

2. Plant more California fuchsia in sites around the area where they are likely to establish.

The goal here is to increase the number of viable California fuchsia populations. This can be
done both by planting seeds and cuttings from cultivars suited to the climate. It is important to

keep in mind the habitats that E. canum is most likely to thrive in, like rocky crevices or dry
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slopes in full to partial sun (Plant 2009, In 2014). During this process, it will be important to
return to the site of each new population several times a year to document how they are taking.
This kind of documentation may need to take place for about three years, which is the average
time it takes for E. canum to reach maturity (California 2014).

3. Continue monitoring both initial and new populations of California fuchsia. Take note of

plant vigor as well as popularity with pollinators like hummingbirds, bees, and butterflies.

After maturation, monitoring should continue for another few years to confirm that the new
adult plants are producing seeds and propagating by rhizomes. It is necessary that new
generations can also be established for the restoration effort to last. The presence of
hummingbirds and other pollinators will be a sign that the plants are a part of the surrounding
community and ecosystem. One of the reasons E. canum is so important to the area is due to their
place as a major food source of hummingbirds, especially during their migration (Boose 1995,
Plant 2009). The nectar that attracts the hummingbirds will also attract many species of
butterflies and some bee species.

B. Restoration Plan:

Source

It would be best if seeds for the California fuchsia populations came right from the
source, meaning they were harvested from plants already adapted to the proposed area. The
limiting factor to this plan of action depends on how many populations are actually in the area. It
should not be assumed that there is enough of an established California fuchsia population to
supply a suitable number of seeds without drastically diminishing the plants’ future generations.
To combat this issue, seeds should also be collected from subspecies that are capable of thriving

in similar climates. In California, E. canum can be found growing naturally on the entire
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coastline and all along the Sierra Nevada mountain range (CalFlora 2014). These plants can also
be found bordering the Central Valley. Two such subspecies capable of growing in the Central
Valley are E. canum ‘Calistoga’ and E. canum ‘Schieffelin’s Choice’ (Hot 2014). Both thrive in
climates with full sun and are drought tolerant and resistant to damage by deer. ‘Calistoga’ may
be the better option however, since ‘Schieffelin’s Choice’ can grow to be invasive.

Another option is the ‘John Bixby’ cultivar, a more easily managed plant but less tough
plant with a rounded shrub form (O’Brien 2007). A third option would be to use a mixture of
these cultivars and lay down certain cultivars in places where they are more likely to beneficially
contribute to their environment. For example, ‘Schieffelin’s Choice’ could be planted in the
harshest areas to keep it from growing too wild, while ‘John Bixby’ could be grown in areas
featuring more shade. This option allows for a pleasing mixture of cultivars that will, in effect,
also provide more flexibility in where E. canum can be established.

Method

Two methods of planting could be used in this scenario: with seeds and with cuttings
from rhizomes. When collecting seeds, it is necessary to not collect more than ten percent of the
plant’s seeds. There should also not be more than two cuttings made per healthy, mature plant.
These precautions are kept to ensure that the plant continues to produce new generations in the
upcoming years.

The seeds will simply be scattered in the fall on the recently tilled area that they are
needed (O’Brien 2007). Root cuttings will be made in the early summer when new growth is still
soft, and then rooted in a greenhouse offsite (Schmidt 2012). Once the cuttings have formed
viable roots they should be planted in the fall at about three feet apart, which is the average width

of an adult California fuchsia, and about fifteen centimeters deep (Hot 2014, CalFlora 2014).
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Before planting however, all roots must be checked for root mealybug, a pest that is difficult to
manage once discovered and can caused significant root damage to the plant, which may lead to
death (O’Brien 2007).

The soil should not need to be amended due to E. canum’s ability to grow in very
nutrient-poor soils (Schmidt 2012). As was previously stated, it is actually better for the plant to
be grown in soils that are more “difficult” to keep them from growing too wild too fast. The
California fuchsia can actually survive in soils with a pH between 5.4 and 8.2 (CalFlora 2014).

The area that E. canum should be planted should be rocky and on hillsides or slopes at
less than a 3000 meter elevation (UC/JEPS 1993). It can grow easily with several different plant
community types, especially with other shrubs and grasses (Schmidt 2012). They are especially
desirable for a restoration area needed erosion control. Their deep-rooted underground roots,
rhizomes, help keep the soil in place as the plant grows.

After planting seeds and cuttings, E. canum only needs irrigating at most once a month
during the initial few years before maturation (Hot 2014). These plants are not accustomed to
frequent watering and can grow after a year with no additional watering at all; therefore it would
be overkill to install an irrigation method. It is also imperative that the sites be visited for
weeding, especially in the spring, until the plants have somewhat matured. In the areas that have
been seeded, not planted with cuttings, weaker-looking California fuchsias should also be
weeded out until there is eventually about a three-foot spacing between plants. This particular
weeding should last a couple of years until the plants are decently spaced and have had time to
establish a complex root system in the soil.

Monitoring and Evaluation
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The sites should be monitored at least once per season the first two years after planting to
be weeded. After this period, monitoring should occur at least once per year, preferably in the
early summer and/or late fall. This will be to record if the plants are exhibiting new growth (early
summer) and if they are flowering (fall-late fall). It should be noted how many plants are
showing signs of maturation around the two and three year marks. This includes the growth of
seedpods among flower clusters and meeting the average plant height and diameter depending on
cultivar (Plant 2009). If the density of the new California fuchsia populations is below 50%
establishment, then additional plantings and seedings should take place in the following fall. This
should continue every couple of years until the plant cover is at an appropriate standard of
density and fullness.

After the third year, note the percentage of plants that are flowering and if there are any
pollinators visible. After a majority of California fuchsia have matured and begun producing
flowers and viable seeds, the number of hummingbird and other pollinator sightings should
increase. Pollinator activity should be recorded during each return to the site for monitoring. It
should also be noted how many new plants are growing from rhizomes versus seedpods (clones
from rhizomes should be clumped with parent plant).

There do not seem to be many issues that plague Epilobium canum. It is a fast-growing
plant, relatively disease-free and has adapted to tolerate hardy climates (California 2014).
However, one issue that may occur is leathopper invasion (O’Brien 2007). These insects have a
life cycle that matches up with the growth and bloom period of the California fuchsia (late
summer to fall). If a leafhopper infestation is discovered, they are difficult to control with
nonchemical pesticides. At large populations these insects can easily kill an adult California

fuchsia. It was discovered that leafhopper infestations usually occur on plants that have been
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growing in areas with more shade, however. To keep this from occurring, seeds and cuttings
should be mostly planted in areas with full sun and less than partial shade.
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Forbs
Mule's ear (Wyethia sp.) Chenoa Wilcox
Background and Justification

The Wyethia species native to Solano and Yolo Counties of California are Wyethia
helenioides and Wyethia angustifolia. These native perennial herbs provide resources
for native butterflies, habitat for birds and small mammals, and potential ecosystem
benefits such as soil stabilization via rhizomatous growth (http://www.calflora.org/;
http://www.watershednursery.com/nursery/plant-finder/wyethia-angustifolia/;
http://www.watershednursery.com/nursery/plant-finder/wyethia-helenioides/;
http://www.wildflower.org/plants/result.php?id_plant=WYAN; Matthews, 1993).
Unfortunately, there is little information about the state of Wyethia species in Solano
and Yolo counties and across California. However, some inferences can be made.
Because of the general trend away from fires in California, many ecosystems are shady
and overgrown, which is not conducive to growth of Wyethia (The Jepson Manual,
2012; http://www.watershednursery.com/nursery/plant-finder/wyethia-helenioides/;
https://www.inaturalist.org/taxa/narrowleaf mule-ears;
http://www.theodorepayne.org/mediawiki/index.php?title=Wyethia_ angustifolia;
http://www.wildflower.org/plants/result.php?id plant=WYAN). These ecosystems may
be lacking species that would benefit the native butterfly community or stabilize soil in
areas such as riverbanks, and planting Wyethia may greatly benefit the ecosystem and
its functions. Other ecosystems, however, may be heavily grazed, which tends to
promote the prevalence of Wyethia (Mueggler and Blaisdell, 1951; Matthews, 1993;
http://www.sacsplash.org/post/narrow-leaf-mules-ear). Where Wyethia is prevalent,
management actions to decrease abundance may result in greater habitat and species
diversity in the ecosystem by breaking up monotypic stands of these herbs (Matthews,
1993). The state of these species in California, therefore, depends on the state of the
ecosystem in consideration. The following section of this document is a literature review
of the information available on the two Wyethia species native to Solano and Yolo
counties, with some additional information on closely related Wyethia species.

Literature review

Species of consideration for Solano/Yolo Counties (http://www.calflora.org/):

e Wyethia helenioides

¢ Wyethia angustifolia

Ecosystem requirements:

e Require full sun/open habitat (The Jepson Manual, 2012;
http://www.watershednursery.com/nursery/plant-finder/wyethia-helenioides/;
https://www.inaturalist.org/taxa/narrowleaf mule-ears;
http://www.theodorepayne.org/mediawiki/index.php?title=Wyethia_angustifolia;
http://www.wildflower.org/plants/result.php?id _plant=WYAN) or minimal shade,
as in a mixed-oak forest understory
(http://www.watershednursery.com/nursery/plant-finder/wyethia-anqustifolia/;
https://www.inaturalist.org/taxa/50799-Wyethia-helenioides).
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Drought-tolerant (http://www.watershednursery.com/nursery/plant-finder/wyethia-
helenioides/; http://www.watershednursery.com/nursery/plant-finder/wyethia-
angustifolia/), except when establishing
(http://practicalplants.org/wiki/Wyethia_angustifolia).

Tolerate winter lows around freezing and summer highs up to 100°F
(http://www.calflora.org/).

Require a wet season of approximately 5-8 months with about 20-75 inches of
rain (http://www.calflora.org/).

Grow at elevations of approximately 40-1960 meters (http://www.calflora.org/).
Tolerate clay, sandy, and loamy soils
(http://www.watershednursery.com/nursery/plant-finder/wyethia-angustifolia/;
http://www.watershednursery.com/nursery/plant-finder/wyethia-helenioides/)

Do not grow in saline soils (http://www.calflora.org/), but can grow on serpentine
soils (Harrison et al., 2006).

Phenology and life-cycle information:

Bloom March-July (W. angustifolia) and March-May (W. helenioides)
(http://www.calflora.org/).

Perennial flowering plants (http://www.calflora.org/).

Grows 1-2’ tall (http://www.watershednursery.com/nursery/plant-finder/wyethia-
angustifolia/; http://www.watershednursery.com/nursery/plant-finder/wyethia-
helenioides/), or as tall as 3’ in some horticultural environments
(http://lwww.sacsplash.org/post/narrow-leaf-mules-ear).

Dies back each winter
(http://www.theodorepayne.org/mediawiki/index.php?title=Wyethia angustifolia;
www.wildflower.org/plants/result.php?id_plant=WYAN) and regenerates the next
year from a large taproot (http://www.sacsplash.org/post/narrow-leaf-mules-ear).
Can spread via rhizomatous growth
(http://www.wildflower.org/plants/result.php?id _plant=WYAN).

May monopolize soil moisture early in the season (Matthews, 1993).

Responses to abiotic factors:

Generally considered unpalatable to, and therefore unaffected by, grazers for
most of the year, except when leaves or inflorescences are new in early spring
(Matthews, 1993), at which time the plants may not have a high tolerance for
grazing (http://www.sacsplash.org/post/narrow-leaf-mules-ear).

Closely related species (W. amplexicaulis) is controlled by application of Triclopyr
or 2,4-D early in the blooming period (Matthews, 1993).

Mowing can destroy these plants (Field Guide to the Rare Plants of Washington,

2011).

Fire does not seem to be harmful to closely related species (Matthews, 1993).

Relevant management concerns and interactions with other species:

Resource for native butterflies (http://www.calflora.org/;
http://www.theodorepayne.org/mediawiki/index.php?title=Wyethia angustifolia),
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bees (http://www.watershednursery.com/nursery/plant-finder/wyethia-
angustifolia/), and birds (http://www.watershednursery.com/nursery/plant-
finder/wyethia-helenioides/).

e Historical methods of rangeland management included removing Wyethia and
replacing it with desirable forage species (Mueggler and Blaisdell, 1951).

e Closely related species are known to not compete well with invasive weeds,
especially tall oatgrass (Field Guide to the Rare Plants of Washington, 2011).

e Seeds are a desirable food source for rodents
(http://lwww.sacsplash.org/post/narrow-leaf-mules-ear).

e Closely related species (W. amplexicaulis) can form dense stands by spreading
rhizomatously to prevent erosion, and grows well on gentle or moderately steep
slopes (Matthews, 1993).

e Dense monotypic stands of W. amplexicaulis may provide good cover for birds
and small mammals, but provide little habitat diversity and can exclude other
animals (Matthews, 1993).

e May spread somewhat agrressively on clay soils (Matthews, 1993).

e Closely related species (W. amplexicaulis) are potentially useful in recolonizing
mine-spoils (Matthews, 1993).

Propagation notes:
e Seeds require cold stratification over 90-120 days for proper germination
(www.wildflower.org/plants/result.php?id_plant=WYAN).
e Should be seeded in early spring
(http://practicalplants.org/wiki/Wyethia_anqustifolia).
e Seedlings do best when transplanted into individual pots as soon as they are
large enough to handle (http://practicalplants.org/wiki/Wyethia_angustifolia).

Current state of Wyethia in California:
e A closely related species (W. amplexicaulis) is reported to dominate in some
heavily-grazed environments (Matthews, 1993).
e The two native species of concern for Solano and Yolo Counties, W. angustifolia
and W. helenioides are noted to hybridize in the San Francisco Bay area ((The
Jepson Manual, 2012.)
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Goal #1: Increase density of Wyethia in California’s Central Valley to bolster native

butterfly resources.

Objective: Plant stands of seedlings or rhizomes into open areas.

Performance standard: Have three stands of Wyethia at each site,

covering at least five square meters.

Goal #2: Use Wyethia to control erosion at sites where vegetation has been removed.
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Objectives: Plant Wyethia on slopes where vegetation (esp. nonnative plants)

has been removed when possible.

Performance standard: Have stands of Wyethia from previous goal

placed on banks where erosion is a concern.

RESTORATION PLAN

METHODS

1.) Collection: Seed or rhizomes should be collected from as many sites as
possible throughout Yolo and Solano counties, in order to have the least
significant impact on local populations. These local populations are expected
to be relatively small, perhaps with only a few individuals at any given location
due to the prevalence of nonnative grasses, and overharvesting of seed or
rhizomes from one location may decimate the population (1). In addition,
small populations at collection sites means that the genetic diversity of a site
is inherently low.

2.) Planting: Increasing the density of Wyethia via seeding may not be a safe
strategy for Wyethia introduction to a site because seeds are a desirable food
source for rodents (2). Growing seed in a greenhouse for transplantation
abates the threat of consumption by rodents, and harvesting rhizomes for
planting may also be a viable option (3-4). If seed is grown to transpant
individuals in spring, seeds should be cold-stratified for 90-120 days prior to

planting (4). Rhizomes or seedlings should be planted into open habitats
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where they can have full or nearly full sunlight (4-9). The plants should grow
no larger than 2’ wide, so 4 per square meter should be an adequate planting
density, with some mortality easily colonizable by remaining plants (6, 10).
Areas should be planted relatively evenly, allowing Wyethia the ability to form
a monotypic stand that will hopefully afford some protection from invasive
grass competition and double as erosion control (3). Plants will need

additional water for 1-2 years after planting to aid establishment (11).

PROJECT TIMELINE

The temporal scale of this project will vary with the spatial scale desired.
Generally speaking, all transplanting of seedlings should be done in early spring,
between March (in warmer, lower elevation sites) and May (in cooler, higher elevation
sites) (11). If rhizomes were harvested, planting should occur sometime in winter to
allow the plant enough time to sprout in the spring. Planting should not occur earlier (for
seedlings) or later (for either planting strategy) to maximize survival of the Wyethia
planted. If not all of the sites where restoration is desired can be planted in one season,
planting should re-occur the following spring. Habitats most important as butterfly

resources should be planted earliest.

SITE PRIORITIZATION

Restoration work should focus on areas that are important for native butterfly
habitat (6, 9, 10, 12). Efforts should be made to plant three stands of Wyethia per site to

provide ample resources for butterflies. Stands should be five square meters or larger.
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Separate research on native butterflies will lend insight to the spatial scale of Wyethia
restoration required to significantly impact butterfly habitat resources. In these areas,
increasing the density of Wyethia will create a more suitable environment for butterflies

and other native species (3).

MONITORING

Monitoring of the sites should occur in the fall for the year of planting and the two
years following to assess how many individual plants survived the first summer, as
plants die back in winter and will not be easily assessed for viability (4, 9). Sites should
also be assessed for survival in the spring following initial plantings, to ensure that sites
with high mortality of Wyethia individuals can be replanted quickly to maintain the
desired level of butterfly support. If a site needs to be replanted, monitoring should
resume as if the site was initially planted in the latter year to continue efficient

assessment of survivorship and management actions.

Management action to replant should be taken if more than 25% of the planted
rhizomes or transplanted seedlings do not survive to grow the spring following planting.
Because there is no information on survival rates in the field, it is important for

monitoring efforts to be vigilant and management action efficient.

If one method of planting (rhizomes or transplantation) is not producing viable
plants the year following planting (less than 25% survival), the site will be re-planted the
following year using a different strategy. If neither strategy is producing viable plants,

seeding can be carried out as a last resort.
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POTENTIAL PROBLEMS, RISKS, UNCERTAINTIES

Due to the fact that little is known about restoration efforts with Wyethia, there
are many potential problems that could arise. The biggest problem is likely to be failed
establishment of plants at the site. One method of planting may not be effective at some
sites, or the planting time may not be conducive to perennial growth of these species.
Additionally, if sites are analyzed for survivorship at the wrong time, it may look as
though no plants have survived at a site due to the winter die-back and dormancy of
Wyethia (4, 9). For this reason, it is important to maintain the multiple sampling times

(described earlier) in the first year.

RESEARCH REQUIRED PRIOR TO IMPLEMENTATION

Prioritization of key butterfly habitat is critical to the progression of this project (6,
9, 10, 12). Timelines for completion, planting methods (use of rhizomes or
transplantation of seedlings), and planting densities may also need to be adjusted,

depending on the level of degradation at sites of concern for native butterflies.

Some site-specific research will need to be carried out prior to implementation of
this resporation plan. Wyethia does not grow well on saline soils, but serpentine soils
would be acceptable for this project (13). Additionally, fire does not seem to significantly
harm Wyethia, but grazing may be detrimental to the plant’s establishment (2, 3). After
establishment, grazers tend to find the plant unpalatable, but the seasonal dieback of
this plant with respect to grazing sensitivity has not been thoroughly examined and

could pose a recurrent challenge (4, 9, 14).

158



If there is adequate time before plating of restoration sites, trials of seed and
rhizome growth of Wyethia in greenhouses to evaluate germination rates would be
extremely useful. This would allow planting efforts to use only the most effective method
of survival. Transplantation trials to look at field survival would provide similarly useful
information on what densities in the field would result in sustainable stands that would

not require more planting efforts.

ASSOCIATED RESEARCH

This project has the potential to assess native butterfly restoration through
population monitoring. This project can also assess the viability of using Wyethia for

erosion control in urban habitats.
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Showy milkweed (Asclepias speciosa) Jamey Wilcher

A. Background and Justification

Showy milkweed, scientific name Asclepias speciosa Torr., is part of the milkweed
family, and is of special ecological significance because it is the only species of plants on which
monarch butterflies will breed(Pleasants and Oberhauser, 2013). Milkweed provides critical
habitat for this iconic species both in the Midwest and in California, and is considered a native
plant for most of the United States and southern Canada west of Michigan(County, PLANTS).
The monarch butterfly has two primary migration paths- one between the midwest, southern
Canada and their overwintering grounds in Mexico, and one to and from the beaches of
California and summer breeding grounds west of the Rockies (Luna and Dumroese, 2013). This
second path in particular makes the presence of milkweed in as many places as possible along
their western migratory route critical to butterfly survival. Milkweed is also an excellent
attractant for other pollinators, including “native bees, honey bees, butterflies, beetles, flies, and
hummingbirds” (Borders, 2013). The milkweed population in the United States began to fall
dramatically with the introduction of genetically modified Roundup™ ready crops between 1996
and 1998. Since 1999, there has been a 56% decline in midwestern milkweed populations due to
increased use of herbicides and urbanization (Pleasants, 2013). Milkweed populations in CA are
also declining due to urbanization and herbicides, and appear to have disappeared from about
half of their native CA range. (Luna and Dumroese, 2013).

B. Literature Review

Characteristics:

General:

. Asclepias speciosa is a perennial forb. It grows from roots up to 18 inches deep,
usually to a height of up to 5 feet (Borders, 2013), (Bring Back... Asclepias, ND).

. Showy milkweed has rhizomatous roots capable of sprouting into new plants if

damaged or collected correctly for propagation. This feature encourages growth of milkweed
plants in small, dense patches.(Bookman, 1983), (Pleasants and Oberhauser, 2013).

. The life span of milkweed plants varies by species and can be between 3 and 100
years; however, the longevity of most species is unknown. (Bring Back... Details, ND).

. Showy milkweed grows in soils ranging from dry to moist with a variety of textures
spanning the spectrum from sand to clay, but requires full sunlight. (Borders, 2011)

. Showy milkweeds can be found in a variety of plant communities, “including
wetlands, meadows, savannah, and forest clearings, as well as disturbed sites along roadsides,
railways, and waterways.” (Borders, 2011)

Reproductive:

. Showy milkweed flowers May through September, then dies back to the
ground.(Borders, 2011).

. It produces an average of 630 seeds per stem, and these are most commonly
distributed by wind, and possibly distributed by water. (Ulev, 2005)

. Showy milkweed can also reproduce asexually by sprouting from sections of the
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rhizomes. (Ulev, 2005)

. Natural seed establishment rates are high. (Borders, 2013)

Distribution:

Native:

. There are over 130 species of milkweeds native to North America. (Luna and
Dumroese, 2013)

. These species are distributed across the continent mainly west of the 100"

meridian, and are only endangered in lowa. (Bring Back... Details, ND), (Ulev, 2005)
California:

. Showy milkweed is native to, and currently documented in the California counties
of: Inyo, Mono, Fresno, Maiposa, Tuolumne, Alpine, Amador, Calaveras, EI Dorado, Placer,
Nevada, Sierra, Butte, Glenn, Colusa, Yolo, Solano, Marin, Sonoma, Lake, Mendocino, Tehama,
Shasta, Lassen, Plumas, Trinity, Humboldt, and Siskiyou. (Borders, 2012).

. California has 15 of the 130 milkweed species native to the U.S., the most
important for monarch hosting being showy milkweed (A. speciosa Torr.). (Luna and Dumroese,
2013).

Ecological impacts:

. Showy milkweed provides crucial breeding habitat for monarch butterflies in
California.
. It has abundant nectar, which also attracts a variety of other invertebrates, including

wild native bees, and other beneficial insects like “mite-eating ladybeetles, minute pirate bugs,
hover flies, and parasitic wasps” that prey upon agricultural pests. (Borders, 2011).

. The nectar in Milkweed plants also attracts pollinating birds such as hummingbirds
(Borders, 2011).
. The milkweed species in general has been proven toxic to grazers, and most grazers

will avoid it unless they are confined in an area where milkweed is the only plant available for
consumption. (Ulev, 2005).

. Common milkweed pests include “Lygaeus and Oncopeltus spp., milkweed
longhorn beetles (Tetraopes spp.), and oleander aphids (Aphis nerii).” (Borders, 2011).

Ecosystem Services:

. Showy Milkweed can be used for stream bank stabilization. (Borders, 2013)

. It can also be used for riparian vegetation cover, pest management, and attraction of
agricultural pollinators. (Borders, 2013)

. This plant can also be used to begin restoring vegetation to disturbed sites,

beginning the process of succession in areas such as roadsides. (Borders, 2013)

Tolerances:
. Showy milkweed establishes quickly in recently disturbed areas. (Ulev, 2005)
. However, it is mainly an early successional species, and can be out-competed by
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later-successional species that block sunlight or take up nutrients more quickly than milkweed.
(Pleasants and Oberhauser, 2013).

. Milkweeds as a species are intolerant of herbicides, and have been lost in 58% of their
range in the mid-west due to increased use of herbicide-resistant crops. (Borders, 2013),
(Pleasants and Oberhauser, 2013).

. There is little information on the fire tolerance of showy milkweed; however, fire during
the dormant season promotes straight stem growth and increases the number of flowers in
Mead's Milkweed, which is closely related to showy milkweed. (Ulev, 2005)

. Showy milkweed is drought-tolerant. (Borders, 2011)

. Showy milkweed does well in moist environments, and often colonizes floodplains, which
implies a resistance to flooding and inundation, however, there seems to be little research on the
subject. (Ulev, 2005).

Propagation:

. Showy milkweeds are self-incompatible, and must exchange pollen with a different
individual to successfully sexually reproduce. (Ulev, 2005).

. Follicles containing seeds form and rupture by the end of summer, which is when
collection should occur in order to harvest the most viable seeds. Plants should be monitored
near the end of the season to ensure timely seed collection before the follicles split completely
and seeds are blown away. (Luna and Dumroese, 2013).

. Seeds for showy milkweed should be stored in a cool dry place, and can be stored up to
three years, although germination success decreases slightly over time. (Luna and Dumroese,
2013)

. To grow: Plant seeds in containers 98-200ml in volume, 1.5-2" diameter, and 4-8.5”
deep, 5-7 months before they are intended to be transplanted to a site; will grow in commercial
seedling mix soils, hand-water. Plants can be moved to an outdoor growing area after reaching
the desired height indoors. They should be planted in the restoration site during the fall or early
spring, when rains will follow in the next few weeks. (Luna and Dumroese, 2013)

. For seeding directly into the ground, the soil should be free of large dirt clumps, gently
packed; for successful establishment from seeds over larger areas, soil should be smooth and
seeds should be pressed firmly onto the ground, which can be done with a roller or a tractor.
(Borders, 2013)

. Showy milkweeds can also be propagated vegetatively by removing a section of root from
the upper underground portion of a dormant plant and placing it in suitable moist soil. Sprouting
occurs regardless of whether there is a visible shoot bud on the transplanted section of rhizome.
(Luna and Dumroese, 2013).

Maintenance:

. Showy milkweed is an early successional species, and so periodic mowing of the site
every 2-3 years may be required to prevent late-successional encroachment. (Bring Back...
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Details, ND)

Human Interactions:
Native American:

. Native Americans used showy milkweed especially to form fibers used in nets or clothing.
Various other species of milkweed have been harvested for edible seed pods or root tubers, and
the sap has been used to cure warts, ringworm, and bee stings. (Borders, 2013)

Current:

. Butterfly milkweed (A. tuberosa) has “pleurisy roots,” which are used to make an over-
the-counter drug sold to treat lung inflammation. Milkweed floss is also buoyant and was used in
life preservers during WWII, and is currently used in hypo-allergenic bedding. (Borders, 2013)

Expanded Literature List- Showy Milkweed

Database: ProQuest- Environmental Sciences and Pollution Management, Search: Asclepias
speciosa (OR) Showy Milkweed

. Kaul, R. B., Rolfsmeier, S. B., & Esch, J. J. (1991). The distribution and reproductive

phenology of the milkweeds (asclepiadaceae: Asclepias and cynanchum ) in Nebraska.

Transactions of the Nebraska Academy of Sciences, 18, 127-140. Retrieved from
http://search.proquest.com/docview/16226767?accountid=14505 on 4/14/2014

This article contains information about the habitat type, range and flowering and fruiting

phenology of two different species of milkweed in Nebraska.

. Martin, R. A., & Lynch, S. P. (1988). Cardenolide content and thin-layer chromatography
profiles of monarch butterflies, danaus plexippus L., and their larval host-plant milkweed,
asclepias asperula subsp. capricornu (woods.) woods., in north central Texas. Journal of
Chemical Ecology, 14(1), 295-318. Retrieved from
http://search.proquest.com/docview/14885142?accountid=14505 on 4/14/2014

This article contains information about the interaction between monarch butterflies and
milkweed plants, focusing on the levels of the toxin cardenolide in the butterflies and their host
plants.

. Bookman, S. S. (1983). Costs and benefits of flower abscission and fruit abortion in
asclepias speciosa. Ecology, 64(2), 264-273. Retrieved from
http://search.proquest.com/docview/135905707accountid=14505

This article presents the results of a study on the energetic costs and benefits of surplus fruit and
flower loss in showy milkweed, with information about its general habitat and characteristics.

Database: Encyclopedia of Life, Search: Asclepias speciosa or Showy Milkweed
. Asclepias speciosa Details. Encyclopedia of Life. Retrieved from

164


http://search.proquest.com/docview/16226767?accountid=14505
http://search.proquest.com/docview/14885142
http://search.proquest.com/docview/14885142
http://search.proquest.com/docview/14885142?accountid=14505
http://search.proquest.com/docview/13590570?accountid=14505

http://eol.org/pages/581271/details on 4/14/2014

This reference contains a summary of information about Showy milkweed plant including its
distribution, propagation, preferred climate, habitat, and soil types, water requirements,
interactions with other plant and animal species, its uses in restoration and management, and
useful disturbance regimes to encourage growth.

Database: Web of Science, search: Ecology and Evolution of Reproduction in Milkweeds

. Anurag A. Agrawal 2004. Resistance and Susceptibility of Milkweed: Competition, Root
Herbivory, and Plant Genetic Diversity. Retrieved from: http://dx.doi.org/10.1890/03-4084 on
4/14/2014.

This article summarized a complex manipulation of milkweed ecology investigating the
combined effects of root herbivory by Tetraopes beetles on milkweed success and its effects on
surrounding grassland, and attempts to create a manual for milkweed ecological under various
environmental conditions.

. Braman, S. K., & Latimer, J. G. (January 01, 2002). Effects of Cultivar and Insecticide
Choice on Oleander Aphid Management and Arthropod Dynamics on Asclepias Species. Journal
of Environmental Horticulture, 20, 11-15.

This article presents the findings of a study on the effects of five different insecticides on aphid
control in a variety of milkweed species, attempting to determine which species-insecticide
combination produced the healthiest plants with the most monarch butterfly larvae.

. Pleasants, J. M., & Oberhauser, K. S. (2013). Milkweed loss in agricultural fields because
of herbicide use: Effect on the monarch butterfly population. Insect Conservation and Diversity,
6(2), 135-144.
http://www.mlImp.org/results/findings/Pleasants_and_Oberhauser_2012_milkweed loss_in_ag_fi
elds.pdf

This article contains information on the relationship between monarch butterflies and milkweed
plants, and the current decline in both the mid-western milkweed population and the
accompanying decline in the monarch butterfly population. It examines the primary reasons for
milkweed decline in the mid-west and the ideal spatial distribution of milkweed plants for
monarch use.

Database: USDA NRCS “PLANTS database”, Search: Asclepias speciosa

. County Distribution: Asclepias speciosa Torr. - showy milkweed ASSP in the state of

California. Plants.usda.gov. Retrieved from http://plants.usda.gov/java/county?
state_name=California&statefips=06&symbol=ASSP on 4/14/2014.

This interactive graphic shows the native distribution of showy milkweed from the global scale

to the USA county level.

. Young-Mattthews, A, and E. Eldrege. 2012. Plant fact sheet for showy milkweed

(Asclepias speciosa). USDA- National Resources Conservation Service, Corvallis Plant

Materials Center, OR and Great Basin Plant Materials Center, Fallon, CA. Retrieved from:
http://plants.usda.gov/factsheet/pdf/fs_assp.pdf on 4/14/2014

This fact sheet provides information on the uses, restoration, ethnobotany, toxicity, status,
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weediness, establishment, and management of showy milkweed.

. Parks, Recreation, and Preserves Division. 1994. lowa's threatened and endangered
species (20 October 2002). lowa Department of Natural Resources, lowa. Retrieved from:

http://plants.usda.gov/java/threat?stateSelect=US19&statelist=states on 4/14/2014.
This page provides a list of lowa's threatened and endangered species; according to the USDA
NRCS PLANTS database plant profile for showy milkweed, this is the only state where
milkweed is considered a threatened species.

Database: Google, Search: “Milkweeds in California”

. Borders, B. 2012. A Guide to Common Milkweeds of California. The Xerces Society for
Invertebrate Conservation. Retrieved 4/26/14 from: http://www.xerces.org/wp-
content/uploads/2011/10/CA-milkweed-guide XercesSoc6.pdf

This article summarizes the native distribution of the most common species of milkweed in
California by county. I have often compared it to a SEEDS map of current milkweed distribution
in CA found here:
http://arcmapper.sc.egov.usda.gov/output/Counties_hyborealv27561032106617.jpg

. Borders, B. 2013. Pollinator Plants of the Central United States: Native Milkweeds
(Asclepias spp.). The Xerces Society for Invertebrate Conservation. Retrieved 4/26/14 from:
http://www.nrcs.usda.gov/Internet/FSE_PLANTMATERIALS/publications/mopmcpul1905.pdf
This article contains useful ecological information about milkweeds in the United States,
including milkweed benefits to species other than monarch butterflies.

. Borders, B. 2011. California Pollinator Plants: Native Milkweeds (Asclepias spp.). The
Xerces Society for Invertebrate Conservation. Retrieved 4/26/14 from:
http://www.xerces.org/wp-content/uploads/2011/03/xerces-nrcs-california-milkweed-guide.pdf
This article contains detailed information on the distribution and characteristics of milkweed
species common to different parts of California, including information on flowering season.

. Luna, T. and Dumroese, R. K. 2013. Monarchs(Danaus plexippus) and
milkweeds(Asclepiasspecies): The Current Situation and Methods for Propagating Milkweed.
Native Plants, 14(1): 5-15. Retrieved from:

http://www.fs.fed.us/rm/pubs_other/rmrs_2013 luna_t001.pdf

This a literature review that summarizes current monarch butterfly populations and population
changes in the U.S., with emphasis on factors affecting their survival, including weather and loss
of habitat. It includes detailed sections on milkweed ecology, habitat, and propagation.

. Bring Back the Monarchs: Asclepias speciosa. ND. MonarchWatch.org. Retrieved 4/27
from:
http://monarchwatch.org/bring-back-the-monarchs/milkweed/milkweed-profiles/asclepias-
speciosa

This webpage includes a general description of milkweed characteristics, including root depth
for showy milkweed.

166


http://plants.usda.gov/java/threat?stateSelect=US19&statelist=states
http://www.xerces.org/wp-content/uploads/2011/10/CA-milkweed-guide_XercesSoc6.pdf
http://www.xerces.org/wp-content/uploads/2011/10/CA-milkweed-guide_XercesSoc6.pdf
http://arcmapper.sc.egov.usda.gov/output/Counties_hyborea1v27561032106617.jpg
http://www.nrcs.usda.gov/Internet/FSE_PLANTMATERIALS/publications/mopmcpu11905.pdf
http://www.xerces.org/wp-content/uploads/2011/03/xerces-nrcs-california-milkweed-guide.pdf
http://www.fs.fed.us/rm/pubs_other/rmrs_2013_luna_t001.pdf
http://monarchwatch.org/bring-back-the-monarchs/milkweed/milkweed-profiles/asclepias-speciosa
http://monarchwatch.org/bring-back-the-monarchs/milkweed/milkweed-profiles/asclepias-speciosa

. Bring Back the Monarchs: The Details. ND. MonarchWatch.org. Retrieved 4/27 from:
http://monarchwatch.org/bring-back-the-monarchs/campaign/the-details

This article provides information on monarch population, milkweed habitat, and milkweed
propagation, with sections on restoration, ecological interactions, and lifespan.

. Ulev, E. D. 2005. Asclepias speciosa. In: Fire Effects Information System, [Online]. U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences
Laboratory (Producer). Retrieved 4/27/2014 from: http://www.fs.fed.us/database/feis/

This article contains detailed information on distribution and occurrence, botanical and
ecological characteristics, fire ecology, and management of showy milkweed.

Milkweed Restoration in the Central Valley

Goals:

Overall:

The general goal for Showy milkweed restoration in the Central Valley is to increase its
abundance, especially in corridors of monarch butterfly migration. This includes everywhere
between the Northern half of the Rocky Mountains and sites along the California coast stretching
from San Diego to Bodega Bay. (Marriott, 1997) Although the Monarchs tend to breed during
the summer in the mountains, they require nectar from milkweeds along their migration route to
be able to survive the journey to their overwintering grounds(Luna and Dumroese, 2013). There
are few tradeoffs to broadly installing showy milkweed. It grows in dense patches and, although
according to some it has potential to become an invasive weed, it doesn't tend to dominate, needs
little water or nutrients, and attracts the broadest spectrum of beneficial insects out of 43
perennial wildflowers tested in a Washington State University study(James, 2011)(Borders,
2011). The threshold amount of milkweeds in a stand that will be beneficial to butterflies and
other insects is as small as ten stalks, which makes restoration easier because it does not need to
occupy large amounts of space in order to provide the benefits for which it was
introduced(Pleasants, 2013). However, milkweed is toxic to grazers because of high levels of
cardenolides in the tissues, and so should not be planted in barren rangeland areas where animals
may be forced to resort to it for sustenance. However, most grazers purposefully avoid eating it if
there are other options, and so it should not be excluded from otherwise productive rangeland
areas(Borders, 2011). Feedbacks to installing milkweed may include the attraction of pollinating
birds and insects, which may help the milkweed proliferate, however, insects that pollinate
milkweed would also be likely to pollinate other angiosperms, resulting in increased general
ecosystem health(Borders, 2011). Showy milkweed is resilient, and able to sprout new stems
from its rhizomitous roots after disturbances such as fire, grazing, or mowing(Luna and
Dumroese, 2013). However, there are insects that prey on milkweeds, such as milkweed
longhorn beetlesv(Tetraopes spp.) and oleander aphids(Aphis nerii), which should be considered
as potential risks to milkweed success(Borders, 2011). Including these considerations, restoring
milkweeds in the Central Valley is a manageable restoration project with many benefits and few
drawbacks.

Short-term:

Ensure Showy Milkweed is on the species list of plants to be added to wild wetland, meadow,
and grassland restoration sites throughout the Central Valley. A couple local locations to contact
include restoration projects conducted at the Consumnes River Preserve, Yolo Bypass Wildlife
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Area, Cache Creek Preserve, and North Davis Riparian Greenbelt Greening Project. These
projects may be able to increase the abundance of milkweed in their species mixes or sites, or
add it to their species lists if it is not already present. Showy milkweed is common in riparian
zones but will survive in a variety of environments (see info sheet for details) and so will be an
appropriate plant to install in many areas(Borders, 2011). This restoration goal has the benefit of
possible wide implementation without requirements for creation of a new organization to bring
milkweed to each of these sites. Presence of milkweeds in wild restoration sites has the same
tradeoffs, interactions, and feedbacks as dicussed above; however, the risk of milweed toxins
poisoning livestock is lower in these areas.

Long-term:

Expand restoration projects to include adding showy milkweed in more widely distributed
locations, such as roadsides, margins in and around agricultural fields, and public parks. Work
can also be done on promotion and framing of milkweed as a beautiful plant and an asset to
private gardens. A study by Pleasants and Oberhauser in 2012 found that monarch usage of
milweeds in agricultural fields was 3.89 times higher than in non-agricultural settings, and so
milkweed presence in agricultural settings especially should be increased for maximum benefit
to the butterflies. This may not be a feasible goal in many cases becuase the presence of
milkweed stands in fields reduces the amount of area that can be used for crops(Pleasats, 2013).
However, this assessment does not take into account the beneficial role pollinators attracted to
milkweeds provide in agriculture(Borders, 2011). Milkweed should also not be added to fields of
hay or alfalfa intended for livestock consumption, as it is toxic unless highly processed(Borders,
2011). Milkweeds added to roadsides have potential to make those habitats beneficial to native
pollinators in the midst of invasive grasses that have spread heavily into those recently disturbed
locations. Roadside locations are also typically devoid of agricultural use, and addition of
milkweeds to these locations can help create wildlife corridors through urban areas. However,
more research should be done on whether it is ultimately beneficial to place milkweeds along
roadsides as intended habitat for monarchs because of potential risks posed by cars to the
butterfly population. Milkweeds in horticultual settings such as public parks and private gardens
and yards may be the one of the most effective way to restore broad distribution of milkweed
plants because of the prevalence of these types of habitats in urban areas across the central
valley. These locations are largely removed from grazers, high volumes of fast-moving cars, and
are on smaller scales where climate and soils can be more easily manipulated to benefit
milkweeds and foster growth of native communities with more regular maintenance. Drawbacks
of planting in these locations might include difficulty in distributing milkweed seeds and plugs to
many separate people, and difficulty spreading information to a wide population cogent enought
to cause public action and internalization of the need to increase milkweeds to a degree strong
enough for people to bring plants home and care for them. Milkweeds also may not be as
traditionally aesthetically pleasing as other horticultural flowers like roses, and so may not be
favored in public spaces. Human-milkweed interactions that could make this goal more feasible
are the popularity of monarch and other butterflies for which humans will tolerate or enjoy the
presence of milkweeds, especially in butterfly gardens.

Restoration Plan:

For restoration of showy milkweed in the Central Valley, establishment in many diverse
locations is preferable to limitation to only riparian habitats or only roadsides, etc. One of at least
two distribution patterns may be desired: sporadic patches established throughout the site, or
establishment of one large patch dominating a portion of the site. This will depend on size and
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location of the site, and availability of sunlight and water. Small restoration sites on the order of
half an acre or so may want to limit milkweeds to one area to avoid possible weedy expansion
from crowding out other species with shade from their large leaves. Larger sites may want
patches spread throughout to ensure that there is butterfly habitat available at intervals frequent
enough to be found, possibly meaning within comfortable view, although there does not seem to
be information available on the optimum spacing of showy milkweed stands for butterfly habitat.

Milkweeds can be propagated either from seed, from root clippings, or from transplanting
seedlings or plugs grown in a greenhouse. For effective restoration of either spatial configuration
a combination of seeding and transplanting of plugs will ensure the highest rate of establishment;
in a Janke study through Kansas State University, an average of 55% of seedlings planted
survived to maturity. Seedlings should be planted about one foot by one foot apart to prevent
crowding. Showy milkweeds have been reported to produce an average of 158 seeds per gram, or
115 seeds per large fruit follicle, while each plant has around 6 follicles per stem; therefore,
seeding should be generous to ensure adequate establishment; 690 seeds/m2 would closely
mimic natural seed release rates from milkweed plants positioned one foot apart(Luna and
Dumroese, 2013). Seeds for direct seeding as well as for propagation for transplantation should
be collected from other showy milkweeds currently living successfully in similar conditions in
the central valley to where they will be placed in a central valley restoration site. This will ensure
that they are able to survive this area's Mediterranean temperature and precipitation patterns.
Seeds from a remnant or other suitable reference population near the chosen site would be ideal.
However, other similar sites may be used; one such location is the CA native plants section of the
UC Davis Arboretum, which has a healthy showy milkweed stand. Seeds collected should not
exceed 5% of those present in the population. Seeds should be sown in September or October,
and pressed lightly into the ground to ensure contact with soil(Ulev, 2005). To attain seedlings,
seeds should be planted in containers 98-200ml in volume, 1.5-2" diameter, and 4-8.5 " deep, 5-7
months before they are intended to be transplanted to a site; they can be grown in commercial
seedling mix soils, and hand-watered. The young plants can be moved to an outdoor growing
area after reaching the desired height indoors. Seedlings should be transplanted from early fall
through the spring, during a period likely to be followed with rain within a few weeks(Luna and
Dumroese, 2013). Seelings from historically moister locations may need additional water until
they are firmly established.

Milkweeds are an early successional species that can not tolerate shade. Therefore, in
order to maintain a milkweed population, the ecosystem must be maintained in an early
successional state. This can be accomplished by burning or mowing the site to prevent woody
encroachment every 2-3 years; since milkweeds are capable of re-sprouting from the roots, these
techniques will not harm them(Bring Back... Details, ND).

Monitoring of the site should be done before, during, and after any restoration attempt.
For Showy milkweed restoration, a vegetation survey and photographs of the planned location of
milkweed installation should be done during the spring prior to the work beginning to determine
whether there is a remnant or reference population and for records against which to judge the
success of the restoration attempt. During this season, the milkweeds present will be readily
visible and likely flowering. Once restoration has begun, the same type of monitoring should
occur in early late fall and mid-spring for two years, after which time seedlings should be firmly
established and reproductively mature, and during the mid-spring for up to three years thereafter
to ensure continued survival of the population(Ulev, 2005). In case of complete failure of the
population to establish during the first year, site conditions should be re-evaluated and more
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extensive small-scale testing should be done to determine the cause of failure. Changes may have
to be made to to improve drainage in the soil or to increase light through removal of nearby
vegetation. If only twenty five percent of the population establishes the first year, an additional
round of seedling transplants may be warranted to raise the total, along with re-evaluation of the
site conditions to determine the cause of failure. However, if half or more of the desired amount
of milkweed esablishes, time and natural processes may take over to increase milkweed cover in
later years due to its ease colonizing diaturbed areas(Luna and Dumroese, 2013).

Despite showy milkweed's tenacity and ability to survive a wide range of environmental
and soil conditions, there are still some problems and uncertainties that milkweed restoration
may encounter. The most general would be the unsurety that the chosen milkweed species would
be able to survive in the particular conditions of the restoration site. This uncertainty could be
minimized through the performance of smaller-scale field tests. Some specific potentially
questionable conditions inability for the plants the amount of light they need, for example if a
beloved old tree or stand of trees dominates and shades the site milkweed restoration may be
impossible. If I encountered this problem, I would suggest relocating the milkweed restoration
aspect of the project, or thinning the stand of trees to allow more light to come in. Constantly
waterlogged soil may also drown the plants due to generally low oxygen levels in inundated soil,
although they do tolerate some moisture. To solve this problem | would work of the hydrology of
the site to try to get it to drain better. Another problem is that, with decreasing abundance of
milkweeds including showy milkweed across its eastern and western ranges, it may be difficult to
find reference sites or collect enough seeds to be effective. If | encountered this problem I might
consider spending two or three years collecting enough seeds to be able to carry out the project
and have a light buffer in seed numbers in case of failure. Similarly, if restoration is planned for
a drought year, the lack of rain could delay planting of seedlings until it is too late, in which case
| would hold them over until the following fall, or install more extensive, costly irrigation.

Some research questions that could be considered to improve this plan would be targeted
research on the optimal stand density and spacing for milkweed health and maximum monarch
butterly habitat west of the Rockies, as well as more extensive, purposeful studies on fluctuations
in the range of milkweed plants and the effects of central valley agriculture on their extent.
Scientists could also do research on the advisability of creating milkweed stands on busy
roadsides or center dividers and see if there is any safe/unsafe cutoff for density and speed of
traffic to the monarch butterflies the milkweeds would attract. Research could also be done on
the exact water requirements and tolerances of showy milkweed.

For the purposes of creating an exact restoration design that would simultaneously be a
research experiment, | will say I am working on a level, square two-acre site with plenty of sun in
an area with the southern sections of soil tending towards sandy and the northern sections
towards clay-ey. The site recieves adequate winter rainfall during the to support a mature
milkweed population. It is also in a popular monarch butterfly travel corridor. | would plant at
least 18 stands of milkweed, three at the center of the north and south ends of the site and three
on each side towards the center on the east and west sides, and six more more scattered in the
middle. The stands all would be composed of an equal proportion of seeds to plugs, however,
there would be the same amount of extra water added to one stand out of each group of three
stands at the different locations, and water witheld from one stand under a shelter with a clear
roof. The third would be a control. My strategy for propagation, maintenance, and monitoring
would follow the guidelines I discussed for successful central valley milkweed restoration above,
with the only variations stemming from soil and water conditions across the site.
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My restoration design would allow me to determine the exact effects of varying soil and
water conditions on milkweed plants to see whether they do equally well within their range of
tolerated soils and water requirements, or whether there is one treatment that is particularly
ideal. If I had a larger site with the same gradients of conditions across it | would do at least two
more replicates of the treatments in each location in order to have more reliable data.
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Department  of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences
Laboratory  (Producer). Retrieved 4/27/2014 from: http://www.fs.fed.us/database/feis/

This article contains detailed information on distribution and occurrence, botanical and
ecological characteristics, fire ecology, and management of showy milkweed.
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Yarrow (Achillea millefolium) Gevork Arutyunyan
Achillea millefolium (yarrow) Plant Restoration

Achillea millefolium (yarrow) has various beneficial impacts on the environment. One of
those is that is attracts many different species of native pollinators that can thus pollinate other
plants in the area. Yarrow also attracts predatory and parasitoid insects that prey upon pest
insects, thus providing another benefit to the environment around it. Yarrow also has numerous
medicinal benefits to humans. Yarrow is hemostatic (stops bleeding), inhibits bacterial growth,
helps tissues heal, and is anti-inflammatory. Yarrow is also good for soil erosion control due to
its system of rhizomes. Yarrow populations are not in decline. They can however still be used
and planted in restoration sites to help with the overall restoration goal for the above mentioned
reasons. Establishing a yarrow population at the restoration site is our intended goal.

Literature Review by Topic:

Importance of goal:

e Attracts insects that prey on pest insects (Wildflower.org 2014)

A. Attracts lacewings that prey on aphids, caterpillars, cottony cushion scale, Insect
eggs, spider mites, and thrips. (Sustainable Baby Steps 2013)

B. Attracts ladybugs that prey on aphids, mealybugs, mites, and pest eggs (Sustainable
Baby Steps 2013)

C. Attracts trichograma wasps that prey on Alfalfa caterpillar, Armyworm, Bagworm,
Borers, such as corn, peach, and squash, Cabbage looper, Cankerworm, Coddling
moth, Corn earworm, Cutworm,Tomato hornworm, Wax moth (Sustainable Baby
Steps 2013)

e Attracts native pollinators in area.(Wildflower.org 2014)
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Has medicinal value to humans including; hemostatic (stops bleeding), inhibits bacterial
growth, helps tissues heal, and is anti-inflammatory (Bioweb.edu 2011)

Native Americans used it for tooth, ear, and headaches. Also as eyewash. (Forrest
Service)

Good for erosion control due to rhizomes. (Forest Service)

Establishing plant:

Optimal time to plant: Spring (Old Farmer’s Almanac 2013)

Soil preference: dry to medium, well-drained sandy loam soil. (Missouri botanical
garden)

Plant in full sun (Old Farmer’s Almanac 2013)

Plant seeds in 12-15 inch hole. (Old Farmer’s Almanac 2013)

Space plants 1-2 feet apart when planting. (Old Farmer’s Almanac 2013)

Add 2-3 inches of mulch to each plant. (Old Farmer’s Almanac 2013)
Propagation (SFGate.com)

1. Division. Do not divide established yarrow when in bloom. Loosen soil around
established yarrow plant. Cut the plant in half with a shovel. Dividing multiple
times is 0.k. Each segment should have 3 shoots. Dig a hole where the new plant
is to be planted big enough to accommodate root ball. Cover the roots and water
until soil is moist.

2. Stem Cuttings. Best done in late spring and summer. Stem should be new and
healthy with 3-4 buds. Look for 6 inch long stem. Remove with sheers. Plant in

pot that is well drained with potting mix. Potting mix should be peat moss and
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vermiculite. Keep between 20-60 degrees Fahrenheit in sunny area. Once 1 inch
roots begin to form, can be transplanted. Do not add fertilizer with this method.

3. Seeds. Best done in late winter. Fill seed tray with even mix of peat moss and
vermiculite. Place seeds on top of mix. Sprinkle/dust seeds with mix. Wrap tray in
thin plastic. When spring arrives, plant seedlings with above instructions from
Old Farmers Almanac in dry to medium, well-drained sandy loam soil.

e Competitor plant: HORDEUM VULGAREL. A barley plant. Reduces seed production and
rhizome (Bourdot, Field, White 1985)

After Establishment:

e Pests: aphids, powdery mildew, rust, and stem rot (Old Farmer’s Almanac 2013)

e If receive less than 1 inch of water through rain, then should be watered manually (Old
Farmer’s Almanac 2013)

e Tolerates: Deer, drought, dry soil, and air pollution (Missouri botanical garden)

e Fire issues: Has low potential for ignitability. Generates rapidly after a fire due to
rhizomes and mycorrhizae. (Forrest Service)

Other important fact:

Yarrow was used at a roadside restoration site in Massachusetts along with 11 other plant
species. The plants were seed grown sods and the soil was infertile and shallow with direct
exposure. After 4 years, yarrow was one of 3 surviving plants at the site. (Forest Service)
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Project Part Two: Yarrow

Our main goal is to establish a population of yarrow and to ensure the population

survives in the long term. The short term goal is to just plant a population of yarrow. To do this,

we need to first propagate yarrow plants. The source of the yarrow plant seeds can be any

population of Achillea millefolium found in the wild that best matches the new growing region.

No more than 10% of the seeds at the site should be collected. Once the seeds have been

collected, the planting should be done in spring. The seeds should be planted 1-2 feet apart. Each
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seeding will need 2-3 inches of mulch (Old Farmer’s Almanac 2013). The soil preference is dry
to medium, well-drained sandy loam soil (Missouri botanical garden). The seeds also need to be
in direct exposure to sunlight (Old Farmer’s Almanac 2013).

Before restoration, it is important to inspect the area for barley species since yarrows
main competitor is a species of barley (Bourdot, Field, White 1985). It is also important to see if
the site has the soil type preferred by yarrow. Since yarrow prefers direct exposure to sunlight it
IS important to make sure there are areas that are sunny enough for the plants. Other than these,
yarrow is very durable and does not need much done pre-restoration.

In the long term, we are looking at having a cover rate of at least 10% after one year at
the planned planting site and at least a 50% survival rate after one year. In order to keep the
plants alive, if there is less than one inch of rain in a week, then we should water the plants
artificially (Old Farmer’s Almanac 2013). Once the plants are established, no pollinators need to
be introduced to the site to assist in pollination. This is due to the fact that yarrow attracts a very
large number of native pollinators in an area (Wildflower.org 2014). Due to the high tolerance of
yarrow to drought, the plants do not need to be monitored frequently. The plants also do not need
to be inspected on in the event of a fire due to the fact they germinate fairly quickly after a fire.
Yarrow is also very tolerant of grazing and therefore does not need to be monitored if grazing
does occur in the area. Yarrow also has its own system of rhizomes which assist in its survival
(Forrest Service). Due to the high tolerance of yarrow to various threats and its large rhizome
system, a monitoring regime of once a year is sufficient. Over the summer, a more frequent
monitoring regime (such as once every month) can be established. However, as mentioned, due
to yarrows high tolerance to drought, this may also not be necessary and can be done only as a

precautionary measure. The main reason for increased monitoring in summer can be to ensure
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the plants are receiving enough water. The monitoring can be conducted by any staff member of
an organization.

If for any reason we do not have any establishment after 6 months, we will shift our focus
from planting seedlings to planting stem cuttings due to stem cuttings having a higher survival
rate. Again the reference site for the original yarrow plants can be any wild area with similar
growing conditions. The cuttings will again need to be planted 1-2 feet apart and have 2-3 inches
of mulch added. If the species does establish in small populations with seedlings after 6 months
but the population is not big enough, we plan to plant more seedling to ensure we meet our target
goal of having at least 10% cover at the site after one year. This time however the seedlings will
come from the established plants at the site. This is because those surviving plants will be the
best suited for that specific site and therefore their seeds will have the greatest chance of survival
at the site.

There are other areas that can impact the survival of yarrow. The pests of yarrow that can
impact their survival are aphids, powdery mildew, rust, and stem rot (Old Farmer’s Almanac
2013). Aphids can be controlled through various brand name organic solutions that deal with
them. An example of one would be Safer Brand End All Insect Killer. If powdery mildew were
to establish, neem oil and jojoba oil can be to eradicate them. An example of a brand name oil
spray is Saf-T-Side Spray Oil. No oils should be applied to the plants if the temperature is above
90 degrees Fahrenheit. Plant rust will also need to be addressed through a commercial spray.
Bayer Advanced Disease Control for Roses, Flowers & Shrubs Concentrate is a commercially
available solution that can help treat rust. For any of the commercial treatments, the amount of
their use will depend on the amount of infected plants. Each plant should also receive the

recommend amount on the respective labels of the products. The frequency of use and usage
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schedules should also be determined with information on the labels. Stem rot can be dealt with
by manually removing the affected stems.

One of the greatest uncertainties of planting yarrow is if the species will wind up
outgrowing and out-competing some of the other plants in the area and thus dominating the site.
Due to yarrows high dispersal rate and rapid growth, there is a possibility that yarrow can wind
up being weed-like in an area (Forrest Service). Yarrow is also considered a founder species.
Since founder species have a high tendency to spread really quickly, it is safe to assume that
yarrow does have the potential to overrun an area. Also, each flowering plant can produce
several thousand achenes (seed carrying fruit). With the viability of the seeds exceeding 90%, it
can be imagined how quickly and widely yarrow can spread (Forrest Service).

In the event that yarrow does appear to be dominating in an area, pesticides might be the
only option of controlling them. This is due to the fact that yarrow does have a high tolerance to
fire and grazing, which are mechanisms that are used to control other problem species. However,
yarrow also has a high resistance to pesticides as well and there are specific pesticides that will
need to be used. Verdone Extra and Westland lawn weed killer are just some of the pesticides
that can be used (Lawnweeds.UK). If it is worried that the yarrow will take over a site, a
monitoring regime of once every four months should be sufficient to stop any early stage
invasions. If we do begin to kill off some yarrow, we should only kill off the portion that goes
over the targeted goal of 10% of cover.

The main competitor for yarrow is a barley species called hordeum vulgare I. This
species reduces the reproductive success of yarrow (Bourdot, Field, White 1985). However, it is
not known if it is only this specific species of barley that does this or if all species of barely do

this. Therefore some experiments and research questions that can be further inspected is to see
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how well yarrow does with any barley plants that will be planted at the site. This can be done in
controlled environments in some kind of container. Ideally the artificial environment should
mimic the natural one of the site as much as possible. It is important to see and inspect the
dynamics of yarrow with any barley species before the two can be planted at any site together. If
there will be experiments conducted on some plants, it will be best to test some other features as
well. One test can include testing the various pesticides to see which one works best incase
yarrow does become a pest at the site. The yarrow plants can also be deliberately infected with
their various pests to see which treatments work the best. If after testing it is determined that
barley is not a good species to plant yarrow with but barley still needs to be planted at a site, it
would be a good idea to put as much distance between the yarrow and barleys as possible. One
of the tradeoffs of having yarrow might even be to not plant any barley at a site that contains
yarrow.

The successful restoration of yarrow can lead to a positive feedback to the organism
around it. Yarrow attracts a large number of native pollinators in an area that can also pollinate
nearby plants. The pollinators themselves will see a benefit as well. Yarrow is also known to
attract organisms that prey on pest species (Wildflower.org 2014). Due to its extensive rhizome
system, yarrow can stabilize the surrounding soil as well, which will be an added benefit to the
organisms around it. These interactions can make yarrow a valuable species in any restoration
work where they are suitable to plant.

In the short term, our main goal is to just plant and establish a yarrow population.
However in the long run we are hoping for 10% cover of the site within one year. The amount of
monitoring that needs to be done depends on what the monitoring is for, such as pests and so on.

There are various actions we need to take if we are not meeting our target goal, such as planting
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cuttings if we have no growth after six months of planting seeds. We would also need to monitor
for any pests and handle them with commercial solutions. With yarrow, it is also important to
monitor to see it does not become weed-like and dominate an area. Depending on experimental
results we also need to make sure that either barley plants are not in the area or are spaced far
away from yarrow. Due to yarrows ability to attract many pollinators and predators of pests, it
will be worth the effort to make sure there is a sable yarrow population at the site.
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Lupines (Lupinus sp) Mandy Royal
Project Background and Justification

The Lupinus genus is a nitrogen fixing legume with a mychorrizae relationship and is
native to California, found in almost all plant communities (CalFlora 2014). Lupines are known
for their silvery palmately divided leaves and erect whorls of blue to purple flowers. The specific
varieties of interest in this project are Broad Leaf Lupine (Lupinus latifolius var. columbianus),
Common Broad Leaf Lupine (Lupinus latifolius var. latifolius), Arroyo Lupine (Lupinus
succulentus), Bicolor Lupine (Lupinus bicolor), Summer Lupine (Lupinus formosus), Chick
Lupine (Lupinus microcarpus var. microcorpus), and Sky Lupine (Lupinus nanus). The large
variety of lupines provides one with plants that are both annual and perennial; this group of
lupines provides a bloom time ranging from February to October, which is especially important
for insects and birds (CalFlora 2014). Lupines also provide critical habitat for butterflies like the
Mission Blue and Boisduval Blue butterflies (Weiss, Murphy 1990), and is a main source of
pollen for bumble bees. Lupines are critical in the support of native insects; however, the plant is
highly poisonous to animal like cows and goats due to the alkaloid contents (Forest Service
2014). The consumption of lupines among cows can cause crooked calf disease, and goats can
have stillborns. Lupines have an extensive rooting system making them adapted to fire and
mowing, and they are a source of erosion control (Forest Service 2014). Lupines are also early
successional species allowing them to establish after disturbances like fire or volcanic activity,
building the basis for a growing plant community. Lupines are used for rehabilitation and
strengthening of habitats because it has a nitrogen fixing ability, high survival rate, and an ability

to spread quickly and grow in poor soil (Wu, Kruckeberg 1985).
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Fact Sheet
Lifecycle

Specific Variety Conditions

Common  Latin Name Habitat  Perennial Bloom time  Soil Soil CaCo3 Soll
name or annual pH salinity concentr water
ations holding
capacity
Broad Leaf Lupinus Riparain  Perennial April -March 6.8 non- low high
Lupine - saline
latifolius var.
columbianus
Common  Lupinus Riparian  Perennial April-March 6.8 non- low high
Broad Leaf latifolius var saline
Lupine '
latifolius
Arroyo Lupinus Riparain  Annual  Feburary- 5.7- non- low high
Lupine succulentus to May 8.2 saline
grassland
Sky Lupinus grassland Annual  March-June 5.2- non- low low
Lupine : 8.2 saline
bicolor
Summer  Lupinus grassland Perennial June-October 05.3 non- Prefers  low
Lupine fOrmOSUS -7.0 saline no
concentr
ations
Chick Lupinus grassland Annual  May-June 6.1- Slightly low low
Lupine . 8.4 saline
microcarpus
var.
microcorpus
Bicolor Lupinus grassland Annual  March-May 5.4- non- low low
Lupine NANUS 7.7 saline

Plant Description

These lupine varieties height can range from 1-4 feet tall with an erect inflorescence that has

many whorled pea-like flowers that can be 4-12 inches tall. Flowers of the given varieties range

from blue to purple. The leaves are palmately compound with 5 to 10 elliptic leaflets. Leaves

tend to be a grey green to a dark green (Forest Service 2014).
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Reproduction: All the selected Lupine varieties can regenerate through seeds or rhizomes.
Rhizomal reproduction is when the root systems has root sprouts, or root fragments break off and
create a new plant. Lupines have genetic variation due to each plant producing up to several
hundred seeds (Brown 2010). Genetic variation is important in lupines, decreasing the likelihood
of deleterious alleles negatively impacting the population,. Lupines produce their first bloom
their second year of life. Lupine’s bloom starts from the bottom to the top allowing for the
production of pods at different times; the most mature found at the bottom and youngest at top
(Brown 2010). The seedpods can produce up to 10 seeds and once the pods reach maturity they
pop open (best to harvest before pods have matured). Seedpods can open with such force they
can expel the seeds up to 16 feet (Brown 2010). Seeds are water or gravity dispersed and some
lupine species do make a seed bank (not clear if all do). Untreated seeds should be planted during
late fall or winter; lupines require cold weather for the development of their roots, and take a few
months to germinate (Palmer 2014). Treated seeds produce the most germination success and is
the fastest growing method. The treatment begins with scarifying the seeds, then soaking seeds in
warm water for 24 hours, and finally planting the seeds in early spring to late summer (Palmer
2014).

In the greenhouse, seedling survival averages around 90%.(Forest Service 2014).
However, transplanting of lupine is not recommended because the development of tap roots; if
lupine are transplanted too late in life and the tap root is broken and the plant will not survive.
Once established lupine can take over a swath of land due to their nitrogen fixing ability and
mycorrihzae relationship allowing them to out compete other plants (Forest Service 2014).
Lupine are insect pollinated by honeybees, bumblebees, butterflies, and hummingbirds. Bee
visits have shown to improve seed set by increasing both self- and cross-pollination (Karoly
1992).

Mycorrihzae Relationship: Lupinus is a nitrogen-fixing legume that requires mycorrihzae. The
relationship with the bacteria builds upon the lupines rooting system; the extensive rooting
system helps with erosion control. The mycorrhizae species, Bradyrhizobium, when inoculated
with lupine seeds extends the rooting systems of the plant (Kurlovich 2002). The mycorrhizae’s
extension of the rooting system makes phosphorus more available allowing for increased
nitrogen fixation (Kurlovich 2002). Besides erosion control this relationship in the roots helps
lupine to tolerate poor soils, drought, and disease because they tolerate stress better. The need of
mycorrihzae when restoring lupine is often overlooked and should be taken into account (Baird
1989).

Nitrogen Fixing Ability: Lupine are successional species allowing them to inhabit poor soil, and
through fixing nitrogen they make the soil habitable for other plants (Forest Service 2014) .
Lupine’s ability to fix nitrogen comes from the symbiotic relationship between rhizobia and
lupine’s root systems. The rhizobia forms nodules on the roots and perform nitrogen fixation that
is readily available for the lupine to grow and out compete others (Kurlovich 2002). Having the
ability to fix nitrogen allows the plants to grow and thrive in poor nutrient environments. Lupines
are often the first plants to sprout after a volcanic explosion. They improve the soil quality by
fixing nitrogen and catching nutrients blown by the wind, creating lands of fertility (Forest
Service 2014). It has been found that due to the lupine's ability to fix nitrogen they can inhabit
sites with high levels of copper, and with time and nitrogen fixation lupines can make the site
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tolerable for other plants; they alter the ratio of nutrients in the soil to tolerable levels (Wu and
Kruckeberg 1985). Addition of fertilizer or excess nitrogen can potentially Kill lupine because the
addition gives the plant more nitrogen than it needs (King 2014).

Fire Ecology: The rooting system in lupines allows them to withstand fire. However, the fire
return for the species of lupines differs depending on what habitat they are adapted to. The
riparian species Broad leaf , Common Broad leaf, and Arroyo lupine have a disturbance fire
regime of 35 to 200 years (Forest Service 2014). The grassland adapted species, Bicolor,
Summer, Chick, and Sky lupine, have a disturbance fire regime of 10- 25 years (Forest Service
2014). Fire is not directly needed for lupines; however, fire has shown to have benefits for lupine
allowing them to be more abundant and produce more flowers (Forest Service 2014). Research is
being done to see if the combination of mowing, cutting, and herbicides can be used in place of
fire (Forest Service 2014).

Habitat: Broad leaf, Common Broad leaf, and Arroyo lupine are riparian species requiring sites
with more water but they cannot handle full inundation. Bicolor, Summer, Chick, and Sky lupine
are grassland species requiring full sun and will not tolerate excess water (CalFlora 2014). All
the listed lupine species prefer sandy loam soil and are found most commonly in disturbed sites
like after a fire, volcano, or human disturbance (sides of roads, mine sites, etc) (Forest Service
2014). With the exception of the riparian varieties, the lupines do well with little to no water
once established (CalFlora 2014). When starting from seeds, lupines require a constant moist soil
until their taproot has fullydeveloped; taproots can be up to a couple meters long (Kurlovich
2002). Spatially, lupines do well in clumps but are more successful when about a meter apart
from each other (Moore, Harrison, EImendor 2011). Most commonly, in the wild lupine are
found in large clusters; however, with a greater distance apart lupine are more likely to have
more successful seedlings and survival for long periods of time.

Lupines have higher survival rates in areas with moderate canopy and ground cover and reduced
litter cover (Pavlovic, Grundel 2009). Given these requirements and lupines ability to shade
other plantsout, plants that can handle these conditions are Irises, Columbines, Poppies, and
Purple Needle grass(Russel 2014). Lupines tend to have a high tolerance of pollution and do well
in urban areas (King 2014).

Interactions

Insects: All listed varieties benefit native bees, bumble bees, hummingbirds, and butterflies
(CalFlora 2014). Butterflies like Mission Blue, Painted Lady, West Coast Lady, and Common
Sulfur butterfly are dependent on lupine for food and larvae habitat (Tree of Life Nursery 2014).
Insects are required for the pollination of lupine. Bumble bees most frequent lupine for pollen.
Lupinus formosus is critical habitat for endangered butterfly species, Mission Blue, due to its
later blooming period (Weiss, Murphy 1990). By having a mix of lupines varieties one can create
a long bloom period creating a longer food source for insects. (Kremen et al. 2002).

Plants: The removal of lupine from a habitat can cause increased annual weed invasion due to
the nitrogen rich soil. Lupine removal might be performed for a disturbance regime, or if lupine
becomes weedy affecting other native plants. Also invasive annuals can be a problem if they beat
the lupines to germination in the spring. When lupines are established in a habitat their leaves
shade out competition and most of the nitrogen they fix is only available to them, preventing an
invasion (Maron Jefferies 1999). Only some of their nitrogen is released into the soil while the
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plant lives; the soil gains most nitrogen after the plants death. Lupine is known as an increaser
plant in that when in a habitat it
increases overall plant diversity (Maron Jefferies 1999).

Animals: Lupines are considered toxic to many animals due alkaloids in the plant. Black tail
deer are known to eat the plant with no known repercussions. Birds and rodents eat the seeds.
For grazing animals its not good for them to eat lupine, it has been known to cause birth defects
in cows, horses, and goats. Humans can have children with birth defects from lupine if they
consume cow or goat milk during their pregnancy from an animal that has consumed lupine
(Kilgore 1981). Usually grazers will ignore lupine, but when stresses like pregnancy cause them
to eat the plant. Pregnant cows and goats that eat lupine can have stillborns, or crooked calf
disease in cows ( Kilgore 1981 ). When highly grazed the plants will have produce less
inflorescences to adapt to the grazing. Lupine is not resistant to trampling but can handle some
(Forest Service 2014).

Human: Native people used lupine seeds to make tea to help with urination. Lupine provide an
ascetics value making it a popular ornamental plant (Forest Service 2014). Lupines are widely
distributed in gardens for their beauty and ability to attract beneficial pollinators; hundreds of
lupine varieties are spread throughout the United States (CalFlora 2014). Due to lupine’s
nitrogen fixing ability, lupine is used as a cover crop in orchards and in fields for crops like
wheat or spinach (Kurlovich 2002).
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A. Goals for Lupinus species

The Lupinus genus thrive in poor quality, slightly acidic soil making it an early
successional legume that is able to fix nitrogen due to its relationship with rhizobia (CalFlora
2014, Kurlovich 2002). The mycorrhizal relationship on the Lupinus roots creates an extensive
rooting system that prevents erosion and enriches the soil by promoting a higher nitrogen fixing
rate due to mycorrihzae making phosphorus more readily available (Forest Service 2014).
Establishing a genetically diverse community of Lupinus by collecting from mulitple reference
sites in Yolo and Solano county will allow for the species to grow in riparian and grassland
habitats, and provide wildlife with a blooming time from February to October (Kremen et al.
2002). Maintaining the population of Lupinus will require a disturbance regime of mowing,
herbicides or a combination of both, and spatial heterogeneity of plants to prevent the spread of
disease will allow for lupine's optimal survival (Moore, Harrison, EImendor 2011).
Objectives
Establishment Phase:

¢ Plant a mixture of seven native Lupinus species (riparian and grassland forms) that will
reduce erosion, enhance native vegetation, and provide a food source and habitat for
wildlife(CalFlora 2014)

Riparian Species: Broad leaf lupine (Lupinus latifolius var. columbianus) and
Common Broad leaf Lupine (Lupinus latifolius var. latifolius) are riparian varities;
they are faculative wetland species meaning they occur in riparian areas but can
tolerate non-riparian conditions. Arroyo Lupine (Lupinus succulentus) is a
faculative riparian species allowing it to grow in either riparian or non-riparian
areas (USDA 2014). These three species should be planted near a water source but
far enough away that the plants are not inundated for long periods of time, no
more than a couple of hours a day during wet season (USDA 2014). Planting
depends on site topography and water specifics.
Upland: Bicolor Lupine (Lupinus bicolor), Summer Lupine (Lupinus formosus),
Chick Lupine (Lupinus microcarpus var. microcorpus), and Sky Lupine (Lupinus
nanus) are upland species and will not occur in riparian areas. These four species
should not be planted near water, best planted in a high, dry area with full
sun (USDA 2014).

¢ Install a drip irrigation system to keep soil moist for plant recruitment and establishment.

e Enrich mycorrhizae fungi population at planting site with the addition of water and
organic matter to soil. Or inoculate seeds with the mycorrhizae species Bradyrhizobium
before planting (Kurlovich 2002).

e Monior recruitment success rate for three years, checking once a month between
Feburary to October. If after three years one does not have 50% of recruitment then one
needs to reevlaute site or planting methods to see if possible errors were made (Forest
Service 2014).
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Maintenance and monitoring phase:
e Maintain newly established Lupinus populations by not spraying pesticides or herbicides
at site, chemicals can kill the rhizobia or mycorrhizae relationship on the lupine's roots
(King 2014). Lupine's are self-sustaining after establishment. Ensure the plants are
providing a food source and habitat for wildlife having a flowering rate of 75% will
provide a food source for pollinators and habitat for butterfly larvae (Forest Service
2014).
e Develop an optimal disturbance regime of mowing or herbicide application promoting a
healthy population of Lupinus. The riparian lupine varities have a fire regime of 35 to 200
years, while the upland species of a fire regime of 10-25 years (Forest Service 2014).
Research by the Forest Service has shown that mowing is the best alternative for fire, but
each site differs on disturbance success and wildlife. If time and funds allow, one should
experiment with mowing and herbicides to see which method is best for the specific site.
One also needs to take into consideration other wildlife needs(if butterflies are in larvae
stage) when performing a disturbance regime.
B. Restoration Plan
Implementation
Task 1: Collection of seeds
Collection of Lupinus seeds will need to take place during the spring to fall after the
flowers have bloomed and the pods have matured (Dean 2014). The seedpods can produce up to
10 seeds and once the pods reach maturity they pop open (best to harvest before pods have
matured). Lupine’s bloom starts from the bottom to the top allowing for the production of pods
at different times; the most mature found at the bottom and youngest at top (Brown
2010).Lupines produce their first bloom their second year of life. According to CalFlora, all
seven species are widely distributed in Solano and Yolo county (CalFlora 2014). Collection times
will differ due to the range in blooming times (Lupinus latifolius var. columbianus: April to
March; Lupinus latifolius var. latifolius: April to March; Lupinus succulentus: February to
May;Lupinus bicolor: March to May; Lupinus formosus: June to October; Lupinus microcarpus
var. microcorpus:May to June; Lupinus nanus: March to May). Genetic variation in each variety,
for long term survival, requires a collection method of five seeds from ten plants per population
(seed pods can produce up to 10 seeds) (Forest Service 2014). For the survival of the collection
populations, collect less than 5% of seeds at one time. The wider range of populations one can
collect from will ensure genetic variation. Having genetic variation among the lupine will
prevent deterious alleles and will help plants to adapt better to changes in the environment.
Task 2: Preparation of the site
Before starting this project the site should be readied for the requirement of a Lupinus
population. First, one should clear site of debris and control weeds(preferably with fire). Lupinus
seeds require full sun and moist soil for establishment, weeds could reduce soil moisture and sun
exposure for the seeds. Lupine have higher survival rates in areas with moderate canopy and
ground cover, and reduced litter cover (Pavlovic, Grundel 2009). Depending on site location
mycorrhizae may be limited; Lupinus require a mycorrhizae relationship (Baird 1989). To add
this relationship one should prepare the soil with the addition of organic material, and water
which will promote mycorrhizae health and abunance (Harlequin's Gardens 2014). If the site
lacks mycorrhizae purchasing a mycorrhizae product from Organica Biotech, Plant Health Care,
Inc., Mycorrhizal Applications, Inc., BioLynceus and Eco-Cycle Compost Tea will provide one
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with the healiest product (Harlequin's Gardens 2014). Native lupines do best with the seeds are
inoculated with the species Bradyrhizobium (Kurlovich 2002).
Task 3: Design/install of irrigation system

California’s environment is unpredictable, and with Lupinus seeds requiring a constant
moist soil a irrigation system should be installed. The drip system will be a slow drip, placed on
below the soil, below the soil is required so a disturbance regime can go through. This will allow
for a constant moisture but prevent water logging of the soil (Dean 2014). The system should be
built in the same location as seeds. The moist soil will also support mycorrhizae allowing for a
relationship to form among the roots and fungi (Harlequin's Gardens 2014). Irrigation will be
needed also for recruitment years after a disturbance regime.

Task 4: Preparation of seeds/seedlings

Depending on the budget and time frame of the project one can use untreated seeds,
treated seeds, or transplantings.

Untreated Seeds:Planting of untreated seeds should take place during late fall or winter,
Lupinus requires cold weather for the development of their roots, and can take a few months to
germinate (Palmer 2014). If fall or winter planting time is missed, then before planting seeds
place them in a refrigerator for seven days to simulate a cold period, and then plant them during
spring (Palmer 2014). Untreated seeds are the least expensive method in impleteing lupine, but
this method takes the longest time to see growth. Untreated seeds usually do not germinate until
a year after being planted. This method can be beneficial if one has a timeline of planting in the
fall before winter rains.

Treated Seeds:Treated seeds produce the most germination success and is the fastest
growing method. The treatment begins with scarifying the seeds,then soaking seeds in warm
water for 24 hours, and finally planting the seeds in early spring to late summer (Palmer 2014).
One problem with this method is if there is a long rainy season causing the site to be too muddy;,
it could prevent the planting of the treated seeds.

Seed Inoculation: Given site conditions, seeds will need to be inoculated with
mycorrhizae. Inoculating requires soaking seeds for two to fours in water, and once drained add
the choosen mycorrhizae. Exact amounts of mycorrhizae depend on the number of seeds. A
rough estimate would be 50 seeds per 2 tablespoons of mycorrihzae (Harlequin's Gardens 2014).

Transplanting:The least successful method of growing Lupinus species is with
transplanting. Lupinus species are transplanted most successfully when they are “very young due
to their long, fragile taproots” (Palmer 2014). For the best results, grow the seeds in peat pots
because they survive better when roots receive little handling. Transplanting method assumes
one is using treated seeds, and should be transplanted in the spring. This method is the most
expensive and labor intensive method of establishing a lupine population. Lupine can also be
propagated through cuttings, but this method is not recommended because it has a low success
rate (Dean 2014).

Task 5: Planting

After one has prepared their seeds or transplants one is ready to plant. The location of the
plantings should be a sandy loam, slightly acidic, moist soil (CalFlora 2014). Also important for
survival is having a deep soil so the plants can have a long tap root. Lupinus species have
extensive rooting system and would grow well in highly eroded areas (Wu, Kruckeberg 1985).

Untreated Seeds: As stated early, untreated seeds should be planted in late fall or winter;
also it should be noted that planting untreated seeds during the spring can delay growth for up to
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a year.

Treated Seeds:Treated seeds should be planted in early spring to late summer.

Treated and Untreated Seeds: A minimum number of 700 seeds per acre and a
maximum of 2700 per acre should be applied to the planting site (Find the Best 2014). When
planting either seeds they should be planted %4 to & inch deep, and spaced 15 to 24 inches apart
(Dean 2014).

Transplanting: Transplantings should be planted in early spring to late summer. The
spacing of the plant is critical for long term success of the Lupinus population because it reduces
the spread of disease and reduces intraspecies competition (Moore, Harrison, EImendor 2011).
For the transplantings, dig a hole 1 1/2 times bigger than the size of the pot, and make sure to
place the seedling so the structure from which the leaves grow remains above ground (Palmer
2014). This planting method will help with the survival of seedlings.

Task 6: Monitoring of plant requirement

Monitoring the success of the Lupinus species will take a few years to measure its true
success. Lupinus species have a high seedling survival rate up to 90% when in a greenhouse, but
in nature the survival rate decreases (Forest Service 2014). The first spring will not be a good
indicator of success because seeds germination can be delayed due to climate variations (Palmer
2014). By the second spring one should have a requirement of at least 50%; however, the sign of
a successful population is if the plants are self seeding and spreading across the environment,
inceasing their population at a rate of 10% a year(Forest Service 2014). This level of success will
not be noticeable till the third spring. Note: these numbers could vary given environmental
conditions like drought or El Nino.

Risks: If the site fails to produce such a population one should first check pesticide use;
pesticides have the ability to Kill lupine (King 2014). Check herbicide use: herbicide use can kill
the mycorrhizae and without mycorrhizae survival among lupine is rare[Note: this is differs from
an intentional disturbance regime, see task 8] (Harlequin's Gardens 2014). Chemicals like
glyphosate or triclopyr kill lupine (Mahoney 2014). Invasive weed managemant involving
pesticides should happen a year before lupine establishment. Some research has found the
combination of mowing with herbicides could be a suitable disturbanc regime for lupine[See
Areas of concern]. If one has a sporadic requirement of Lupinus populations this could be due to
the soil; a soil too rich in clay lupine cannot tolerate (Dean 2014).

Task 7: Maintaining Lupinus populations

After one has established a population of Lupinus varieties monitoring should occur
every five years from spring until late summer. Once at the end of the month from March until
October will be need to monitor the blooming of each variety (CalFlora 2014). Monitoring will
include checking the health of the population by seeing if the plants are blooming, creating
seeds, and providing habitat for wildlife like the Mission Blue, Painted Lady, West Coast Lady
and Common Sulfur butterfly ( Weiss, Murphy 1990). Having butterflies, bees, bumblebees, and
humingbirds at one's site is a sign of success, but does not need to be monitored unless lupines
are not producing seeds. If pollinators are not pollinating the lupine flowers, flowers change
color after being pollinated ( Blue with have tints of purple, purple with tints of pink, etc.), one
needs to address why pollinators are not coming to the site. One would need to advise with a
pollinator expert. Lupines can spread very quickly, taking over a swath of land, removal of
lupine may be required for the health of other native forbs (Forest Service 2014). Removal of
lupine is based on the sites goals, if one wants biodviersity eveness, then one should remove
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lupine when it outcompetes other plants, or threatens other natives establishment. There is no
exact measurement of when to remove lupine; it depends on site prefeneces.

Task 8: Creation of a disturbance regime

Fire: The Lupinus genus are plants that do best with a fire disturbance regime. A fire
regime of around 20 years for upland and riparian species is considered best; however, fire is not
the safest option in urban areas (Forest Service 2014). A disturbance should be performed late
summer or fall, after the plants have flowered and before winters first rains (Forest Service
2014). Lupines are adapted to surface fires by having a extensive rooting systems that withstands
fire, and are able to sprout from vegetative breakages. Fire also rejuvenates lupine populations
because they prefer disturbed sites due to “nitrogen volatilization during fire and nitrogen loss
from thatch burn-off”’(Forest Service 2014).

Non-fire Regimes: Instead of fire, lupines have shown to have the same response to the
combination of mowing, cutting, and herbicide application (Forest Service 2014). The best
method found has been complete removal through mowing. Like fire the removal of the top
cover and leaving roots intact has shown to produce lupines with increased flowering. Problems
have arose with too much herbicide use because it can completely kill the plants. Experiments
are being performed to see what amount of herbicides mixed with mowing provide the highest
flowering rate (Forest Service 2014). This process reduces vegetation cover, but allows for a
larger recruitment the following season (Forest Service 2014). The disturbance regime is subject
to change depending on the monitoring results; if there are high numbers of butterflies using the
plants disturbance should be delayed (NatureWorks 2014).

Areas of Concern and Further Research:

Toxicty:A problem Lupinus plants pose are that they are highly toxic. In an urban area
they are beneficial in that they can tolerate high levels of population (King 2014), but if
consumed by certain animals or people it is poisonous (CalFlora 2014). Lupine has shown to
cause harm to grazing animals like cows and horses, but has no known effect on deer, rabbits,
and chipmunks (Forest Service 2014).Humans can have children with birth defects from lupine if
they consume cow or goat milk during their pregnancy from an animal that has consumed lupine
(Kilgore 1981). When planting lupine in urban areas one needs to be cautious of possible
wildlife or humans that might consume the plant.

Disturbance Regimes: The area of most concern is the disturbance regime, not too much
is known on the exact effects of fire and whether mowing, cutting, and herbicide application can
completely make up for fires. Studies have shown that lupines after fire have increased flowering
and germination, but these results varied with biome type (Forest Service 2014). Mowing and
herbicide use has been used to maintain Lupinus population sites by recreating the structural
damage of a fire, but not enough research has been done to shown if the lack of burning will later
affect Lupinus requirement (Forest Service 2014). Different disturbance techniques could be
used at this site to discover which technique provides the most recruitment.

Preventing invasives: One problem the disturbance regime of lupine can cause is an
increased invasion of weeds. Lupines are adapted to fire, but the other forbs at the site may not.
Bringing a disturbance regime could cause a removal of native forbs and grasses and replace
them with invasive species (Maron, Jefferies 1999). Once the lupine have been removed, they
create a nitrogen rich soil that is quickly taken up by invasives. A study has found that lupine are
able to recover, but natives that were once there might are not able outcompete the invasives;
those natives that do recover are smaller than the natives that use to occupy the site (Maron,
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Jefferies 1999). To combat this issue one should plant natives that have disturbance regimes like
Purple Needle grass and other pernnial bunch grasses or forbs.
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Poppy (Eschscholzia californica) Matthew Valle

Eschscholzia Californica (California Poppy)

1. Distribution & Habitat

a.

g.

The California poppy is native throughout California and both North into
Washington and South into Mexico (Montalvo 208).

Poppies are known to thrive in both naturally and artificially disturbed
environments (Leger & Rice 257).

Poppies are known to occupy environments that have natural fire regimes such as
the Southern Californian chaparral (Montalvo 208).

Poppies are tolerant of sunset zones 1 — 24 which covers most of California
(Brenzel 310)

Poppies grown in riparian environments do not generally grow in soil that is kept
moist, rather they grow on sandbars away from the water or on well drained
gravely soils near the water (Moise & Hendrickson 20).

Poppies are a good species to plant under oak trees because they do not need a lot
of water and can tolerant the fringes of the canopy where more light gets through
(Brenzel 73)

Poppies are known to be found living in oak communities and vernal pools in the
Sacramento valley (River-Friendly Landscaping).

2. Habit, Morphology, & Tolerances

a.

E. Californica is an herbaceous plant with finely divided bluish-green leaves that
emerge basally. The plant can grow to be 1 foot tall and 1.5 feet wide. Flower
color depends on the variety but is generally orange or yellow. A characteristic
unique to the family is two fused sepals that fall off when the flower opens and a
characteristic unique to the genus is a protruding rim at the top of the receptacle.
Flowers close under low light conditions. (FGP and Brenzel 310).

The fruit is a dehiscent capsule which varies greatly in seed number and can
spread seed up to two yards (NRCS 2).

Poppies enjoy adequate light and water and are adapted to a variety of different
soil and climatic conditions. They do not however fare well under strong
competition for resources (NRCS 3,4).

In a seeding experiment poppies were shown to have a strong positive correlation
with nitrate concentration and were shown to have both a negative and positive
correlation with organic matter concentration in different years. (Montalvo &
Mcmillan 60, 61)

Variations in morphology of the perennial varieties include a stout coastal form
that grows in mounds and a taller inland form that grows more spread out (Leger
& Rice 258 and FGP).

3. Life History
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4. Pests

a.

Poppies are outcrossing species pollinated by bees and beetles (FGP and NRCS
1).
Poppies bloom and seed from spring to summer (Brenzel 310).
Southern California poppies have naturally dormant seeds which are dropped in
the spring of their first year and delay germinating until the winter rains
(Montalvo 208).
Perennial vs. Annual Varieties
i. Although the poppy is found in many different habitats in California, from
the coastal redwood forests to the desert, it changes its life history strategy
across moisture regimes, acting more like a perennial as water becomes
less available (NRCS 3-4).

ii. Perennial varieties are common in coastal and inland regions where
conditions are not severe and storing energy in the root system is a
reasonable survival strategy. Annual varieties are more likely to grow in
dry regions or those with harsh winters (FGP).

iii. Of the many varieties of E. californica the most prominent feature
between them is how vast their root system is with the perennial varieties
being more robust and having a thicker tap root than annual varieties
(NRCS 3).

iv. Annual varieties of the California poppy should be considered for arid,
shallow, aerated soils while perennial varieties are better suited for deep
well drained soils for healthy tap root growth (NRCS 4).

Common gardens in California have shown that a moth known as Neoterpes
edwardsata and a caterpillar known as Lepidopteran feast on poppy flowers and
can become pests (Leger & Forister, 312).

b. Slugs and snails are known to eat young poppy plants (Leger & Forister, 312).

e.

Poppies can be the target of many insects and diseases however they are generally
not lethal unless abiotic conditions are not ideal (water logged soil) and then the
plant can suffer significantly (NRCS 5).

Livestock may graze on the plant depending on the age of both organisms
however there is also the possibility for livestock to find the plant to be toxic
(NRCS 5,6)

Poppies are deer resistant (Brenzel 57)

5. Propagation

a.

Selecting Seed
i. Both annual and perennial seeds of Wild E. californica populations were

shown to exhibit dormancy while seeds from cultivars did not. It was
further demonstrated that smoke along with a moist cold treatment was the
best method for breaking dormancy of wild seeds. It is suggested that
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using naturally dormant seeds has advantages for restoration in
environments where individuals whose seeds are dormant are more likely
to produce successful offspring or in areas where fire management is
prevalent. If fire management is not a viable option but wild seed is still
preferred over domestic seed liquid smoke is useful for breaking seed
dormancy in the absence of actual fire (Montalvo 207 &225).

ii. Wild seeds are generally less prone to delayed germination due to light
than seeds from cultivated varieties. This is not always true however and
depends on the traits of the source population and commercial method of
stock increase. Whether or not the seeds to be used are inhibited by light
may play a role in determining the best planting depth for ample
germination (Montalvo 210 and Montalvo & Micmillan 64).

iii. Choosing a wild seed type that is adapted to the area of interest is ideal
because dormancy will likely be broken naturally and because cultivated
seed may not fare as well under natural conditions. Natural seed is
generally more expensive than cultivated seed. If dormancy is not likely to
be broken naturally smoke or cold moist stratification can be used (NRCS
4).

b. Seeding Methods
i. Montalvo & Micmillan did an experiment comparing different seeding
methods along with different ripping depths in order to determine the best
planting method for poppies. Although results were somewhat varied it is
was generally determined that imprinting and drilling were superior to
hydroseeding, especially in dry years, and that overall imprinting was
superior to drilling (Montalvo & Mcmillan 60, 61, 63, 64, 65).

ii. In Montalvo’s & Micmillan’s experiment both 20-cm and 40-cm soil
ripping depths showed promise under different conditions but success is
likely to vary with varying susceptibility to light induced germination
inhibition. Soil ripping in general was shown to produce higher plant
densities than occurred in the absence of soil ripping (Montalvo &
Mcmillan 60, 61, 63, 64, 65).

iii. The NRCS suggests a half inch planting depth for non light-inhibited
varieties and between a quarter to an eight inch planting depth for species
that are light inhibited (NRCS 4).

iv. Seeding in the fall right before natural germination promoting conditions
such as rain occur is ideal (NRCS 4).

v. Amount of seed to be used should vary depending on the planting goals
but can be in the range of 3 to 4 pounds per acre (NRCS and Brenzel
310).

c. Greenhouse and Field Methods
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i. Collect mature seed from brown capsules from mid spring to mid fall and
store under dry conditions at room temperature (Young).

ii. Poppies should only be transplanted if they are very young however seeds
can be sown in flats at the end of September and then transplanted to
containers about two weeks after germination. Potting mixes can be found
on Betty Young’s website (NRCS 4 and Young).

6. Invasive Status

a.

b.

Poppies can become invasive in non-native Mediterranean environments (Leger
& Rice 257).

It has been shown that invasive poppies have acquired traits that make them more
resistant to herbivory than populations in their native environment (Leger &
Forister 311, 14).

Plants from invasive populations in non-native habitats have been shown to be
larger and more reproductively successful than native non-invasive populations
when grown in a common garden environment (Leger & Rice 261 and Leger &
Forister 315).

The Poppy’s ability to grow under a variety of conditions and susceptibility to
competition likely contributes to its invasive properties (NRCS 4).

7. Management

a.

8. Other

Little management is generally needed for perpetuation however making sure to
plant poppies in a well aerated soil and relatively clean seedbed with plenty of sun
and little competition is important. Fertilizer high in nitrate can be applied
however poppies are tolerant to low nutrient conditions (NRCS 5).

Do not apply herbicides with any of the following ingredients after germination
has occurred: pendimethalin. DCPA, oxyfuorfen, dicamba, and pronamide (NRCS
6).

E. Californica is the California state flower and is commonly used in restoration
(Montalvo 208).

Poppies can be used for erosion control (NRCS 1) .

Poppies have traditionally been used by Native Americans for medicinal,
cosmetic, and culinary pursuits (FGP).
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Eschscholzia californica: Restoration Plan for the Central VValley

1. Goals
1. Establish substantial, self-perpetuating stands of California poppies that are adapted to
the Central Valley environment. Seed will be from local, wild populations ensuring
physiological adaptation to abiotic conditions. Wild poppies produce seed with natural
dormancy which will produce future generations.
2. Add aesthetic value. Poppies in the Central Valley are perennial and capable of
producing beautiful orange flowers from February through October (TWC Staff).
3. Service the biological community. Poppies attract both insect pollinators and birds and
also serve as food for insects (NRCS 1).

2. Site Preparation & Seeding
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Evaluations of competitor species, soil characteristics, and local hydrology will be made
in order to predict the viability of planting poppies in a given area. Poppies are known to grow
in various Central Valley habitats including vernal pools and foothill woodlands however to
increase the probability of establishment we will take measurements to ensure a proper
microenvironment (Elkhorn Slough). Poppies are not good competitors, they are generalists that
do well in recently disturbed and low-competition sites, so it is important to pick an area that is
not overrun with other species (Leger & Rice 257). It should be noted that the soil will be ripped
prior to planting, killing competitors however the seed bank will remain and should be
considered a potential problem if competitors germinate before the poppy seeds. Abiotic
conditions are not as much of a concern, poppies do well under varying light, nutrient, water, and
soil regimes however they prefer well drained soils of sand to clay loam and may be sensitive to
high levels of organic matter (NRCS 3,4 and Montalvo & Mcmillan 60, 61). The site will be
evaluated for soil type and the level of soil saturation, soil should drain readily and should not
stay saturated for extended periods (NRCS 4). In considering hydrology, poppies do not grow in
riparian areas unless they are on gravely soils that provide plenty of aeration or on sandbars
(Moise & Hendrickson 20).

Wild seed will be tested for response to light, germination rates, and will be exposed to
germination enhancing techniques to help determine the best planting methods. The seed will be
collected from local, self-perpetuating populations in order to increase chances that the plants are
adapted to local conditions and have an appropriate dormant state that will aid survival (Curtis,
NRCS 4). Because smoke treatment was shown to increase germination rates of wild Southern
California species our seeds will be germ tested with and without the treatment to see if

treatment significantly increases germination (Montalvo 225). The species we are interested in
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may not respond in the same manner as the Southern Californian species however if we find that
germination rates are significantly higher in treated samples we can assume that dormancy has
been broken and that treatment is beneficial. If rates of germination do not improve significantly
under treatments, then the wild seed will still be used but will not be treated. If the seeds are
found to be significantly inhibited by light then planting depth will be deeper, at one half inch
depths and if they were not then planting will be shallower, between one eighth and one quarter
inch depths (NRCS 4). Soil ripping was shown to be significant in all years of the Montalvo &
Mcmillan study however the optimal depth of soil ripping varied by year for unknown reasons
(60, 61, 63, 64, 65). We will use the presence of light inhibition to decide the depth of ripping,
with ripping occurring at 20-cm depth if the seeds are significantly light inhibited and a 40-cm
depth if the seeds are not significantly light inhibited.

Planting will occur in the fall, soil ripping will occur right before seeding and seeding
will be done by imprinting. Fall planting is preferred because rains in the central valley occur in
the winter so the seeds should be planted before extensive winter rains occur (NRCS 4). Soil
ripping will be performed by a tractor with blades spaced 25-m apart and is to happen on the
same day and immediately before seed sowing as was done in Montalvo’s and Mcmillan’s study
(54). Imprinting is a method of seeding that involves a tractor pulling a rotating drum that
places seeds in triangular divots in the ground which helps to channel water and organic matter
towards the seed and promotes gas exchange between the air and the soil (Imprinting).
Imprinting appears to be a good choice because Eschscholzia is a poor competitor and may
benefit from being fed resources and because imprinting was also found to be the preferred
method of planting in Montalvo’s and Mcmillan’s seeding experiments (Montalvo & Mcmillan

60, 61, 63, 64, 65 and NRCS 4). Their experiments took place in a Southern California valley
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with sandy loam soil and 34cm of average annual precipitation(Montalvo & Mcmillan 53, 54).
The Central Valley varies greatly in rainfall, from 5¢cm — 30cm annually, however as this is
within the native range of poppies and because poppies are reported to propagate well in dry
conditions, the study results have a reasonable chance of applying to our situation (NOAA,
Heather). Assuming that poppies are the only thing being planted the amount of seeds used will
be 3 pound per acre (NRCS 5).

3. Establishment & Management

During the first year of germination, poppies will be monitored periodically for growth
progress, population density, and competitor density, and in the long run for population density
and recruitment. In promoting establishment, irrigation is not necessary and may be harmful
because poppies are adapted to germinating in dry conditions which gives them an advantage
over competitors such as grasses (Ricci & Eaton 60). Directly after seeding, monitoring of
growth progress, competitor density, and poppy density will occur at regular intervals to
determine and anticipate problems. The normal function of poppies is to put down a tap root,
develop a basal rosette of highly divided leaves and produce flowers in march, if these criteria
are met and individuals show no sign of malnutrition or disease, they will be considered to be
growing normally (NRCS 2,5). The signal for a healthy population is difficult to determine
exactly, although we know poppies enjoy somewhat dense populations, we found no information
on the exact densities of poppies that should occur during normal establishment (Leger & Rice
258). Because poppies are poor competitors we find it important to monitor competition to help
determine the best course of action if it appears the poppies are being overrun (NRCS 4). For the
purposes of long term monitoring of population recruitment, a bi-annual monitoring plan will be

implemented for an indeterminate amount of time. Plants will be monitored once after winter
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rains to measure germination rate and once in March during first flowering in order to determine
how many plants made it to maturity (NRCS 3 and TWC staff).

If establishment does not meet expectations or competitors are abundant, our response
will depend on the degree to which the poppies are affected by low densities or poor health.
Germination is most likely to occur during or directly preceding the winter rain which means that
a complete failure of germination should be dealt with in the following season. The next season,
the area can be re-seeded and supplemented with nitrate fertilizer, which was shown to increase
percent cover in poppies (Montalvo & Mcmillan 60, 61). Poppies are expected to do well under
the conditions provided, however if undesired plants germinate and establish before the poppies
they may struggle to establish themselves (Ricci & Eaton 60). Herbicides containing DCPA,
oxyfuorfen, dicamba, and pronamide may adversely affect poppies if used post-germination
however it seems prudent to use herbicide in cases of low poppy-germination and when
undesirable plants are abundant (NRCS 6). If establishment is not complete but competitors are
also not in abundance, monitoring into the following year will provide information on whether or
not supplemental planting should be done to bolster population number. We hypothesize it may
be necessary to plant more seeds in the years directly following the initial planting because even
if the poppies reach maturity and produce seeds quickly the seed bank may not be large enough
to continue the population. Seeding method in this case could not be by imprinting as this
requires a tractor and would damage the existing system but and it is unclear what the most
suitable method would be.

The main uncertainties we anticipate is how well competitors will do in the planting
year, how well seeds will germinate, and how to determine a healthy population. Excessive rains

can be bad for poppies by waterlogging the the soil in certain places and promoting competitor
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species that do better in wet years. Eschscholzia does well under dry conditions; it was found
that in dry years Eschscholzia did better than grasses however in wet years the grasses did better,
signifying precipitation can affect the competitive advantage of poppies (Ricci & Eaton 60).
Disease is not expected to be a concern, however unhealthy conditions such as wet soil will
make the poppies more susceptible to pathogens (NRCS 5). Because the seeds are wild and were
only subject to germination tests in the lab, there are many unknown variables affecting their
survival in a new habitat. If our treatments do not break dormancy then we are hoping that the
winter rains will and that germination is high enough to establish a population. Despite our
research it is still unclear exactly how to determine what a healthy stand of poppies will look like
and how to determine if they will be able to perpetuate themselves. Only careful monitoring after
planting will reveal whether or not the population is stable.

4. Missing Information & Research Potential

Further research that would be helpful in implementing this plan includes data on healthy
densities of Eschscholzia c. populations in the wild, the size a population must be to perpetuate
itself, expected germination rates, and management options for competitors. There are sources on
the amount of seed to use per acre but little information on what the goals of these projects were
and what kind of communities the plantings will create. It is also difficult to determine the
desired plant density; plants in the wild are known to grow in close proximity to one another,
however when attempting to determine if our project was a success, there is not a solid standard
to compare plant density to (Leger & Rice 258). It appears that most sources believe that poppies
will be able to establish themselves given the correct environment, and so identification and
control of potential problems like weed species is not addressed. It would be beneficial to

possess a detailed restoration attempt in which obstacles such as invaders were experienced and
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dealt with. Lastly it is important to have a standard for germination rates that is appropriate for
re-seeding natural areas because wild seed is not expected to have the high germination rate
cultivated seed would have despite being preferred for restoration of natural areas.

We suggest that this project be used as an opportunity to explore the viability of re-
seeding using natural seed and to help understand how population size and structure contribute to
the perpetuation of the population. By coupling initial germination rates in the field along with
long term monitoring of recruitment and population density there is the opportunity to learn how
germination rate relates to population stability. In addition the data we collect on breaking
dormancy will be beneficial for further restoration projects in the Central Valley in determining
how to make wild seed more viable. Further environmental monitoring such as soil,
precipitation, and competitor densities can further help explain nuances between our site and
others. In achieving this end the plantings should be monitored periodically for years after the
initial planting in order to keep an eye on population densities and recruitment.
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Grass/sedges
Purple needle grass (Nassella pulchra) Sarah Anderson
Purple Needle Grass
Nesella Pulchra

PURPLE NEEDLEGRASS Nassellu puidhna

Background & Justification

Nesella pulchra (purple needle grass) is a California native bunch grass that is extensive and
wide spread. N. Pulchra is most commonly found in upland valleys and foothills. This
bunchgrass has been known to provide erosion control and organic matter to the soil in the
long term. This grass is well adapted to droughts as its long roots allow it to tap into deep
water sources. N. pulchra was adopted as our state grass in 2004 because it has historical and
social importance®. Something interesting about this bunch grass is that it can have close
community ties with lupines, as the lupines provide leaf litter which increases the amount of
carbon in the soil which will then increase the nitrogen production from soil bacteria®.

Literature review
LIFE CYCLE
Growth Characteristics

e N.Pulchra is well adapted to grassland habitats. The spring flowering
perennial bunchgrass grows at a slow rate reaching full maturity to produce
seed after 2 years of healthy growth.

e Caespitose perennial native bunchgrass. Can grow to 60-100 cm tall.

e If the leaves are cut or fragmented, the plant will spread vegitatively. If there
is low disturbance by fire or grazing littler can accumulate creating less dense
populations but with larger individuals.

¢ Rooting depth is 64cm and has arbuscular mycorrhizal rooting system.

Reproduction

e Purple needlegrass is wind pollinated. Plants can regenerate either asexually
by tillering and bunch fragmentation, or via seed dispersal. Seed burial is
facilitated by the sharp pointed seed and long awns which twist as they dry,
driving the seed into the soil.
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Seed Banking:  Low (compared to annual grasses)

Seed production: 2-year old plants are able to produce seed, and healthy
stands can produce 227 pounds per acre (200kg/ha). Defoliation during the
growing period will reduce seed production (March through May) in spring.

Germination: Fire might increase germination and emergence in the 1%
postfire growing season. Annuals will decrease germination due to
competition.

on Leached litter, fresh litter, 80-93.7%
and topsoil germination
rate
seed collected in summer and 30-75%
germinated in petri dishes germination
rate

Seedling establishment requires more than 20% germination to have more
than 1% survival of seedlings.

Seedling survival is heavily dependent on climate; generally individuals
greater than 0.8 inches (2cm) in diameter will survive drought.

Removal of annuals provides more water to seedlings and can increase
seedling productivity and density from 88 to 90%

RANGE AND DISTRIBUTION

Central valley and foothills. This grass prefers slopes.

Restricted to semi-arid soils because it can’t be inundated for extended
.3
periods®.

Purple needle grass occurs on the west side of the Coast Ranges from northern
Baja California north to the Oregon border. The species also occurs in the
Central Valley and foothills of the Cascade Range and Sierra Nevada, and on
the Channel Islands®.

N. pulchra will do well in zone 9b USDA hardiness zone with an annual
extreme minimum temperature of 25 to 30 (F)

HABITAT AND ASSOCIATIONS
Community

Purple needle grass can be found in a variety of plant communities. It is most
prominent in the prairie or valley grassland®.

Species associated in grassland community with N. Pulchra (See Table 1:
Plant Associations)®.

Climate: Mediterranean Climate, mild wet winters, hot dry summers with drought.
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Season: 7-11 months long, 205 — 325 frost free days.

Precipitation 5.9 inches to 19.7 inches (150-500 mm) Peaks in October through
March and from late April to early May.

Soil:  Purple needle grass is well adapted to soils with high clay content. This grass is
often found growing in mounds where claypans are within 7.9 inches of
intermounds and 25.6 inches below mounds. Deeper soils give purple needle
grass an advantage over annual grasses”.

SUCCESSIONAL STATUS

For those that are in favor of placing N. pulchra in a climax successional
status argue that the bunchgrass was more predominant pre-pioneer years of
the early 1800s.

Others disagree and place N. pulchra in a primary successional status®.

The grass is well adapted to disturbances by fire and grazing, but not at great
frequencies or intensity®.

GROWTH REQUIREMENTS

TOLERANCES
[ ]
[ ]

Rooting depth 2 to 6 feet (minimum)*

Seed depth 0.25 inch to 0.5 inch The pure stand recommended drill seeding
rate is 9.5 Ib pure live seed (PLS) per acre for approximately 25 seeds/ft2. This
is based on 115,000 PLS/Ib*.

For broadcast applications the pure seed rate is 15 Ibs/ac. Planting 1 Ib/acre
yields approximately 3 seeds/ft2.!

Plant in early spring

Fall dormancy improves germination

Can mix seed with other native perennial grasses. Do not mix with annual
seed.

Purple needle grass is well adapted to heavy clay soils.
Well tolerated in drought once established
Seedlings are moderately to severely intolerable to snail herbivory.*

Gophers can become problematic if not under control and can clear stands of
grasses.’ If gophers are in the area it is recommended to remove or deter the
gophers from entering the area that is being restored. Once grasses are
established no need to remove or further deter gophers, as the full grown and
healthy grasses can tolerate some moderate disturbance.

This grass once established is well tolerated to grazing in low frequencies. If
disturbance is high in the area, then further management will be required to
fend off weeds that would establish in the highly disturbed areas. Weeds are a
problem because they can easily out-compete the grasses for resources. High
disturbance will encourage more establishments by annual weedy plants. °
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N.pulchra productivity decreases with greater water stress, which suggests
that this grass is best suited for marginal biomes/habitats or in mixed
communities.”

Purple needle grass relies on healthy bacterial and fungal communities in the
soil, and anything that destroys or diminishes these communities is harmful to
the productivity of this grass. It has been seen that the use of glyphosate or
chemicals containing glyphosate will reduce bacterial and fungal communities
that are important to the success and survival of purple needle grass. It is
advised to reduce the use or eradicate these chemicals as they persist in the
soil and can damage the bacterial and fungal communities.

INTERACTIONS

Wildlife

Humans

THREATS
[ ]

Gophers and livestock grazing animals can provide an importance disturbance
to the perennial grass habitat. They are beneficial if the disturbance is low,
and in low frequency. The grazing from cattle will increase the nutrient
cycling and can help spread the grass vegetatively .

Snails prefer to eat the seedlings.

Native Americans harvested the seed for food. Some of the blades of grass can
be used in basketry.

Land-use change is a huge threat to remaining stands of purple needle grass.
There is no special legal status

MANAGEMENT OPTIONS

Remove weedy non-native annuals from area that is to be restored, so that
there is greater chance of survival of purple needle grass.

Plant with other perennials and forbs that are found within healthy native
grass communities. (see table Plant associations).

Control snail and gopher populations that seems fit to the area being restored.
(during seedling development)

Can be planted on slopes for erosion control, but needs to be at proper density
to be most effective.

Can use fire in low intensity and frequency to encourage growth and survival
the following year.

Reduce use of glyphosate as weed killer if at all possible.
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TABLE 1: Plant associations

Perennial

Annual (that replaces
perennial)

Forbes

oatgrass (Danthonia
californica)

California fescue (Festuca
californica)

tussockgrass (Nassella
lepida)

beardless wildrye (Leymus
triticoides)

melicgrass (Melica spp.)

wild oat (Avena fatua)
slender oat (A. barbata)

ripgut brome (Bromus
diandrus)

soft chess (B. hordeaceus)

mouse barley (Hordeum
murinem)

rattail fescue (Vulpia
myuros)

fiddleneck (Amsinckia
spp.)

shooting star
(Dodecatheon spp.)

goldenpoppy (Escholzia
spp.)
lupine (Lupinus spp.)

malacothrix (Malacothrix
spp.)
phacelia (Phacelia spp.)

sage (Salvia spp.)
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GOALS
e Increase biodiversity
e Provide a vibrant native grass community

o Ensure longevity of native grass populations

Increasing biodiversity of native grasses

Collect seed from a bunch grass community which is dense and diverse. A dense
community is approximately 5 to 7 bunches per square meter. A diverse community will include
other native grasses, lupines, and native forb species (e.g. ca poppy). Ideally the collection patch
should have a diversity of 5 to 10 different native plant species if collecting from/for central
valley restoration*. Only Collect 5% of the total seed produced from each population; sampling
from approximately 50 to 100 plants®.

For Nassella pulchra its gene flow is very limited as because it has low seed dispersal.
So its highest diversity can be found within a patch of purple needle grass. Diversity between
patches are not as significant.

If the remnant populations of the native grasses are too small, consider collecting a very
small amount of seed to be given to contract growers in order to perform a seed increase’.

A typical seeding density for a single species of perennial native grass is 60 seeds per
square foot or 600 seeds per square meter'. When making a seed mixture the individual percent
live seed per species varies in density within a community®. This varies from site to site, so it is
best to survey a reference community and note the relative density of grasses to forbs throughout

a season and adjust the seed mix accordingly.
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Providing a vibrant native grass community

Maintenance and pre-planting measures should be conducted throughout the restoration
of native grasses. Pre-planting practices may require the removal of the topsoil if there is little to
no native grass seed bank®. By removing the topsoil there is less competition with weedy
neighboring plants, and ensuring better establishment by the native grasses’.

If fire, grazing, or other natural disturbances are not available to the site due to urban
locality or restrictions to access, then maintain the grasses by mowing annually. Generally the
natural ecosystem of native grasslands requires a 3 to 5 year fire disturbance’. Fire helps to
reduce the exotic populations, and helps to push back shrub encroachment®.

Ensure longevity of native grass population

Monitor the site frequently during establishment to adjust control for weeds.

Irrigation may be necessary initially for root establishment. Once roots are established,
the irrigation should be reduced, and allow the plants to adapt to the environment. Prolonged
irrigation will cause the plants to become dependent on the irrigation as a source of water. Do not
irrigate past the normal precipitation amounts of the region, and if there is adequate precipitation
do not irrigate. The average precipitation for the central valley is 5 to 16 inches annually; rainfall
is usually in the winter and early spring®.

A measure of restoration success is when the restored site resembles the diversity and
complexity of a remnant/reference site. After the site has been restored, long term monitoring
should be conducted every 5 years to see if any further maintenance is needed.

RESTORATION PLAN
The restoration project should be completed in phases as to organize and mark progress

of the project. The phases should include evaluation of the site, preparation for planting,
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planning and plant establishment, and long term monitoring and management. Throughout all the
restoration project phases manage for weeds, and adjust the project as necessary.

Phase one, evaluating the site will provide essential information to see if the site is
adequate for native perennial grassland communities to be established. The soil, topography,
hydrology, climate, current vegetation, and disturbances should be known from the site in order
to properly prepare the site in phase two. Once the site is evaluated, determine if the site is
adequate. Follow the part one of this report to see if the site follows the requirements for the
successful establishment of native grasses. If there are some characteristics of the site
unfavorable for establishment, make note of these differences and see if adjustments can be
made to the site. For example, if the most limiting factor for grass establishment is inadequate
nutrients, find which nutrients are most limiting, and see if this site is still viable for grasses.

Phase two, preparing the site for planting. Use appropriate weed control methods.
Depending on the size of the site, chemical or mechanical weed control methods can be used.
Mechanical methods are recommended for smaller sites, as it usually is more labor intensive and
potentially expensive. Chemical methods of weed eradication can be more efficient while
possibly toxic and hazardous’. Using too much herbicide, applying herbicide at the wrong time
and at the wrong rates can make herbicide implementation complex. In addition, chemical weed
control tends to persist in the soils, and may have detrimental consequences in creating more
herbicide resistance’. The type of chemicals needed for weed control varies depending on the
type of plants being eradicated’. Since grasses react similarly to the same kind of weed control
chemical, it is advised to control for weeds a season prior to planting, as the chemicals persist,

and may be detrimental to the establishment of native grasses’. Consider prescribed goat or cattle
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grazing as an alternative method to eradicating weedy grasses along with supplemental
irrigations to flesh out the invasive seed bank®. If the site is heavily invaded remove the topsoil?.

In addition, keep in mind the potential seed dispersal from adjacent exotic populations
which could spread into the restoration site®. To help prevent more seed from encroaching into
the restoration site, make a buffer zone around the site. A buffer zone will help to reduce the
invasive seed from transferring®.

If the soil has low vegetation coverage place native mulch to protect the soils from
erosion. Also if the soils are hard clays, and soil aggregation is not adequate, a light till will help
the seeds to establish.

Phase three, planning and plant establishment. Once the site is mostly under control in
terms of weeds and the soil is moist after the last winter frost, it is time to begin seeding and
planting. Plan out the where to plant the grasses and forbs, buffer zones, and potential trees prior
to planting. This will help to determine how to irrigate and manage the restoration site
throughout the project. Within the restoration specific site plan, provide a map of the area,
including major soil features, and water sources. If the terrain is particularly hilly, include a
topography map.

Once the layout is finished, gather volunteers and begin planting. Plant the grasses no
deeper or higher than the soil level of the plugs. Seeds should be planted shallow approximately
0.5 cm to 1 cm, but with enough soil to protect from herbivores®. Irrigate the seeds or plugs as
needed. For water use efficiency, use direct drip irrigation lines. If planting seeds, the seedlings
should emerge within a week to two weeks. If planting plugs for smaller sites (aprox. < 2 acres),
plant each plug approximately 12 to 18 inches apart, radially®. If the site required erosion control

adjust plug plantings to have a higher density. Plant the young forb plants next to the grass plugs.
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Between the newly planted plugs and forbs place native straw or covering to help limit erosion,
insulate the soil, and lower evaporative losses, and to further suppress weeds'. For the larger
seeding restoration projects also cover the site with a light straw or mulch after seedling
emergence.

Long term management practices

Once seedlings have emerged, monitor for signs of herbivory by snails®. Control for any
weeds. The balance of carbon and nitrogen can be altered to favor the establishment of native
grasses by immobilizing the nitrogen in the soil. To do this add carbon, timed mowing, timed
livestock grazing, prescribed fires, herbicide application, and supplemental irrigation®. A low
cost solution to adding more carbon to the soil is adding sawdust, this acts as a light mulch and
provides carbon, which is taken up for energy by microbes which then immobilize nitrogen.

When the grasses are well established and in adequate densities, management should not
be heavily required. However, if the restoration site is within an urban area, there are restrictions
to fire as a management tool, use alternative methods that are available. Again, the native grasses
do best with a fire disturbance at least once every 5 years®. Fire disturbance will also help to
reduce the intensity of future fires. If mowing is the preferred control for weeds, frequent
mowing will favor the non-native forbs over exotic grasses. Yellow star thistle is one such forb
that does well in heavily mowed areas’. Mowing also will have no effect on the native grasses in

a short term, but if mowing is timed correctly it can be an effective weed management tool.

Knowledge gaps in restoration management
e Detailed evaluation of soil and restoration

e Evaluation on cost-effective strategies
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Better definitions of restoration success for small and broad-scales
Better tracking and monitoring for restoration projects
More information on genetic variability on specific native grasses and their community

interactions.
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Plant species- exotic invasives (focus on control of these species)
Herbaceous species
Exotic annual grasses- Marina LaForgia

Part I: Annual Invasive Grasses Fact Sheet

Background and Justification

Invasive annual grasses are a permanent fixture throughout California grasslands and are
often the biggest obstacle in restoration (Stromberg et al. 2007). The invasion of California by
these annuals dates back to the 1800s and it is not generally known what was dominant in these
sites before these grasses invaded. It is thought that perennial bunchgrasses dominated wetter
portions of the state while annual forbs dominated drier portions (D'Antonio et al. 2007),
however without a clear reference community, this uncertainty only adds to the difficulty of
restoration. Most of the exotic annual grasses are native to Europe or Eurasia and include
Bromus diandrus (ripgut brome), Bromus madritensis (red brome), Bromus hordeaceus (soft
brome), Avena species (slender and wild oat), Horduem murinum (foxtail or hare barley),
Taeniatherum caput-medusae (medusahead), and Aegilops triuncialis (barbed goatgrass). These
species, having co-evolved with humans, are pre-adapted to disturbance and often outcompete
native species. Their rapid spread is now thought to have been triggered by an intense drought in
mid-1800s that occurred on a backdrop of long-term, year round grazing by cattle and sheep
(D'Antonio et al. 2007). These invasive grasses colonized California in four phases, with Avena
species establishing before the 1860s, B. hordeaceus, B. diandrus, and H. murinum becoming
more dominant in the 1860s and 1870s, B. madritensis in the late 1800s, and the finally the most
recent invaders, T. caput-medusae and A. triuncialis, colonizing in the late to early 1900s
(D'Antonio et al. 2007). These invaders all have large economic as well as ecological costs.
Economic costs include reduced revenue from shorter grazing windows, the direct cost of
management and control, and the indirect costs of ecological damage remediation (D'Antonio et
al. 2007). Ecological costs include reduced diversity, competition with natives, increased fire
frequency, and facilitation of other invaders (D'Antonio et al. 2007). While a goal of the
complete eradication of many of these grasses is infeasible, limiting their establishment and
spread in sites is still possible.

1. Species characteristics
e Most invasive annual grasses are cool season annuals with relatively short-lived seed
banks (Eviner and Firestone 2007). Because most of their life cycle occurs over the cool,
wet part of the year they do not need to develop deep roots and thus concentrate their
roots into the top 30 cm of soil (Eviner and Firestone 2007). Warm season perennials and
other annual forbs that are active later in the dry season are able to take advantage of
deeper soil water with deeper roots (Eviner and Firestone 2007).
e The life cycle of most invasive annual grasses (Eviner and Firestone 2007)
o Germinating rains typically occur early in the fall (late September to mid-
November)
o Growth slows down as temperatures fall in late December and remains low until
mid- to late February when temperatures increase and plant and microbial activity
starts up again.
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o Inearly spring, annual grasses are finished with belowground biomass
accumulation and, as temperatures begin to rise, they rapidly increase
aboveground growth.

o Plant growth continues until soil moisture is depleted shortly after rainfall stops in
mid-spring.

o Plants then begin to set seed and often senesce by early May

Studies have shown that annual grasses are much faster to respond to fall rains, often
germinating one to two weeks earlier than most natives (Reynolds et al. 2001).

Seed densities can reach as high as 300,000 per square meter (Young et al. 1981), but
they average about 60,000 per square meter (Bartolome 1979). About 90% of these seeds
germinate with the first few days of a significant rain. Even with 50-70% mortality, plant
densities by the time of seed set are still extremely high and range from 8,000 to 20,000
individuals (Heady 1958).

2. Abiotic site characteristics
2.1. Nutrients

Invasive annual grasses can occupy compacted soils and highly disturbed soils in both
high and low fertility systems (D'Antonio et al. 2007). Sites most commonly invaded
include roadsides, rangelands, old crop fields, agricultural areas, and natural areas
(DiTomaso and Healy 2007). Some invasive grasses are even tolerant of serpentine soils,
like goatgrass (DiTomaso and Healy 2007).

Sites dominated by invasive annual grasses create a large flux of nitrogen into the system.
After germination seedling densities can reach 60,000 individuals per square meter
(Bartolome 1979). By seven weeks later, 50-75% of these die and their highly labile
biomass is easily decomposed and returned to the system (Bartolome 1979). This doesn’t
occur in native-dominated systems where seedling densities are much lower.

Addition of nitrogen to soil should be avoided in restoration because this generally favors
invasive grasses as they are strong competitors and fast growers (Stromberg et al. 2007).
To decrease nitrogen in soils, carbon can be added. By stimulating microbial activity, this
effectively immobilizes a large portion of the plant-available nitrogen in the soil
(Stromberg et al. 2007).

2.2. Fire

Although fire is a historically important component in California grasslands it is difficult
to determine what level of fire is normal. For instance, fires burn a lot faster and more
intensely through invasive grass dominated systems than through perennial systems
(Reiner 2007). Grasslands typically burn between May and November when it is the
driest (Reiner 2007).

Exotic annual grasses often leave dense stands of dry thatch by May, increasing fuel load,
which can lead to more intense fires (D'Antonio et al. 2007). Additionally, fire frequency
often increases in annual-invaded grasslands due this consistent, annual build up of thatch
and small window for native perennial re-establishment post-fire (D'Antonio and
Vitousek 1992).

2.3. Precipitation and Soil Moisture

Invasive annual grasses typically concentrate their roots into the upper 30 cm of soil
while native bunchgrasses typically have deeper roots that allow them to access soil
water resources later in the season (D'Antonio et al. 2007). In areas that are invader-
dominated there is often an unused resource pool deeper in the soil that has facilitated

218



invasion by later-season invaders with deeper roots to establish such as yellow star-thistle
(Gerlach 2004).

Annual invaders may be more susceptible to drought than native perennials due to
shallower roots (Corbin et al. 2007).

2.4. Climate change

The effect of climate change on invasive species is most clear in terms of warming.
California is expected to warm 1.7-3.0 degrees Celsius within this century (Dukes and
Shaw 2007). Warming during winter months has been shown to accelerate flowering in
invasive species, leading them to senesce earlier while natives are not as quick to respond
(Cleland et al. 2006).

Interactions with precipitation are less predictable because climate models of future
precipitation vary from intense decreases to moderate increases (Dukes and Shaw 2007).
Because of the unpredictable nature of precipitation in the future it is difficult to say
whether climate change would facilitate invasion (Dukes and Shaw 2007) however the
timing of precipitation will be an important factor. Increased winter droughts would
negatively affect invasive annual grasses while more frequent rainfall would positively
affect these grasses (Stromberg et al. 2007).

3. Biotic interactions
3.1. Competition with natives

One potential reason for invader dominance might be seed limitation of natives. Seedling
densities of Nassella pulchra were found to be 5 times higher in plots that were seeded
with an additional 5,000 seeds per square meter as compared to unseeded plots (Hamilton
et al. 1999). Invasive annual grass seedlings however can range from 20,000-40,000
individuals per square meter by the beginning of winter (Eviner and Firestone 2007).
Native perennial grasses are most vulnerable during the seedling stage and invasive
annual seedlings easily outnumber perennial seedlings. These fast growers are able to
shade-out the perennial bunchgrass seedlings while they are still developing their roots.
Once temperatures increase, native grasses switch to adding aboveground biomass,
however they are extremely light-limited by the already-tall invasive grasses and the
roots die off (Eviner and Firestone 2007).

While annual invasive grasses are highly competitive, a well-established perennial
bunchgrass community, such as those dominated by Nassella pulchra, have been shown
to limit establishment of annual grasses (D'Antonio et al. 2007). Any type of disturbance
on top of this however, such as soil disturbance or fire, can trigger a phase shift to
invasive-dominated systems. (D’ Antonio et al. 2007).

3.2. Microbial community

Highly disturbed sites dominated by invaders often lack a diverse microbial and fungal
population that many native species rely on. Thus, repeated tilling can lead to long-term
alteration of the soil microbial community (Stromberg et al. 2007). While tilling can be
an important method in limiting invaders, it is important to re-establish this interaction
between native plants and the soil community by inoculating plugs with healthy, local
soil (Stromberg et al. 2007).

3.3. Pathogens

Pathogens play and important role in invading species. Often a species is able to invade a
site because it lacks natural enemies (Keane and Crawley 2002). In addition to this
release from enemies, invaders can have a negative effect on natives by acting as disease
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facilitators. For example, stands of Avena species and B. hordeaceus attract certain cereal
aphids more than native stands (Malmstrom et al. 2005). These aphids transmit yellow
dwarf virus leading to increased infection rates in stands with the invaders. Because the
infection is not transmitted by seed, annuals are able to escape the disease, while it
persists longer in native perennial populations (Malmstrom et al. 2005).

4.Control
4.1. Mechanical control

Mechanical controls like hand labor, mowing and clipping, tilling, and removing thatch
are not very practical and can be very expensive albeit effective (DiTomaso et al. 2007).
Hand labor is more common post-restoration for follow-up management but is often only
feasible with a large group of volunteers. This allows for the targeted removal of
invasives and maintenance of native-dominated systems and thus is recommended on
much smaller scales (DiTomaso et al. 2007).

Mowing is typically used on larger scales and is mostly used for roadside maintenance
however this is not generally an effect method for eradication and only works to limit
seed production and thus spread. The optimum time to mow is during the flowering stage
before seed development however mowing when the soil is wet can have the opposite
effect, stimulating rapid growth and seed set (DiTomaso et al. 2007). Negative effects of
mowing include disruptions of late-season native plant activity and reduction of forage
for livestock (DiTomaso et al. 2007).

Tilling sites controls invaders by plowing under live plant parts. Like mowing, tilling
must also be done when the soil is dry to decrease the chance that invaders will regrow
(DiTomaso et al. 2007). Negative effects of tilling involve soil erosion, disruption of
microbial community, and direct harm to native species. This is often only a good method
when restoring a site from scratch before reseeding or planting is done (DiTomaso et al.
2007).

Thatch build-up is a problem in invaded communities not only because it limits native
seedling establishment but also because leads to more intense fires. For example, Kyser
et al. (2007) found that removing thatch of medusahead, which decomposes slowly due to
the high silica content in leaves, can effectively reduce competition of the invader with
the native community.

4.2. Chemical control

Chemical control of invasive annual grasses is often considered the most economical
option however there are relatively few herbicides that target annual grasses and not
native grasses (DiTomaso et al. 2007). Herbicides used on these grasses include
gylphosphate and imazapic. Glyphosphate is a nonselective herbicide that is useful in
controlling most invasives however also harms natives. It is applied post-emergence and
leaves no soil residue behind. This is generally recommended in sites that are highly
disturbed where complete removal of invasive grasses is necessary before restoration can
happen. Imazapic has been shown to be very effective mostly on annual grasses including
medusahead, downy brome, ripgut brome, barbed goatgrass and other annuals, however it
is also nonselective and thus can negatively affect native grasses (DiTomaso et al. 2007).
It is mainly used pre-emergence but can also be applied post-emergence to seedlings
(Kyser et al 2007). When using Imazapic it is important to remove thatch first because
the herbicide sticks to the leaf litter, which reduces its effectiveness (Kyser et al. 2007).

4.3. Other types of control
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Grazing, like fire, has been a historically important component of California grasslands.
Even before the arrival of cattle and sheep, native herbivores were abundant grazers
(Jackson and Bartolome 2007). Evidence is mixed on the effectiveness of using grazing
as a tool to limit invaders and promote natives (Hayes and Holl 2003).

o The most important factor to consider when using grazing as a management tool is

timing. Intense grazing of invasive grasses early in the season can reduce invasive
grass seed set. For example, sheep grazing in mid-spring has been shown to reduce
medusahead cover by more than 80% the following year (DiTomaso et al. 2007).
Rotating livestock throughout a site to create short and high-intensity grazing can
effectively control specific weeds throughout the growing season but this often
requires fencing and can be logistically difficult (DiTomaso et al. 2007).

Prescribed burning can be a good management technique for controlling invasive grasses
however this varies depending on site, species, and season (Reiner 2007). Use of fire
should be monitored at the small scale to look at effects before implementing a larger
plan.

o Annual invasive grasses are most susceptible after fire season begins when flower

structures are in the fuel bed or exposed to direct flames. It is best to burn when
invasives have not yet dispersed but natives have, making this technique difficult in
stand with mixed early season invasives and late-season natives (DiTomaso et al.
2007). Burning can effectively rid a site of thatch and is most effective for species
with long-awns where the seedheads do not shatter after maturing like ripgut brome,
medusahead, and barbed goatgrass (DiTomaso et al. 2007).

Betts (2003) investigated the effects of burning on medusahead, ripgut brome and
barbed goatgrass dominated plots and found that burning increased the probability
that these sites would transition to Avena species, B. hordeaceus, and Trifolium
species, which are likewise nonnative but considered to be relatively more desirable
invasives.

There is also evidence that annual burning can increase native forb cover and
decrease annual grass cover however once burning stops, invasive grasses typically
rebound within 2-4 years so this may not be a good long-term management
technique (Reiner 2007).
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Part Il: Goals and Management Plan
Invasive Annual Grasses in the California Central Valley

Goals
The goals of invasive annual grass management will vary depending on the site, size, and

level of invasion. In some cases, such as in a heavily invaded site, a practitioner’s goal may be to

completely eradicate the current population in order to properly prepare the site for native
species planting. In other sites that are not as heavily invaded, it would not make sense to do
broad scale eradication as this would also harm the natives in the site. In this case effectively
reducing spread of current invader populations will be the best goal. Although the short-term
goals in these cases may differ, in the long-term the goals converge. In both cases, the long-term
goal is to establish a diverse and abundant native community that can outcompete and limit the
establishment of incoming invaders.

Restoring from a denuded landscape may be more economically feasible than eradicating
smaller populations of invaders mixed in with natives. It is generally more cost-effective as well
as easier to completely eradicate a plant population at a particular site than it is to tip competitive
balances between invasive grasses and native species however it is often difficult to get native

populations to establish before reinvasion. Because of this it is generally more important to limit

the spread of these invaders, focusing management on populations that have high growth rates
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rather than monocultures with lower rates of spread. A site that has a low background rate of
invasive annuals may be only a few years away from a community dominated by invasive
species. When one invader makes a site more suitable for other invaders to establish, this is
called an invasional meltdown (Simberloff 2006). For example, a site invaded with annual
grasses that wipe out the native perennial bunchgrass population leaves a reservoir of deep water
available in the soil. This makes the establishment of yellow starthistle easier as it doesn’t have
to compete with the later season bunchgrasses for this water (Gerlach 2004). Once the site
reaches this stage it can become harder and harder to push it back to a previous stable state
without long-term management efforts. This is an important consideration in choosing which
sites to restore and how to use resources.
Restoration and Management Plan

While plans will vary depending on the species and cover of invader present, these
general guidelines will assist with basic eradication planning and should be adapted to the site-
specific characteristics. Often project goals are constrained by limited funds and available
personnel. However, a well thought out plan that takes advantage of natural environmental
variation can save practitioners time and money. Due to site variability in both abiotic and biotic
conditions, predicting how each eradication attempt responds to individual and various
combinations of management techniques is extremely difficult. Detailed digital records should be
kept and analyzed in order to determine the effectiveness of each case study. This will add to the
knowledge base and make future management easier.

For heavily invaded areas it is recommended to use a combination of tilling and herbicide
to eradicate invasive grasses. The advantage of managing a heavy invasion is that it is often more

cost-effective than selectively managing invaders at smaller scales. For large areas that are
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dominated by a variety of invasive annual grasses, repeatedly tilling and flushing the system with
water in early September, before fall rains begin, and then applying a nonselective, post-
emergence herbicide such as glyphosate will usually eradicate the majority of the seedbank
(DiTomaso and Healy 2007). Because annual grass seeds have low dormancy and high
germination the fall after seed set, this can be effective in eliminating the seedbank (Eviner and
Firestone 2007). It is important to ensure the invasive seedbank is completely flushed out before
planting natives. Any surviving invaders will be highly competitive with native seedlings and
may shade out the natives thus preventing the establishment of a healthy native bunchgrass
population (Eviner and Firestone 2007). Also, young plugs of native bunchgrasses often require
more water than the drought-tolerant adults. This can be especially dangerous if there is still a
seedbank of invaders in the soil, as any available moisture can cause germination and allow for
reestablishment of invaders (Reynolds et al. 2001).

For areas that are not heavily invaded, small-scale herbicide use in conjunction with
mowing is recommended. Fire and tilling are not recommended as disturbance like these would
likely kill both native and invasives and could lead to an increase in invasive cover over time
(D'Antonio et al. 2007). In order to control invader populations, post-emergence herbicide such
as glyphosate should be selectively applied to invaders post germination in the fall. This can be
applied more widely when early fall rains occur. Because invaders typically germinate up to a
couple weeks earlier than native bunchgrasses (Reynolds et al. 2001), the widespread application
of a post-emergence herbicide should not effect the dormant native populations. Mowing of the
invasive populations the following spring should be done during the flowering stage before seed
production, typically in early April, however it is important to do so when the soil is dry to avoid

regrowth (DiTomaso et al. 2007). Together with herbicide application, this will greatly reduce
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the seedbank and spread of the population. In addition to these management techniques, the
native population of bunchgrasses should be enhanced by plug planting and dispersing seed to
give the native species a competitive advantage over the incoming invasive population
(Stromberg et al. 2007).

In remote areas grazing and burning can be more easily incorporated into a management
plan. Fire is most useful for species whose seedheads do not shatter. Because the seeds of ripgut
brome, medusahead, and goatgrass stay on the seedhead after maturing, burning of the site in the
summer when most aboveground biomass has senesced can reduce invader cover the following
year (DiTomaso et al. 2007). This type of burning, fueled by the fine thatch of grasses, can create
a high intensity fire that can kill the seeds aboveground while leaving the native seeds unharmed
in the seedbank (D'Antonio and Vitousek 1992, Reiner 2007). Fire in this case could help
transition an area from less desirable, to more desirable invaders (Betts 2003). Fire can also
promote establishment of invaders and should be used with caution. Therefore before burning a
site, smaller scale burns should be done and monitored. Long-term use of fire to manage a site is
not recommended as it limits the ability of strong perennial bunchgrass po