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1. INTRODUCTION
This Grazing Plan provides background and information designed to inform both a broader
General Management Plan Amendment and individual ranch plans for grazing operations in the
pastoral zones of Point Reyes National Seashore (PRNS) and Golden Gate National Recreation
Area (GOGA). It outlines management goals and strategies, existing conditions, evidence for
effective range management practices, and recommends grazing management strategies and
associated activities authorized through the agricultural lease/special use permit (lease/permit)
program to ensure they are consistent with the protection of park resources. It recommends
park management actions that address wildlife, vegetation, and other resource goals specific to
lands operating under agricultural leases/permits.
When referring to PRNS and GOGA lands together, this Grazing Plan uses “PORE”; when
referring to one or the other, it uses “PRNS” or “GOGA”.
2. BACKGROUND
Point Reyes National Seashore (PRNS) is unique in the National Park System because dairying
and ranching were an integral part of the formation of the park in 1962. The formation of Golden
Gate National Recreation Area (GOGA) in 1972 added additional livestock grazing operations,
which are managed by the National Park Service (NPS). Agricultural activities in west Marin,
and in particular on the Point Reyes peninsula, boomed after the gold rush, primarily based on
supplying dairy products to a new urban population. The mix of dairy and beef ranches shifted
to more beef, a trend that continued after establishment of PRNS and transfer of ownership to
NPS. Today there are 6 organic dairies and 18 beef ranches in PORE operating on
approximately 28,000 acres. There are a number of ranches that operated under multiple
lease/permits.
In his November 29, 2012, memorandum, the Secretary of the Interior observed that ranching
operations “have a long and important history on the Point Reyes peninsula” and directed the
NPS director “to pursue extending permits for the ranchers within those pastoral lands to 20year terms.” This was an increase from the existing 5- and 10-year lease permits and a clear
statement from the Department of the Interior that ranching will continue into the future at
PORE.
In order to follow through on the Secretary’s 2012 direction, NPS began a Ranch
Comprehensive Management Plan/Environmental Assessment (RCMP) planning process.
Comprehensive planning for management of lands under agricultural lease/permits had not
been conducted since the 1980 General Management Plan (GMP). Progress on the RCMP was
halted pending resolution of legal action filed in February 2016. In July 2017, the Court
approved a multi-party settlement agreement whereby the NPS agreed to complete a General
Management Plan Amendment and Environmental Impact Statement by July 2021. The
settlement requires NPS to consider and evaluate the following action alternatives in the GMP
Amendment: a no ranching alternative, no dairy ranching alternative, and a reduced ranching
1
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alternative, in addition to any other alternatives the NPS may review. The settlement allows for a
four-year planning period during which existing practices will be allowed. Currently, 17 Interim
Leases are in force under the settlement agreement. There are also a number of active 10-year
lease/permits as well as 2 Lifetime Reservations of Use and Occupancy. The GMP Amendment
will evaluate a range of alternatives, including reasonably foreseeable dairy and range
management practices as well as park management actions on these lands over the next 20
years.
In 1990, NPS produced a document called Range Management Guidelines (RMG; Shook
1990a). This is the current guiding document for the range program. Over the more than 25
years since the RMG was created, the ranching industry, supporting science, available
management practices (Bush 2006, Huntsinger et al. 2007, Hopkinson and Bartolome 2009,
Spiegal et al. 2016, Bartolome et al. 2016), the park and its resources, and public opinion
related to ranching have all changed. With the park’s emphasis on, and the nation’s interest in,
the GMP Amendment and Environmental Impact Statement, this is the ideal time to update the
RMG by writing a new Grazing Plan (GP) that will strategically address implementation of
grazing practices to meet the resource goals outlined herein in coordination with park ranch
operations.
The GP includes monitoring recommendations within the context of adaptive management.
This entails that a monitoring program be designed to ensure that goals are being met. If goals
are not being met or resource needs change, then monitoring results are used to adapt best
management practices or strategies to meet the current situation. Best Management Practices
(BMPs) related to grazing and other ranching practices are described in the GP as well. The
information presented emphasizes goals and strategies specific to the areas within PORE that
are grazed by livestock.
3. GOALS AND STRATEGIES
The goals and strategies of a grazing plan serve as the foundation upon which the plan’s
management and monitoring recommendations are based (Bush 2008). Goals are overarching
statements or principles used to guide decision making; strategies are the approaches taken to
achieve goals and may include objectives, which are specific measurable steps taken to
achieve goals. Most range management objectives are best addressed in individual ranch
management plans. Goals and strategies for this plan were developed by compiling and revising
goals from previous PORE rangeland planning documents and augmenting with additional goals
based on recommendations from NPS and Range Ecology Laboratory (REL) at the University of
California, Berkeley. Goals were categorized by scale, combined or divided as appropriate, and
then reviewed by NPS staff. Table 1 lists the resulting set of goals and strategies.

2
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Table 1. List of range management goals and strategies at PORE.
Scale

Goals

Focal species

Strategies
Identify and monitor distribution,
abundance, associations, and
ecological role of each sensitive
species.

1. Protect threatened,
endangered, and rare species, as
well as species of concern, and
their habitats.

Research landscape connectivity of
sensitive species and reduce barriers
to dispersal.
Coordinate with regulatory agencies
regarding conservation plans for
threatened and endangered species.

2. Monitor interaction and manage
tule elk to minimize impact to park
ranching operations as applicable*

*consistent with the July 14, 2017,
multi-party settlement agreement
and GMP Amendment.

Communities

Monitor current population size and
perform a population viability analysis
to predict future trend in population
size.
Develop forage model to better
understand elk consumption, forage
preference overlap with livestock, and
impact on existing ranch operations.
Determine carrying capacities of the
elk herds and manage the herds to be
consistent with these numbers.
Using the framework of integrated
pest management, control the
expansion of invasive species, reduce
their extent when possible, and
prevent introduction of new invasive
species.

3. Maintain and enhance the
diversity of native plant
communities and wildlife habitat.

Develop state-and-transition models
for plant communities present in the
planning area.
Monitor changes in plant community
structures.

Monitor residual dry matter in the fall.

3
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Scale

Goals

Strategies
Identify vegetation community
structure that supports diversity of
grassland bird species.

4. Maintain and enhance
communities of special concern,
such as wetlands, riparian, coastal
prairie, and dune communities.

Watersheds

Restore communities of special
concern where appropriate.

Monitor communities of special
concern following methods outlined in
established guidelines, if available.
Identify and implement management
measures to reduce impacts to water
quality consistent with Regional Water
Quality Control Board regulations.

Identify and implement practices that
minimize soil erosion associated with
5. Maintain and enhance the water ranching activities to prevent soil loss
quality of surrounding water
and sedimentation.
bodies.
Identify areas of high erodibility and
manage them to minimize soil erosion
associated with ranching activities.
Identify and implement practices that
reduce fecal and nutrient inputs from
pastoral zones.

6. Protect and restore natural
watershed functions, streams,
wetlands, and aquatic habitats.

Work with stakeholders and pa an
tner agencies to implement water
quality and riparian improvement
projects consistent with Regional
Water Quality Control Board
regulations.
Evaluate effects of drought on spring
flow.

Ecosystems

Soils

7. Maintain and enhance
ecosystem functions and
processes.

Identify and describe Ecological Site
Descriptions with State and Transition
models and reference states.

8. Protect and restore soil health.

Identify and implement practices that
protect soil health.

4
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Scale

Goals

Strategies
Identify and restore areas with poor
soil health.
Minimize mechanical disturbance to
protect soil structure.
Monitor soil health before and after
implementation of practices.

Landscapes

Identify species climatic niches.
9. Promote functional diversity and
landscape resilience to change,
while ensuring productivity and
connectivity, and preventing
degradation of ecosystem services
over time.

Evaluate opportunities for prescribed
burning to support land management
goals & objectives.
Maintain and restore ecological
connectivity.
Preserve archaeological sites in
undisturbed condition for research and
educational opportunities.

10. Protect cultural resources.

Maintain visual aesthetics of the
agricultural landscapes consistent with
the Point Reyes Peninsula Dairy
Ranches National Historic District
(NHD) and Olema Valley Dairy
Ranches NHD (Schultz and Davis
2018a, 2018b).
Identify considerations and policy
integral to ranch succession planning.

11. Promote sustainable park
ranching operations.

Update permit structure to provide
clear expectations and to ensure that
individual ranch plans are consistent
with this plan.
Provide economic analyses and
interpretation of current and proposed
ranching activities.

4. EXISTING CONDITIONS
4.1 Climate
The regional climate of PORE is Mediterranean characterized by warm, dry summers and cool,
rainy winters. It is associated with the North Pacific High, which is a semi-permanent,
5

Grazing Plan - Point Reyes National Seashore, 2018

subtropical anticyclone located in the west of California. North Pacific High is strongest during
the northern hemisphere summer and shifts towards the equator during the winter.
The headlands and outer beaches are windy. The strongest winds occur in November and
December during occasional southerly gales. While wind speeds tend to average around 20
miles-per-hour (mph) at the Lighthouse, storms often bring winds with gusts of 70 mph maximum speed measured at 133 mph (NPS 2018). Winds at PORE typically blow in west and
southwest direction. Winds are much lighter on the eastern side of Inverness Ridge.
Microclimates of PORE vary by topography. In general, the east side of Inverness Ridge is drier
and warmer than the west side. This is because fog from the ocean is trapped on the west side
of Inverness Ridge. Heavy fogs are common in July, August, and September.
Table 2 summarizes three climate variables (1981-2010 averages): precipitation, maximum and
minimum temperatures for four locations in the Seashore: Marshall Beach, North Beach,
Lighthouse, and Bear Valley.
Rainy season at PORE is November to March, with the highest average precipitation in
January. It rains more on the eastern side of Inverness Ridge than that on the western side of
Inverness Ridge.
Temperature at PORE is characteristic of the maritime climate. Both seasonally and over the
course of a year average temperature fluctuations are narrower on the western side of
Inverness Ridge than on the eastern side of Inverness Ridge. On a given year, monthly mean
temperature fluctuates around 6 degrees Fahrenheit from mid-50s to high-40s at the
Lighthouse; in contrast, temperature swings about 20 degrees Fahrenheit from mid-40s to mid60s at Bear Valley (Table 2).
Weather patterns are changing worldwide, and PORE is no exception. In the last few decades,
PORE experienced a number of severe droughts that were abnormally long and dry. In addition,
more extreme temperature conditions are becoming more common. Some of these changes are
more visible than others. Because climate is associated with water availability, forage
productivity, and invasive species (Spiegal et al. 2016), PORE ranchers and range managers
need to be aware of regional signals of climate change and be prepared for future conditions.
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Table 2: Seasonal and annual average precipitation, average maximum temperature, and
average minimum temperature at four locations in PORE (1981-2010 averages). Source:
PRISM Climate Group, 2017.
Average Precipitation (inches)
Site

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Ann

Marshall Beach

6.4

6.2

4.6

2.0

1.3

0.2

0.0

0.1

0.3

1.6

3.9

6.2

33.0

North Beach

6.1

5.7

4.3

1.8

1.2

0.2

0.0

0.1

0.3

1.5

3.7

5.7

30.5

Lighthouse

5.5

5.3

3.8

1.7

1.0

0.2

0.0

0.1

0.3

1.4

3.5

5.5

28.3

Bear Valley

6.7

6.6

4.7

2.1

1.3

0.2

0.0

0.1

0.3

1.7

4.2

6.6

34.6

Average Maximum Temperature (F
Site

⁰)

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Ann

Marshall Beach

55.7

58.1

60.0

58.6

59.8

61.4

62.5

64.8

65.3

63.4

61.8

56.1

60.6

North Beach

55.5

57.1

57.4

59.0

59.2

60.4

62.4

64.0

64.9

63.6

61.0

55.9

60.0

Lighthouse

54.7

54.8

54.8

54.4

55.0

56.7

57.9

58.7

60.0

59.7

59.4

55.6

56.8

Bear Valley

55.7

60.2

64.0

65.5

68.1

71.6

71.7

72.9

72.2

71.5

63.7

56.0

66.1

Average Minimum Temperature (F

⁰)

Site

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Ann

Marshall Beach

42.0

43.1

44.2

45.3

48.0

50.5

51.5

52.3

51.4

48.8

45.5

42.4

47.1

North Beach

44.6

45.9

46.8

47.6

49.6

51.7

52.9

53.2

53.0

51.3

48.0

45.1

49.2

Lighthouse

46.4

47.5

48.2

48.7

49.6

51.3

52.5

53.3

54.0

52.5

49.9

46.9

50.1

Bear Valley

39.5

41.5

43.1

44.8

48.1

51.3

52.9

53.1

51.8

48.3

43.3

39.2

46.4
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4.2 Geomorphology
Geology is one of the main components making up the physical template of a landscape other
than climate and soil. PORE has a dynamic physical template due to the San Andreas Fault
Zone. The San Andreas Fault Zone is the tectonic boundary between the North American and
Pacific plates - with the Point Reyes Peninsula residing on the Pacific Plate, and the rest of
Marin County being part of the North American Plate (Appendix A). Olema Valley and the
submerged valleys flooded by Tomales Bay and Bolinas Lagoon are called the San Andreas
Rift Valley.
Geology relevant to PORE coastal grassland comprises five rock types: Mesozoic Plutonic
Rocks (grMz), Mesozoic Sedimentary and Metasedimentary Rocks (KJf, KJfm), Mesozoic
Metavolcanic Rocks (Mzv), Tertiary Sedimentary Rocks (Ep, M, P), and Quaternary Deposits
(Q) (NPS 2018).
Rocks on the east side of the San Andreas Fault consist of Franciscan Complex, a mix of
oceanic crustal rocks that formed in late Mesozoic era (201 - 66 million years ago (USGS 2005).
Outcrops of the Franciscan Complex along Highway 1 include chert, shale, argillite, serpentine
and limestone (USGS 2005). Serpentine soils that weather from serpentine rocks contain
minerals like iron magnesium silicate that are harsh to plant growth, but many California native
plants are adapted to it (Gram et al. 2004). The Point Reyes Peninsula is an elevated crystalline
basement called the Salinian Complex with a conglomerate of Paleocene sandstone (USGS
2005). Understanding how the landscape was formed and what it is made of is important in
characterizing the soils as described in the next section.

4.3 Soil Properties
Of the 84 soil types in the PORE managed grazing lands, four are deemed prime farmland by
the U.S. Department of Agriculture (Appendix C): Ballard gravelly loam (2-9% slopes), Cortina
gravelly sandy loam (0-5% slopes), and Tomales loam (2-9% slopes). Tomales fine sandy loam
(2-9% slopes), and Ballard and Cortina soils are found in the Olema Valley. Tomales fine sandy
loam extends around Drakes Estero. Tomales loam is located in the Point Reyes Headlands.
Soil properties strongly influence the vegetation that it can support. A majority of the soil orders
found in PORE managed lands are Mollisols and Alfisols, which are typical of California annual
grasslands (Appendix D). These soils have 2:1 clays and organic matter > 0.6%, which attribute
to relatively high nutrient and water retention rates. Other soil types in PORE managed lands
are less developed and classified as Inceptisols and Entisols: Centissima, Cortina, Novato,
Palomarin, Sheridan, Sirdrak, and Sobega. Some Mollisols (Tocaloma and Kehoe Palomarin)
and Inceptisols (Sheridan, and Sirdrak) support shrubs and hardwood trees, thus the
accessibility of forage in these areas is limited. More specific information on soils is in Appendix
B.
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Erodibility of soil is dependent on slopes and soil texture. Gravelly or sandy soils on steep
slopes are susceptible to erosion. Dunes are common along the coast, and the hazard of soil
blowing is high.
Soil texture (i.e., size distribution of individual soil particles) is not subject to change with
management activities; however, soil structure (i.e., arrangement of soil particles in the soil)
may be affected by management. For example, tilling breaks up soil aggregates and reduces air
and water movement, resulting in undesirable habitat for Bacteria, Fungi and Actinomyces
(USDA 2017b). Section 5.5 outlines a variety of pasture management activities including their
potential impact on soil health.
4.4 Watersheds & Hydrology
Small, spring-fed streams and a considerable number of ephemeral tributaries flow through the
grasslands, shrublands, and wetlands of PORE-managed grazing lands and drain into Tomales
Bay, the Pacific Ocean, or Drakes Bay and Estero. These streams and other natural and manmade water sources are ecologically important as they transport nutrients, sediment, and
oxygen through the watershed, and provide habitat for a variety of wildlife, including salmonids,
frogs, salamanders, snakes, muskrats, beavers, and river otters (NPS 2016).
See sections 4.5.5 and 4.5.6 for impacts of grazing on riparian habitat and wetlands,
respectively.
In 2006, the San Francisco Regional Water Quality Control Board (RWQCB) adopted a Total
Maximum Daily Load (TMDL) for pathogens in the Tomales Bay watershed (TBW). The listing
was to address impaired beneficial uses of water contact and non-contact recreation and
shellfish harvesting within the Bay. TMDLs identify pollutant source areas and set a maximum
amount of a pollutant that a waterbody can receive and still meet water quality standards.
Pathogen sources in the TBW are identified as grazing lands, dairies, equestrian facilities,
failing on-site wastewater treatment systems, small wastewater treatment facilities, boat
discharges, and municipal runoff (SFRWQCB 2005; SWRCB 2015). Park ranch operations
within the TBW operate in compliance with the 2013 Conditional Waiver of Waste Discharge
Requirements for Grazing Lands in the TBW (Grazing Waiver), which expires on December 11,
2018 (the Grazing Waiver is renewable every 5 years and is currently in the renewal process).
PORE has coordinated with the RWQCB and park ranchers to meet Grazing Waiver
requirements which include ranch planning, implementation and monitoring of water quality
improvement projects, residual dry matter results, and annual reporting.
See section 5.4.3 for best management practices to protect water quality.
4.5 Vegetation Communities
The primary vegetation communities within PORE’s grazed area are coastal prairie, coastal
scrub, coastal dunes, California annual grassland, riparian, and wetlands. Here we provide brief
9
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descriptions of these communities as they exist in PORE, and if available, the effects of grazing
on them. Impacts of grazing on special status wildlife and plant species are listed in Tables 3
and 4 in Section 4.6.2.
4.5.1 Coastal Prairie
California’s coastal prairie is patchily distributed from Humboldt County in the north to San Luis
Obispo County in the south, generally within several kilometers of the coast. Native perennial
grasses are often the dominant form of plant life, with forbs making up a significant proportion of
the species richness. Compared to other Californian grassland types, coastal prairie contains
more native species and more perennials and should, therefore, exhibit a more predictable
response to protection and management under its wetter and more temperate climate (Hayes
and Holl 2003a, Bartolome et al. 2009). Statewide, coastal prairie has been significantly
reduced and altered due to cultivation, development, and the introduction of non-native species.
The California Department of Fish and Wildlife and the California Coastal Commission have
identified coastal prairie as a sensitive plant community (Ford and Hayes 2007). PORE
contains significant swaths of coastal prairie - it constitutes approximately 17,450 acres of the
grazed area. Given coastal prairie’s high conservation interest and value, and because ranching
activities at PORE are highly dependent on this vegetation type, “NPS has an important role to
play in protecting and enhancing this resource” (NPS 2018). Recently, PORE has initiated a
native grasslands mapping effort to inform management of the coastal prairie (REL 2017).
A comparison of coastal prairie to other grassland types in the western U.S. found that coastal
prairie has almost double the number of species of any other type (Stromberg et al. 2001), and
generally the coastal prairie’s cover of native plants is greater than that of Valley grassland. A
2008 survey of California State Parks grassland properties found that 5 of 7 coastal prairie units
had high levels of native cover (>50%) (Hopkinson et al. 2009). Some of the most common
native grass species in PORE include: California oatgrass (Danthonia californica), purple
needlegrass (Stipa pulchra), Pacific reedgrass (Calamagrostis nutkaensis), tufted hairgrass
(Deschampsia cespitosa), meadow barley (Hordeum brachyantherum), California brome
(Bromus carinatus), blue wild rye (Elymus glaucus), and San Francisco blue grass (Poa
unilateralis). However, invasion by exotic annual and perennial grasses into coastal prairie
throughout the state, including PORE, is extensive, and the prospects of significantly reducing
their abundance are poor (DiTomaso et al. 2007).
Primary management problems facing the coastal prairie include: 1) invasion by non-native
perennial grasses and other weeds, 2) encroachment by native and non-native trees and shrubs
into the grassland (Ford and Hayes 2007), and 3) disruption of grazing and fire regimes and
other ecosystem processes (which often exacerbates the first two problems). These problems
can result in reduced cover of native grassland plants, local loss of species, altered ecosystem
processes, and reduced wildlife habitat values. Grazing is one of several tools that grassland
managers can employ to combat weed invasion, woody plant encroachment, and the disruption
of ecosystem processes in the coastal prairie.
Grazing by native herbivores is an important and complex coastal prairie ecosystem process
10
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with a long evolutionary history (Hayes and Holl 2003a). Although large native herbivores were
extirpated over millennia, culminating with market hunting during the Gold Rush, small native
grazers like voles, ground squirrels, and pocket gophers continue to exert strong influence on
community structure (Schiffman 2007). The most important large native grazer, tule elk, which
has behavior and grazing preferences similar to cattle (Jackson and Bartolome 2007), has been
successfully reintroduced to portions of the coastal prairie, including in PORE.
Two well-known studies examined the effects of grazing in the coastal prairie. One evaluated
cattle grazing in 25 paired grazed and ungrazed sites along the coast from Mendocino to San
Luis Obispo (Hayes and Holl 2003a). The other examined tule elk grazing in PORE (Johnson
and Cushman 2007; Ender et al. 2017). Both studies came to similar conclusions: grazed areas
had greater abundance and species richness of native annual forb and non-native annual grass
and forb species. Native annual forbs are an important component of the coastal prairie’s
species richness, and an increasing number of them are considered rare and endangered (Ford
and Hayes 2007). Another recent three year exclosure study conducted in coastal prairie near
Carmel found that light grazing in winter and spring reduced percent cover of exotic annual
grasses by 40%, and reduced the size and fecundity of the most locally dominant of these
species, ripgut brome (Bromus diandrus). Associated with the reduction of exotic annual
grasses, cover of exotic annual forbs increased by 15% (Skaer et al. 2013). The findings fit with
theoretical predictions that grazing removes biomass and opens up microsites favorable to
annual, short-statured plants.
In contrast to the annual plants, perennial forbs, especially native species, had greater
abundance and species richness in ungrazed sites. Hayes and Holl (2003a) note that some of
the native perennial forbs in their study were tall species that do not reproduce when clipped.
Both studies found that native perennial grass abundance and species richness did not differ
between grazed and ungrazed sites. However, other studies have shown that grazing may
have effects on the abundance of specific perennial native grass species. Frustratingly for the
development of simple management prescriptions, these effects can vary from site to site
(Hayes and Holl 2003b).
Purple needlegrass, the most intensively studied native grass species, has shown inconsistent
responses to grazing: increasing in abundance in some areas, decreasing in others, or
exhibiting no change (D’Antonio et al. 2002). These studies were conducted variously in coastal
prairie and California annual grassland. Inconsistent results probably reflect site- or timespecific factors often not evaluated in the studies. D’Antonio et al. (2002) make it clear that
carefully controlled, manipulative experiments replicated across the state and over at least
several years are necessary to establish the relationship between grazing and purple
needlegrass.
In most but not all studies, California oatgrass, one of the dominant coastal prairie species,
increased in abundance with livestock grazing (Hatch et al. 1999; Hayes and Holl 2003a).
Hayes and Holl (2003a) found that California oatgrass was twice as abundant in grazed sites as
ungrazed sites. In a subsequent experimental study, Hayes and Holl (2011) found that at one
11
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site with a fairly high abundance of California oatgrass, oatgrass cover declined substantially in
untreated plots after four years, whereas treated plots (clipped or grazed) maintained or
increased California oatgrass cover.
Grazing effectively reduces cover of some invasive weeds. Elk grazing negatively affects the
local distribution, abundance, percent cover, aboveground biomass, and seedling recruitment of
velvet grass, one of the most troublesome perennial grass weeds in the coastal prairie (Ender et
al. 2017; Johnson and Cushman 2007). Hayes and Holl (2003) also found significantly reduced
velvet grass cover on coastal prairie sites grazed by cattle. In contrast, evidence from Europe
and Canada suggests that low intensity livestock grazing can encourage the spread of velvet
grass (Pitcher and Russo 1988). Livestock trampling also reduces velvet grass cover (Pitcher
and Russo 1988). Based on evidence from the United Kingdom, sweet vernalgrass
(Anthoxanthum odoratum), another non-native perennial grass invading the coastal prairie, may
be controlled with grazing before seed development, although the grass is considered poor
forage (DiTomaso and Healy 2007).
Grazing can help maintain grasslands free of trees and shrubs. PORE’s grazed coastal prairie
intergrades with coastal scrub and Douglas-fir (Pseudotsuga menziesii) forest, both of which
encroach upon open grassland in the absence of fire or grazing (Russell & McBride 2003). An
examination of photos from years 1965-70 as compared to more recent photos from ~year 2000
confirm the diminishing extent of coastal prairie as Douglas-fir forests and coastal scrub
advance into the grassland (NPS 2018). Shrub encroachment reduces stream flow and
groundwater recharge (Wilcox and Thurow 2006). In the San Francisco Bay Area, the
replacement of grass-dominated landscapes with shrub-dominated landscapes has increased
the probability of high intensity fires (Russell and McBride 2003). Woody plant encroachment
also reduces viable pastureland as trees and shrubs are unpalatable to livestock. In PORE, the
native shrub coyote brush (Baccharis pilularis) is the primary species encroaching into coastal
prairie, and grazing animals significantly reduce cover of coyote brush in open grasslands
(Johnson and Cushman 2007; Ford and Hayes 2007; McBride 1974).
See Tables 3 and 4 for a list of special status species occurring in coastal prairie, including
information on any known impacts of grazing.
4.5.2 Coastal Scrub
Coastal scrub occurs in a mosaic with coastal prairie, the two existing on “a continuum of
herbaceous to dense woody shrub cover” (Ford & Hayes 2007). Coastal scrub is variable
throughout its range, and the Field Key to the Plant Communities of Point Reyes National
Seashore and Golden Gate National Recreation Area (Keeler-Wolf et al. 2003) documents
eleven coastal scrub alliances within its study area alone. The most common alliance at PORE
- Coyote Brush (Baccharis pilularis) Alliance - contains twenty-four associations, each
comprising a slightly different set of dominant and co- or subdominant indicator species (KeelerWolf et al. 2003). Generally, coyote brush dominates the scrub canopy on north-facing slopes,
while both coyote brush and coffeeberry (Rhamnus californica) dominate south-facing slopes.
Herbaceous understory species include a mix of native and non-native grasses and forbs, the
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cover and composition of which also differs from north to south-facing slopes (Grams et al.
1977). Yellow bush lupine (Lupinus arboreus) is another common dominant in PORE’s coastal
scrub (Ender et al. 2017; Gogan and Barrett 1995; Keeler-Wolf et al. 2003), and additional
woody scrub species include, but are not limited to: thimbleberry (Rubus parviflorus), dune
lupine (Lupinus chamissonis), California blackberry (Rubus ursinus), California sagebrush
(Artemisia californica), and poison oak (Toxicodendron diversilobum; NPS 2018; Keeler-Wolf et
al. 2003).
Shrub establishment in the northern coastal scrub systems is associated with precipitation
timing and amount, tends to be episodic, and can occur rapidly (Ford & Hayes 2007; Hobbs &
Mooney 1986). Conditions most favorable to coyote brush establishment, specifically, include
summer coastal fog (common at PORE), above-average precipitation, and late rains. Where
scrub intergrades with grassland, coyote brush establishes in bare soil patches as a result of
reduced competition by herbaceous species. Succession of coyote brush scrub to mixed
woodland can occur due to the protection from browsing by cattle and wildlife as well as from
water and temperature stress (Ford & Hayes 2007). With the cessation of disturbances such as
fire and grazing, coastal scrub commonly encroaches into coastal prairie and annual grassland,
and “ironically, in many cases it is the coastal scrub that endangers the rare coastal prairies”
(Ford & Hayes 2007; McBride & Heady 1968).
Grazing has been shown to negatively impact shrub establishment. Cattle browse minimally on
mature coyote brush plants with browse increasing in heavily grazed areas, but they regularly
defoliate and uproot coyote brush seedlings, preventing the spread of these shrubs into
neighboring grasslands (Elliot & Wehausen 1974; McBride 1974). Johnson and Cushman
(2007) found tule elk reduced total shrub cover in a paired grazed and ungrazed enclosure
study at PORE.
Section 5.5.3 details options for shrub management to help achieve PORE’s management goals
(Goal 4). See Tables 3 and 4 for a list of special status species occurring in coastal scrub,
including information on any known impacts of grazing.
4.5.3 Coastal Dunes
PORE “preserves some of the last remaining high quality coastal dune habitat in the
United States” (NPS 2015b), with dunes constituting roughly 700 acres of the land currently
under grazing lease/permit. PORE’s dunes “contain the largest remaining expanses of two
uncommon native foredune habitat types – American dunegrass (Elymus mollis ssp. mollis)
and beach pea (Lathyrus littoralis)”, and support four federally listed, and several additional
rare and unique species of plants and animals (NPS 2015a).
However, like the majority of California’s coastal dunes, PORE dunes were significantly altered
by the introduction and naturalization of the non-native plants, European beachgrass
(Ammophila arenaria) and iceplant (Carpobrotus edulis; Pickart and Barbour 2007; NPS
2015b). Both species grow deep roots and vertical rhizomes and “form dense, monotypic mats
or stands”, preventing the natural migration of sand by wind and waves (NPS 2015b). Both
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foredunes and backdunes are taller and steeper as a result, and natural processes and habitat
are threatened. In response, NPS has been undergoing restoration of dune habitat since
2001. From 2011 to 2014, over 80 acres of beachgrass and iceplant were eradicated near
Abbotts Lagoon using mechanical and chemical treatments, and priority areas were
revegetated. In order to expand on the success of this project and restore a larger area, NPS
developed the Coastal Dune Restoration Environmental Assessment in 2015 (NPS 2015b).
Restoration activities are ongoing.
The foredunes of PORE were historically dominated by American dunegrass, the inland dunes
by a diverse assemblage of native scrub species, and the back dunes by dune mat
communities (NPS 2018). Now, European beachgrass makes up approximately 50% of the
coastal dune vegetation at PORE, and iceplant, approximately 25%, though it is unclear
whether these percentages have been updated since the restoration project commenced. The
remaining 25% includes a mix of native American dune grass, dune sagebrush (Artemisia
pycnocephala), coast buckwheat (Eriogonum latifolium), dune lupine (Lupinus chamissonis),
and goldenbush (Ericameria ericoides). Native plant patches intersperse with the two invasive
species noted above, and “total vegetation cover is often low and interspersed with bare sand”
(NPS 2016).
The following ranches abut the dunes: A, B, C, E, F, G, H, I, and AT&T. Several of the leased
ranches contain coastal dune habitat; as of 2013, dunes occupied 2% of G Ranch, 22% of B
Ranch, and 24% of AT&T, and the dunes continue to migrate inland (NPS 2015b). Following the
successful removal of European beachgrass and iceplant in the dune restoration project, natural
dune processes have been restored and the dunes now cycle through phases of movement and
colonization by native vegetation. As a result, the wind-blown sand can bury adjacent habitats,
including the grasslands and pastures on neighboring ranches (Parsons 2015). This can be
problematic for the ranchers, so PORE is experimenting with ways to limit sand movement,
including leaving untreated buffers of beachgrass and iceplant, and allowing treated plants to
remain and decompose (Voeller, pers. comm. 2018).
Studies specific to the impacts of livestock grazing on California’s dune systems are lacking, but
“studies from northern Europe suggest that livestock can have mixed effects on dunes in cool,
moist climates like those of northern California” (Alpert 2015). Bonte and Maes (2008) report
local and metapopulation extinction of certain arthropods as a result of trampling by cattle and
humans on Flemish dunes. Plassmann et al. (2010) found increased plant species richness on
dune ridges in Wales following the reintroduction of livestock grazing after decades of exclusion,
as well as increased abundance of certain desirable annuals, perennials and biennials (Alpert
2015). Given the paucity of information regarding the impact of cattle grazing on dunes in
California, we recommend PORE take an adaptive management approach to determine grazing
strategies that will achieve management goals relevant to coastal dune habitat (Goal 4).
See Tables 3 and 4 for a list of special status species occurring in PORE’s coastal dunes,
including information on any known impacts of grazing.
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4.5.4 California Annual Grassland
PORE manages livestock grazing in the Olema Valley and Lagunitas loop areas of the Golden
Gate National Recreation Area. Over 5,000 acres of grassland in this area belong to the
California annual grassland type rather than coastal prairie and comprise primarily annual
grasses and forbs. California annual grassland is found in the Central Valley, the foothills
surrounding the Central Valley, including the central and southern Coast Ranges, and parts of
the Transverse and Peninsular Ranges (Bartolome et al. 2007a). Non-native annual grasses
and forbs have dominated this grassland type for many decades, and in most areas, native
plants make up only a very small percentage of the total cover. Despite this, numerous native
plant species remain, generally at very low cover, and can make up a significant proportion of
the species richness (number of species). The majority of these native species are likely to be
annual forbs.
California annual grassland exhibits considerable spatial and temporal variation at many scales.
Annual rainfall amount and pattern, temperatures during the growing season, variation in soil
chemistry and texture, topographic diversity, and land-use history, among other variables,
largely determine plant species composition, biomass production, and dominance relationships.
Management activities such as livestock grazing generally do not cause spatially or temporally
consistent changes in California annual grassland community composition at the landscape
level (Jackson and Bartolome 2002). Livestock grazing is a useful tool for reducing grassland
fuel loads, for reducing vegetative biomass (especially of non-native grasses, which can benefit
many native plant and animal species), for altering vegetation structure and limiting shrub
encroachment, and, when carefully planned and implemented, for controlling some invasive
plant species.
See Tables 3 and 4 for a list of special status species occurring in PORE’s California annual
grassland, including information on any known impacts of grazing.
4.5.5 Riparian
GOGA riparian areas drain to Lagunitas Creek, Olema Creek and Tomales Bay. Bolinas and
Nicasio ridges consist of ridgelines and benches that are bisected by steep incised ephemeral
streams a number of which are dominated by mixed evergreen forest including Douglas fir,
California bay laurel and coast live oak. Riverine wetlands and other low-gradient streams
support stands of arroyo willow (Salix lasiolepis) and/or red alder (Alnus rubra). Two of the
major tributaries on ranch lands, John West Fork Creek and Cheda Creek, also support
endangered salmonids. Areas not dominated by tree species consist of shrubs and understory
herbaceous species (Voeller, pers. comm., 2018).
The outer peninsula of PORE consists of small 1st and 2nd order intermittent streams that drain
directly to Drakes Estero, Abbotts Lagoon, or the Pacific Ocean. Many are low gradient streams
on sandy soils, which generally do not support tree species, and instead are dominated by
shrubs and understory wetland vegetation such as Juncus species. There are a few perennial
streams (e.g., Schooner Creek, Home Ranch Creek) along the eastern portion of grazed lands
that support willow and/or red alder stands and provide habitat for endangered salmonids. A
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number of drainages on the east side of Tomales Bay also support tree species similar to the
GOGA drainages, but with bishop pine forest replacing Douglas fir (Voeller, pers. comm., 2018).
Riparian areas are important for regional conservation, providing wildlife habitat and movement
corridors (NRC 2002), increasing local species richness by harboring different species from
adjacent uplands (Sabo et al. 2005), filtering nutrient and sediment run-off (Naiman et al. 2005),
stabilizing stream banks, and mitigating flood intensity (NRC 2002). Cattle disturbance is
amplified in riparian areas, as animals are drawn to the cooler temperatures, shade, available
water, and high quality forage (Belsky et al. 1999) particularly during seasonally dry periods.
This seasonality of use is likely exaggerated in GOGA, where the greening effects of summer
fog and offshore moisture are less than in PRNS. Cattle herbivory and trampling can have
negative effects on riparian vegetation and hydraulic and geomorphic processes - such that
livestock management in riparian areas can greatly affect ecological processes on the
landscape scale.
Throughout PORE, over 85 riparian restoration and water quality improvement practices have
been implemented in the last 20 years. In particular, projects in the Tomales Bay Watershed
have received funding from the State Water Resources Control Board under 319(h) grants and
from the USDA Natural Resources Conservation Service (NRCS)’s Environmental Quality
Incentives Program (EQIP), among others, to assist with assessment, design and
implementation to comply with regulations including the pathogen TMDL. Practices
implemented include riparian cattle exclusion fencing, erosion feature repair, stream crossings,
road rehabilitation and decommissioning, and off-stream water sources. Some riparian areas
are included in larger pasture units that can be managed for riparian health. (Voeller, pers.
comm. 2018)
The NRCS Conservation Effects Assessment Project report includes a lengthy chapter on
riparian management (George et al. 2011), with grazing practices constituting a significant
portion of the review. The chapter is a valuable resource that includes ample relevant literature
citations, though it should be noted that it is not written specifically for coastal northern
California, but rather spans the western U.S.
Riparian areas present on PORE-managed grazing lands should be incorporated into a regular
monitoring routine in order to achieve Goals 4, 5, and 6. Guidelines for monitoring grazed
riparian areas are available from University of California Agriculture and Natural Resources
(Ward et al. 2003a; Ward et al. 2003b). See Section 5.7.1 for information on riparian area
monitoring and Section 5.4.3 for riparian area management recommendations.
See Tables 3 and 4 for a list of special status species occurring in PORE’s riparian areas,
including information on any known impacts of grazing.
4.5.6 Wetland
PORE manages approximately 250 acres of wetland habitat in grazing area of PRNS and
PORE-managed GOGA land (Bartolome et al. 2016). For land to be classified as a wetland, at
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least one of the attributes needs to be present: (1) hydrophytic vegetation; (2) a substrate of
predominantly undrained hydric soil; and (3) a non-soil substrate that is saturated with water or
covered by shallow water at some time during the growing season (Cowardin et al. 1979). Three
types of wetlands occur in PORE, including vernal marsh (wet meadows and coastal swales),
seasonal wetlands associated with streams, seeps, and springs, and lacustrine wetlands
(Parsons and Allen 2004). Wetlands support dense cover of herbaceous plants such as bulrush
(Scirpus robustus), tall cyperus (Cyperus eragrostis), Baltic rush (Juncus balticus), curly dock
(Rumex crispus), and sedges (Carex sp.; NPS 2018). These plants have important ecosystem
functions such as water filtration, carbon sequestration, and nutrient cycling.
Wetlands are important habitats not only for plants but for other species. Wetlands support six
reptile species, 83 bird species, and eight mammal species (Stillwater Sciences 2011). Reptiles
include the common garter snake (Thamnophis sirtalis) and western pond turtle (Emys
marmorata; Stillwater Sciences 2011). Common bird species include the mallard (Anas
platyrhynchos), American wigeon (Anas americana), American coot, killdeer (Charadrius
vociferus), black phoebe (Sayornis nigricans), marsh wren (Cistothorus palustris), and redwinged blackbird (Agelaius phoeniceus; Stallcup 1995). Mammal species include the river otter
(Lontra canadensis; Stillwater Sciences 2011).
Spring-fed wetlands and first-order riparian areas are often the only source of surface water in
grasslands, and the common perception is that livestock grazing is a serious threat to health of
wetlands. However, light to moderate autumn/winter grazing had little effect on Sierra Nevada
foothill spring-fed wetland vegetation diversity after 6 years of treatment (Allen-Diaz and
Jackson 2000). Furthermore, the removal of livestock grazing from these wetlands impaired the
ability of the spring systems to retain nitrate (Allen-Diaz et al. 2004). Grazing removal allowed
dead plant material to accumulate, thereby inhibiting plant production, resulting in high streamwater nitrate concentrations (Allen-Diaz et al. 2004).
See Tables 3 and 4 for a list of special status species occurring in PORE’s wetlands, including
information on any known impacts of grazing.
4.6 Focal and Sensitive Species
4.6.1 Tule Elk
Native Tule elk (Cervus elaphus nanodes), a subspecies endemic to California rangelands,
were extirpated from Point Reyes in the mid-19th century. Tule Elk are large grazers that prefer
wetland, grassland, and savannah habitats. Demand from market hunting and later habitat
losses from conversion to agriculture caused the near extinction of Tule Elk at the end of the
19th century (McCullough 1969). Efforts to restore Tule elk populations have been successful
and included establishment of elk reserves and later, transplants to new areas that extended to
a fenced PORE elk preserve at Tomales Point starting in 1978 (Gogan 1987). Elk numbers in
the confined area at Tomales Point began to increase rapidly and by the late 1980’s concerns
over carrying capacity led to assessment and various recommendations culminating in the
establishment of another PORE herd in the Limantour Wilderness area, which is outside of the
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Pastoral Zone. Tule elk now form three main groups at Tomales Point, Limantour, and an area
in the Pastoral Zone west of the Drakes Bay Estuary.
As Tule elk have returned from very near extinction, dozens of populations are now established
in California. Although never listed as threatened or endangered, the California Department of
Fish and Wildlife now manages Tule elk as a hunted game species (CDFW 2014). Tule elk and
cattle are both large ungulates and have similar diet and habitat preferences so interactions are
to be expected. These include dietary overlap, overlapping habitat preferences, water
requirements, behavioral interactions, disease transmission, and different reactions to human
activity (Spiegal 2015). Range that supports both elk and livestock will need some modifications
in management goals and practices, which are an important part of a overall grazing
management plan. Resolution of issues related to Tule elk will need to be an important part of
PORE planning.

4.6.2 Special status species
Numerous special status wildlife species occur in PORE-managed grazing areas. Table 3
summarizes possible grazing effects on these species. Livestock water systems, installed and
maintained by ranchers, often also increase water availability for wildlife species. Certain
infrastructure designs are more wildlife-friendly than others and so should be used where
feasible (see Section 5.4.1).
Table 3: Special status wildlife species on PORE-managed grazing lands. T = threatened; E =
endangered; SC = State of California species of concern; D = delisted
Common
Federal State
Potential effects of livestock grazing
Scientific name
Habitat
name
status status
and associated impacts
Invertebrates

Speyeria zerene
myrtleae

Myrtle’s
Silverspot
Butterfly

California
Syncaris pacifica Freshwater
Shrimp

E

Study conducted at PORE found nectar
source plants were not affected and may be
improved by cattle grazing; grazing impacts
on larval host plant unclear; species found
more frequently in grazed areas; livestock
trampling may be a minor threat (Adams
2004 in NPS 2007; USFWS 2009b).

E

Potential to be impacted by nutrient
loading and sedimentation associated with
livestock grazing; in locations where
livestock have access to creek, shrimp
habitat may be affected (Press, pers.
comm., 2018). PORE species habitat mostly
separated from grazing area (USFWS 2002).

E
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Scientific name

Common
name

Federal State
status status

Habitat

Potential effects of livestock grazing
and associated impacts

Fish
Potential to be impacted by nutrient
loading and sedimentation associated with
livestock grazing (Press, pers. comm.,
2018).
Potential to be impacted by nutrient
loading and sedimentation associated with
livestock grazing (Press, pers. comm.,
2018).

Acipenser
medirostris

Green
sturgeon

T

Eucyclogobius
newberry

Tidewater
Goby

E

Oncorhynchus
kisutch

Coho salmon

T

PORE range program unlikely to result in
negative effects to species (USFWS 2002).

Oncorhynchus
mykiss

Steelhead

T

Land use activities, including livestock
grazing, can affect habitat by changing
streambank and channel morphology,
increasing water temperatures, and
impairing water quality (McEwan and
Jackson 1996). PORE range program
unlikely to result in negative effects to
species (USFWS 2002).

Oncorhynchus
tshawytscha

Chinook
salmon

T

Grazing may alter habitat but is considered
low level threat (CDFW undated).

Reptiles
Clemmys
marmorata
marmorata

Western Pond
Turtle

SC

Livestock may trample eggs and small
juveniles; grazing may degrade aquatic
habitat (USFS 1999; Hayes et al. 1999);
pond turtles in coastal California use
grazed grasslands for nesting and as
terrestrial refuge (Rathbun et al. 2002).

Amphibians

Rana draytoni

California Redlegged Frog

Excessive livestock use can remove too
much emergent vegetation for species’
habitat needs; nutrient loading associated
with livestock use may have negative
impacts; livestock trampling could crush all
life stages of species (Ford et al. 2013)

T

Mammals
Aplodontia rufa
phaea

Point Reyes
Mountain
Beaver

SC

No specific information for grazing effects
on species available. Grazing could result in
destruction of habitat and trampling of
burrows (Press, pers. comm., 2018).
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Scientific name

Corynorhinus
townsendii

Common
name

Townsend's
Western Bigeared Bat

Federal State
status status

Long-eared bat

SC

Myotis
thysanodes

Fringed myotis

SC

Myotis volans

Long-legged
bat

SC

Yuma myotis

Point Reyes
Zapus trinotatus
Jumping
orarius
Mouse

Potential effects of livestock grazing
and associated impacts
In a Marin County, CA, study, this bat found
to forage in heavily vegetated stream
corridors and to avoid open, grazed
grasslands; no evidence to determine
whether this was a preference for forested
areas or avoidance of grazed areas (Fellers
and Pierson 2002; ECCC HCP 2006); grazing
effects on riparian overstory vegetation
and sediment transport into streams may
reduce habitat values (Gruver and Keinath
2006).

SC

Myotis evotis

Myotis
yumanennsis

Habitat

No species-specific information for grazing
effects found. Livestock impacts on
riparian areas can affect bat habitat values
(Schmidt 2003a; Buseck and Keinath 2004).
No species-specific information for grazing
effects found. Livestock impacts on
riparian areas can affect bat habitat values
(Keinath 2004).
Grazing effects on this species unknown
(Schmidt 2003b).
No species-specific information for grazing
effects found. Livestock impacts on
riparian areas can affect bat habitat values
(Hayes and Wiles 2013).
No specific information for grazing effects
on species available. Grazing could result in
destruction of habitat and trampling of
burrows. Water troughs require escape
ramps (Press, pers. comm., 2018).

SC

SC

Birds

Agelaius tricolor

Tricolored
Blackbird

SC

Buteo regalis

Ferruginous
Hawk

SC

Generally breeds in
freshwater marshes and agricultural fields;
grazing vegetation to < 15 cm can improve
foraging habitat (TBWG 2009); livestock
grazing can eliminate breeding colonies
located in mustard stands (Meese 2016).
Grazing reduces plant cover, making prey
more visible (Dechant et al. 2002); in
Central Valley, ferruginous hawk at higher
densities in grazed compared to ungrazed
grasslands (Pandolfino et al. 2011).
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Common
name
American
Falco peregrinus
Peregrine
anatum
Falcon
Saltmarsh
Geothlypis
Common
trichas sinuosa
Yellowthroat
Scientific name

Haliaeetus
leucocephalus

Bald Eagle

Federal State
status status

Potential effects of livestock grazing
and associated impacts

Habitat

Heavy livestock grazing of grasslands and
riparian vegetation could potentially reduce
abundance of avian prey (USFWS 1999).

D

Trampling of wetland vegetation could
impact habitat availability for this species
(Press, pers. comm., 2018).

SC

Overgrazing in riparian areas may degrade
bald eagle habitat (USFWS 2012a); in
Central Valley, bald eagle equally abundant
in grazed compared to ungrazed grasslands
(Pandolfino et al. 2011).

D

Numerous special status plant species occur in PORE managed grazing lands. Table 4
summarizes possible grazing effects on these species.
Table 4: Special status plant species on PORE managed grazing lands. T = threatened; E =
endangered; R = rare;
Scientific name

Common
name

Abronia umbellata
ssp. breviflora

Federal State
status status

Habitat

Potential effects of livestock grazing
and associated impacts

Pink sandverbena

Coastal dunes

Unknown

Agrostis blasdalei

Blasdale’s bent
grass

Coastal prairie,
coastal dunes,
coastal scrub,
chaparral

Grazing does not appear to have had a
deleterious effect on the plant
(Neubauer 2016).

Alopecurus
aequalis var.
sonomensis

Sonoma
alopecurus

Freshwater
marshes

Grazing reduces competition from
nearby plants, thus may be beneficial to
the species (Ryan and Parsons 2014a).

Hardwood
forest, coastal
scrub, coastal
prairie

Tends to occur in areas not favored by
cattle: rock outcrops, etc. Threatened by
competition. Possibly threatened by
overgrazing (CNPS Rare Plant Program
2018).

Wetland,
riparian. In
PORE, found
along estero
margins.

Intensive cattle trampling appears to
affect seedling survival in Drakes Estero
sites (P. Baye unpubl. data 1998).
Because of toxic and unpalatable
substances that deter herbivory in many
Astragalus species, it is unlikely that
grazing has a negative impact on the
species.

Arabis
blepharophylla

Astragalus
pycnostachyus var.
pycnostachyus

Coast rock cress

Coastal marsh
milkvetch

E
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Scientific name

Blennosperma
nanum var.
robustum

Calamagrostis
stricta ssp.
Inexpansa
(formerly C.
crassiglumis)

Calystegia
purpurata ssp.
saxicola

Campanula
californica

Carex buxbaumii

Castilleja affinis
ssp. neglecta

Common
name

Federal State
status status

Habitat

Potential effects of livestock grazing
and associated impacts

Coastal prairie.
In PORE, found
in grazed and
ungrazed
grasslands

At PORE, grazed populations include
populations with >30,000 individuals
(PORE unpublished data from rare plant
database).

Thurber's reed
grass

Freshwater
marsh, northern
coastal scrub

Cattle impact unclear, though grazing is
a potential disturbance (PORE
unpublished data from rare plant
database; CNPS Rare Plant Program
2018).

Coastal bluff
morning-glory

Coastal scrub/
dunes. In PORE,
found in grazed
and ungrazed
areas

Unknown

Point Reyes
blennosperma

R

Bogs and fens,
Susceptible to trampling and
coniferous
consumption from heavy cattle grazing,
forest, coastal
and exacerbated in dry years when
prairie and
grazing pressure increase in the wetland
meadows,
areas (Hayes and Taylor 2006). In areas
freshwater
where livestock grazing has ceased, the
marshes and
plant has been outcompeted by other
swamps. At
species (Hayes and Taylor 2006). Holcus
PORE, majority
lanatus outcompetes C. californica in
of populations
some areas of PORE (PORE unpublished
found in grazed
data from rare plant database).
areas.

Swamp harebell

Buxbaum's
sedge

Tiburon
paintbrush

E

T

Bogs and fens,
meadows and
seeps, marshes
and swamps

Unknown

Serpentine
grassland and
coastal scrub

Incidental consumption of the flowers
and fruits by cattle could potentially
negatively impact reproduction (USFWS
2012b). However, cattle grazing is
beneficial in keeping invasive grass low
(USFWS 2012b; County of Santa Clara et
al. 2010).
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Scientific name

Common
name

Federal State
status status

Habitat

Potential effects of livestock grazing
and associated impacts

Unknown

Unknown

Castilleja ambigua
ssp. ambigua

Johnny nip

Coastal scrub;
coastal prairie;
marshes and
swamps; valley
and foothill
grassland

Ceanothus
gloriosus var.
exaltatus

Glory bush

Chaparral

Ceanothus
gloriosus var.
gloriosus

Point Reyes
ceanothus

Ceanothus
gloriosus var.
porrectus

Mount Vision
ceanothus

Ceanothus masonii

Mason's
ceanothus

Chloropyron
maritimum spp.
palustre

Point Reyes
bird's beak

Chorizanthe
cuspidata var.
cuspidata

San Francisco
Bay spineflower

Chorizanthe
cuspidata var.
villosa

Wooly-headed
spineflower

Coastal scrub,
coniferous
Susceptible to herbivory by cattle/deer
forest, coastal
except where protected by Baccharis
dunes. Found in
pilularis.
grazed pastures
at PORE.
Coniferous
forest, coastal
scrub, coastal
Susceptible to competition by other
prairie, valley
plants (Holcus lanatus, Pinus muricata,
foothill and
Ceanothus spp.; CNPS Rare Plant
grassland. At
Program 2018), thus grazing may be
PORE, occurs in
beneficial to reduce competition.
grazed/ungrazed
wilderness/fores
ted areas
Chaparral
(openings, rocky,
Unknown
serpentinite)
Trampling along salt marsh edges affect
the establishment of colonies, the
Coastal salt
exclusion of seedling establishment, and
marshes
the local extirpation of colonies in the
Point Reyes area (USFWS 2013).
Coastal bluff
scrub, coastal
Unknown
dune, coastal
prairie, coastal
scrub.
Coastal dunes,
coastal prairie,
coastal scrub

Unknown
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Scientific name

Chorizanthe valida

Cicuta maculata
var. bolanderi

Cirsium andrewsii

Erysimum
franciscanum

Common
name

Federal State
status status

Habitat

Potential effects of livestock grazing
and associated impacts

Coastal prairie

Grazing seems to be beneficial to the
species, possibly due to reduction of
competitive plants (Davis and Sherman
1990; Ryan and Parsons 2014 b).
However, damage from increased
grazing or trampling may increase
seedling mortality (USFWS 1998).

Bolander's
water hemlock

Marshes and
swamps, coastal,
fresh or brackish
water; wetlands
in pastures

Cattle avoid this plant because it
contains cicutoxin, an unsaturated
aliphatic alcohol (Fuller et al. 1986).

Franciscan
thistle

Coastal prairie,
coastal scrub,
mixed
coniferous forest

Unknown

San Francisco
wallflower

Often serpentine
or granite,
sometimes
roadsides,
chaparral,
coastal dunes,
coastal scrub,
valley and
foothill
grassland

Unknown

Sonoma
spineflower

E

E

Fritillaria affinis
var. tristulis

Marin Checker
lily

Coastal scrub,
coastal prairie

Plants susceptible to herbivory by
cattle/deer, as well as competition with
non-native grasses (Holcus lanatus)
(PORE unpublished data from rare plant
database).

Fritillaria liliacea

Fragrant
fritillary

Coastal prairie,
valley grassland,
coastal scrub,
woodland

Unknown

Blue coast gilia

Coastal dunes,
coastal scrub,
areas of open
sand

Not very susceptible to cattle grazing
because species grows on sandy
substrate. Dune invasives may be more
problematic (PORE unpublished data
from rare plant database). However, it
could be susceptible to cattle trampling.

Gilia capitata ssp.
chamissonia
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Scientific name

Common
name

Federal State
status status

Habitat

Gilia millefoliata

Dark-eyed gilia

Coastal dunes

Hesperevax
sparsiflora var.
breviflora

Short-leaved
evax

Coastal scrub,
coastal dunes,
coastal prairie

Hesperolinon
congestum

Marin western
flax

Hosackia gracilis

Harlequin's
lotus

Lasthenia
californica spp.
macrantha

Perennial
goldfields

Layia carnosa

Beach layia

T

T

Grassland,
chaparral

Potential effects of livestock grazing
and associated impacts
Not very susceptible to cattle grazing
due to growing on sandy substrate.
Dune invasives more problematic (PORE
unpublished data from rare plant
database). However, it could be
susceptible to cattle trampling.
No apparent disturbance from cattle
seen by surveyors (PORE unpublished
data from rare plant database).
The species may benefit from some
levels of grazing and soil disturbance,
considering the coexistence of the
species with harvest brodiaea (Brodiaea
elegans) and Mariposa lily (Calochortus
sp.), which are known to benefit from
disturbance (USFWS 2002). Excessive
feces and urine deposition within or
adjacent to areas inhabited by the
species may alter the habitat by
fertilizing the nutrient poor soils (USFWS
2002).

Hardwood
forest/woodland
, coastal scrub,
coniferous
forest, coastal
prairie,
Grazing in the area noted but not
meadows and
considered problematic by surveyors
seeps, marshes
(PORE unpublished data from rare plant
and swamps,
database).
valley and
foothill
grassland. Found
in cattle grazed
areas and near
trails.

E

E

Coastal scrub,
coastal dunes

Unknown

Coastal dunes,
coastal scrub

Cattle grazing is not an impact in the
Abbotts-Kehoe area (USFWS 1998).
However, it may be susceptible to
trampling.
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Scientific name

Leptosiphon
grandiflorus

Leptosiphon
rosaceus

Common
name

Federal State
status status

Large-flower
leptosiphon

Habitat

Potential effects of livestock grazing
and associated impacts

Coastal scrub,
coniferous
forest,
woodland,
coastal dunes,
coastal prairie,
valley and
foothill
grassland

Cattle grazing and trampling noted in
area but not considered problematic by
surveyors. Increasing competition from
weeds, grass, and brush may pose more
of a threat. (PORE unpublished data
from rare plant database).

Rose
leptosiphon

Coastal scrub

Coast lily

Coastal prairie,
coastal scrub,
forest/woodland

Limnanthes
douglasii ssp.
sulphurea

Point Reyes
meadowfoam

E

Coastal prairie,
meadows and
seeps, marshes
and swamps,
and vernal pools

Lupinus tidestromii

Tidestrom’s
lupine

E

Coastal dunes

Lilium maritimum

Microseris
paludosa

Marsh
microseris

Monardella
undulata

Curly-leaved
monardella

E

Lightly grazed by cattle. Invasive plants
encroach on habitat in areas (PORE
unpublished data from rare plant
database).
Grazing exclusion study conducted by
PORE suggests that grazing reduces
reproductive rates of Lilium maritimum
(PORE unpublished data from rare plant
database).
Grazing and trampling observed by PORE
surveyors but also reduces plant
competition may be beneficial (PORE
unpublished data from rare plant
database).
Trampling from livestock degrade the
habitat (USFWS 2009a). Grazing may
have led to the extirpation of population
at Dillon Beach (USFWS 2009a), although
cattle do not typically graze on lupines
because they are poisonous (Forero et
al. 2011). Properly timed grazing may be
beneficial (CNPS Rare Plant Program
2018).

Forest/woodlan
Grazing in the area noted but not
d, grassland,
considered problematic by surveyors
coastal dunes,
(PORE unpublished data from rare plant
coastal scrub,
database).
chaparral
Grazing evident in the area, and species
may be susceptible to cattle trampling.
Coastal dunes,
Invasive plants encroach on some areas.
coastal scrub
(PORE unpublished data from rare plant
database).
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Scientific name

Common
name

Federal State
status status

Habitat

Potential effects of livestock grazing
and associated impacts

Hardwood
forest,
Grazing evident in the area where the
chaparral,
plant occurs. Competition with Romulea
coastal prairie,
rosea and Holcus lanatus poses a threat
valley and
(PORE unpublished data from rare plant
foothill
database).
grassland, vernal
pools

Perideridia
gairdneri var.
gairdneri

Gairdner’s
yampah

Phacelia insularis
var. continentis

North coast
phacelia

Coastal scrub,
coastal dunes

Its subspecies is threatened by browsing
and grazing (PHINC federal register).

Piperia elegans
ssp. decurtata

Point Reyes rein
orchid

Coastal bluff
scrub, coastal
prairie

Grazing and browsing affected
maturation and flowering of stems
(Lauri, R. K. 2007).

Piperia michaelii

Michael's
piperia

Coastal prairie

Grazing in the area noted but effects
unknown (PORE unpublished data from
rare plant database).

Shallow pools
near sea level

Increased nitrogen and soil compaction
may be a concern. Plant competition
poses a threat (PORE unpublished data
from rare plant database).

Ranunculus lobbii

Lobb’s aquatic
buttercup

Sidalcea calycosa
ssp. rhizomata

Point Reyes
checkerbloom

Stellaria littoralis

Beach starwort

Streptanthus
glandulosus ssp.
pulchellus

Mt. Tamalpais
jewel-flower

Some areas more heavily impacted by
cattle; Holcus lanatus competition a
concern; also noted that plants may be
Marshes and
out-competed by shrub species that
wet places
have increased where cattle have been
excluded (PORE unpublished data from
rare plant database).
Potential disturbance from ranch
Marshes, bogs,
infrastructure maintenance, cattle
and coastal
grazing and compaction of wetland soils.
bluffs; seasonal
Potential competition from non-native
wetlands in
grasses (PORE unpublished data from
coastal prairie
rare plant database).
Grow in rocky outcrop area where cattle
Chaparral, valley
grazing is limited by ceanothus growth
and foothill
(PORE unpublished data from rare plant
grassland
database).
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Scientific name

Common
name

Trifolium
amoenum

Two-fork clover

Triphysaria
floribunda

San Francisco
owl’s clover

Viola adunca

Western dog
violet

Federal State
status status

E

Habitat

Potential effects of livestock grazing
and associated impacts

Reintroduced at PORE on D Ranch in
cattle-grazed area and area grazed by elk
only. Future monitoring needed to
determine if this reintroduced
population will persist. As of 2016,
subset of reintroduction sites in the
cattle grazed area have the highest
number of flowering heads (Jeffery
2016). Listing rule (USFWS 1997)
Coastal bluff
suggested that some historic locations of
scrub; valley and
species may have been eliminated due
foothill
to grazing. Herbivory currently presents
grassland
a threat to the reintroduced populations
at PORE, but likely due only to the small
populations involved. Healthy-sized
population would likely be able to
sustain moderate herbivory. Unclear
whether this herbivory might also be
advantageous to species by disturbing
areas and reducing competition from
non-native plants (USFWS 2012c).
Role of grazing in maintaining rare plant
Coastal
populations on serpentine soils generally
beneficial (Weiss 1999, Beck et al. 2015,
grassland
Funk et al. 2015).
Host plant for Myrtle's silverspot
butterfly (see Table 3). Cattle grazing
occurs across habitat. Listing notes cattle
Coastal
grazing as a threat as it may result in
grassland;
consumption, trampling of plants, soil
forest; wetlandcompaction, erosion, and other
riparian
deleterious effects. Conversely, grazing
may maintain habitat by reducing
competition (USFWS 2002).

4.7 Invasive Plants
Controlling invasive plants has proven to be one of the greatest challenges facing California
rangeland managers and restoration practitioners (Stromberg et al. 2007). The recent Natural
Resource Condition Assessment (NRCA) review of invasive species in PORE concluded that
the “total number of invasive plant species and the number of new introductions are high
enough to warrant significant concern” (NPS 2018). The review included a list of 167 invasive
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species known to occur in PORE, ranked by control priority (Appendix E). Many of these
species occur in the pastoral zone, although it should be noted that many priority 4 category
species are perhaps more accurately understood as ubiquitous, naturalized 1 non-native species
(e.g., Avena barbata, A. fatua, Bromus hordeaceus, Geranium dissectum, Medicago
polymorpha, and Trifolium hirtum) and, in fact, are readily consumed by livestock and native
grazers. Controlling these weeds may be of lower priority than controlling other species still in
the process of invasion (hence the former’s lower priority category). A detailed weed
management strategy is beyond the scope of this grazing management plan; rather, we provide
general weed management recommendations and brief overviews of common management
methods for the primary rangeland invasive plant species of concern at PORE.
The NPS Inventory & Monitoring network has an early detection program that surveys PRNS
and GOGA for invasive plants and eradicates small new infestations. The PORE range program
keeps up-to-date with new invasive species and park infestations, conducts research and
employs relevant control techniques within an Integrated Pest Management framework, and
monitors treatment effectiveness and documents other effects. For example, the range program
is currently researching control methods for rosy sand crocus (Romulea rosea var. australis; see
Section 4.7.7) in collaboration with University of California (UC) Cooperative Extension (Voeller,
pers. comm., 2018).
Preventing new infestations is generally acknowledged as the most cost-effective method of
managing invasive species (Lodge et al. 2006; NISC 2016), and PORE should adopt best
management practices that reduce the likelihood that invasive plants are introduced into PORE,
or spread within the park. A California Invasive Plant Council (Cal-IPC) publication provides a
comprehensive description of best management practices for preventing introductions of
invasive plants (Cal-IPC 2012).
Invasive plant management tools available to rangeland managers include livestock grazing;
however, a single weed management tool typically does not result in successful control
(DiTomaso et al. 2007). To increase the likelihood of successful long-term control, weed
management experts recommend combining multiple weed management methods, tailored to
situation-specific goals, constraints, and opportunities (DiTomaso et al. 2007; NISC 2016).
Using livestock to control invasive plants often requires prescribed grazing, which is the
application of specified livestock grazing actions to accomplish specific vegetation management
goals. Grazing intensity, animal distribution, and grazing period are often rather different from
standard, light to moderate intensity grazing, and livestock performance may be significantly
reduced. Consequently, finding a livestock operator willing to implement a grazing prescription
can prove difficult and may require incentives, such as reduced grazing fees or even payment to
the operator. Furthermore, intensive grazing, sometimes necessary for successful weed
control, can have undesirable consequences: concentrated hoof impacts and greatly reduced
1

Naturalized species are those non-native species that were once invasive but now are so wide-spread,
well-established, and abundant in an ecosystem or a region that they can no longer be described as
invasive, that is, as spreading into new areas (Spiegal et al. 2016).
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vegetative cover could result in increased soil erosion, and greater area of bare ground may
allow other weed species to establish and thrive. In addition, intensive grazing may significantly
impact desirable species in the weed-infested area.
Those caveats noted, prescription grazing can work well in controlling some weed species
(DiTomaso et al. 2007). An essential planning factor is that prescription grazing has to be timed
to the target species’ phenology. Grazing must occur when weeds are most vulnerable to
defoliation; poorly timed grazing can actually benefit target species (Huntsinger et al. 2007).
Timing prescription grazing to avoid vulnerable periods for desirable plants like native perennial
grasses may also be necessary. Another consideration is the effect of prescription grazing on
stocking rate. Forage consumed as part of a grazing prescription should be considered when
making stocking rate decisions, although Animal Unit Months in weed-infested areas may differ
from standard calculations (see Bartolome et al. 2006). An invasive species management plan
should address these important issues.
When developing an invasive species management work plan for an area that is grazed, if
herbicide use is being contemplated, it is important to account for the fact that some herbicides
have restrictions for use in rangelands, and treated areas may have to be excluded from
livestock grazing for weeks or even an entire season, depending on the herbicide (DiTomaso et
al. 2013; Hulting 2016; Prather 2017). Although this trade-off may be well worth making in order
to control a weed population, the restriction on livestock use should be planned for, in
consultation with the livestock operator. Similarly, prescribed burning for weed control is likely
to reduce forage production by as much as half in the first year or two following the fire and
should be planned for in consultation with the livestock operator (Becchetti et al. 2011).
Because herbicide use on rangeland weeds could affect organic certification for livestock that
graze in the treated areas, the type of weed control should be carefully evaluated. Some
organic certification-compatible herbicides are available, but information about their efficacy in
range systems is generally limited (although see DiTomaso et al. 2017 for a PORE-specific
study). Available organic herbicides damage a plant upon contact but are not conveyed through
the plant’s vascular system so typically do not kill large or perennial plants; control of small,
annual plants may be achievable. Available organic herbicides are also non-selective so will
damage non-target plants if contact occurs (Cal-IPC 2015; Kyser 2015).
PORE has implemented an early detection program (NPS 2018, 216). Invasive species experts
consider early detection-rapid response programs to be key for successful, long-term invasives
control, in part because they allow for the possibility of immediate eradication at the stage when
the invasive is at low numbers and occupies a small area (DiTomaso et al. 2007; USDI 2016;
NISC 2016). An early detection-rapid response program can also reduce invasive control costs
over the long-term (Lodge et al. 2006). The National Invasive Species Council, of which the
Department of the Interior is a founding member, recently released a management plan that
emphasizes early detection and rapid response as an essential strategy for reducing the
negative impacts of invasive species and lays out the action plan for implementing a national
early detection-rapid response program over the next two years (NISC 2016; USDI 2016).
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Although PORE’s early detection program involves annual surveys by supervised volunteers of
significant portions of the Seashore (NPS 2018, 219-221), PORE staff may wish to consider
harnessing the ‘crowd-sourcing’ power of the public and of PORE ranchers to locate new
invasives, via educational signage and requests for reports of observations. Early detectionrapid response programs often rely upon reports from users of an area (e.g., recreational users
or livestock operators; Lodge et al. 2006). Educational signs around both public access points
and livestock corrals, gates, etc. could briefly describe potential invasives, preferably with
photographs, and request that users take a georeferenced photo of any of those invasives they
observe and send it to a designated PORE staff member. PORE ranchers especially are likely
to cover areas not surveyed by PORE’s early detection program, which is limited to a ten meter
belt along roads and trails, as well as areas not surveyed every year (NPS 2018, 219-221).
4.7.1 Barbed goatgrass
Barbed goatgrass (Aegilops triuncialis) is an invasive grass spreading rapidly in California’s
rangelands. It forms monocultural stands that reduce species diversity, habitat values, and
forage for livestock and wildlife (Davy et al. 2008). Its thatch layer is slow to decompose and
can inhibit germination of other plants, and goatgrass awns can injure livestock. Barbed
goatgrass has been identified by the NPS San Francisco Area Network’s early detection
program along one road in a grazed pasture. However, surveys have not been comprehensive
and this species may be present in more locations than currently known (Foss, pers. comm.,
2018). Because goatgrass is such a noxious and invasive weed and currently does not appear
to be widespread across PORE (NPS 2018, 228), an early detection-rapid response program
should be an effective control technique, helping to contain, if not eradicate, the infestation.
Control of goatgrass is typically achieved with prescribed fire or with herbicides because this
annual grass species is mostly unpalatable to livestock (Davy et al. 2008). Brownsey et al.
(2016) describe the growth stages during which goatgrass is likely to be vulnerable to grazing
but do not currently recommend grazing as a control method. A goatgrass seed is often
twinned with a smaller seed that is inhibited from germinating by its larger sibling seed. This
second, smaller seed tends to germinate the year after its larger twin. Consequently, several
studies have recommended that multiple burns, ideally two consecutive annual burns, are
needed for effective control of goatgrass because a single burn is unlikely to kill the smaller
seeds remaining in the soil that then germinate the following season (DiTomaso et al. 2001,
Hopkinson et al. 1999). A recent report by Marty et al. (2015), however, suggests that in years
with high biomass production and therefore high fuel loading, a prescribed fire will likely burn hot
enough to kill most of the seeds and achieve control for several years after the burn. Therefore,
in highly productive years, goatgrass burns are a priority. Ideally, the initial burn would be
followed by a second burn the following year to maximize control results; however, a
consecutive burn is more important following a burn in a low productivity year when control is
likely to be limited.
Goatgrass seedheads remain on the plant later into the summer than seedheads of most other
annual grassland species. Therefore, an appropriately timed burn can kill goatgrass seeds
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aboveground but not affect more desirable forage and/or native species seeds that have already
shattered and entered the soil. In Central Valley annual grassland, Marty et al. (2015) burned in
June and saw not only reduced goatgrass germination and cover for 6-7 years but also an
increase in native species richness in the first year. DiTomaso et al. (2001) note that goatgrass
phenology varies “dramatically depending on seasonal climatic conditions” so burns may work
best from May to July, depending on goatgrass phenology in the burn year.
Herbicide application can also successfully control goatgrass. A study in Lake County found
that application of fluazifop in early May resulted in excellent control of goatgrass (Aigner and
Woerly 2011). In addition, carefully timed mowing can reduce goatgrass seed production.
Mowing must occur after flowering but before seeds fully develop (Aigner and Woerly 2011;
DiTomaso et al. 2013; Brownsey et al. 2016). Goatgrass recovers from early mowing, and
mowing late in the season can spread goatgrass seeds (DiTomaso et al. 2013). A recent
University of California Agriculture and Natural Resources (UC ANR) publication provides clear
descriptions of the susceptible growth stages and the approximate timing for mowing to control
goatgrass successfully; a five week period typically from May to early June affords the greatest
likelihood of successful control (Brownsey et al. 2016).
4.7.2 Purple false brome
Purple false brome (Brachypodium distachyon), an annual grass, is spreading regionally and
locally in California (Cal-IPC 2007). Over the past decade, the Range Ecology Lab has
observed the species spreading and increasing in abundance in both annual grassland and
coastal prairie sites in the East Bay (unpublished data). Purple false brome has been observed
in several parts of PORE, especially east of Highway 1 (NPS 2018, 231), and it increased on
PORE coastal prairie monitoring transects between 1988 and 2011 (NPS 2018, 199, 211). The
ecological impacts of purple false brome are not well studied, although Cal-IPC’s Plant
Assessment Form (Cal-IPC 2007) for this species states that purple false brome can “form
dense stands in some locations, particularly in oak woodlands” that could “reduce diversity and
prevent native species from establishing”. In addition, DiTomaso et al. (2013) note that purple
false-brome makes poor forage, for livestock or wildlife, because it has fibrous stems, sparse
foliage, and awned florets, which can also injure animals.
Limited information about control of this grass was found (DiTomaso et al. 2013; Gelbard 2004).
Gelbard (2004) briefly notes that asulox may provide some control. DiTomaso et al. (2013)
state that prescribed burning in early summer has significantly reduced purple false brome and
provide some general recommendations on herbicide control of annual grasses. The
Conservation Biology Institute, in collaboration with San Diego State University, has conducted
purple false brome control trials with herbicide (Fusillade II) and mowing in San Diego County.
Preliminary results after the first year indicated some measure of control with both the herbicide
and the mowing (Gordon-Reedy, pers. comm., 2012).
4.7.3 Purple starthistle
Purple starthistle (Centaurea calcitrapa) is a priority 1 invasive plant at PORE (NPS 2018).
PORE has been active in early detection and manual removal of this species in a handful of
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locations on grazed park lands; one GOGA ranch is heavily infested, and PORE staff are
currently researching treatment methods at that location (Voeller, pers. comm., 2018). To a
greater extent even than its congener, yellow starthistle (C. solstitialis; see below), purple
starthistle has rigid spines that deter grazing by livestock, injure animals, and generally degrade
habitat and recreational values (DiTomaso et al. 2013).
Livestock grazing is not an effective control as grazing animals generally avoid purple
starthistle. Livestock use can actually encourage the weed by grazing on more palatable plants
surrounding purple starthistle that would otherwise compete with it. Burning is not effective, and
while mowing can reduce seed production, purple starthistle can resprout from root crowns
(DiTomaso et al. 2013).
Manual removal can control small infestations, although this method must be undertaken
multiple times a year for several consecutive years. Herbicide application can also control
purple starthistle, although some of the effective herbicides are not registered for use in
California (DiTomaso et al. 2013). DiTomaso et al. (2013) provide a comprehensive list of
effective herbicides.
4.7.4 Yellow starthistle and tocalote
Yellow starthistle (Centaurea solstitialis) is one of the worst rangeland weeds in California,
occupying over 3 million hectares of California grasslands and continuing to spread (Bossard
and Randall 2007). It does not appear to be common at PORE (NPS 2018, 236) and therefore,
like barbed goatgrass, would be a suitable candidate for the early detection-rapid response
program. One small population at GOGA was treated and effectively eradicated in early-mid
2000s (Voeller, pers. comm., 2018). Yellow starthistle often forms monocultures, displacing
native species, and as a deep-rooted summer annual, can deplete soil moisture and alter a
site’s hydrology (Gerlach 2004). Yellow starthistle infestation also lowers recreational and other
human use values (DiTomaso et al. 2006).
Its congener, tocalote (C. melitensis), has similar impacts, although generally to a lesser degree
(DiTomaso et al. 2013). Tocalote is shorter than yellow starthistle, and its spines are half the
length or less than those of yellow starthistle (Baldwin et al. 2012). It is less competitive than
yellow starthistle, and because it generally does not live into late summer, its use of summer soil
moisture is less significant than that of yellow starthistle (DiTomaso et al. 2013). As of 2014,
tocalote was more widely distributed at PORE than yellow starthistle (NPS 2018, 235). It occurs
on GOGA along Nicasio Ridge adjacent to serpentine, and PORE staff have conducted some
manual treatment in this area (Voeller, pers. comm., 2018).
Several methods of control, including prescribed burning, livestock grazing, herbicide
application, and biological control by insects, can help control, if not eliminate, yellow starthistle
(DiTomaso et al. 2007). DiTomaso et al. (2007) describe a successful long-term control
program using a prescribed burn in the first year, followed by a second-year clopyralid
treatment. Bossard et al. (2000) recommend burning after native species have dispersed their
seeds but before yellow starthistle produces viable seed in the summer months. DiTomaso et
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al. (2013) provide detailed recommendations about herbicide use for yellow starthistle control.
Goat grazing has proved successful in controlling yellow starthistle experimentally (Thomsen et
al. 1993; Goehring et al. 2010) and in management situations (DiTomaso et al. 2006). Unlike
cattle or sheep, goats will eat yellow starthistle in its spiny stage and so can be deployed later in
the season; goats can also be corralled within small areas by electric fencing and watered with
a mobile water source. As a result, a mixed goat and cattle or sheep strategy may afford
greater control than cattle or sheep alone. On the downside, goat rental can be expensive (goat
herd owners are typically paid to graze their animals), goats are vulnerable to predators, and
their impact on non-target plant species may be undesirable (DiTomaso et al. 2006).
Furthermore, because they are often fenced into small areas and will eat a wide variety of
plants, goats can remove most of the plant cover in an area; unless carefully managed, they
may increase erosion on slopes or creek banks. Such considerations should be addressed if
goat grazing is implemented. Note that yellow starthistle is poisonous to horses, but tocalote is
not known to have these toxic effects (DiTomaso et al. 2013).
Grazing prescriptions must be carefully designed because grazing yellow starthistle at the
wrong phenological stage can actually benefit the plant. Cattle grazing in late winter or early
spring can favor yellow starthistle because cattle will primarily eat grasses, leaving the lowgrowing yellow starthistle rosettes unshaded; the increased sunlight levels stimulate their growth
(Huntsinger et al. 2007). Bossard et al. (2000) report that intensive grazing by sheep, goats, or
cattle before yellow starthistle’s spiny stage but after bolting, which generally occurs in late
spring/early summer, can reduce biomass and seed production. A recent study in Colusa
County found that prescribed cattle grazing from January through May failed to reduce yellow
starthistle cover, probably because the grazing season did not extend into summer when yellow
starthistle is most vulnerable to grazing (Davy et al. 2015). Especially in years with significant
late spring rainfall, Davy et al. (2015) recommend that cattle grazing should, if possible,
continue into the summer to maintain control of yellow starthistle. Cattle and sheep will no
longer graze on yellow starthistle once spines are present and can, in fact, be injured by the
spines so grazing by these livestock species should stop at this phenological stage; as noted
above, goats will continue to eat yellow starthistle even with spines present.
DiTomaso et al. (2013) state that no grazing studies have been undertaken for tocalote control
but suggest that effective grazing treatment may be similar to that for yellow starthistle, although
following a different timeline as tocalote’s lifecycle is earlier than that of yellow starthistle.
4.7.5 Velvet grass
Velvet grass (Holcus lanatus) is one of the most troublesome perennial grass weeds in the
coastal prairie and is so abundant at PORE that it is rated as a lowest priority invasive species
(Appendix E). Dense stands of the perennial grass have been shown to displace native
species, and accumulation of velvet grass litter inhibits germination of native species and
increases risk of fire (DiTomaso et al. 2013).
Cattle grazing significantly reduced velvet grass cover on grazed coastal prairie sites (Hayes
and Holl 2003), which confirms findings from Europe and Australia, although there is evidence
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that occasional, low intensity grazing can encourage the spread of the species (DiTomaso et al.
2013; Pitcher and Russo 1988). Livestock trampling contributes to velvet grass control (Pitcher
and Russo 1988). A study conducted at PORE found that tule elk grazing and trampling also
greatly reduced velvet grass cover, particularly in open grassland, although elk did not prevent
the spread of velvet grass into uninfested areas (Johnson and Cushman 2007; Ender et al.
2017). DiTomaso et al. (2013) recommend several effective herbicides for control. In some
situations, mowing or prescribed burning, especially if combined with grazing, can also reduce
velvet grass cover (DiTomaso et al. 2013; Pitcher and Russo 1988). Seeds can survive in the
soil seedbank for up to 10 years so control will be a long-term process (DiTomaso et al. 2013).
4.7.6 Stinkwort
Stinkwort (Dittrichia graveolens) is a fairly new invasive to California but has been spreading
rapidly. It was one of the species recently documented in both GOGA (in 2011) and PORE (in
2014) by the PORE Invasive Species Early Detection Team (NPS 2018). Stinkwort is known
mostly as a weed of roadsides and disturbed areas and appears to be a poor competitor against
annual grasses, but, based on its impact in Australian rangelands, stinkwort may have the
potential to invade California grasslands and open riparian zones (Brownsey et al. 2013;
DiTomaso et al. 2013). In addition, it causes contact dermatitis, “producing blistering and
itchiness equal to that of poison oak” (Leitner 2016), which could affect park users as well as
PORE staff and lessees. Its barbed pappus has been implicated in livestock deaths (DiTomaso
et al. 2013) and likely has the potential to injure tule elk and other wildlife as well. It may also be
poisonous to livestock (Brownsey et al. 2013). Seed viability in the soil is believed to last 2-3
years (Brownsey et al. 2013).
Control information is limited. Grazing and fire are unlikely to be effective. Mowing at least
twice late in the growing season may provide control, although prostrate stems can escape
most mowers (Brownsey et al. 2013). Post-emergent herbicide efficacy is reduced by
stinkwort’s foliar oil; Brownsey et al. (2013) provide detailed information about herbicide use for
stinkwort. Hoeing or pulling has resulted in control of small populations; protective clothing
should be worn and plants should be bagged and removed to avoid dispersing seeds that ripen
on uprooted plants (Leitner 2016; DiTomaso et al. 2013). Because stinkwort has an affinity for
disturbed areas with limited vegetation, soil disturbance due to grazing or other activities should
be minimized and dense herbaceous cover in the spring encouraged (Brownsey et al. 2013).
4.7.7 Rosy sand crocus
Rosy sand crocus (Romulea rosea var. australis) is a non-native perennial forb found in the San
Francisco Bay area, Sacramento Valley, and north and central coast ranges of California. Rosy
sand crocus is native to South Africa and is naturalized in Western Australia, south Australia,
Victoria and New South Wales in areas that match California's climate (Cal-IPC 2016). It has
the appearance of a grass unless in flower, and has the potential to spread rapidly via seed or
underground corms. It is ranked as a high priority weed in PORE; monitoring data indicate that
it has increased in distribution and cover within PORE’s rangelands over the last 20+ years
(NPS 2013). Rosy sand crocus has become a dominant species in the coastal grasslands on
several ranches in PRNS and has been found to be increasing on ranches in GOGA (Foss,
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pers. comm., 2018). Thus, in areas where it is not yet widespread, continued monitoring by the
early detection-rapid response program seems prudent to avoid the spread of rosy sand crocus
elsewhere in the park (Goal 3).
Bare ground and lack of competition from desirable forage species create ideal conditions for
rosy sand crocus to spread. In Australia, a recommendation for preventing spread of the plant
is to manage the pastures to maintain >70% ground cover of desirable species. Control
experiments have been conducted in Victoria, Australia, revealing that 1) the herbicide
metsulfuron methyl was effective at reducing the population density of the plant without harming
adjacent native plants; 2) fertilizer application helped other native plants compete with rosy sand
crocus because rosy sand crocus does not respond to fertilizer application; 3) close
defoliation/grazing reduced seed production and the number and size of corms, suggesting that
a carefully designed grazing prescription in an affected pasture has the potential to reduce the
density of rosy sand crocus (Nie et al. 2012; Agriculture Victoria 2009).
That being said, large amounts of rosy sand crocus ingestion in cattle can lead to the formation of
phytobezoars (fiber balls) in the gut and can cause acute intestinal obstruction (Pitt 1976). Grazing
livestock can also play a significant role in dispersing rosy sand crocus seeds. Seeds can also
disperse via mowing, slashing, and some insects such as ants (Agriculture Victoria 2009).
PORE staff and lessees should act with caution when treating or traveling from the rosy sand
crocus populations so as not to further spread the reproductive material.
PORE staff have been partnering with ranch operators and UC Cooperative Extension staff to
study the effectiveness of controlling rosy sand crocus at multiple sites.
4.7.8 Wooly distaff thistle
Wooly distaff thistle (Carthamus lanatus) is a non-native winter annual forb occurring in coastal
northern California and found in disturbed areas such as roadsides, pastures, and annual
grasslands. Wooly distaff thistle is not widespread in PORE and as such is ranked as a high
priority weed. Dense stands have formed at a few ranches in the Lagunitas Loop in GOGA, but
none has been detected on PRNS. Ten new occurrences were documented in the invasive
plant species early detection 2014 annual report (NPS 2017).
Heavy cattle grazing can increase populations of wooly distaff thistle because cattle will
selectively graze more palatable species nearby, thereby reducing competition (DiTomaso et al.
2013).
Manual removal can control small infestations. Plants should be cut below the soil surface to
prevent resprouting. Mowing after bolting but before flower bud development can prevent seed
production, but mowing must be carefully timed as mowing too early will encourage regrowth.
These methods must be undertaken multiple times a year for several consecutive years
(DiTomaso et al. 2013).
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Herbicide application can also control wooly distaff thistle. DiTomaso et al. (2013) provide a
comprehensive list of effective herbicides. A recent study found that an organic herbicide was
almost as effective in controlling wooly distaff thistle as conventional herbicides (DiTomaso et al.
2017).
PORE staff are collaborating with ranch operators and UC Cooperative Extension to study
control options. Current management includes treatment of small isolated infestations. A larger
scale effort was initiated in 2017 on one ranch with a heavier infestation (Voeller, pers. comm.
2018).
4.7.9 Spiny plumeless thistle
Spiny plumeless thistle (Carduus acanthoides) is a tall, non-native biennial found in disturbed
areas such as roadsides, pastures, and annual grasslands. Spiny plumeless thistle is not
widespread in PORE and as such is ranked as a high priority weed. One new occurrence was
documented between 2008 and 2014 (NPS 2018). It should be included in PORE’s early
detection-rapid response program.
Heavy cattle grazing can increase populations of spiny plumeless thistle because cattle will
selectively graze more palatable species nearby, thereby reducing competition, though cattle
and horses have been known to eat the flower heads occasionally (DiTomaso et al. 2013).
Mechanical treatment and herbicide application recommendations are similar to those for wooly
distaff thistle (Section 4.7.8).
4.7.10 Medusahead
The annual grass medusahead (Elymus [Taeniatherum] caput-medusae) is a noxious rangeland
weed, increasing across California and the western U.S. (DiTomaso and Healy 2007). It was
recently identified on one ranch at PORE and is currently being treated (Foss, pers. comm.,
2018). Medusahead can form dense stands and persistent thatch layers that displace native
species and reduce wildlife habitat and forage values (DiTomaso et al. 2013). Preliminary
results from a study at the UC Sierra Foothill Research and Extension Center indicate that
abundant medusahead causes significant loss of cattle productivity and, therefore, livestock
market value (James et al. 2016). In addition, medusahead awns can injure grazing animals,
and its thatch layer can increase fuel for wildfire (DiTomaso and Healy 2007). Kyser et al.
(2014) is a useful general manual on medusahead control.
In a recent meta-analysis of 22 medusahead control studies, herbicide with subsequent
reseeding proved the most effective treatment method, and glyphosate the most effective
herbicide (James et al. 2015). James et al. (2015) suggested that burning may be similarly
effective but could not locate a sufficient quantity of long-term studies to test this hypothesis. In
a California annual grassland, two consecutive annual burns when medusahead had begun to
head out but before it had dropped seed nearly eliminated a medusahead infestation (DiTomaso
et al. 2013). In the meta-analysis, sheep and cattle grazing appeared to be moderately
effective, but the control effect was strongly dependent on grazing timing and intensity, which
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can be difficult to implement (James et al. 2015; Davy et al. 2015; Brownsey et al. 2016).
Although livestock typically avoid medusahead as it matures, DiTomaso et al. (2007) reported
that high intensity grazing by sheep in April and May can reduce medusahead cover
significantly. A recent University of California Agriculture and Natural Resources publication
provides clear descriptions of the susceptible growth stages and the approximate timing for
grazing to control medusahead successfully; a very short, 2 to 3 week period, typically from
early April to May in the California annual grassland, is the optimal period to achieve control of
medusahead with livestock grazing (Brownsey et al. 2016). Where feasible, mowing can also
be an effective method of control, if timed to coincide with medusahead’s vulnerable growth
stage, an approximately 5 week period, typically lasting from late April to early June in the
California annual grassland (Brownsey et al. 2016).

5. RANGE MANAGEMENT
5.1 Overview of grazing ecology and management in California
The science base for grazing management has grown over the past ten years, culminating in
reviews, analyses, and recommendations for rangeland management practices in North
America (Briske et al. 2011), and in California (Spiegal et al. 2016, Stahlheber and D’Antonio
2013, Huntsinger et al. 2007, various UC ANR publications). Those authors concluded that the
result of any grazing practice is highly site-specific and largely dependent on the interactions of
site and weather with grazing. A fundamental principle of grazing management on Californian
rangelands is the need for flexibility in both planning and application (Bush 2006, Huntsinger et
al. 2007). Livestock grazing is a complex ecosystem process for which management entails
site-specific control of intensity, timing, and distribution (Jackson and Bartolome 2007). This
complexity has reduced the generality of results from grazing experiments. An evaluation of 30
grazing studies in California grasslands showed that results were primarily dependent on soil
properties and weather, with variable and probably site-dependent effects of the grazing
treatments (Huntsinger et al. 2007).
As discussed throughout this document, published research evaluating the use of grazing as a
means for restoring and/or managing vegetation reports mixed results in California (Huntsinger
et al. 2007). In a meta-analysis of grazing experiments in California’s Mediterranean-type
grasslands, Stahlheber and D’Antonio (2013) reported that grazing often increased native
grasses, but also non-native forbs, and sometimes increased native forbs, but again, the results
all appeared to be highly site-specific and dependent on weather patterns. Section 4.5,
Vegetation Communities, describes the variable impacts that grazing can have on the grazed
plant communities of PORE.
Rangeland managers do not control weather patterns, but they can manipulate range
productivity and plant species composition through the management of residual dry matter
(RDM). RDM is the dry aboveground plant material remaining after the growing season is
completed and is an important indicator of the degree of grazing use on annual rangelands
(Bartolome et al. 2006). Regional RDM targets have been developed to promote protection of
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rangeland vegetation and soils (Bartolome et al. 2006), and are considered a “best practice” for
range management where available. However, care must be taken as manipulation of RDM
can positively impact one species while negatively impacting others. “Identification of the
habitat needs and responses to grazing of individual species must be carried out on site- and
species-specific bases” (Bush 2006). Section 5.7.4., “Current and past monitoring practices of
the PORE range program”, details historic and ongoing RDM monitoring efforts at PORE.
Traditionally, a goal for livestock grazing management has been maximum uniformity of use
within and between pastures (Heady and Child 1994). More recently, range scientists have
argued that the benefits of heterogeneity to achieve varying resource management goals
outweigh those of uniform use (Bestelmeyer et al. 2011). Cattle stocking densities are matched
with the length of the grazing period, season of use, and the configuration of the pasture to use
forage efficiently while still promoting vegetation heterogeneity beneficial to a range of goals
(see Goal 4). The relative degree of uniform utilization and heterogeneity can best be
determined through RDM mapping (Wildland Solutions 2008) and then may be used to modify
management practices (see Sections 5.7.1 and 5.7.3).
5.1.1 Grazing systems
Broadly speaking, a grazing system is any planned grazing program that controls livestock
grazing to achieve specific goals. Since the 1940s, many specialized grazing systems have
been developed in the western U.S., generally with the goal of restoring degraded rangeland
sites, increasing vegetative production, or increasing livestock production (Holechek et al. 2011,
168). Although planned continuous grazing is a grazing system under the broad definition
above, the term ‘grazing system’ is most often used to refer to a specialized form of grazing that
entails rotating livestock among two or more pastures or other management units, often with
periods of grazing and non-grazing recurring within a year or season (Vallentine 2001, 473).
Compared to continuous grazing, rotational grazing systems tend to be more expensive to
implement because of increased infrastructure (water developments and fencing) and labor
costs (Barry et al. 2015b).
Rotational grazing can vary from ‘seasonal suitability grazing’ to ‘intensive rotational grazing,’
among numerous other rotational systems (see chapter 14 in Vallentine 2001 and chapter 9 in
Holechek et al. 2011 for comprehensive reviews). In seasonal suitability grazing systems,
animals are moved between pastures over the course of the season in a flexible scheme to take
advantage of available forage, water, or other requirements. In intensive rotational grazing
systems, pastures are grazed intensively by many animals per unit area for a short period
(multiple times per day to a week or two) before the animals are moved to another pasture, and
pastures are typically grazed repeatedly over the season (Barry et al. 2015b). A recent survey
of California ranchers found that many ranchers practiced rotational grazing of the seasonal
suitability type, but only a small percentage of the respondents practiced intensive rotational
grazing, suggesting that California ranchers generally do not perceive sufficient net benefits
resulting from intensive rotational systems (Roche et al. 2016).
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Rotational grazing using medium to high intensity and medium to high frequency use of multiple,
subdivided pastures is known to provide some benefits in mesic grasslands and irrigated
pasture (Briske et al. 2008). In more arid rangelands, studies have generally found no increase
in livestock or vegetative production compared to continuous grazing (Vallentine 2001, 479;
Briske et al. 2008; Holechek et al. 2011, 182; Barry et al. 2015b). Rotational grazing studies
have rarely been conducted in California; two studies in the California annual grassland found
no benefit from rotational grazing compared to continuous grazing (Heady 1961; Ratliff 1986).
Coastal prairie may be sufficiently mesic to exhibit some benefits of rotational grazing, but we
know of no experimental studies from California to support this hypothesis.
Claims have been made that intensive rotational grazing also provides conservation benefits,
but the evidence to support these claims is limited (Briske et al. 2013; 2014). Bartolome et al.
(2014, 42) state, “[T]here is observational evidence for the effectiveness of seasonal use to
improve habitat quality, but evidence for the habitat value of rotational grazing management is
lacking.” Importantly, intensive rotational grazing systems are typically designed to reduce the
selectivity practiced by livestock and consequently increase the evenness of grazing use in a
pasture (Heady 1961; Fuhlendorf and Engle 2001). The resulting homogeneity of vegetation
structure across the landscape can work against conservation goals for a wide variety of taxa,
including special status species (Fuhlendorf et al. 2012; Barry et al. 2015b).
5.1.2 Ecological Site Descriptions & State and Transition Models
In Californian grasslands, as in other rangeland types worldwide, soils and vegetation vary
together across short distances. Management is more likely to be successful if it is tailored
within the constraints of abiotic factors such as rainfall events, fire, and particular soils.
Accordingly, cataloguing the variation in rainfall and underlying geo-topo-edaphic heterogeneity
is critical for understanding the system and making predictions about the influences of
management at multiple (pasture, ranch, and landscape) scales. Ecological Sites, Ecological
Site Descriptions (ESD) and state-and-transition models (STM) are conceptual tools ideally
suited to this task (Spiegal et al. 2016).
An Ecological Site is defined as a distinctive kind of land with specific physical characteristics
that differs from other kinds of land in its ability to produce a distinctive kind and amount of
vegetation (USDA 1997). Although the underlying geology and soils at PORE have been
mapped and are available on the USDA Web Soil Survey (websoilsurvey.sc.egov.usda.gov), no
approved ESDs or associated STMs have yet been developed. In the course of the recent
PORE NRCA, ESDs for grasslands and dunes were provisionally developed, as were qualitative
STM (NPS 2018). That work concluded that each geologic landform class supported a distinct
set of soils, vegetation dynamics (historical states, contemporary states and community phases,
and probable responses to management), and therefore would form the basis for distinct
ecological sites.
ESDs with STMs identify landscape divisions necessary to formulate testable predictions about
the efficacy of livestock grazing as a conservation management tool. Accordingly, applying
ecological site concepts to adaptive conservation management allows for translating the
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substantial spatial and temporal complexity into pasture-level management targets. Although
useful for large scale planning, existing soil and vegetation maps do not adequately inform
needs for developing and monitoring ranch and pasture level activities. Fully developed ESDs
will be needed for scaling those activities up to the landscape level, as is necessary for many
important conservation goals.
5.2 Differences between beef and dairy operations
One of many differences between beef and dairy operations is their scale: nationwide, dairy
operations typically have larger herd sizes than beef operations. The nationwide average size of
herd for beef cow is 40 head, but that for dairy cow is 120 head (USDA ERS 2017). These
numbers are not differentiated by organic or conventional operations in the USDA report. Large
dairy operations dominate in California as the largest milk-producing state in United States. The
average herd size of California dairies grew from 204 in 1982 to 400 in 1992, and it almost
doubled again to 776 in 2002 (Ransom et al. 2006). Based on the 2015 USDA Certified Organic
Survey, California’s organic dairies (94 in total) had an average of 511 animals per farm (Notzke
2016). Currently authorized number of animals on the six PORE organic dairies ranges from
255 to 856.
Dairy and beef operations in Northern California use different cattle breeds. Commercial beef
cattle are usually of mixed genetics based on Angus and/or Hereford breeds while dairy herds
are overwhelmingly Holsteins.
Breeding is more selective in dairy than in beef cattle. Most beef operators use bulls to breed
their cows naturally, whereas half of all U.S. dairy operators use artificial insemination to breed
their cows (USDA 2014). Most modern breeds of dairy cows have been selected to produce
high volumes of milk. For example, the average milk production has increased from 42.6
pounds of milk per cow per day in 1957 (Wing 1963a) to 78.23 pounds of milk per cow per day
in 2016 (California Department of Food and Agriculture 2016). The beef industry has also
increased its productivity by selecting for heavier cows: average beef cattle live weight
increased from 1,111 lbs in the 1980s to 1,329 lbs in the 2010s (USDA 2018). The implication
for this growth in animal productivity is an increase in the animals’ nutritional demand.
The nutritional requirements of dairy and beef cows are different due to their functionality (Table
5). Lactating dairy cows have a higher requirement range for meeting the dry matter demand
(DMD) than other classes of livestock, as shown in Table 5 adapted from Flack (2016a). The
key to meet nutritional requirements of beef cattle on pasture is to monitor their energy needs,
as protein needs are relatively low and can usually be met with pasture (Sanderson et al. 2007).
Lactating dairy cows, on the other hand, need the best quality pasture in the grazing system and
often need supplemental feed to maintain high milk yields (Sanderson et al. 2007). The main
distinction here is the degree of reliance on supplemental feed: beef operations depend
primarily on natural pasturage, while dairy operations often use significant amounts of
supplemental feed. Beef operations may occasionally use supplemental feed to meet nutritional
demands during the low growth period in late fall and early winter or during droughts.
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Dairy cows require a large quantity of supplemental feed in forms of dry roughage, silage, wet
feeds, concentrates, and by-products. For all domestic dairy operations, 92.0 percent fed
lactating or dry cows alfalfa hay/haylage; 89.4 percent fed corn silage; 76.9 percent fed
soybeans; and 90.3 percent fed corn (USDA 2014). Supplemental feed for livestock is either
purchased off-farm or grown on-farm. The average cost of supplemental feed is $6.80 per cow
per day (CDFA 2016). Organic producers must find sources of supplemental feed that satisfy
minimum organic production standards (see section 5.4.4 for more details). These feeds often
cost 25% to 50 % more than conventional feeds (Butler 2002). If they have enough resources
on ranches, dairies harvest forage in excess of animal needs as hay or silage to maintain
adequate grazing pressure for good forage utilization and to minimize cost (Blaser et al. 1986).
In addition to feed, water intake is greater for dairy cows than for beef cows. A beef cow
requires 12-20 gallons a day while a dairy cow requires 15-25 gallons a day (Rayburn 2007).
This is important to keep in mind especially in California where water resources are scarce in
drought years. Water developments on dairies should be carefully designed to supply enough
water for animals without impacting the natural resources. See section 5.4.5 for more details.
Besides water development, dairy operations require larger investment in development and
maintenance of their infrastructures than beef operations. Dairies invest in the milking parlor, the
waiting area (paved), the feeding area, and the loafing barn (Wing 1963b). Furthermore, dairy
cows need to be able to walk back and forth to the barn at least twice a day for milking; this
requires more planning for lanes and fence locations then beef operations, where the animals
are simply moved from one pasture to another and may not return to the barn during the entire
grazing season (Flack 2016c), unless there is no rotational grazing or barn. The needs for
complex fencing and gates in both dairy and beef operations may increase the potential for
conflicts with park visitor access.
One impact of intensive dairy operations that differs considerably from beef production is in the
emission of greenhouse gases (GHG). Life cycle studies show that GHG emissions arise from
dairy animals (e.g., fermentation of methane and nitrous oxide emissions from manure) as well
as from feed production (e.g., chemical fertilizer use, clearing for pasture, loss of soil organic
matter), energy use (e.g., use of fossil fuels in tractors, energy for milking equipment), and the
transportation of farm inputs and outputs (Cederberg and Mattson 2000; de Boer 2003). Milk
and meat production from the dairy cows plus the processing of dairy products, production of
packaging, and transport activities thus contribute to 4.1% (±26%) of the total GHG
anthropogenic emissions estimated at 49 giga-tonnes (ICPP 2007). Average global emissions
per kilogram of milk is 2.4 kg of CO2–equivalent (ICPP 2007). Interestingly, emissions steeply
decrease as productivity increases up to 2,000 kilogram fat and protein corrected milk (FPCM)
per cow per year: from 12 kg CO2– equivalent per kilogram FPCM to about 3 kilogram CO2–
equivalent per kilogram FPCM (Vellinga et al. 2013). As such, the milk production per cow is
inversely related to total GHG emissions per kilogram of milk. Even though it reduces GHG
emissions, we do not recommend intensifying dairy operations because it has potential for
impacting the soil and water as described below.
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The amounts of nitrogen (N) involved in any annual production system are large and especially
so in intensive dairying. VandeHaar and St-Pierre (2006) observed that productivity of dairy
cows has changed with time and that there is a tendency to over-supply crude protein in order
to support the remarkable production capacity of the modern dairy cow. In other words, the risk
to the farmer of providing excessive protein for high producing animals is less than the risk
associated with a deficient supply. This trend to oversupply leads to high rates of N excretion
and ultimately unintended environmental consequences of loss of N from farm to its
surroundings (Sheppard et al. 2011).
Excess nutrients are lost in the environment via volatilization, leaching, and runoff. Volatilization
of urea to ammonium or ammonia in gaseous form occurs in the milking parlor, from the slurry
or manure storage, and especially during field applications (Pain et al. 1986). This contributes to
odor pollution. One cow can produce over 50 pounds of manure each day, which adds up to
9,000 pounds per 180-day grazing season or 18,000 pounds per year (Flack 2016b). When
manure is not managed properly, N accumulates in “hot spots” or places where cows
congregate. Excess nitrate is also lost through leaching, runoff, or denitrification (Scholefield et
al. 1993). Runoff containing excess N and phosphorus as well as waterborne bacterial
contaminants leads to eutrophication and reduces surface and ground water quality.
There is limited information on impacts of dairy operations on biodiversity or soil health. The
alteration in N cycle in the soil could influence plant composition and species richness: elevated
N deposition favors nitrophilous graminoids (Maskell et al. 2009) and increases tissue N content
of some species (Plassmann et al. 2009). In addition, a repetitive livestock movement pattern
to-and-from the milking parlor could cause soil compaction and erosion (Tuohy et al. 2015).
Table 5: Dry Matter Demand (DMD) requirements for livestock species and classes (adapted
from Flack 2016a); sheep and goats included for general reference
Class of Livestock

Estimated DMD (% of body weight)

Lactating beef cattle

2.00-2.50

Growing and finishing beef cattle/steers

2.25-3.35

Lactating dairy cows

2.00-4.00

Dairy heifers

2.50

Dry dairy cows

1.80-2.50

Lactating sheep

3.65

Weaned, growing lambs

3.30

Lactating goats

4.00

Weaned, growing kids

2.25-3.30
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5.3 Grazing capacity assessment
A primary purpose of a grazing management plan is to establish the number of grazing animals
that the area under evaluation can support on a sustainable basis, that is, without long-term
negative impacts to the natural resource base (e.g., soil, vegetation). Range managers call this
number “grazing capacity”. Grazing capacity may be defined more formally as the maximum
number of animals in a defined area that will produce a target level of production without
ecosystem deterioration over a defined period, usually a long time (Heady and Child 1994).
There are three main approaches to determining an appropriate grazing capacity: 1) the history
of actual use works fairly well if accurate records are available; 2) the amount of available
forage can be estimated; or 3) levels of RDM can be monitored under existing livestock use
(Bush 2006). In theory, with the grazing capacity determined, a stocking rate can then be
decided upon; stocking rate is the actual number of animals in a defined area during a grazing
period (Heady and Child 1994).
Grazing capacity seems a simple concept: “how much grazing can be sustained”. In practice,
this simple concept becomes more complex. The idea of a single, sustainable stocking rate has
been questioned for semi-arid rangelands in general (Heitschmidt and Stuth 1991) and is
currently regarded of marginal applicability to Mediterranean annual-type range (George et al.
2001). Although long-term averages can be determined, they are of little value under the
extreme fluctuations in production caused by year-to-year variation in weather patterns. Grazing
capacity estimates provide a useful starting point for setting an initial stocking rate (Bush 2006);
however, they must be adjustable in response to variations in forage production and the timing
of actual use (Huntsinger et al. 2007).
Setting a stocking rate in California has usually required a retrospective rather than prospective
consideration. Annual forage production in California cannot be accurately predicted until
February, by which time it is generally too late for a livestock operator to adjust herd size;
livestock decisions for the following spring are typically made in the fall of the previous year.
Production estimates may end up being inaccurate and should be supplemented by
measurements reflecting actual use. Problems caused by forage prediction and measurement
are part of the realities of grazing management in California.
A well-tested solution lies in evaluating stocking rates for the coming grazing season based on
RDM. Fall RDM minimum targets, ranging from as little as 100 pounds per acre on flat ground
in woodlands to 500 to 800 pounds per acre, depending on slope, in annual grasslands, and to
1,200 to 2,100 pounds per acre in coastal prairie, have been shown to protect rangelands from
soil erosion and nutrient loss, and maximize forage production and plant species richness. More
conservative RDM standards up to 1,500 pounds per acre have been adopted by some
agencies for annual grassland (Bartolome et al. 2006). When fall RDM meets the minimum
target, then the stocking rate suggested by the grazing capacity estimate was appropriate for
the following year’s grazing season. If RDM falls below minimum targets, as can happen in a
drought year, for example, the stocking rate and/or animal distribution for the following year’s
grazing season should be re-evaluated and a reduced stocking rate may be needed for specific
pastures to ensure that RDM minimum targets are achieved for the following grazing season.
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Falling below RDM minimums may occur, but should be avoided in consecutive seasons to
avoid long-term damage to range productivity and associated resources. In extreme drought
years when forage production is very low, the grazing season may have to be curtailed. Criteria
for amounts of fall RDM exceeding targets have not been extensively used, but can be of
concern when the amounts lead to accumulations of thatch, favor invasive species, or result in
high fuels loads. Stocking rate decisions are generally considered the most important of all
grazing management decisions (Holechek et al. 2011) and should therefore be made in
consultation with an experienced range manager.
Grazing capacity, stocking rate calculations, and recommendations are best developed at the
ranch-scale. PORE has created and tested a forage production model incorporating both
empirical and estimated parameters to help managers assess carrying capacity (Becker et al.
2018). It uses available NRCS forage productivity estimates for soil mapping units, USDA
estimates of dry matter demand for cattle, current number of cattle, forage consumption rates of
elk, and elk population numbers and residence time. The model explicitly links forage production
and use to predicted RDM levels. When the model was tested using actual RDM data from
PRNS and GOGA transects and actual animal use (Becker and Voeller 2018) it worked well,
significantly improving the ability to forecast the effects of modifications in timing and amount of
livestock use. Results also indicated areas for potential improvements in model performance,
especially the incorporation of spatial animal use patterns.
We recommend that the vegetation production model created by PORE be used to support
grazing capacity and stocking rate recommendations in individual ranch plans and land
regulations.
5.4 Grazing management recommendations and best management practices
5.4.1. General management recommendations
1. PORE grazing leases should include land use regulations, which:
● Specify fall RDM targets (recommendations #2, 7)
● Recommend starting stocking rates that allow for adjustments based on fall RDM and
other evaluations (recommendations #2, 3, 7)
● Describe contingencies for low forage years (recommendations #2, 3, 7, 12)
● Require monthly livestock reporting (recommendation #4)
● State animal husbandry/livestock management specifications (e.g., recommendations
#5, 6)
● Delineate responsibilities for maintenance, repair, and improvement of infrastructure,
especially fences, troughs and other watering systems (e.g., recommendations #6, 8,
14).
2. Measure RDM in each pasture every fall, prior to the onset of germinating rains (generally
undertaken in early October). Fall RDM data should be maintained in a GIS database and
annually shared with lessee. Table 6 provides the UC ANR recommended minimum fall RDM
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guidelines based on slope (Bartolome et al. 2006). These general RDM guidelines may be
applied at multiple scales (Ecological Site, mapping unit, pasture), but those scales are not
specified in the UC ANR RDM guidelines publication (Bartolome et al. 2006).
If minimum fall RDM targets are not achieved for that season over a significant area of a pasture
unit, the PORE range manager may need to adjust the stocking rate for the following year
and/or shorten the season for those pastures that did not meet fall RDM targets. Put the
lessee(s) on notice in October that fall RDM targets have not been met, that fall RDM targets
cannot be missed in a second consecutive year, and that, after a field assessment in the
following February, stocking rate and/or grazing season may need to be curtailed for that year to
ensure that fall RDM targets are met. Stocking rate decisions should be supervised by an
experienced range manager and based on assessment of forage production in February.
Table 6: Fall residual dry matter targets for coastal prairie and California annual grassland, with
25% woody cover or less, recommended by University of California Agriculture and Natural
Resources (Bartolome et al. 2006).
Coastal prairie
0-10 % slope

10-20 % slope

20-40 % slope

>40 % slope

1,200 lbs/acre

1,500 lbs/acre

1,800 lbs/acre

2,100 lbs/acre

California annual grassland

0-10 % slope

10-20 % slope

20-40 % slope

>40 % slope

500 lbs/acre

600 lbs/acre

700 lbs/acre

800 lbs/acre

3. In years when rainfall is running significantly below average, re-evaluate forage production
projections, animal numbers, and levels of utilization in mid-February. Following the February
evaluation, modify livestock use if necessary, either by reducing animal numbers or curtailing
the grazing season. Lessees should be informed of and participate, as available, in fall RDM
evaluations and in any February evaluations. In cooperation with grazing lessees, plan for
major drought events.
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4. Require lessees to report monthly animal unit months (AUM) and animal numbers and then
confirm these reports with occasional compliance monitoring (see Section 5.7.1).
5. Conditions for supplemental feeding of livestock other than mineral and limited protein
supplements should be specified in land use regulations. Salt and mineral licks and other
supplements should be placed no less than ¼ mile away from any riparian areas, wetlands, or
other sensitive natural resources (Heady and Child 1994, 204), unless there are specific
management reasons for placing them nearer, as determined by the PORE range manager. In
addition, placement of livestock attractants provides an opportunity to manage livestock
distribution to encourage more uniform distribution of livestock grazing (George et al. 2007;
2008); RDM mapping may prove helpful in determining where attractants should be located.
6. Placement of water troughs and supplemental mineral locations should minimize animal
impacts on resources as much as possible by avoiding areas with erosion potential like steep
slopes, along unpaved tracks, and on fragile soils.
7. Individual ranch plans should incorporate tule elk use into stocking rate and residual dry
matter calculations.
8. In general, livestock infrastructure should be wildlife-friendly. For example, new fence
construction should be wildlife-friendly (Paige 2012). The California office of the NRCS has
developed specifications for wildlife-friendly livestock fencing (NRCS 2012).
Require wildlife escape ramps in all troughs. Small wildlife species often drink from or bathe in
livestock troughs and can drown in the troughs; this hazard can be minimized by installing small
escape ramps. These escape ramps provide small wildlife with access to additional water
sources while minimizing drowning hazard, and also improve livestock performance by reducing
water contamination (NRCS 2015). Ramps are easy to build (e.g., NRCS 2015), or
prefabricated ramps can be purchased. An additional consideration in trough design and
management is that bats may use livestock troughs and are more likely to use troughs that are
larger (~6 feet in diameter), surrounded by limited vegetation, and filled with water rather than
emptier (Jackrel and Matlack 2010).
9. Leases should contain land use regulations addressing ranchers’ responsibilities for reporting
and treating invasive plants.
10. Land use regulations should also include best management ranching practices for limiting
invasive plant introduction through livestock management activities (see section 5.4.2).
11. Implement an adaptive management process when the optimal management activity to
achieve a particular management goal is not obvious. The adaptive management process
entails setting clear goals, implementing management activities, monitoring management and
control areas, analyzing monitoring data to determine if management activities have achieved
the goals, and then using the monitoring data to decide on next management steps. Design
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effectiveness monitoring protocols, including those for analysis and reporting, to meet the needs
of the adaptive management process (see Section 8.2).
12. Consider the development of grassland bank areas for use during droughts and following
invasive species control treatments. A grassland bank is a pasture that is held in reserve and
only grazed intermittently as needed, such as following herbicide application, prescribed
burning, or drought. It provides the range manager with the flexibility to use management tools
that temporarily reduce forage in a pasture without undue impact on a grazing lessee because
livestock can be moved to the grassland bank. Deliberate planning for major drought events in
cooperation with grazing lessees is highly recommended. See section 5.4.5 for more
information on management practices pre- and during drought.
13. Monitoring recommendations are provided in Section 5.7. In general, we recommend that
PORE share monitoring information and discuss monitoring results with lessees as an important
source of feedback to ranchers on their livestock management activities.
14. Public access issues - PORE should increase signage about closing ranch gates and
consider the impacts of complex fencing and gate systems on visitor access (see Section
5.6.3)..
5.4.2. Best management practices: prevention of invasive plant introduction
Preventing new infestations is generally acknowledged as the most cost-effective method of
managing invasive species (Lodge et al. 2006; Zavaleta et al. 2016). It is much less costly than
eradicating established weed populations. In addition, weed introduction prevention practices
apply to a wide range of invasive plant threats, in contrast to control activities, which are
typically species-specific.
Livestock management activities that have the potential to introduce weed seeds or other
reproductive tissue must be assessed, and best management practice protocols developed and
implemented to limit the likelihood of introductions. Cal-IPC (2012) provides a comprehensive
review of these best management practices.
●

●
●

●

Tools, vehicles, equipment, clothing, boots, and gear should be cleaned in conjunction
with each management activity that might introduce or spread weeds. This requires
developing cleaning protocols, educating staff, lessees, and project contractors,
including funding and cleaning time in project budgets, and designating cleaning sites
that can be regularly monitored for weeds.
Land management project materials, such as erosion control barriers, should be weedfree.
Plant debris potentially containing reproductive parts from vegetation management
activities should be contained, moved off-site, and disposed of in a manner that prevents
weed spread to other locations.
Locations in which weeds are more likely to be introduced should be regularly monitored
for new infestations. Ranch roads and livestock feeding areas fall into this category.
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●

●

Supplemental livestock feed, such as hay, should also be certified weed-free. Cal-IPC
maintains a list of California Department of Food and Agriculture-certified weed-free hay,
straw, and pellet providers (see http://cal-ipc.org/ip/prevention/weedfreeforage.php).
Livestock can transport weed seeds on their hides/coats or in their digestive tracts from
weed-infested to uninfested locations (Chuong et al. 2016). To limit spread of weeds,
livestock that have been in weed-infested areas should be held in ‘transitional pastures’
for three or more days before being released into weed-free locations. Transitional
pastures should be regularly monitored for new infestations.

Invasive species prevention best management practices should be incorporated into PORE
grazing lease land use regulations.
5.4.3. Best management practices: water quality
The goal is to minimize direct livestock access to creeks. Potential actions to reduce livestock
impacts on water quality and riparian areas include: 1) installing troughs in those pastures
without sufficient water to reduce reliance on creek water, and 2) placing livestock attractants so
as to draw livestock away from the riparian zone. Excluding livestock with fencing along the
riparian corridor is also an option, although an expensive one and with drawbacks of its own,
including disturbing the riparian zone during fence installation, impeding wildlife access to
drinking water and to the riparian zone in general, and potentially encouraging, in the absence
of grazing, riparian weeds, e.g., poison hemlock (Conium maculatum). Consider flash grazing
(i.e., brief periods during which livestock have access to the riparian zone) to manage
undesirable riparian vegetation, if necessary.
Identify riparian habitats in PORE grazing lands that are not yet monitored. Congruent with the
NRCA (NPS 2018), we recommend PORE undertake a comprehensive assessment of stream
health. As noted in Section 4.5.5, throughout PORE, many water quality improvement practices
have been implemented in the last 20 years, especially in the Tomales Bay watershed.
Practices implemented include riparian cattle exclusion fencing, erosion feature repair, stream
crossings, road rehabilitation and decommissioning, and off-stream water sources (Voeller,
pers. comm. 2018). The Tomales Bay watershed dairies have also been the focus of a longterm UC Cooperative Extension study on management practices (NPS 2018, 48), including
seeding and mulching of high animal use areas, which can be an effective method of reducing
water pollution from livestock (Lennox et al. 2007).
Bush (2006, 52) recommends the following best management practices for water quality
protection:
• Off-stream water should be provided so animals do not have to enter the
stream to drink. If this is not possible, controlled stream access points should
be provided to encourage animals to drink in specific, managed locations.
• Supplements should be strategically placed away from riparian areas to
encourage grazing in upland areas.
• Riparian grazing should be avoided when streamside vegetation is the only
green feed in the pasture.
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• Areas near streams should never be used to concentrate livestock. Corrals,
paddocks, and feed racks should never be located near or within stream
channels.
• Livestock should be kept off saturated pastures near streams. Grazing on
saturated streambanks can exacerbate erosion.
• Timing of grazing will vary depending on seasonal weather patterns and
grazing objectives.
• Where human contact with pathogenic organisms are a concern,
Cryptosporidium and other pathogen inputs into water should be minimized
and calves under six months of age should not be present when water is
flowing.
5.4.4 Best management practices: dairies
All six dairies in PORE are organic, thus it is necessary for both the operators and PORE staff to
know the organic production standards. The Organic Foods Production Act of 1990 authorized
the USDA National Organic Program (NOP) to set minimum organic production standards and
to govern all organic certifiers. All organic programs are certified by a third party. We
recommend that PORE coordinate surveys with the certifiers, so PORE is aware of the organic
certification process. There are five sections in the NOP guide that apply specifically to dairy
farms (USDA AMS 2017):
● Origin of Livestock (205.236): the transition from non-organic to organic
production takes a year, during which the producer must manage the herd
following the standards.
● Livestock Feed (205.237): all animal feed must be free of GMOs and grown
without the use of synthetic fertilizers, pesticides, and herbicides.
● Livestock Health Care (205.238): producers must use preventative health care
practices to keep animals in healthy, low stress environments. No use of growth
hormones. Antibiotics could be used in case of an emergency.
● Livestock Living Conditions (205.239): adequate ventilation, supply of clean
water, and proper sanitation must be provided for animals.
● Pasture (205.240): all livestock must be provided pasture not less than 120 days
per year. Animals six months or older on the farm must get at least 30 percent of
their dry matter intake needs from pasture during the grazing season.
General organic dairying practices include increasing the amount of time dairy cows spend
outdoors as opposed to indoors to help reduce ammonia emissions. Some studies reveal that
the more time cattle are housed indoors, the higher are the ammonia emissions (Jarvis and
Legard 2002; Reidy and Menzi 2007), largely due to the greater hydrolysis of urea. This strategy
is time and site dependent as other management goals such as focal species (Goal 1) and soil
protection (Goal 5 and 8) are considered. Reducing nutrient imports such as concentrates by
precise feed management –not feeding more than what the animal needs (Cela et al. 2017).
Another way to control N loss is to use manure N. Manure N stored in an organic form is slow
releasing compared to fertilizer N in nitrate or ammonium form, which is very soluble and
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subject to leaching (NIFA nd). Grazing management should be targeted to reduce the local
“hotspot” accumulation of excessive and vulnerable contents of mobile N in the soil by providing
as uniform as possible distribution of urea and manure (Jarvis 1998; Flack 2016b). These
management level practices are easier to implement in small dairies than in large dairies. See
section 5.5.7 for more details on manure storage and spreading.
Dairy practices need to protect wildlife habitats when and where appropriate. For example,
silage fields provide nesting habitats for grassland birds, thus the timing of mowing should be
outside of the nesting and brood-rearing season (April to August). See sections 5.5.1 and 5.5.4
for more details on silage and mowing, respectively.
5.4.5. Drought
California has experienced five large-scale, multi-year droughts since the 1960s; however, the
recent 2012-2016 drought is considered the state’s most severe in at least 500 years
(Belmecheri et al. 2016). Studies suggest that increased average temperatures and drier
conditions will amplify future drought severity and temperature extremes (IPCC 2007; Alexander
et al. 2006; Karl et al. 2012; Zhang et al. 2007). The projected warming and uncertain
precipitation will decrease soil water availability, reducing both forage quantity and quality and
altering plant community composition on rangelands in the southwestern United States (Polley
et al. 2013). Given the forecast, PORE staff and ranchers should strategically and proactively
plan for drought, including how to mitigate negative effects and/or adapt to changing conditions
during a drought, and how to recover from the various impacts of drought.
A drought can have profound effects on a livestock operation. Grazing capacity, profitability,
winter forage availability, livestock drinking water, calf weaning weights, and livestock
reproductive rates are all impacted (Roche and Tate 2014). In drought years, because forage
production is reduced, residual dry matter levels may fall below the recommended minimum
threshold.
Increased management flexibility allows ranching operations to adaptively balance forage
demand with forage supply, reduce drought impacts, and ultimately increase resilience
(Kachergis et al. 2014). There are a variety of pre and post drought management practices
ranchers and PORE staff could implement (Table 7), but there is no one solution for coping with
drought; rather, managers need a strategy composed of many practices (Macon et al. 2016).
The costs and benefits of drought management practices vary depending on the specific
operation and need to be developed, chosen, and implemented based on the individual ranch
plans.
An adaptive management approach could be useful in responding to drought insofar as
monitoring data can be used to adjust management activities (see Section 5.7.3). Increasing
flexibility, accurate resource valuation, and information sharing are important components of
building adaptive capacity (Macon et al. 2016). For example, PORE staff should share the fall
RDM data with ranchers and communicate with them that dropping below the minimum RDM
level of 1,200 pounds per acre may sometimes be unavoidable in severe drought years.
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Land managers can greatly improve their support for individuals by systematically collecting and
organizing information about drought-related strategies, and by collaborating to enhance both
agency and individual learning (Brown et al. 2017). To assist ranchers with reducing enterprise
risk, several weather and climate forecasting tools are available. The U.S. Drought Monitor,
released weekly, provides the spatial extent of abnormally dry to extreme and exceptional
drought conditions (U.S. Drought Monitor). Further, monthly and seasonal drought outlooks
provide maps with probabilities of spatial aspects of drought persisting, improvement from
drought, and where drought development is likely (NOAA Climate Prediction Center). We
encourage the park to develop a sound and consistent monitoring protocol and increase the
communication between ranchers and PORE staff on where and when certain management
action takes place, ultimately linking management decisions to precipitation and forage
availability.
Further information on drought contingency plans and management strategies can be found on
selected public agency websites. The California Department of Food and Agriculture, State
Lands, and CAL FIRE have authority in facilitating watershed and local planning for drought.
Agencies such as the NRCS or UC Cooperative Extension are also looked to by producers for
information relevant to within-season rainfall deficits and corresponding short-term stocking rate
adjustments.
Table 7: Proactive and responsive drought management practices (adapted from Derner and
Augustine 2016 and McDougald et al. 2001).
Time

Strategy

Action
Stock conservatively
Rest pastures²

Reserve forage supply
Grassbank
Monitor poisonous plants¹
Drought preparation

Incorporate yearling livestock
Use weather predictions to
Vary stocking rate with forage adjust stocking rate
supply
Stock early on south and
west facing slopes
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Time

Strategy

Secure water

Action
Develop springs and seeps,
install water tanks, and build
ponds or reservoirs, and drill
wells as appropriate
Reduce herd size ⁴

Reduce forage demand

Wean calves early
Sell retained yearling
livestock

Increase income

Apply for government
assistance
Earn off-farm income

Drought response

Purchase feed only if
necessary ⁵
Rent additional pastures
Increase forage supply
Move livestock to another
location
Place livestock in a feedlot

¹ Poisonous plants become a bigger problem during drought because limited forage during drought increases the
likelihood that livestock will ingest a harmful amount. Locate all areas with poisonous plants and monitor them closely
or exclude cattle from them if possible.
² Delay grazing of swales to extend the period in which large amounts of high-quality green forage are available.
³ Utilize pastures with predominantly south and west aspects early in the grazing season. The forage on these areas
will mature and dry earlier than the forage on north and east facing pastures.
⁴ Check all heifers and cows for pregnancy and cull those that are open, saving the most desirable and younger
cows.
⁵ Provide additional supplemental feed to offset the reduced production of forage; supplemental feeds provide
additional protein and energy to livestock. Common protein-rich supplements include cottonseed, soybean, linseed,
and safflower oil meals. Common high-energy feeds include grains such as barley, corn, milo, and wheat. Liquid
supplements can be formulated to provide either protein or energy but they are only recommended if they are
provided along with low-quality roughage (e.g., cereal, straw, milo, or corn stover, and cottonseed hulls). Under most
dry feed conditions, cattle should receive vitamin A, calcium and phosphorus. This is particularly important for young,
growing animals, pregnant females, and lactating heifers and cows.
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5.5 Review of pasture management practices
This section provides reviews and recommendations on the following pasture management
practices: silage, tilling, shrub management, mowing, grassland seeding, aeration, and nutrient
management. These practices are generally used to increase forage but have highly variable
impacts on other resources. The location and timing of practices need careful planning and
evaluation. To ensure that both ranchers’ and PORE goals are met, communication before,
during, and after implementation is important.
5.5.1. Silage
Forages are conserved in the form of hay, haylage, and silage to feed livestock (mostly dairy
cattle) during periods of shortage caused by limited pasture growth or inadequate pasture
conditions, or fed as a supplement (Goal 11). The main difference among silage, haylage, and
hay production is the initial dry matter (DM) concentration level at which the forage is clipped
and packed to achieve optimum anaerobic and fermentation conditions: silage (≤ 40% DM),
haylage (40% to 60% DM), and hay (≥60 % DM; Romero et al. 2015).
Potential Impacts:
● Seepage from silos contaminating water and soil.
● Replacement of grasslands with crops.
● Soil erosion during and after harvest.
● Disturbance of wildlife habitat. From March to June 2015, Point Blue Conservation
Science conducted a study on estimated impact of mowing on breeding birds in PORE’s
silage fields. Mean relative abundance for each of the five focus species: northern
harrier, savannah sparrow, grasshopper sparrow, song sparrow, and red-winged
blackbird decreased after mowing had occurred (DiGaudio et al. 2015). Mean richness
also decreased post-mowing in silage fields (DiGaudio et al. 2015). There are some
limitations to this study: it was only conducted during one breeding season, vegetation
cover varied across silage fields, and the mowing treatment did not occur at the same
time. Response of grassland and shrubland songbirds to mowing cannot be generalized
as it varies among bird species (Zuckerberg and Vickery 2006).
Recommendations:
● California approved NRCS Conservation Practice Code 511 Forage Harvest
Management, which suggests harvesting forage at the stage of maturity that provides
the desired quality and quantity without compromising plant vigor and stand longevity
(Goal 11). However, this strategy may conflict with the Goal 3 to protect grassland birds.
● When wilting forages, adjust the mower-conditioner for a narrow swath, and then allow
the swath to dry without further manipulation until the crop is chopped (Goal 11; Rotz
1995).
● Appropriate harvest schedule, cover patterns, and minimum plant heights should be
implemented and maintained to provide suitable habitat for grassland birds (Goal 3). To
maximize wildlife benefits and reduce wildlife mortality, mowing should be done outside
of the nesting and brood-rearing season, which occurs from April to August.
● Store cut silage in facilities that would contain the seepage (Goal 5).
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●
●

Avoid operating harvesting and hauling equipment on field slopes over 25 percent
[NRCS 2010b (Goal 5)].
Delay harvest if prolonged or heavy rain is forecast to protect the soil (Goal 8).

5.5.2. Tilling
Tilling prepares soils for planting. Many different patterns of soil tillage exist, but the main
pattern employed in conventional agriculture is three-stage process involving a deep plowing
that turns the soil, a secondary tilling for preparation of a seed bed, and finally post-planting
cultivations for controlling weeds. Permanent pasture is rarely tilled for cultivation.
Potential Impacts:
● Loss of soil structure - Tillage in the short-term breaks large clods into natural
aggregates, creating a temporary loose, porous condition, but in the long-term tillage
greatly hastens the oxidative loss of soil organic matter from surface horizons, and as a
result smears aggregates, increases soil density by compaction, and decreases porosity
(Brady and Weil 2010).
● Soil erosion
● Nutrient leaching
● Loss of soil organic carbon (Lal et al. 2003; Reicosky 2003) - though this is a contested
issue (Baker et al. 2007).
Recommendations:
● Limit tilling to historically tilled silage fields or high impact core zones for weed control or
cultivation to protect grasslands (Goal 3).
● Consider reduced tillage systems, which have been developed to help improve soil
quality and fertility (Goal 8; Franzluebbers 2004). Reduced tillage works like this: after
an initial plowing and formation of planting beds or ridges, the only cultivation that occurs
is seed planting and weed management with specially designed tillers that cultivate the
surface of the soil only (Gliessman 2007).
● To reduce soil carbon loss (Goal 8), perform shallow soil disturbance (1-3 inches) and
choose time of the day and year when soil temperature is cool (NRCS 2014).
● Select somewhat less invasive tillage tools.
● Avoid tilling when the soil is too wet (Goal 8).
● Plant selected cover crops after every cash crop in the rotation to avoid soil erosion
(Goal 5).
● Add organic matter to the soil to resist further structure breakdown (Goal 8).
5.5.3 Shrub management
A state transition from grasslands to shrublands was been observed in PRNS, GOGA, and other
coastal areas of California as early as 1960s (McBride 1964; Grams et al. 1977; Fiedler and
Leidy 1987; Keeler-Wolf et al. 2003). Conditions most favorable for coyote brush establishment
are summer coastal fog, greater than average precipitation, and late rains (Williams et al. 1987;
Williams and Hobbs 1989). The proliferation of woody plants in grazing lands typically reduces
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production of valued forage grasses (Scholes and Archer 1997). Range management has,
therefore, historically focused on reducing woody vegetation.
NRCS (2012) currently recognizes six reasons for undertaking shrub management:
● Restore natural plant community balance (Goal 3)
● Create the desired plant community (Goal 3)
● Restore desired vegetative cover to protect soils, control erosion, reduce sediment,
improve water quality, and enhance streamflow (Goal 5)
● Maintain or enhance wildlife habitat, including that associated with threatened and
endangered species (Goal 1)
● Improve forage accessibility, quality, and quantity for livestock (Goal 11)
● Protect life and property from wildfire hazards (Goal 10 and 11)
Potential Impacts*:
● Increase palatable forage for cattle and native grazers. Herbaceous plants are more
palatable to cattle than shrubs are (Eldridge et al. 2011).
● Prevent reduction in soil water availability and streamflow (Huxman et al. 2005; Peters et
al. 2013).
● Soil erosion (Pierson et al. 2007; Wood et al. 1991).
● Reduced wildfire risks (Kane et al. 2009).
● Reduce habitat for shrubland species but increase habitat for grassland species
(Fulbright and Beasom 1987; Ruthven et al. 1993; Ansley et al. 1997; Ansley et al. 2003)
● Potential impacts on carbon sequestration (Teague et al. 1999; Hughes et al. 2006;
Daryanto et al. 2013). However, more research is needed.
*Trade-offs of brush management should be considered on a case-by-case basis to assess the
most appropriate management action.
Recommendations:
● Shrub management should be applied in a manner that achieves the desired plant
community consistent with the Ecological Site (Goal 1, 3, 5, 10, 11). The main target
woody species at PORE is a California native shrub, coyote brush. Other coastal scrub
species, especially Species of Concern listed in the Vegetation Section, are not subject
to removal and should be protected. NRCS recommends using applicable Ecological
Site Description (ESD) State and Transition models to develop specifications that are
ecologically sound and defensible (NRCS 2012). Treatments must be congruent with
dynamics of the Ecological Site(s) and keyed to state and plant community phases that
have the potential and capacity to support the desired plant community (Bartolome et al.
2015).
● Appropriate timing, location, and methods for shrub management must be considered to
achieve Goal 9 to maintain landscape heterogeneity for biodiversity. The biodiversity
response to shrub management may be strongly influenced by the pattern of treatment
application (Bestelmeyer et al. 2011). A “wall-to-wall” application may yield one result,
whereas applying treatments in “strips” may have quite a different outcome by creating
more habitat edge and creating patches of grassland habitat interspersed with shrubland
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habitat (Scifres et al. 1988). Effects of shrub management on biodiversity are still poorly
understood.
Mechanical removal: see specifications for mowing in the section below.
Prescribed fire: Fire is a management tool that could be used to alter vegetation states.
Burning from the bases is more effective than the crown-only burns (McBride and Heady
1968; Ford 1991). Short intervals between burns reduce coyote brush survival, and
otherwise coyote brush patches return to its former relative cover in three years (Havlik
1984). Refer to the PORE Fire Management Plan to plan for a prescribed fire treatment.
Specification of fire frequency, intensity, and extent as well as timing, location, and risk
management should be prepared in a plan before each implementation.
Prescribed grazing: Cattle and wildlife browsing results in the uprooting, defoliation, and
trampling of coyote brush seedlings in grasslands (McBride 1974). Prescribed grazing
could be used alone or in combination with other shrub management methods.

5.5.4 Mowing
There are three main types of mowing: block mowing, strip mowing, and random pattern
mowing. Block mowing is performed by dividing long, narrow fields into three or four blocks and
mowing the blocks on an annual rotational mowing cycle. Strip mowing is accomplished by
dividing a field into strips that are at fixed or variable widths. Random pattern mowing is done by
randomly mowing sections of a field into irregularly-shaped patterns of cut and uncut vegetation
cover. In general, mowing is not a NRCS approved practice and is very specific to land use and
landowner goals. However, there is a NRCS conservation practice standard specifically for
tree/shrub pruning (see below).
Reasons to mow include:
● To remove browning grasses in the late summer to improve forage quality (Goal 11)
● To suppress the growth of noxious weed species (Goal 3)
● To remove dense shrubs and maintain grasslands (Goal 3)
● To maintain or enhance wildlife habitat (Goal 3)
Potential Impacts:
● Soil erosion because of reduced vegetative cover
● Reduce competitive impact of tall non-native grasses, especially on small native plants
● Control susceptible weed species
● Increase palatable forage for cattle and native ungulates
● Replace shrubland habitat with grassland habitat
Recommendations:
● For removal of browning grasses
Ranchers rarely mow permanent pastures except in conjunction with forage harvesting.
However, ranchers managing high-performance livestock such as dairy cows may want to mow
non-trampled post-grazing residue to eliminate coarse stems and stubble, which might slow
intake rates the next time the herd grazes the pasture (Flack 2016d; Goal 11). In such
instances, mowing should be done immediately after grazing, before the plants begin to regrow,
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and the plants should be no shorter than 3 or 4 inches (Flack 2016). Broad scale mowing should
be limited to intensively managed lands including silage or hay fields and operational core
lands.
● For weed control
Another use of mowing is for weed control (Goal 1, 3, 7 and 11). The method and timing of
mowing depends on the targeted species. For example, medusahead and goatgrass may be
controlled by mowing but only if timed to the weeds’ vulnerable growth stage (Brownsey et al.
2016). For both annual grass weeds, this stage is an approximately five week period that
occurs between late April to early June (Brownsey et al. 2016).
In general effective weed control with mowing, especially for perennial plants, requires multiple
mowings within a growing season over several years (DiTomaso et al. 2013). Attention must be
paid to the phenology of the target species so that mowing occurs when the weed is most
vulnerable; mowing at the wrong time may not only be ineffective but may also increase weed
populations (DiTomaso et al. 2013). Weed control publications will generally provide the
necessary phenological information (e.g., DiTomaso et al. 2013; Brownsey et al. 2016).
Because mowing equipment can spread weed seed and other viable plant tissue, care must be
taken to clean equipment after use (see Section 5.4.2).
● For shrub removal
Mowing could also be used for shrub removal on suitable terrain to maintain grasslands (Goal
3). The UC Integrated Pest Management Program recommends mechanical removal of woody
plants to be done in early spring or late fall when the soil is moist and the roots are easily
removed (DiTomaso 2017). Such activities can result in soil disturbance that should be
mitigated when possible. Extra precautions should be taken when mowing in dense shrublands,
because it has a more dramatic impact on vegetation structure than that in grasslands. See
5.5.3 for more details on shrub management. Prior to removing the shrub layer, it is important to
evaluate what forbs or grasses may occur in new pasture.
5.5.5 Grassland seeding
The NRCS has two groupings for grassland plantings: forage and biomass planting (code 512)
and range planting (code 550). The main difference between two practices is the objective of
planting; the former is for production of forage crops, while the latter is for restoration and
conservation. Depending on the land-use objectives and future management plans for the
pasture, selection of planting materials and management considerations vary.
Forage and biomass planting
Purpose of planting (NRCS 2011):
● To improve or maintain livestock nutrition and/or health
● To provide or increase forage supply during periods of low forage production
● To reduce soil erosion (Goal 5 and 7)
● To improve soil and water quality (Goal 5 and 7)
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Potential Impacts:
● Change in vegetation communities to generally non-native annual grassland
● Increased protective plant cover
Recommendations (NRCS 2011):
● Prepare the site to provide a medium that does not restrict plant emergence and controls
weeds. If the soil is hardpan, consider tilling but otherwise do not disturb the soil.
● Plant when soil moisture is adequate for germination and establishment.
● Do not plant federal, state, or local noxious weeds.
● Exclude livestock until the plants are well established.
● Ground cover and root mass need to be sufficient to protect the soil from wind and water
erosion.
● When planting legumes, use pre-inoculated seed or inoculate with the proper viable
strain of Rhizobia immediately before planting.
● Select plants that will help meet livestock forage demand during times that normal ranch
forage production are not adequate. Velvet grass (Holcus lanatus), Harding grass
(Phalaris aquatica), and tall fescue (Festuca arundinacea) are invasive non-native
grasses that used to be planted for forage at PORE (NPS 2015c). NPS now prohibits the
planting of these invasive species in grazing allotments within PRNS and GOGA (NPS
2015c). Italian ryegrass (Festuca perennis) and clover (Trifolium sp.) are commonly
planted for forage; they are non-native species but are considered desirable as livestock
forage.
Range planting
Purpose of planting (NRCS 2015):
● To restore a plant community similar to the Ecological Site Description reference state
for the site or the desired plant community (Goal 4)
● To provide or improve forage for livestock
● To provide or improve forage, browse or cover for wildlife (Goal 2 and 3)
● To reduce erosion by wind and/or water (Goal 5)
● To improve water quality and quantity (Goal 5)
● To increase carbon sequestration
Potential Impacts:
● Changes in vegetation communities to desired state
● Increase in soil cover
Recommendations (NRCS 2015):
● Select species for richness and diversity; must be compatible with Ecological Site
Descriptions, local laws and regulations, management objectives, and adapted to their
environmental conditions.
● Select species and rates from the California Vegetation Guide in Section II of the Field
Office Technical Guide in accordance with NPS guidance.
59

Grazing Plan - Point Reyes National Seashore, 2018

●
●
●
●

Select species to meet the desired nutritional requirements for the livestock and the
desired season of use or grazing period.
Species mixture should be palatable to avoid selective grazing.
Ensure adequate rest from grazing (1-2 years) post seeding.
In most cases, nitrogen fertilization of native grass species should be avoided because it
may result in increased competition from non-native annual grasses and seeding failure.

Two native grass species: California oatgrass (Danthonia californica), and purple needlegrass
(Stipa pulchra) are common dominants of coastal prairie. If the goal is grassland restoration
(Goal 4), these native grasses are available commercially and have been planted successfully.
Local sources should be used (depending on availability and restoration site conditions; see
Jones 2003). To reduce the risk of diluting the local gene pool, the PORE Range Program
currently uses and should continue to use plant material sourced from PORE.
Selecting appropriate plant material is one of the most important and fundamental steps in
grassland planting. The three main criteria to consider when selecting plant species are
management objectives, soil and climatic characteristics of the site, and availability and cost of
seed. Wilson et al. (2006) provides a comprehensive list of recommended varieties of grass
species for planting in California and their adaptations. Having a clear objective of planting and
information on the ecological site of interest help narrow down the list. Success rates of
establishment and recruitment spatially differ depending on the combination of species, the
sowing method, and soil and weather conditions in which they are planted (Hardegree et al.
2011).
5.5.6 Aeration
Aeration is an agricultural practice to perforate the soil with small holes to allow air, water, and
nutrients to enter the soil. Aeration is not a NRCS approved practice, and would generally be
applied to intensively managed perennial pastures. The closest NRCS approved practice is
called the Grazing Land Mechanical Treatment, which is to modify physical soil and/plant
conditions with mechanical tools by treatments such as pitting, contour furrowing, and chiseling,
ripping or subsoiling (NRCS 2010).
Reasons for aeration include:
● To fracture compacted soil layers and improve soil permeability (Goal 8)
● To reduce water runoff and increase infiltration (Goal 6)
● To stimulate forage growth
● To control brush (Goal 3)
● To reseed perennial grasses (Goal 3)
Potential Impacts:
● Soil erosion
● Loss of soil structure
● Loss of soil organic carbon - though there is not enough research done on effects of
aeration on carbon dynamics, it is probably similar to effects of tilling.
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Recommendations:
As with tilling, aeration in not widely employed as a range management practice. However,
NRCS Conservation Practice Standard Code 548 suggests that this practice can be applied on
pastures and rangelands of less than 30% slope but limited to soils and slopes where surface
disturbances will not result in soil erosion and/or sedimentation. Areas to be treated should be
relatively free of undesirable or noxious plants that are likely to increase because of surface
disturbance, and the soil should not be too wet immediately prior to treatment. REL is not aware
of any literature on impacts of aeration on mesic rangelands in California and has no specific
recommendations.
5.5.7 Nutrient Management
Managing waste products is a necessary activity of livestock production, both ranching and
dairying. Proper waste management protects water, soil, vegetation, wildlife and most
importantly, human health.
The NRCS recognizes the following purposes of nutrient management (NRCS 2016):
● To budget, supply, and conserve nutrients for plant production.
● To minimize agricultural nonpoint source pollution of surface and groundwater resources
(Goal 5).
● To properly utilize manure or organic by-products as a plant nutrient source.
● To protect air quality by reducing odors, nitrogen emissions, and the formation of
atmospheric particulates.
● To maintain or improve the physical, chemical, and biological condition of soil (Goal 8).
Potential Impacts:
● Improved water quality
● Maintain nutrient cycling
Recommendations:
All confined animal facilities other than Concentrated Animal Feeding Operations are
considered nonpoint sources of pollution by the State. These nonpoint sources must comply
with animal waste discharge standards found at sections 22560 through 22565 of Title 27 of the
California Code of Regulations and with any applicable waste discharge requirements or
waivers. The following practices are recommended by the California Environmental Protection
Agency, State Water Resources Control Board (SWRCB), and NRCS for controlling and
preventing nonpoint source pollution (Goal 5) from confined animal facilities (SWRCB 2014;
SWRCB 2015; NRCS 2016):
● Liquid manure storage structures (e.g., manure lagoons) should be designed to store
facility wastewater and the contaminated runoff from confined animal facilities at all
times, up to and including storms exceeding a 25-year, 24-hour frequency event, and
should be consistent with nutrient management plans designed for the facility.
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Dry manure should be stored in production buildings or storage facilities, or otherwise
covered to prevent manure from coming into contact with rainwater and entering surface
waters through runoff.
Manure should be composted where appropriate and reused as fertilizer and/or as a soil
amendment*.
Each facility should have a nutrient management plan that is consistent with the SWRCB
Management Measure 1C.
Clean water should be diverted from contact with feedlots and holding pens, animals,
and manure storage facilities through the use of berms, dikes, diversions, roofs, and
enclosures.
Dead animals should be buried an adequate distance from surface and/or groundwater
so that quality of water is not affected. At PORE, this practice is met by the requirement
that dead livestock be removed from the park.
Seepage of liquid wastes to ground and surface water should be prevented through the
use of impermeable linings for liquid storage ponds and concrete pads or other suitable
material for solid storage and heavy animal traffic areas.
An appropriate amount of nutrients should be applied as specified in nutrient
management plan.
Use conservation practices that slow runoff, reduce erosion, and increase infiltration,
e.g., filter strip, contour farming or, contour buffer strips. These practices can also
reduce the loss of nitrates or soluble phosphorus.
When manures are applied, and soil salinity is a concern, monitor salt concentrations to
prevent soil health degradation.
The total single application of liquid manure must:
○ Not exceed the soil’s infiltration or water holding capacity
○ Be based on crop rooting depth
○ Be adjusted to avoid runoff or loss to subsurface tile drains.
Manure and process water shall not be applied within a 100-foot setback to any downgradient surface water unless a 35-foot wide vegetation buffer or physical barrier is
substituted for the 100-foot setback.

* Manure application as a primary fertilizer:
The practice of manure spreading -typically done on dairies- could be beneficial for plant growth and overall nutrient
cycling in the agroecosystem. The nitrogen, phosphorus, and potassium in manure provide fertility to the plants when
applied at appropriate rates (Flack 2016b). Replacing chemical fertilizers with manure produced on-site not only
saves dairy farmers money but also minimizes nutrient loss from the soil. This is because manure releases nutrients
in the soil (via decomposition) slower than chemical fertilizers. Composted manure decomposes slower than liquid
manure because C:N ratio is higher. The more closed an agroecosystem’s nutrient cycle, the more it will resemble
natural ecosystems and will be ecologically sustainable over the long-term (Gliessman 2001). It is important not to
over-apply manure or other fertilizers to pastures. Over-applying one nutrient may cause surface or groundwater
contamination, soil imbalances and poor plant growth. It can also cause metabolic problems in the grazing animals.
Dairies should implement flow meters to measure and control the amount and rate of nutrients flowing in and out of
their manure lagoons (Ransom et al. 2006). For checklists and monitoring guides on lagoon nutrient management,
see the UC Cooperative Extension, Stanislaus County website (http://manure.ucdavis.edu/).

To reduce GHG emissions, methane digesters may be implemented if they are permissible at
PORE. Anaerobic digestion is a process in which microbes in the absence of oxygen convert
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volatile acids in livestock manure into biomass consisting of methane, carbon dioxide, and small
amounts of water and other compounds. Methane produced by this process can be burned to
generate electricity. Average performance per day and month are 960 kilowatt hours (kWh) and
28,800 kWh, respectively (US EPA 2010). In addition to generating renewable energy,
anaerobic digestion leads to reduced odor pollution, fewer pathogens, and in-house fertilizer
production (Lazarus 2010). Because there is a long time for return of investment, purchasing a
methane digester may not be favorable for producers.
In addition to PORE’s Range staff, UC Cooperative Extension, NRCS, and the Marin Resource
Conservation District have trained personnel who could help local ranchers and dairies navigate
the federal, state, and local water quality regulations and implement conservation practices.
Programs such as Biologically Integrated Farming Systems and the California Dairy Quality
Assurance Program also exist to provide the most up-to-date information about nutrient
management and other sustainable agricultural practices.
5.6 Additional management considerations
5.6.1 Fire
Prescribed fire is an effective and commonly used rangeland management tool (Reiner 2007;
Heady and Child 1994), although air quality and liability concerns, especially near urban areas,
can make implementation of this tool discouragingly difficult. Only limited information is
available on fire management for native and exotic species in the coastal prairie (Ford and
Hayes 2007). At PORE, prescribed fire is used on a limited basis to maintain firebreaks and to
control weeds. Other prescribed fire objectives might include shrub management and possibly
forage improvement for livestock and wildlife (DiTomaso et al. 2013; Ford and Hayes 2007;
Heady and Child 1994).
Section 4.7 describes some of the invasive plants at PORE that can be controlled with
prescribed fire.
Prescribed fire may also help control encroachment of coastal scrub into PORE’s coastal
prairie. Along California’s coast, coyote brush had been expanding into grassland areas over
several decades (Ford and Hayes 2007, Russell and McBride 2003; Havlik 1984). Ford and
Hayes (2007) noted that fire does not appear to prevent shrub encroachment because many
shrubs, including coyote brush, are able to resprout following a fire and quickly re-establish preburn cover. There is some evidence, however, that, in contrast to a single burn, fire in two
consecutive years does kill coyote brush (Havlik 1984), and high coyote brush mortality would
likely inhibit rapid re-establishment of shrub cover. Havlik (1984) reported the results of fires in
two East Bay Regional Park District properties: a single fire on Brooks Island and two fires in
consecutive years in Anthony Chabot Regional Park. Following the Brooks Island fire, only 15%
of the coyote brush died, and within three years, cover of woody vegetation was close to preburn conditions. Following the first fire at Anthony Chabot, coyote brush mortality was 20%;
however, after the second fire, coyote brush mortality was 83%. More recently, two prescribed

63

Grazing Plan - Point Reyes National Seashore, 2018

burns in consecutive years also proved effective in killing coyote brush in coastal prairie-coastal
scrub at Point Pinole Regional Shoreline in the East Bay (Bartolome et al. 2013).
As noted in Section 4.7, prescribed burning may reduce forage production by as much as half in
the first year or two following the fire and should be planned for in consultation with the grazing
lessee (Becchetti et al. 2011). If prescribed burning becomes a more frequently used
management tool at PORE, development of a ‘grassland bank’ site may limit the impact of
burning (and other treatments such as herbicides that require livestock exclusion for an
appreciable period) on grazing lessees (see Section 5.4.1 for further details).
5.6.2 Using different livestock species for natural resources management
Different livestock species eat different forage, use the landscape differently, and have different
impacts on soil, vegetation, and water resources. Taking these multiple differences into account
can help optimize livestock grazing to meet natural resources management goals. Cattle can
be managed to help achieve several natural resource management goals: reduction in
grassland fuel loads; control of non-native, naturalized annual grasses that compete with native
forbs and can reduce habitat values for wildlife; and control of some invasive rangeland weeds
such as velvet grass and medusahead. Horse grazing may provide conservation benefits
similar to those provided by cattle, but there is only anecdotal evidence to support this
hypothesis. Sheep can control herbaceous fuel loads and some invasive species, such as
medusahead; goats can control herbaceous and small woody vegetative fuel and some invasive
species (Green and Newell 1982; Tsiouvaras et al. 1989; Nader et al. 2007; see Section 4.7 for
weed control discussion). Because sheep and goats tend to be corralled within small areas by
electric fencing and watered with a mobile water source, their grazing impact can be focused on
areas with heavy weed infestations. For example, DiTomaso et al. (2007) reported that high
intensity grazing by sheep in April and May can reduce medusahead cover significantly. Goats
are commonly used to control woody and coarse vegetation, including some invasive species,
on steep sites.
Deciding what species of livestock to employ in any particular area is based on considerations
of the following:
● rangeland vegetation each species will preferentially eat in relation to management
goals and forage availability,
● the site’s topography,
● the site’s existing infrastructure,
● animal impact on resources,
● and agency revenue needs.
Cattle prefer to eat grass rather than forbs or shrubs; sheep eat both grass and forbs and can
eat shrubs; goats eat shrubs, forbs, grass, and have a wide tolerance for plants that are toxic or
too thorny/spiny for other ungulates; horses primarily eat grass and can crop vegetation very
close to the ground (Larson et al. 2015a). If native forbs are abundant, sheep preference for
forbs may present a problem that would need to be evaluated; monitoring would be necessary
to determine the potential for negative impacts of sheep grazing on forb populations. Horses
tend to crop vegetation shorter than cattle, which could result in undesirable impacts to soil and
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vegetation, but the wildlife habitat value of very short vegetation can be positive depending on
the wildlife species (e.g., Barry et al. 2015a).
A further consideration is that different livestock species, breeds, and classes use the landscape
differently, with sheep and goats generally able to use steeper terrain than cattle. Stockers
(young, weaned cows) may be more willing to scale slopes than adult cows, especially cows
that are pregnant and/or lactating (George et al. 2007). As noted above, sheep and goats are
typically herded and fenced in with mobile, often electric, fencing so they can be spatially and
temporally controlled more easily than cattle and horses and deployed in locations without the
infrastructure necessary for larger livestock species. In addition, their water needs can often be
met by mobile water sources. Sheep and goat operators are likely to be concerned about
predators, including domestic dogs. Sheep and goats typically require a herder onsite with
them at all times, and herding dogs may also be a necessary component of a sheep operation.
Cattle and horses as heavier animals can have an impact on soil stability and creek banks;
large numbers of smaller ungulates can also cause soil erosion. Cattle, in particular, are
attracted to riparian zones, which can result in undesirable impacts to creek banks, riparian
vegetation and wildlife habitat, and water quality. Sheep can be kept away from riparian areas
with herding and mobile fencing, and goats tend to avoid water. Bedding locations for sheep
can be a concern, and flocks should generally be moved every few days to avoid damage to
rangeland resources. Limited research suggests horses may cause greater soil compaction
than other livestock (Larson et al. 2015a); properly managed grazing should minimize this
impact. Finally, cattle and sheep operators typically pay for the use of leased grazing land,
whereas targeted grazing operations that may include sheep and goats frequently charge land
managers for employing their herds to control vegetation.
5.6.3 Public interaction with livestock
PORE public education and outreach programs should include elements explaining how park
users, and their dogs, should behave when they encounter livestock, as this may lessen park
users’ fears and reduce negative interactions between park users and livestock (Larson et al.
2015b). UC Cooperative Extension has developed a series of brief videos demonstrating how
visitors to public open space areas and their dogs can safely interact with cattle
(https://www.uctv.tv/shows/Sharing-Open-Spaces-With-Livestock-Encountering-GrazingAnimals-32511; https://www.uctv.tv/shows/32512). These videos could be embedded within
PORE’s ‘Pets’ webpage for park visitors (https://www.nps.gov/pore/planyourvisit/pets.htm), in
addition to the related UCCE publication (Larson et al. 2015b) that the webpage already links to.
PORE signage should emphasize the need to close ranch gates, as open gates can result in
serious problems for visitors, ranchers, and park staff.
5.7 Monitoring and evaluation
Grazing monitoring accomplishes two objectives: 1) compliance monitoring determines if an
action complies with expectations or regulations; and 2) effectiveness monitoring determines if
management actions are achieving the desired results (Bush 2006). The data from a properly
designed monitoring program provide guidance both for compliance and effectiveness and are
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used to improve management practices (a continuous process called adaptive management).
A good monitoring program efficiently produces the information required to accomplish stated
goals at minimum cost.
5.7.1. Compliance monitoring
Compliance monitoring requires information about the number of animals, timing of grazing,
distribution of grazing, and the intensity of grazing:
1.
Number of animals: Counts can be provided by monthly reports from each lessee. If
desired, PORE staff could conduct spot-checks to confirm reports.
2.
The presence of animals (timing and distribution of grazing) on a property can be
documented by monthly reports from lessees. If desired, PORE staff could conduct spot-checks
to confirm reports.
3.
The distribution and intensity of grazing can be adequately monitored through assessment
of RDM remaining in the fall. Fall RDM monitoring is considered the most commonly used and
important compliance monitoring method on grazed California rangelands (Bush 2006).
Fall residual dry matter (RDM) monitoring
Guidelines for minimum fall RDM targets have been developed by University of California
researchers that apply to most of the state’s grasslands and savannahs, including coastal
prairie (Table 6; Bartolome et al. 2006). RDM limits rainfall-induced soil erosion and soil nutrient
losses and, in higher rainfall areas such as PORE, also maximizes biomass production and can
influence plant species composition in some instances (Bartolome et al. 2007b; Amatangelo et
al. 2008). UC ANR researchers recommend conducting RDM monitoring in the early fall before
the onset of germinating rains (typically undertaken in late September to early October) to
ensure that accurate year- and site-specific information is collected because fall starts the
period during which RDM protects soil and influences production for the following grazing
season (Bartolome et al. 2006).
Traditionally, the standard method for monitoring RDM requires the establishment of several
permanent monitoring locations in a grazed site. These locations are typically Key Areas,
locations representative of the pasture (Bartolome et al. 2015). In each key area, RDM is
determined by any of a variety of methods including (Bartolome et al. 2006; Bush 2006;
Guenther and Hayes 2008):
● clipping biomass in several small plots and weighing the clipped biomass;
● visual estimation of RDM in comparison to photo guides; or
● the comparative yield method that combines clipping a small number of plots and
visually estimating RDM based on those clipped plots.
A more recently developed technique is RDM mapping, developed and implemented in
California. RDM mapping can be used to show the distribution of RDM where needed to
supplement information from key areas and better inform planning of more spatially complex
pastures. RDM mapping is easy to learn and cost-effective, while still producing robust
information (as with any monitoring method, care should be taken to minimize sources of error
such as user variation). Sites with too little or too much RDM can be quickly identified, and
solutions based on manipulating livestock distribution may also be more easily developed.
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RDM mapping requires developing RDM classes (e.g., 0-1,000 pounds per acre, 1,000-1,500
pounds per acre, etc.) and, with a paper map or GPS unit in-hand, mapping RDM classes in the
fall based on visual estimation of fairly large areas (up to several acres). The minimum mapping
unit should be a quarter acre or larger so sacrifice areas immediately around troughs or salt
licks are not typically mapped (Bartolome, pers. comm. 2018). Visual estimates are calibrated
during the mapping process by clipping and weighing RDM from small, representative plots.
Annual time-series of RDM class maps can then be evaluated for areas requiring management
attention.
Once the annual fall RDM data are collected and analyzed, RDM results should be reviewed
with grazing lessees. Discussions regarding the year’s RDM levels in relation to RDM targets
should inform planning for the coming grazing season for all participants.
The minimum fall RDM targets recommended by UC ANR researchers are general guidelines,
and, as Bartolome et al. (2006) state in their publication, managers may need to develop sitespecific RDM targets for multiple reasons, such as unusual site conditions, management goals
that focus on listed species’ habitat requirements, weed control, or herbaceous fuel load
reduction. Consequently, these guidelines’ recommendations of minimum fall RDM targets
could be adjusted as long-term RDM monitoring data are collected and as range staff evaluate
whether management goals are being achieved at the guidelines’ recommended RDM target.
The adjustment of RDM targets should only be necessary in rare instances that are fully justified
by monitoring data.
PORE fall RDM monitoring started in 1987 and used several methods, including RDM doublesampling, zone mapping, and visual estimation measurements. Bartolome et al. (2015)
evaluated the RDM monitoring program and recommended some updates to the RDM
monitoring protocol (see Section 5.7.4).
5.7.2. Effectiveness monitoring
Effectiveness monitoring is usually more complex and expensive than compliance monitoring
and requires longer-term data collection. Effectiveness monitoring is important even in those
relatively rare instances when robust research information points clearly to a specific
management action. This is because California rangeland vegetation can vary a great deal
from place to place and from year to year. Even if research indicates a management action will
result in a particular outcome, in different locations and in different years, outcomes may not
turn out as expected. This is even more likely when research does not provide clear
management recommendations. Consequently, site-specific effectiveness monitoring is
necessary as part of an adaptive management approach to generate the information necessary
to manage a specific location effectively.
Effectiveness monitoring is tied to specific grazing management goals and measures variables
that will inform assessment of whether goals are being met.

67

Grazing Plan - Point Reyes National Seashore, 2018

The general approach to effectiveness monitoring is to establish permanent plot locations and
measure critical response variables over a period sufficient to determine whether management
actions are having the desired effect. Plots can be located in areas representative of general
vegetation types or in areas of special concern such as sites with grazing-affected listed species
or sites undergoing invasive species treatment. Establishing comparison control plots (locations
in which management is not applied but which are as similar as possible to the areas under
management) is necessary to differentiate between the effects of management activities such
as prescribed grazing or herbicide treatment as compared to those changes that might appear
to be the result of management but are actually caused by annual weather patterns or other
non-management factors.
Riparian monitoring
Riparian areas present on PORE-managed grazing lands should be incorporated into a regular
monitoring routine in order to achieve Goals 4, 5, and 6. Guidelines for monitoring grazed
riparian areas are available from UC ANR (Ward et al. 2003a; Ward et al. 2003b). Bush (2006,
47) provides a helpful overview of monitoring riparian grazing:
Riparian grazing programs can be evaluated on the basis of whether they improve
degraded riparian areas or maintain riparian areas in good-to-excellent condition.
Where target species are involved, whether plant, animal or both, monitoring the
status of those species within the riparian area will be critical in evaluating the
success of a particular riparian grazing program. Managers must be prepared to
change key indicator species or forage utilization guidelines as needed to meet
defined objectives. For example, a grazing prescription developed to protect
sedge reproduction in a given stream reach may not adequately allow willow
recruitment. If establishing willows becomes a management priority on this reach,
a change in season of use, or a period of livestock exclusion, may be necessary.
Some species, anadromous fishes, for example, may not respond to local
riparian improvement when larger landscape processes or population dynamics
override local conditions.
Adding to the complexity of managing and monitoring the response of
riparian pastures is the fact that watersheds are dynamic, and may change quite
independently of grazing treatments. Managers of riparian pastures need to keep
this clearly in mind as they implement and adapt their management plans
through
years of drought, flood and average rainfall.

5.7.3. Adaptive management
In general, an important reason for monitoring in complex and dynamic ecosystems such as the
coastal prairie is the essential role monitoring plays in adaptive management. Adaptive
management of natural resources is the continuous process of developing a response dataset
that is adequate for testing the effectiveness of management actions, then analyzing that
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dataset, and using the analysis to refine specific management goals and actions (ReeverMorghan et al. 2006). An adaptive management process can be a powerful tool for creating
data-based feedback that improves management outcomes and long-term ecosystem
conditions.
The crux of adaptive management is to monitor both areas under management and comparison
control areas. A control area is a location in which management is not applied but which is as
similar as possible to the managed area; one does, however, monitor the control area, using the
same methods employed in the managed area. Control plots allow the manager to compare
what happens in the managed area with what happens in the control area, which helps to
distinguish between those changes that really are the result of management and those changes
caused by some other factor, for example, annual rainfall. This comparison assists the
manager in deciding whether all the time and money spent on a particular management action
is actually achieving the desired results.
Generally, a quasi-experimental design is desirable, with multiple treatment and control
monitoring plots (replication), as well as randomized location of plots and randomized
assignment of treatment(s) to plots if feasible. Even if a rigorous design is not feasible, a simple
treatment (management action) and control (no management action) design can provide
information robust enough to guide management choices. It is essential to remember when
planning an adaptive management process that staff time must be scheduled to analyze the
monitoring data that have been collected and, importantly, the resulting analysis must be fed
back into the management decision-making process. If the analysis suggests that a
management action is not achieving its goals, then a new management approach should be
considered and implemented, and evaluated, in turn, for effectiveness.
An adaptive management process can be fairly easy to implement as, in many ways, it follows
regular management protocols. An example might be the control of the invasive perennial
grass, velvet grass. First, the range management staff must understand the extent of the
infestation (e.g., conduct a baseline survey). Then, the staff must develop velvet grass
management goals and objectives, evaluate feasible velvet grass treatment options, and
develop a monitoring program that will cost-effectively determine whether the implemented
treatment activities are achieving the management goals. Generally, incorporating input from
other stakeholders (e.g., livestock lessees) during the goal-setting process will improve the
likelihood of success. After this planning process has finished, the selected treatment activities
(e.g., prescription cattle-grazing, herbicide application, etc.) should be implemented followed by
monitoring of both the treated areas and some velvet grass-infested control areas that have not
been treated 2 but are otherwise as similar as possible to the treated areas. Comparing
monitoring data from the treatment and control areas should give range staff information about
whether the treatment has worked effectively (for example, if monitoring data show that cattlegrazed areas have 10% velvet grass cover the next year while the control areas have 60%
velvet grass cover, that suggests that the cattle grazing has reduced the velvet grass
2

Note that in some circumstances, untreated areas of invasive species can serve as a source for reinfestation of treated areas. Care should be taken when siting the control plots.
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infestation). Staff should discuss the monitoring analysis and, based on how well the treatment
activities have achieved management goals, decide whether to continue those treatments or try
a different treatment method. The cycle of monitoring, analysis, and management discussion of
treatment effectiveness and future activities should continue until management goals are fully
achieved. In some instances, management goals may need to be altered based on monitoring
information; for example, permanent eradication of velvet grass may not be an achievable goal
and so a new goal of long-term reduction to low levels of velvet grass may need to be
substituted for the original goal.
In general, effectiveness monitoring protocols, including analysis and reporting components,
should be designed to meet the needs of the adaptive management process. Monitoring
reports should explicitly address the question of whether management activities have achieved
management goals. If goals have not been met, the report should recommend changes to
management activities that the monitoring analysis suggests could improve the effectiveness of
those activities.
Limited information is available about grazing effects for many of PORE’s special status plant
species (see Table 4). Monitoring special status native plant species in grazed and ungrazed
plots should help determine whether these species benefit from a well-managed grazing
program, need protection from grazing, or appear unaffected by livestock. Even for a wellstudied species, additional site-specific information should prove useful for achieving
management goals or for determining whether management goals are suitable. For example,
monitoring purple needlegrass in grazed and ungrazed plots over multiple years with different
weather patterns may help confirm whether livestock grazing plays a significant role in the
grass’ abundance, or whether ample rainfall or some other factor outside management control is
of overriding importance.
Another possible adaptive management project might involve investigating maximum RDM
levels (see Bartolome et al. 2015). Although RDM monitoring samples are typically compared
to a minimum target to minimize soil erosion and optimize forage production, a maximum RDM
target may also be important for certain management goals. Maximum RDM targets may be
useful in meeting wildlife habitat requirements, controlling invasive species, or minimizing fine
fuel loads. For example, grazing has proven an effective method of reducing cover of velvet
grass (Johnson and Cushman 2007, Hayes and Holl 2003) and slowing shrub encroachment
(McBride and Heady 1968). Ensuring sufficient levels of grazing by establishing maximum RDM
targets may help PORE control velvet grass and inhibit shrub encroachment. Currently,
maximum RDM targets have not been developed by researchers, although a few agencies and
researchers have recommended specific maximum RDM targets based on expert opinion.
Determining whether maximum RDM targets might be useful should start with some
investigations on sites that currently have high RDM levels. Conducting modest adaptive
management experiments on those sites should provide useful site-specific information on
appropriate maximum RDM targets, which can then feed back into management activities.
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5.7.4. Current and past monitoring practices of the PORE range program
Rangeland monitoring guidelines were originally developed for PORE in 1983 (Sugnet and
Bartolome 1983) and were revised in 1990 (Shook 1990). Two types of monitoring for livestockgrazed grasslands have been conducted at PORE since the early 1980s: residual dry matter
(RDM) in the fall and grassland species composition in the spring.
RDM monitoring began on livestock-grazed grasslands in PORE as a way to assess grazing
operations management and its effect on PORE grasslands. Public meetings and several years
of pilot RDM data collection led to the creation of the currently used monitoring protocol included
in the PORE Range Management Guidelines and the PORE Range Monitoring Handbook
(Shook 1990a,b). The 1990 Guidelines recommend that two types of livestock grazing
monitoring be conducted every year: fall RDM and spring condition and trend.
Fall RDM monitoring
The PORE fall RDM monitoring protocol included RDM double-sampling, zone mapping, and
visual estimation measurements that were collected starting in 1987 (Bartolome et al. 2015).
The RDM measurement protocols were based on a ‘key area’ within each ranch unit or pasture
unit, selected by PORE staff. Key areas are a widely used rangeland monitoring concept. The
majority of key areas across PORE were chosen during the pilot years 1987-1990 using the
following criteria (Shook 1990b):
● 2 acres in size and a single “range site” or soil and vegetation type;
● responsive to livestock grazing management practices;
● reflective of the current grazing regime;
● representative of the average grazing use of the pasture.
The PORE double-sampling method estimated the RDM of a key area using a combination of
clipped quadrats and visually assessed quadrats along a 100m transect within the designated
key area. Double-sampling produces a more precise RDM measurement and allows for a
confidence interval or calculation of error. The method improves the statistical reliability of RDM
monitoring at reduced cost but is more time intensive than some other methods (Shook 1990b,
BLM 1999). PORE staff conducting double-sampling occasionally substituted visual RDM
estimates for double-sampling in key area transects throughout the early years of fall RDM
monitoring.
The PORE RDM zone mapping method entailed a surveyor using a topographic map with
PORE pasture fences and key area/transect locations. The surveyor drew visually estimated
levels of RDM for each ranch pasture as different colored polygons on the map. In most years
during which RDM zone mapping occurred, the RDM mapping unit was at a smaller scale than
the pasture, i.e., some pastures had multiple zones of RDM levels with a minimum mapping unit
of 2-5 acres. Spot clipping for eye-calibration was also suggested for this method. RDM zone
mapping was prioritized for ranch units that had problems with meeting the minimum target
RDM or pending a lease renewal (Shook 1990b).
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PORE staff followed Rangeland Monitoring Handbook (Shook 1990b) protocols to monitor,
every September-October, 40 to 50 key areas within the livestock grazed area of PORE. The
first few years of RDM monitoring, 1986-1990, before the Handbook was finalized, were pilot
years during which PORE staff chose the key areas and determined an adequate number of
quadrat clippings and estimates.
From 1987-1996, key area monitoring for each ranch or dairy was consistently conducted to
determine grazing use with a combination of the double-sampling method and the pasturebased RDM zone mapping. From 1989-1990, the majority of grazed areas have RDM maps.
During 1998-1999, PORE staff only created RDM zone maps for priority ranch units within
PORE; priority ranch units or pastures were those that were either not meeting the minimum
target RDM (>1,200 pounds per acre) or were up for lease renewal (Shook 1990b). Between
1996 and 2011, occasional RDM sampling of priority key areas was conducted with visual
estimation or the double-sampling method.
Since 2012, PORE staff have measured RDM every year, using the double-sampling method for
up to 52 existing key areas and following recommendations in Bartolome et al. (2015). Some of
the key areas were located in livestock-grazed pastures, while others are in grasslands not
grazed by livestock. The key areas that were not livestock-grazed occurred in grassland in
which livestock grazing ended at some point between 1987-2014, livestock grazing was
removed with the creation of the park or before 1987, or grazing during the RDM sampling
period was only by tule elk.
An analysis of the PORE fall RDM dataset, 1987-2014, is available in Bartolome et al. (2015).
Spring species composition monitoring
Spring species composition monitoring has been conducted on 51 key area transect plots in
PORE grazed grassland during multiple but typically non-consecutive years, starting in 1988.
Each transect comprised a 100-m baseline with eight 30-m point line-intercept transects of 50
sampling points per line arranged perpendicularly on either side of the baseline. In total, 400
species hits were recorded per transect plot; only the first hit in vertical space was recorded.
The methodology is currently being reviewed and updated to be more time-effective while
meeting monitoring goals (Foss, pers. comm., 2018).
An analysis of the PORE spring species composition dataset, 1988-2013, is available in the
PORE NRCA (NPS 2018).
5.7.5 Water quality monitoring
PORE initiated a water quality monitoring program in 1999 to document water quality condition,
provide management feedback to address impacts specific to agricultural and recreational
operations and use, and to identify a long-term monitoring strategy. Long-term monitoring was
subsequently initiated in the Olema Creek Watershed and a portion of the Lagunitas Creek
watershed, and a protocol and subset of sampling stations was formally adopted by the NPS
Inventory & Monitoring Program in 2006. Core parameters (such as temperature, pH, dissolved
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oxygen, and conductivity) are monitored on-site, while samples are collected and analyzed to
assess turbidity, nutrients, and fecal indicator bacteria (for more info, see Cooprider and Carson
2006). In addition, NPS has partnered with the Regional Water Quality Control Board to conduct
pathogen TMDL monitoring of fecal indicator bacteria in the Olema Creek Watershed at longterm monitoring sites. Aside from these long-term monitoring programs, the NPS has also
conducted targeted monitoring at various intervals and locations to document conditions and
provide management information to address impacts.
6. RECOMMENDED ACTIONS
Table 8 below outlines recommended action items as suggested throughout this document by
the REL. The associated section in the document and the relevant management goals from
Table 1 are listed in columns two and three, respectively. Many of the recommended actions
apply to more than one goal so all applicable goals are listed.
Table 8: Recommended actions for the PORE range program
Referenced
Sections

Relevant Goals

3

All goals

Facilitate ranchers’ input and participation in the
livestock grazing and ranch management planning.

3; 5.3

11

Develop individual ranch plans in collaboration with
the ranchers.

3; 5.3

11

Continue mapping native grasslands.

4.5.1

3

4.7

3

4.5.3

4

4.5.2; 5.5.3

3

Suggested Actions
Review goals and strategies of Grazing Plan with
stakeholders, including ranchers.

Update PORE invasive plant management plan,
addressing the new invasive species that have been
found at PORE and incorporating the many new
weed control methods that have been developed for
California wildlands over the past three decades.
Employ an adaptive management approach to
determine grazing strategies that will achieve
management goals relevant to coastal dune
communities.
Evaluate policy regarding management of native
plant species, like iris and coyote brush, that reduce
forage in pastures. Determine permitted control
practices, if any, and incorporate them into grazing
lease land use regulations.
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Referenced
Sections

Relevant Goals

Prioritize scientific research of livestock grazing
impacts on threatened, endangered, and rare
species in collaboration with other institutions. The
Cooperative Ecosystem Studies Unit and the new
NPS-UC Natural Reserve research station should
contribute significantly to this effort.

4.6.2

1

Adopt best management practices that reduce the
likelihood that invasive plants are introduced into or
spread within PORE.

4.7; 5.4.2

1, 3, 4, 7, 9

Consider harnessing the ‘crowd-sourcing’ power of
the public and of PORE ranchers to locate new
invasive plants, via educational signage and
requests for reports of observations

4.7

1, 3, 4, 7, 9

Coordinate with partner groups such as the Natural
Resources Conservation Service and the Marin
Resource Conservation District on implementing
ranching and agricultural best management
practices.

5

11

Develop Ecological Site Descriptions and State and
Transition Models for grazed areas in PORE.

5.1

9

Use the vegetation production model created by
PORE to produce grazing capacity and stocking
rates in individual ranch plans and land regulations.

5.3

All goals

Include land use regulations in PORE leases.

5.4.1

1, 3-9, 11

Specify conditions for supplemental feeding of
livestock other than mineral and limited protein
supplements in land use regulations.

5.4.1

1, 3-9, 11

Measure RDM in each pasture every fall and adjust
the stocking rate for the following year and/or shorten
the season for those pastures that did not meet fall
RDM targets.

5.4.1

1-9, 11

In years when rainfall is running significantly below
average, re-evaluate forage production projections,
animal numbers, and levels of utilization in midFebruary.

5.4.1

1-9, 11

Require lessees to report monthly AUMs and animal
numbers and then confirm these reports with
occasional compliance monitoring.

5.4.1

1-9, 11

Suggested Actions
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Referenced
Sections

Relevant Goals

Require wildlife escape ramps in all troughs.

5.4.1

1

Place water troughs and supplemental mineral
locations to minimize animal impacts to resources.

5.4.1

1-9

Incorporate tule elk use into stocking rate and
residual dry matter calculations for individual ranch
plans as applicable.

5.4.1

1-9

Implement an adaptive management process when
the optimal management activity to achieve a
particular management goal is not obvious.

5.4.1

1-9

Consider the development of grassland bank areas
for use during droughts and following invasive
species control treatments.

5.4.1

1-9, 11

Share monitoring information and discuss monitoring
results with lessees as an important source of
feedback to ranchers on their livestock management
activities.

5.4.1

1-9, 11

Increase signage about closing the ranch gates and
consider the impacts of complex fencing and gate
systems on visitor access.

5.4.1

11

Adopt best management practices for grazing that
maintain water quality.

5.4.3

1, 3, 5

Undertake a comprehensive assessment of stream
health.

5.4.3

1, 3-7, 9

Determine PORE standards for practices on dairies.

5.4.4

5, 7, 8, 11

Create a drought contingency plan for PORE and
employ pre and post drought management practices.

5.4.5

6, 7, 9

Develop a comprehensive monitoring plan that is
based upon an adaptive management approach.

5.4.5; 5.7

All goals

Evaluate the appropriateness of various pasture
management activities in the individual ranch
management plans.

5.5

1, 3-5, 7-9, 11

5.6.1

4

Suggested Actions

Assess the possibility of using prescribed burning at
PORE for controlling invasive plants and reducing
shrub encroachment into coastal prairie.
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Suggested Actions
Relocate key areas if they are determined to not be
representative based on monitoring and adaptive
management.

Referenced
Sections

Relevant Goals

5.7.4

3, 5, 7
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APPENDICES
Appendix A. Map of PORE geology

Figure A-1: PORE geology (Source: USGS)

105

Grazing Plan - Point Reyes National Seashore, 2018

Appendix B. Soil types in PORE
Table B-1: Soil types in PORE (Source: USDA Soil Conservation Services, Marin Soil Survey);
soils with asterisks (*) are very productive - listed as prime farmland in the Soil Survey.
Symbol

Soil Name

Vegetation Communities

101*

BALLARD GRAVELLY, LOAM 2 TO 9 PERCENT
SLOPES

Soft chess, ripgut brome, purple needlegrass, filaree,
burclover

103

BARNABE VERY GRAVELLY LOAM, 30 TO 50
PERCENT SLOPES

Soft chess, ripgut brome, wild oat, purple needlegrass,
blue wildrye, coyotebrush

104

BEACHES

105

BLUCHER-COLE COMPLEX, 2 TO 5 PERCENT
SLOPES

Blue wildrye, soft chess, fescue, ripgut brome, italian
rye, poison-oak

106

BONNYDOON GRAVELLY LOAM, 15 TO 30 PERCENT
SLOPES

Soft chess, ripgut brome, California oatgrass, purple
needlegrass, wild oat, broadleaf filaree, burclover

107

BONNYDOON GRAVELLY LOAM, 30 TO 75 PERCENT
SLOPES

Soft chess, ripgut brome, California oatgrass, purple
needlegrass, wild oat, broadleaf filaree, burclover

110

CENTISSIMA-BARNABE COMPLEX, 15 TO 30
PERCENT SLOPES

Soft chess, ripgut brome, California oatgrass, purple
needlegrass, wild oat, broadleaf filaree, burclover

111

CENTISSIMA-BARNABE COMPLEX, 30 TO 50
PERCENT SLOPES

Soft chess, ripgut brome, California oatgrass, purple
needlegrass, wild oat, broadleaf filaree, burclover

112

CENTISSIMA-BARNABE COMPLEX, 50 TO 75
PERCENT SLOPES

Soft chess, ripgut brome, California oatgrass, purple
needlegrass, wild oat, broadleaf filaree, burclover

114*

CORTINA GRAVELLY SANDY LOAM, 0 TO 5
PERCENT SLOPES

Wild oat, redstem filaree, soft chess, ripgut brome,
burclover, italian rye, mediterranean barley

116

CRONKHITE-BARNABE COMPLEX, 15 TO 30
PERCENT SLOPES

California oatgrass, purple needlegrass, soft chess,
coyotebrush, blue wildrye
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Symbol

Soil Name

Vegetation Communities

117

CRONKHITE-BARNABE COMPLEX, 30 TO 50
PERCENT SLOPES

California oatgrass, purple needlegrass, soft chess,
coyotebrush, blue wildrye

115

CRONKHITE-BARNABE COMPLEX, 9 TO 15
PERCENT SLOPES

California oatgrass, purple needlegrass, soft chess,
coyotebrush, blue wildrye

119

DIPSEA-BARNABE VERY GRAVELLY LOAMS, 30 TO
50 PERCENT SLOPES

Soft chess, ripgut brome, wild oat, purple needlegrass,
blue wildrye, coyotebrush

120

DIPSEA-BARNABE VERY GRAVELLY LOAMS, 50 TO
75 PERCENT SLOPES

Soft chess, ripgut brome, wild oat, purple needlegrass,
blue wildrye, coyotebrush

122

DUNE LAND

124

FELTON VARIANT-SOULAJULE COMPLEX, 15 TO 30
PERCENT SLOPES

Wild oat, soft chess, California oatgrass, purple
needlegrass, foxtail fescue, burclover

125

FELTON VARIANT-SOULAJULE COMPLEX, 30 TO 50
PERCENT SLOPES

Wild oat, soft chess, California oatgrass, purple
needlegrass, foxtail fescue, burclover

126

FELTON VARIANT-SOULAJULE COMPLEX, 50 TO 75
PERCENT SLOPES

Wild oat, soft chess, California oatgrass, purple
needlegrass, foxtail fescue, burclover

123

FELTON VARIANT-SOULAJULE COMPLEX, 9 TO 15
PERCENT SLOPES

Wild oat, soft chess, California oatgrass, purple
needlegrass, foxtail fescue, burclover

127

FLUVENTS, CHANNELED

Occasional willows, water tolerant grasses and some
shrubs

129

HENNEKE STONY CLAY LOAM, 15 TO 50 PERCENT
SLOPES

Chamise, buckbrush, manzanita, leather oak

130

HUMAQUEPTS,SEEPED

131

HYDRAQUENTS,SALINE
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Symbol

Soil Name

Vegetation Communities

133

INVERNESS LOAM, 15 TO 30 PERCENT SLOPES

Common wheatgrass, California brome, fescue, western
swordfern

134

INVERNESS LOAM, 30 TO 50 PERCENT SLOPES

Common wheatgrass, California brome, fescue, western
swordfern

135

INVERNESS LOAM, 50 TO 75 PERCENT SLOPES

Common wheatgrass, California brome, fescue, western
swordfern

132

INVERNESS LOAM, 9 TO 15 PERCENT SLOPES

Common wheatgrass, California brome, fescue, western
swordfern

137

KEHOE LOAM, 15 TO 50 PERCENT SLOPES

Coyotebush, soft chess, reedgrass, iris, perennial
ryegrass, blue wildrye

136

KEHOE LOAM, 9 TO 15 PERCENT SLOPES

Coyotebush, soft chess, reedgrass, iris, perennial
ryegrass, blue wildrye

139

KEHOE VARIANT COARSE SANDY LOAM, 15 TO 50
PERCENT SLOPES

Bush lupine, soft chess, ripgut brome, italian rye

138

KEHOE VARIANT COARSE SANDY LOAM, 9 TO 15
PERCENT SLOPES

Bush lupine, soft chess, ripgut brome, italian rye

141

LOS OSOS-BONNYDOON COMPLEX, 15 TO 30
PERCENT SLOPES

Wild oat, soft chess, burclover, filaree

142

LOS OSOS-BONNYDOON COMPLEX, 30 TO 50
PERCENT SLOPES

Wild oat, soft chess, burclover, filaree

140

LOS OSOS-BONNYDOON COMPLEX, 5 TO 15
PERCENT SLOPES

Wild oat, soft chess, burclover, filaree

145

MAYMEN-MAYMEN VARIANT GRAVELLY LOAMS, 30
TO 75 PERCENT SLOPES

Manzanita, chamise, California scrub oak, and
ceanothus
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Symbol

Soil Name

Vegetation Communities

147

NOVATO CLAY

Cordgrass, saltgrass, and pickleweed

150

OLOMPALI LOAM, 15 TO 30 PERCENT SLOPES

California oatgrass, wild oat, spike bentgrass, purple
needlegrass

148

OLOMPALI LOAM, 2 TO 9 PERCENT SLOPES

California oatgrass, wild oat, spike bentgrass, purple
needlegrass

149

OLOMPALI LOAM, 9 TO 15 PERCENT SLOPES

California oatgrass, wild oat, spike bentgrass, purple
needlegrass

151

PABLO-BAYVIEW COMPLEX, 15 TO 50 PERCENT
SLOPES

Brackenfern, blackberry, coyotebrush, poison-oak

152

PABLO-BAYVIEW COMPLEX, 50 TO 75 PERCENT
SLOPES

Brackenfern, blackberry, coyotebrush, poison-oak

154

PALOMARIN-WITTENBERG COMPLEX, 15 TO 30
PERCENT SLOPES

Swardfern, brackenfern, wake-robin, blueberry, poison
oak

155

PALOMARIN-WITTENBERG COMPLEX, 30 TO 50
PERCENT SLOPES

Swardfern, brackenfern, wake-robin, blueberry, poison
oak

156

PALOMARIN-WITTENBERG COMPLEX, 50 TO 75
PERCENT SLOPES

Swardfern, brackenfern, wake-robin, blueberry, poison
oak

153

PALOMARIN-WITTENBERG COMPLEX, 9 TO 15
PERCENT SLOPES

Swardfern, brackenfern, wake-robin, blueberry, poison
oak

157

PITS, QUARRIES

159

ROCK OUTCROP-XERORTHENTS COMPLEX, 50 TO
75 PERCENT SLOPES

scattered shrubs, grass and lichens
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Symbol

Soil Name

Vegetation Communities

160

RODEO CLAY LOAM, 2 TO 15 PERCENT SLOPES

California oatgrass, plantain, soft chess, wild oat

162

SAURIN-BONNYDOON COMPLEX, 15 TO 30
PERCENT SLOPES

Soft chess, Idaho fescue, wild oat, ripgut brome,
bottlebursh squierreltail, Italian ryegrass, broadleaf
filaree, California oatgrass, purple needlegrass

161

SAURIN-BONNYDOON COMPLEX, 2 TO 15 PERCENT
SLOPES

Soft chess, Idaho fescue, wild oat, ripgut brome,
bottlebursh squierreltail, Italian ryegrass, broadleaf
filaree, California oatgrass, purple needlegrass

163

SAURIN-BONNYDOON COMPLEX, 30 TO 50
PERCENT SLOPES

Soft chess, Idaho fescue, wild oat, ripgut brome,
bottlebursh squierreltail, Italian ryegrass, broadleaf
filaree, California oatgrass, purple needlegrass

164

SAURIN-BONNYDOON COMPLEX, 50 TO 75
PERCENT SLOPES

Soft chess, Idaho fescue, wild oat, ripgut brome,
bottlebursh squierreltail, Italian ryegrass, broadleaf
filaree, California oatgrass, purple needlegrass

168

SHERIDAN VARIANT COARSE SANDY LOAM, 30 TO
50 PERCENT SLOPES

Bishop pine, California brome, blue wildrye, common
velvetgrass, coyotebrush

169

SHERIDAN VARIANT COARSE SANDY LOAM, 50 TO
75 PERCENT SLOPES

Bishop pine, California brome, blue wildrye, common
velvetgrass, coyotebrush

167

SHERIDAN VARIANT COARSE SANDY LOAM, 9 TO 30
PERCENT SLOPES

Bishop pine, California brome, blue wildrye, common
velvetgrass, coyotebrush

171

SIRDRAK SAND, 15 TO 50 PERCENT SLOPES

Bush lupine, ripgut brome, Mediterranean barley, soft
chess

170

SIRDRAK SAND, 2 TO 15 PERCENT SLOPES

Bush lupine, ripgut brome, Mediterranean barley, soft
chess

172

SIRDRAK VARIANT SAND, 0 TO 5 PERCENT SLOPES

Coyotebush, bush lupine, blue wildrye, ripgut brome,
perennial ryegrass, common velvetgrass
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Symbol

Soil Name

Vegetation Communities

174

SOBEGA LOAM, 15 TO 30 PERCENT SLOPES

Wild oat, soft chess, broadleaf filaree, burclover,
Mediterranean barley, purple needlegrass

173

SOBEGA LOAM, 9 TO 15 PERCENT SLOPES

Wild oat, soft chess, broadleaf filaree, burclover,
Mediterranean barley, purple needlegrass

178

TOCALOMA-MCMULLIN COMPLEX, 15 TO 30
PERCENT SLOPES

California laurel, live oak, poison oak

179

TOCALOMA-MCMULLIN COMPLEX, 30 TO 50
PERCENT SLOPES

California laurel, live oak, poison oak

180

TOCALOMA-MCMULLIN COMPLEX, 50 TO 75
SLOPES

California laurel, live oak, poison oak

185

TOCALOMA-SAURIN ASSOCIATION, EXTREMELY
STEEP

California laurel, live oak, poison oak

183

TOCALOMA-SAURIN ASSOCIATION, STEEP

California laurel, live oak, poison oak

184

TOCALOMA-SAURIN ASSOCIATION, VERY STEEP

California laurel, live oak, poison oak

196

TOMALES-SOBEGA COMPLEX, 15 TO 30 PERCENT
SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

195

TOMALES-SOBEGA COMPLEX, 9 TO 15 PERCENT
SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

194

TOMALES-SOBEGA LOAMS, 15 TO 30 PERCENT
SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

197

TOMALES-STEINBECK FINE SANDY LOAMS, 30 TO
50 PERCENT SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

198

TOMALES-STEINBECK LOAMS, 5 TO 15 PERCENT
SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass
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Symbol

Soil Name

Vegetation Communities

188

TOMALES FINE SANDY LOAM, 15 TO 30 PERCENT
SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

186*

TOMALES FINE SANDY LOAM, 2 TO 9 PERCENT
SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

189

TOMALES FINE SANDY LOAM, 30 TO 50 PERCENT
SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

187

TOMALES FINE SANDY LOAM, 9 TO 15 PERCENT
SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

192

TOMALES LOAM, 15 TO 30 PERCENT SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

190*

TOMALES LOAM, 2 TO 9 PERCENT SLOPES

Blue wildrye, Pacific reedgrass, soft chess, redtop,
slender hairgrass

203

XERORTHENTS, FILL

209

YORKVILLE-ROCK OUTCROP COMPLEX, 15 TO 30
PERCENT SLOPES

Soft chess and burclover

208

YORKVILLE-ROCK OUTCROP COMPLEX, 9 TO 15
PERCENT SLOPES

Soft chess and burclover

206

YORKVILLE CLAY LOAM, 15 TO 30 PERCENT
SLOPES

Soft chess, burclover, California oatgrass, purple
needlegrass

207

YORKVILLE CLAY LOAM, 30 TO 50 PERCENT
SLOPES

Soft chess, burclover, California oatgrass, purple
needlegrass

205

YORKVILLE CLAY LOAM, 9 TO 15 PERCENT SLOPES

Soft chess, burclover, California oatgrass, purple
needlegrass
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Appendix C. Map of soil types in grazing area of PORE

Figure C-1: Soil types in grazing area of PORE.
113

Grazing Plan - Point Reyes National Seashore, 2018

Appendix D. Map of Alfisols and Mollisols in grazing area of PORE

Figure D-1: Alfisols and Mollisols in grazing area of PORE.
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Appendix E. Invasive plant species known to occur in PORE
Table E-1: Invasive plant species known to occur in PORE (Source: NPS 2018); priority
rankings from the PORE Natural Resources Condition Assessment (NRCA; NPS 2018).
Scientific Name
Acroptilon [Centaurea] repens
Aegilops triuncialis

Common Name

Family

NRCA
Priority

Asteraceae
Poaceae

1
1

Asteraceae

1

Fabaceae
Lamiaceae
Alismataceae
Poaceae
Poaceae
Poaceae
Asteraceae
Cyperaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Aizoaceae
Roseaceae
Roseaceae
Asteraceae

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Hydrocharitaceae

1

Poaceae
Euphorbiaceae
Asteraceae

1
1
1

Hypericaceae

1

Hypericaceae
Iridaceae

1
1

Brassicaceae

1

Limonium ramosissimum

Russian knapweed
barbed goatgrass
thoroughwort, crofton
weed
silk tree, cape wattle
common bugle
lanceleaf water plantain
sweet vernalgrass
giant reed
purple false brome
plumeless thistle
hanging sedge
woolly distaff thistle
purple starthistle
Iberian starthistle
Napa thistle, tocalote
yellow starthistle
narrow-leaved iceplant
orange cotoneaster
silverleaf cotoneaster
stinkweed
Brazilian elodea or
waterweed
perennial veldt grass
egglear or oblong spurge
licorice plant
large-leaved Saint
Johnswort
Klamathweed
yellow flag
perennial pepperweed,
tall whitetop
Algeria sealavender

Plumbaginaceae

1

Ludwigia hexapetala

sixpetal water-primrose

Onagraceae

1

Ageratina adenophora
Albizia lophantha
Ajuga reptans
Alisma lanceolatum
Anthoxanthum odoratum
Arundo donax
Brachypodium distachyon
Carduus acanthoides
Carex pendula
Carthamus lanatus
Centaurea calcitrapa
Centaurea iberica
Centaurea melitensis
Centaurea solstitialis
Conicosia pugioniformis
Cotoneaster franchetii
Cotoneaster pannosus
Dittrichia graveolens
Egeria densa
Ehrharta calycina
Euphorbia oblongata
Helichrysum petiolare
Hypericum grandifolium
Hypericum perforatum
Iris pseudacorus
Lepidium latifolium
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Scientific Name
Ludwigia peploides ssp.
montevedensis
Marrubium vulgare
Myriophyllum aquaticum
Phalaris arundinacea
Robinia pseudoacacia
Rytidosperma penicillatum
Romulea rosea var. australis
Salsola soda
Senecio jacobaea
Spartina alterniflora
Stipa purpurata
Trifolium angustifolium
Ulex europaeus
Acacia melanoxylon
Arctotheca calendula
Arctotheca prostrata
Berberis darwinii
Cakile edentula
Cytisus scoparius
Datura stramonium
Delairea odorata
Echium candicans
Genista monspessulana
Glyceria declinata
Hedera helix
Ilex aquifolium
Lathyrus latifolius
Leucanthemum vulgare
Linaria vulgaris
Maytenus boaria
Oxalis pes-caprae
Paspalum dilatum
Pennisetum clandestinum
Phalaris elongata
Pittosporum undulatum

Common Name

Family

NRCA
Priority

floating primrose-willow

Onagraceae

1

horehound
parrot's-feather
reed canary grass
black locust
wallaby grass
rosy sandcrocus
oppositeleaf Russian
thistle
tansy ragwort, stinking
willie
Atlantic or smooth
cordgrass
Bristly needle grass
narrow leaved clover
gorse, furze
blackwood acacia
capeweed
fertile capeweed
Darwin's berberis
European searocket
Scotch broom
jimsonweed, thorn apple
cape ivy
pride of Madeira
French broom
waxy mannagrass
English ivy
English holly
perennial pea
ox-eye daisy
butter and eggs
Chilean mayten
Bermuda buttercup
dallis grass
Kikuyu grass
Kolea grass
Victorian box

Lamiaceae
Haloragaceae
Poaceae
Fabaceae
Poaceae
Iridaceae

1
1
1
1
1
1

Chenopodiaceae

1

Asteraceae

1

Poaceae

1

Poaceae
Fabaceae
Fabaceae
Fabaceae
Asteraceae
Asteraceae
Berberidaceae
Brassicaceae
Fabaceae
Solanaceae
Asteraceae
Boraginaceae
Fabaceae
Poaceae
Araliaceae
Aquifoliaceae
Fabaceae
Asteraceae
Scrophulariaceae
Celeastraceae
Oxalidaceae
Poaceae
Poaceae
Poaceae
Pittosporaceae

1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
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Scientific Name
Rhamnus alaternus
Rubus discolor [procerus]
Tetragonia tetragonoides
Vinca major
Xanthium spinosum
Acacia longifolia
Acacia verticillata
Allium triquetrum
Ammophila arenaria
Carpobrotus chilensis
Carpobrotus edulis
Cestrum parqui
Conium maculatum
Cortaderia jubata
Cortaderia selloana
Cotoneaster lacteus
Crataegus monogyna
Cupressus macrocarpa
Cynodon dactylon
Digitalis purpurea
Dipsacus fullonum
Dipsacus sativus
Drosanthemum floribundum
Echium plantagineum
Ehrharta erecta
Eucalyptus globulus
Euphorbia lathyris
Festuca arundinacea
Foeniculum vulgare
Hypericum calycinum
Lythrum hyssopifolia
Mentha pulegium
Myoporum laetum
Phalaris aquatica
Pinus radiata
Populus alba
Pyracantha angustifolia

Common Name
Italian buckthorn
Himalayan blackberry
New Zealand-spinach
periwinkle
spiny cockleburr
Sydney golden wattle
prickly Moses
threecorner leek
European beachgrass
sea fig
hottentot fig, freeway
iceplant
chilean jessamine
poison hemlock
jubata grass
Uruguayan pampas grass
milkflower cotoneaster
singleseed hawthorn
Monterey cypress
Bermudagrass
purple foxglove
common or Fuller's teasel
indian teasel
showy dewflower
salvation jane
panic veldt grass
bluegum eucalyptus
gopher plant, caper
spurge
tall fescue
sweet fennel
Aaron's beard
hyssop loosestrife
pennyroyal
myoporum
Harding grass
Monterey pine
white poplar
narrowleaf firethorn

Family

NRCA
Priority

Rhamnaceae
Rosaceae
Aizoaceae
Apocynaceae
Asteraceae
Fabaceae
Fabaceae
Liliaceae
Poaceae
Aizoaceae

2
2
2
2
2
3
3
3
3
3

Aizoaceae

3

Solanaceae
Apiaceae
Poaceae
Poaceae
Rosaceae
Rosaceae
Cupressaceae
Poaceae
Scrophulariaceae
Dipsacaceae
Dipsacaceae
Aizoaceae
Boraginaceae
Poaceae
Myrtaceae

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

Euphorbiaceae

3

Poaceae
Apiaceae
Clusiaceae
Lythraceae
Lamiaceae
Myoporaceae
Poaceae
Pinaceae
Salicaceae
Rosaceae

3
3
3
3
3
3
3
3
3
3
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Scientific Name

Common Name

Family

NRCA
Priority

Rosa eglanteria
Scabiosa atropurpurea

sweetbriar rose
mourningbride

Rosaceae
Dipsacaceae

3
3

Sorghum halepense

Johnson grass

Poaceae

3

Iridaceae

3

Asteraceae
Scrophulariaceae
Iridaceae
Araceae
Poaceae
Poaceae
Poaceae
Poaceae
Asteraceae
Aizoaceae
Poaceae
Poaceae
Scrophulariaceae
Brassicaceae
Brassicaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Brassicaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Convolvulaceae
Iridaceae
Poaceae
Poaceae
Asteraceae
Asteraceae
Geraniaceae
Brassicaceae

3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

Sparaxis tricolor
Tanacetum parthenium
Verbascum blattaria
Watsonia meriana
Zantedeschia aethiopica
Agrostis avenacea
Agrostis capillaris
Agrostis stolonifera
Agrostis viridis
Anthemis cotula
Aptenia cordifolia
Avena barbata
Avena fatua
Bellardia trixago
Brassica nigra
Brassica rapa
Briza maxima
Briza minor
Bromus diandrus
Bromus hordeaceus
Bromus madritensis ssp. rubens
Cakile maritima
Carduus pycnocephalus
Carduus tenuiflorus
Cichorium intybus
Cirsium vulgare
Convolvulus arvensis
Crocosmia X crocosmiiflora
Cynosurus echinatus
Dactylis glomerata
Erechtites glomerata
Erechtites minima
Geranium dissectum
Hirschfeldia incana

harlequinflower,
wandflower
feverfew
moth mullein
bulbil bugle-lily
calla lily
Pacific bentgrass
colonial bentgrass
creeping bentgrass
green bent
chamomile, dog fennel
heartleaf iceplant
slender oat
wild oat
bellardia
black mustard
field mustard
big quakinggrass
little quakinggrass
ripgut brome
soft brome
red brome
European searocket
Italian thistle
slender-flowered thistle
chicory
bull thistle
field bindweed
crocosmia, montbretia
hedgehog dogtail
orchard grass
cutleaf burnweed
coastal burnweed
cutleaf geranium
shortpod mustard
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Scientific Name
Holcus lanatus
Hordeum marinum ssp.
gussonianum
Hordeum murinum
Hypochaeris glabra
Hypochaeris radicata
Leontodon taraxacoides
Lepidium strictum
Leucanthemum maximum
Lolium multiflorum
Lolium perenne
Lotus corniculatus
Medicago polymorpha
Melilotus alba
Melilotus indica
Picris echioides
Plantago lanceolata
Poa pratensis ssp. pratensis
Polypogon monspeliensis
Raphanus raphanistrum
Raphanus sativus
Rosa canina
Rumex acetosella
Rumex crispus
Silene gallica
Silybum marianum
Solanum nigrum
Sonchus arvensis
Trifolium hirtum

Common Name

Family

NRCA
Priority

velvet grass, Yorkshire
fog

Poaceae

4

Mediterranean barley

Poaceae

4

mouse barley
smooth catsear
hairy cat's ear, false
dandelion
lesser hawkbit
upright pepperweed
Shasta daisy and hybrids
Italian or annual ryegrass
Italian or perennial
ryegrass
Birdsfoot trefoil
California burclover
white sweetclover
sourclover
bristly oxtongue
English plantain
Kentucky bluegrass
rabbitfoot beardgrass
wild radish
wild radish
dog rose
sheep sorrel
curly dock
windmill catchfly
blessed milkthistle
black nightshade
perennial sowthistle
rose clover

Poaceae
Asteraceae

4
4

Asteraceae

4

Asteraceae
Brassicaceae
Asteraceae
Poaceae

4
4
4
4

Poaceae

4

Fabaceae
Fabaceae
Fabaceae
Fabaceae
Asteraceae
Plantaginaceae
Poaceae
Poaceae
Brassicaceae
Brassicaceae
Rosaceae
Polygonaceae
Polygonaceae
Caryophyllaceae
Asteraceae
Solanaceae
Asteraceae
Fabaceae

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
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