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EXECUTIVE SUMMARY

This report updates the 2016

which represented an unprecedented collaboration among One Tam land managers, the
Golden Gate National Parks Conservancy, and the larger scientific community. Anchored in a Western
intellectual tradition, it uses the most current data and best expert judgement to understand the
mountain’s health.

There are many ways to evaluate something as complex as the health of a mountain, from the
condition and trend of an individual species or entire communities to larger ecological processes or
threats. We considered all of these aspects by identifying measurable elements (metrics) that say
something about the health of important species or communities (health indicators). Combined in
different ways, these indicators tell us about the health of broader communities, overall biodiversity, or
climate resilience.

The 2016 report established important benchmarks and repeatable metrics that managers can use to
see change across jurisdictional boundaries. It led to better resource management coordination and
also revealed many new opportunities to collaboratively fill in important information gaps and to be

better stewards of the mountain.

Some of those opportunities have been realized. A new countywide bat monitoring program and bee
inventory within the One Tam area of focus (Figures 1.1 and 1.2)—both identified as key needs in the
2016 report—have been added to this update. The California giant salamander (Dicamptodon ensatus),
another species listed as an important information gap in 2016, also now has its own chapter.

More broadly, a countywide vegetation map completed in 2021 provides a comprehensive
representation of the mountain’s plant life that was not available in 2016. The map and its underlying
data allow us to see change over time and to manage these lands within a regional context in a way
that was not possible before. Further, the 2023 Marin Regional Forest Health Strategy offers additional
breadth and depth of analysis on important plant communities not included in this report.

The 2016 effort was as much a journey into deeper collaboration andrelationship building as it was the
creation of a report. Bringing together agency staff and regional experts, it fostered a greater spirit of
trust and collaboration across disciplines and organizations. It also created a new way to bring in
others who love this place and to engage new generations of curious minds.

In a world so full of wonderful things to study, we opted to pursue projects designed specifically to fill
information gaps identified in the 2016 report. In doing so, we fostered a new community of
interconnected community members and scientists.
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WHAT HAVE WE LEARNED ABOUT MT. TAM'S HEALTH?

Mt. Tamalpais (Mt. Tam) is one of the most ecologically rich and beloved places in the San Francisco
Bay Area. Part of the Golden Gate Biosphere Reserve, Pacific Flyway, and California Floristic Province,
the mountain is a vital refuge for many threatened, endangered, and special-status species. It is also an
important link in a much larger network of interconnected open spaces, including 195,000 acres of
protected open space in Marin County.

The mountain’s ecosystems provide abundant ecological, economic, and social benefits to its visitors
and neighbors. For example, the clean drinking water from its lakes and reservoirs, carbon sequestered
in its grasslands, and natural beauty and solace of its forests all depend on the mountain’s overall
health as well as that of the species that make up each of its interconnected ecosystems.

And yet, until 2016, we were not able to answer the question: How healthy is Mt. Tam? Thanks to our
first health assessment, in 2016 we could say that the overall condition of the mountain’s ecosystems
was cautionary but fairly stable. We saw similar results this time (Figure 1); however, measuring a trend
between the overall condition for Mt. Tam between the two reports has been complicated by the
addition of new indicators since 2016, an expanded geography, and a major new vegetation mapping
effort that parses those communities differently than before. A look at the indicators that were
combined to reach this overall condition (Table 1) reveals a complex story of improvement in some
areas and decline in others. It shows that some species (e.g., the foothill yellow-legged frog [Rana
boyliil and northwestern pond turtle [Actinemys marmorata], which have been the focus of restoration
programs) have improved since 2016, while others (e.g., the coho salmon [Oncorhynchus kisutch])
continue to struggle despite the extraordinary efforts being made to save them.
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FIGURE 1 OVERALL CONDITION MT. TAM’S ECOLOGICAL HEALTH

*We did not establish a trend in the overall condition for Mt. Tam between 2016 and 2022 because of the addition of
new indicators since 2016, an expanded geography, and a major new vegetation mapping effort that parses those
communities differently than before. In addition, some indicators improved while others declined or did not see a
change in condition.

The colors of each part of Figure 1 represent the overall condition for each taxonomic group. Green = good, yellow =
caution, red = significant concern, and gray = unknown. Refer to the legend on page 7 for further explanation.

Each chapter describes the individual health indicators that comprise each segment in greater detail. In
brief, however, here is what we have observed.

VEGETATION

Some of Mt. Tam'’s plant communities are thriving, but most are suffering from the effects of climate
change, invasive species, plant disease, and changed fire regimes. Ecologically important and iconic
communities (e.g., maritime chaparral, shrublands, and open-canopy oak woodlands) are declining,
while old-growth redwood (Sequoia sempervirens) and Sargent cypress (Cupressus sargentii) forests
are in good condition and stable or improving. A notable exception is second-growth redwood forests,
which are in caution condition with a declining trend.



WILDLIFE

Most of Mt. Tam’s wildlife species and communities appear to be doing well, with stable or improving
trends. We were able to add three new wildlife indicators to this update: bees, California giant
salamanders, and bats. The health of bird communities overall is mixed; the Northern Spotted Owl (Strix
occidentalis caurina) is doing well but the Osprey (Pandion haliaetus) is moving to a condition of
significant concern. Additional years of Marin Wildlife Watch data have revealed that mammals are in
good condition with a stable trend. The North American river otter (Lontra canadensis) continues its
remarkable comeback. The California red-legged frog (Rana draytonii), foothill yellow-legged frog, and
northwestern pond turtle have all benefited from restoration and restocking efforts. Yet, populations of
coho salmon and steelhead trout (Oncorhynchus mykiss) are dangerously small and of great concern.

LANDSCAPE-SCALE MEASURES OF HEALTH

Considering the mountain’s health by combining—or “rolling up”—its individual health indicators allows
us to begin to explore how well ecological systems and landscape-level processes are functioning
across the mountain as a whole. This approach provides land managers and scientists with another
way to track the mountain’s health. Based on this approach, shrubland, grassland, open-canopy oak
woodland, and redwood forest ecological communities are all in cautionary condition.

Another way to look at overall health is by using models that provide a broader view of how climate
change may affect different communities. Pepperwood Preserve scientists conducted a new analysis
for this report to inform key hypotheses about potential climate impacts and to prioritize indicators for
long-term vegetation monitoring on Mt. Tam. They modeled projected trends in vegetation distribution
under future climate scenarios and used three different approaches. For example, they found that coast
redwood communities are expected to shrink under all approaches. Onthe other hand, vegetation types
adapted to hotter and more arid conditions such as chaparral are expected to expand toward a
warming coast and lower elevations. Grasslands are projected to decline, though the impacts appear
highly dependent upon future rainfall and thus are subject to significant uncertainty.

DATA GAPS

The condition of many other important indicators of Mt. Tam’s ecological health—including
invertebrates (other than bees), lichens, hardwood forests, riparian areas, and seeps and springs—
remains largely unknown (see Chapters 11 and 25). However, as with 2016 indicators identified as
needs that we have now included, we hope to add them to a future update. Additionally, specific
information gaps about the indicators in each chapter of this report may continue to be strategically
addressed. For example, in this update we have included new climate vulnerability information for each
indicator.



WHERE DO WE GO FROM HERE?

Scientific research is an inherently iterative and cumulative process, and as our understanding of the
state of the mountain’s ecosystems evolves, this health evaluation will likewise grow and improve.

Our work will reveal new insights and provide opportunities for improving the condition of key
resources. Restoration and stewardship can help bolster communities and species that are currently
flagging. Meanwhile, factors beyond the control of One Tam land managers—e.g., climate change and
ecological succession—may alter the landscape in ways we cannot yet fully predict.

As in 2016, this assessment is a critical step in both understanding how important aspects of the
health of the mountain are faring and continuing to identify gaps in our current knowledge. Land
management agencies can prioritize and incorporate these findings into ongoing resource work. They
can also use them to help measure the results of their efforts and identify actions that may shift trends
and the condition of health indicators. With the support and partnership of scientists, stakeholder
groups, and individual community members, we can use this report to continue to be good stewards of
this remarkable mountain.

TABLE 1 SUMMARY OF ALL ECOLOGICAL HEALTH INDICATORS AND THEIR 2022 CONDITION,
TREND, AND CONFIDENCE SCORES

Ecological Health Indicator 2022 Condition, Trend, and Confidence*

Plants

Condition: Good

Trend: Improving

Confidence: Moderate

y N Condition: Caution
( | Trend: Declining

S Confidence: Moderate

Condition: Good

Trend: No Change

Confidence: High

y N Condition: Caution
( ) Trend: No Change

SN Confidence: Moderate




Shrublands: Coastal Scrub and Chaparral

Condition: Caution
Trend: Declining

Confidence: Moderate

Maritime Chaparral Community Endemics

Condition: Significant Concern
Trend: Declining

Confidence: Moderate

Grasslands

Condition: Caution
Trend: Unknown

Confidence: Low

Serpentine Barren Community Endemics

Ecological Health Indicator

Condition: Caution
Trend: No Change
Confidence: High

Bees

Condition: Unknown
Trend: Unknown

Confidence: Low

Anadromous Fish (Coho Salmon, Lagunitas

Creek)

Condition: Significant Concern
Trend: No Change
Confidence: High

Anadromous Fish (Coho Salmon, Redwood

Creek)

Condition: Significant Concern
Trend: Declining

Confidence: Moderate

Anadromous Fish (Steelhead Trout)

Condition: Significant Concern
Trend: No Change

Confidence: Moderate

California Giant Salamander

Condition: Unknown
Trend: Unknown

Confidence: Low




Condition: Good
Trend: Improving

Confidence: Moderate

Condition: Caution
Trend: Improving

Confidence: High

Condition: Caution
Trend: Improving

Confidence: High

Condition: Caution
Trend: No Change
Confidence: High

Condition: Good

Trend: No Change

Confidence: High

Condition: Significant Concern
Trend: Declining

Confidence: Moderate

Condition: Good
Trend: No Change

Confidence: Moderate

Condition: Good
Trend: No Change

Confidence: Moderate

Condition: Good

Trend: Improving

OO0V @

Confidence: Moderate

*See the glossary for definitions and Chapter 2 for the overall methodology used to derive the scores. These
conditions and trends represent what we believe to be each indicator’s current state, which may or may not be the



same as itwas in 2016. Each chapterdescribes changes since 2016 as well as the approach and data sources used
to assess each ecological health indicator.

Ecological Health Indicator Condition, Trend, and Confidence Key

Significant
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FIGURE 2 SYMBOLOGY USED SHOW OVERALL CONDITION, TREND, AND CONFIDENCE OF EACH
INDICATOR



GLOSSARY OF TERMS

General Terminology

Area of Focus Sections of Mt. Tam included in the scope of this ecological health analysis (Figure
1.7).
Condition Current state of a metric or of the indicator as whole, based on an average of the

condition of its metrics. Conditions are good, caution, significant concern, or
unknown (if insufficient information is available). Thresholds for changes in
condition category are set on a case-by-case basis.

Condition Goal The desired, measurable state for each metric against which monitoring data are
compared.
Confidence The degree of certainty with which the condition and trend are assessed.

¢ High: Measurements are based on recent, reliable, and suitably
comprehensive monitoring.

¢ Moderate: Monitoring data lack some aspect of being recent, reliable, or
comprehensive; however, measurements are also based on recent expert
or scientist observation.

e Low: Monitoring is not sufficiently recent, reliable, or comprehensive, but
either some supporting data exist, or measurements are also based on
expert or scientific opinion.

Desired The qualitative goal for the overall indicator; the threshold or state it should be in to
Condition(s) be considered healthy; often identified as a recovery target for rare/listed species.
Indicator The species, community, or physical process (e.g., stream flow/water quantity)

that provides an essential ecological function or is indicative of essential habitat
conditions and is measured as an indication of health. Indicators are akin to
human vital signs such as blood pressure and pulse: easily measured, strongly
correlated with overall condition, sensitive to stressors, and an early warning of
potential problems.

Metric How an aspect of an indicator is assessed or measured.

One Tam Partners is made up of four agencies and one nonprofit organization: California
State Parks, Marin County Parks, Marin Water, the National Park Service (including
Golden Gate National Recreation Area and Muir Woods National Monument), and
the Golden Gate National Parks Conservancy (Parks Conservancy).

Overall Condition | The combined current state of the indicator, based on the totality of its metrics.

Stressors Elements that challenge the integrity of ecosystems and the quality of the
environment; may be natural environmental factors or may result from the
activities of humans. Some stressors exert a relatively local influence, while others
are regional or global in scale.
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Trend Change in condition as determined by comparing current versus previous
measures. A trend is independent of current condition (e.g., a resource may be
declining but still be in good condition).

Improving: The condition is getting better.

¢ No Change: The condition is unchanging.

Declining: The condition is deteriorating/getting worse.

¢ Unknown: Not enough information is available to state a trend.

Agency Acronyms

CDFW California Department of Fish and Wildlife

NOAA/NMFS National Oceanic and Atmospheric Administration/National Marine Fisheries
Service

USDA U.S. Department of Agriculture

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey




CHAPTER 1. INTRODUCTION

WHY DO AN ECOLOGICAL HEALTH ASSESSMENT?

Teeming with an incredible diversity of life, Mt. Tamalpais (Mt. Tam) is among the region’s greatest
natural treasures. Located in one of 36 (the

and the ), the mountain’s complex terrain and its
location between the sea and inland San Francisco Bay Area support a remarkably diverse array of
microclimates and habitats. These, in turn, sustain a stunning variety of plants and animals, some of
which are found nowhere else on Earth.

Despite its ecological richness and protected status under three governmental agencies and one water
district, the mountain faces threats, among them, invasive species, forest pathogens, altered wildfire
regimes, and climate change. The public agencies that manage its land today (Figure 1.1) and the
communities that love it all have a role to play in helping to keep the mountain healthy and vibrant.

However, to do so, we must first try to answer important questions: What do we know about species
and ecological community health? How can we observe and measure change? What are the gaps in our
understanding of these resources and the physical and ecological drivers affecting them? And how do
we use this information to inform management decisions, better align the work of One Tam partners
around critical needs, and inspire public support?

In spring 2016, One Tam partners joined with experts from around the San Francisco Bay Area to
answer these questions. For the first time, inventory and monitoring efforts, surveys, and research that
revealed facets of the mountain’s health across multiple jurisdictional boundaries were brought
together. This combined knowledge was used to develop metrics to measure the health of key
ecological indicators and to assess data gaps and potential next steps to improve the state of our
understanding.

WHERE WE ARE NOW

As the first iteration of this project, the 2016 report set baselines against which change could be
measured over time. And indeed, in this 2022 update, we have seen both improvements and declines.
Each chapter describes in detail what we are seeing for each indicator and how those results should be
interpreted. (We also recognize that for some species or communities, five years between evaluations
may not be enough to detect changes.)

Further, the 2016 report helped reshape an early list of proposed One Tam projects and programs,
ensuring that they were focused where work was most needed. Several new projects were started to fill
important data gaps, including a county-wide vegetation map, bat monitoring program, and forest
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health assessment. Within the area of focus, there are now invasive plant species early detection and
rapid response programs, bee monitoring, a new joint monitoring effort for grassland birds, and more.

As aresult, this update includes three new indicators that were identified as important data gaps in the
original survey: bats, bees, and the California giant salamander (Dicamptodon ensatus). It has updated
and more comprehensive data on the current and future impacts of climate change. Condensed
summaries of the information presented here are available at onetam.org/peak-health.

GEOGRAPHIC SCOPE

The One Tam area of focus—-nearly 53,000 acres—-occupies the heart of a nearly contiguous, expansive
network of protected lands comprising roughly 147,000 acres, or 44%, of Marin County. Lands within in
this larger network are managed by a number of entities: the four One Tam partner agencies; individual
cities, homeowners, and agricultural operations; and nonprofit groups, including Slide Ranch, Audubon
Canyon Ranch, and the San Francisco Zen Center. (Figures 1.1 and 1.2).

However, this report covers only ecosystems on public lands within the area of focus. It encompasses
the entirety of Marin Water lands as well as lands managed by Mount Tamalpais State Park, Muir
Woods National Monument and the Golden Gate National Recreation Area (including some of the
northern lands managed by Point Reyes National Seashore), and a number of Marin County Parks open
space preserves. Lands managed by individual cities, homeowners, or other organizations are not
included in the analyses in this report.

FIGURE 1.1 THE ONE TAM AREA OF FOCUS
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FIGURE 1.2 THE ONE TAM AREA OF FOCUS WITHIN THE REGIONAL NETWORK OF OPEN
SPACES AND AGRICULTURAL AREAS

THE HUMAN CONNECTION TO ECOLOGICAL HEALTH

Marin County is a part of the ancestral territory of the Federated Indians of Graton Rancheria (Coast
Miwok and Southern Pomo people), a federally recognized tribal nation. However, the way these lands
are managed has changed dramatically since Europeans arrived (Gibson, 2012; Spitz, 2012). As one of
Marin’s most dramatic landmarks, Mt. Tam has also been a major focal point for local community
activism and stewardship. Today, One Tam agencies and the Parks Conservancy work both
independently and in partnership to offer new pathways for community members to support the
mountain’s health. The following section summarizes some of the challenges and opportunities of a
few key aspects of this work: stewardship, recreation, and community science.

STEWARDSHIP AND RECREATION

Mt. Tam is nationally renowned for the wide variety of recreational opportunities it offers. In
particular, its extensive trail network facilitates exploration of its myriad natural and cultural
resources and scenic wonders. Visitor surveys by Marin County Parks (2015) and Marin Water (Alta
2014, currently being updated) showed that hiking, walking, and cycling are the primary reasons
people visit local parks and open spaces, immediately followed by access to nature and views.

Indeed, public parks and open-space preserves are the main way most people connect with nature
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and take advantage of its wide range of both mental and physical health benefits (Frumkin, 2001).
This was made particularly clear during the COVID-19 pandemic, when more visitors than ever sought
respite in local parks (Heckert & Bristowe, 2021). However, it also became evident that access to
nature is not equitably distributed. For example, many of Mt. Tam'’s trailheads and other recreational
amenities are hard to access without a car. Efforts are underway to improve inclusive access, and
this is likely to continue to be an important priority going forward. Additionally, One Tam partners
have deepened their commitment to connecting with a wide range of diverse communities and
ensuring that all feel welcome.

One Tam partners, both individually and collectively, have a long history of offering community
science, stewardship, and environmental-education programming. And it's making a difference.
Community members are pitching in, volunteering for habitat restoration and trail improvement
projects as well as patrols that help promote proper trail use and etiquette and reduce conflicts
between user groups. For example, a docent program for the foothill yellow-legged frog (Rana boylii)
has improved breeding conditions for this threatened species. Volunteers have also played a part in a
wide range of projects, from processing millions of wildlife camera images to pulling countless tons
of weeds. Indeed, volunteerism has become a kind of recreational activity in its own right—an
important part of stewarding the mountain.

Supporting visitation and community engagement opportunities are the cornerstones of what One
Tam land managers do. However, they must balance these agendas with protecting and improving
the mountain’s ecological resources. Despite the many benefits that recreation has, when not well
managed, it can negatively affect the mountain’s ecological health as well as the experience of its
visitors. Thus, each agency uses science-based planning (e.g., roads, trails, and biodiversity
management plans) to facilitate recreation that is compatible with their respective missions and
resource-protection responsibilities.

Generally, negative recreational impacts include wildlife habitat fragmentation; soil compaction and
erosion; vegetation trampling, loss, and composition changes; and the introduction and spread of
non-native plants. Non-designated—aka “social”—trails also act as vectors for non-native, invasive
species, the spread of which is of high concern (van Winkle, 2014) given their potential to permeate
and change already stressed vegetation communities. Poorly designed and sited trails are also an
issue (Marion & Leung, 2001). Well-loved for more than a century, Mt. Tam'’s trail systems were
largely inherited by modern-day land managers from historic ranch, hunting, and military access
roads, railroad rights of way, and informal trails that developed over many years of use. Many of these
routes were not created with sustainable alignment, resource protection, or facilitating the best
experience in mind. Adding to these challenges, decades of deferred maintenance have affected both
the mountain’s trails and their adjacent resources.

In the literature review by Larson et al. (2016) on the effects of recreation on wildlife, most studies
found at least one effect, and most effects were negative. This correlates with decreases in species
abundance and activity levels (Garber & Burger, 1995), which cause wildlife to flee or avoid otherwise
suitable habitat (Taylor & Knight, 2003) or alter species composition and behavior (lkuta & Blumstein,
2003). Studies have also documented how recreational activities alter the ways carnivores use
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protected areas (George & Crooks, 2006; Reed & Merenlender, 2011), and how the presence of dogs
affects mammal abundance and behavior near trails (Lenth et al., 2008). Unfortunately, few
recreational-impact studies provide suggestions for practical management actions—e.g., fencing and
signage, buffers, docent programs, or education and outreach to specific user groups to minimize
observed issues (Larson et al., 2016).

We do not have a clear idea of the mountain’s annual visitation levels and how it may be changing
over time, partly because the mountain has four separate land management agencies and because of
the required time and expense of visitor surveys. However, data are becoming available through the
ongoing Marin Wildlife Watch project, cell phone and sports-tracking apps, and academic research
currently underway. Under the One Tam initiative, agency managers are now finding ways to share
this information as it comes in and use it to inform management decisions.

Recreational use data can also be looked at in relation to other resource monitoring to determine
potential impacts as well as figure out ways to mitigate them. Drawing conclusions from nuances in
animal behavior can be tricky, however, and we must consider the full picture of what these data
snapshots tell us. For example, we will need to determine if minor shifts in behavioral or diurnal use
patterns actually result in concerning decreases in species abundance and distribution.

The mountain’s land management agencies have a core responsibility to both proactively plan visitor
access and minimize recreation’s potential impacts. Indeed, One Tam land managers have all made
significant improvements in reducing erosion, developing sustainable routes, and improving the way
people move through the landscape. One Tam'’s Early Detection Rapid Response program finds and
treats invasive plants before they can become established. Each agency also has its own invasive
plant program and offers many opportunities for volunteers to participate and pull weeds. Crews
work constantly to create more-sustainable trail alignments and address erosion and social trails;
National Park Service and California State Parks trail projects in the Redwood Creek Watershed are
one example.

Over the years, a range of preferences and beliefs about the kinds of recreation that should be
allowed, and where and when recreation should happen, have surfaced. In addressing these issues,
the agencies recognize that appropriately planned visitor access can and does improve both the
visitor experience and the mountain’s long-term sustainability.

THE ROLE OF COMMUNITY SCIENCE

Understanding the health of Mt. Tam is a complex, ambitious endeavor. Community science (aka

citizen science and participatory science) assists us with this; its collaborative approach involves both
professionals and members of the public in the process of collecting, analyzing, and interpreting data.
Community science also supports our understanding of Mt. Tam'’s health through a variety of activities
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that aim to address ecological data gaps; implement long-term monitoring; provide formal and informal
science education; and promote curiosity, connection, and participation to a wide range of audiences.

Within the One Tam partnership, successful community science efforts depend on building
connections to the land and among participants, often while thoughtfully deploying new technologies to
scale up data-collection efforts. For example, the platform has grown nearly exponentially
since the early 2010s; projects such as the have spurred some of this growth.
This flexible data platform allows some annotation and the transfer of data to other databases (e.g.,

). It also functions as a social network, facilitating constructive dialogue and community
formation in the digital world as well as on the mountain.

One Tam community science will continue to build on successes already achieved by our partner
organizations. Indeed, several chapters in this report benefited from the imagination, skill, and
dedication of community science volunteers, interns, and staff. For example, Marin Water’s Turtle
Observers program has both provided key insights into the health of the western pond turtle (Actinemys
marmorata) at Lake Lagunitas and inspired children and adults to volunteer. The 2012 botanical
resurvey of Alice Eastwood’s transects, also led by Marin Water, demonstrated the importance of
historical data and the power of building a community of participants.

In the 2016 edition of Peak Health, terrestrial mammals were identified as a data gap, and early data
showed the promise of deploying camera traps (an emerging technology) throughout Mt. Tam. Since
then, (formerly the Marin Wildlife Picture Index Project) volunteers have cataloged
millions of images, adopting multiple iterations of ever-improving software to accomplish this task.
Another priority—invertebrate conservation—has surfaced since 2016. Thanks largely to the
collaboration between academic and agency partners and hundreds of hours from community science
volunteers, we now have an inventory of bees in this region. Finally, community science has been
identified as an important approach to address data gaps for other indicators (see chapters on the
California giant salamander and mountain-wide floristic diversity).

The future of community science holds much promise as One Tam deepens its community
connections; builds scientific capacity among community members; facilitates the intergenerational
transfer of naturalist knowledge; and, most importantly, promotes awe and curiosity in a place like
nowhere else on Earth: Mt. Tam.

ECOLOGICAL SETTING

GEOLOGY

The mountain and surrounding region have a complex geologic history. Most of the underlying
substrates predate the formation of the San Andreas Fault. These include silica-rich, sedimentary
Franciscan chert, formed from shells of marine plankton; serpentine soils derived from ultramafic
(igneous) rocks that metamorphosed under high pressure; and sedimentary sandstones, among others
(Blake et al., 2000).
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This geological mix has been further shaped by topographic complexity, climatic history, vegetation,
ecosystem processes, erosion, and significant geologic events that have taken place over very long
periods of time. Understanding the resultant diversity and patchy distribution of soil types is critical to
understanding Mt. Tam'’s extraordinary levels of biodiversity. They explain the high levels of plant
diversity and structural heterogeneity, as well as the wide range of species found in vegetation patches
(Davies et al., 2005; Pickett & Cadenasso, 1995; Tuomisto et al., 1995).

The mountain’s array of serpentine soils—a product of California’s state rock, serpentinite—is a good
example. The chemical composition of these soils, which are characterized by elevated heavy-metal
concentrations, can vary widely both within and between patches. They also typically have a low
calcium-to-magnesium ratio, which limits the availability of soil nutrients to plants (reviewed in Barbour
et al., 2007). Thus, the resulting soils have decreased productivity and can appear inhospitable.
Remarkably, some native plant species have evolved to tolerate these unique soils; many of Mt. Tam's
rare species are restricted to serpentine areas. The juxtaposition of low-productivity serpentine soils in
a matrix of non-serpentine soils results in a habitat heterogeneity that contributes to the incredible
biodiversity of this landscape (Figure 1.3).

BIODIVERSITY

The Bay Area’s natural richness and variety are due in large part to the region’s Mediterranean climate,
topographic complexity, and coastal influence, which together foster high levels of biodiversity.

Located on San Francisco’s doorstep, Mt. Tam is a critical link in a larger network of open spaces
(Figure 1.2), and a refuge for many species that are otherwise constrained by increased development
and other stressors (see the Ecological Stressors section). The mountain is also home to several
endemic plant species, including the Mt. Tamalpais thistle (Cirsium hydrophilum var. vaseyi) and Mt.
Tamalpais manzanita (Arctostaphylos montanassp. montana). In addition to its remarkable ecological
value, Mt. Tam'’s biodiversity provides a number of essential ecosystem services, including high-quality
drinking water, erosion control, and clean air, and offers diverse natural landscapes for recreation and
tourism (LCA, 2009).

The combination of Mt. Tam's varied topography and its location nearthe coast in animportant marine
upwelling and convergence zone creates a confounding array of microclimates in a relatively small
geographic region. The One Tam area of focus extends from sea level to more than 2,500 feet in
elevation, and then back downto the San Francisco Bay to the east. Seasonal differences in climate are
affected by these changes in elevation and topography. There are also dramatic differences between
the coastal (ocean-facing) and interior (bay-facing) aspects of the mountain.

As previously discussed, the mountain’s wide range of soils create niches for unique plant communities
and the wildlife that depends upon them. The area of focus’s nearly 53,000 acres host 10 times the
number of native plant species per acre as are found in Yosemite National Park, which is almost 20
times as large. Furthermore, Marin County is located along the Pacific Flyway (a major bird migration
corridor), which represents the range limit for species such as the Northern Spotted Owl (Strix
occidentalis caurina).
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This report’s species lists (Appendices 2-9) represent the current and best available information
compiled by One Tam partner agencies. Assembled using a combination of each agency’s existing
lists, they incorporate inventory and monitoring work by agency staff, as well as other efforts (e.g., the
Christmas Bird Count, agency bioblitzes, and surveys by the California Native Plant Society). Only
verified sightings are included; species that had not been reported since 1970 are not on the lists. A
caveat: Certain taxonomic categories are currently missing or under-represented, and the lists’
coverage does not always extend to the entire area of focus. This is primarily due to a lack of
inventories for certain taxonomic groups and the limitations of accepting only expert-verified sightings.

Based on these data, Mt. Tam'’s native species diversity currently encompass more than 250 animals,
50-plus of which are federal and/or state listed as threatened, endangered, sensitive, or rare (Figure 1.3
and Appendices 5-9). Mt. Tam is also home to more than 1,000 known plant species, several of which
are only found on the mountain and 40-plus of which are listed as federal or state threatened,
endangered, or rare (Figure 1.3 and Appendices 2 and 3). Roughly 40% of the total plant species on Mt.
Tam are non-native (see Non-native Species section). Sixty-five native plant and 12 animal species are
believed to have been extirpated from the mountain (see Appendix 4 and Chapter 12).

Known Species Diversity in the One Tam Area of Focus
(numbers represent species counts for each group)

Non-native Plah
X

318 N

Native Amphibians and
Reptiles
25

Non-native Amphibians
and Reptiles
4

Native Plants

785 Non-native Birds

3

Mative Fish
11

Non-native Fish
Native Fungi and 15
Lichens /
383 Native Mammals

36

Non-native Mammals
5

FIGURE 1.3 KNOWN SPECIES DIVERSITY, ONE TAM AREA OF FOCUS

ECOLOGICAL STRESSORS

While Mt. Tam’s plants and wildlife generally occupy protected open spaces, the health of the
mountain’s ecosystems is threatened by global climate change; altered fire regimes; invasive, non-
native plants and animals; habitat fragmentation; plant diseases; noise, light, and air pollution; and
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other human-caused impacts. These ecological stressors negatively affect the size, range, and
reproductive capacity of plants and wildlife and may directly result in habitat loss and degradation.
Interactions among these stressors (e.g., between climate change and fire frequency, or between fire
and plant diseases) further compound these effects and make managing the landscape much more
challenging.

A summary of some key stressors affecting the health of Mt. Tam follows.

CLIMATE CHANGE

Due to its elevation and proximity to the coast, Mt. Tam could serve as a cool refuge for plant and
animal species contending with climate change and its associated fluctuations in temperature,
precipitation, fog, and soil moisture. Although climate change models show a range of potential future
scenarios for Marin County and the San Francisco Bay Area, some common trends have emerged.
Because there is greater uncertainty in projecting precipitation than there is for temperature, we
summarize results for two climate change models with comparable temperature increases but
different rainfall projections: Warm/Wet and Warm/Dry. These include models provided in the
California Fourth Climate Change Assessment for the San Francisco Bay Area Region (Ackerly et al.,
2018; Pierce et al., 2018). The summaries that follow include projected primary impacts on temperature
and precipitation under these scenarios, and secondary impacts on hydrology, fire hazards, and
ecosystems overall for the One Tam area of focus.

Temperature: Between 1950 and 2005, average temperatures across the Bay Area rose by 1.7°F
(0.95°C). Both winter and summer temperatures are predicted to continue rising under future climate
change scenarios. Temperature projections spanning potential Warm/Wet and Warm/Dry conditions
under the business-as-usual emissions scenario (referred to as RCP 8.5) used throughout this report
show potential increases in annual temperatures for the One Tam focus area ranging from
approximately 3.4°F (1.9°C) by mid-century to 6.0°F (3.4°C) by the end of the century (Pierce et al.,
2018). Projected impacts on annual maximum (summer) temperatures and annual minimum (winter)
temperatures are summarized in Table 1.1.

Precipitation: Future precipitation projections for the One Tam area of focus are more uncertain than
those for temperature. Historically (1950-2005), annual rainfall has been highly variable, with a range
of 57.6 inches (146.3 cm) between the wettest and driest years. Future climate change projections
suggest even more seasonal and interannual variability. For the area of focus, projected annual
precipitation change ranges from approximately 9% less to 20% more by mid-century, and 2% to 30%
more by the end of the century (Pierce et al., 2018). This increased variability suggests two things: Peak
rainfall events, generated by “atmospheric rivers,” may cause floods, and alternatively, more frequent
and intense droughts could affect Mt. Tam'’s streams, wetlands, and vegetation communities. Models
also suggest that the timing of rainfall may shift to a narrower winter window, with the potential for
earlier onset of warmer and drier spring conditions (Micheli et al., 2016).
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TABLE 1.1 PROJECTED FUTURE TEMPERATURES AND PRECIPITATION COMPARED TO 1961 -
1990 FOR BOTH WARM/WET AND WARM/DRY SCENARIOS

Projected Temperature (°F) or Precipitation (%)

Change

Historical |CNRM-CMS5 Model MIROCS Model

Average (Warm/Wet) (Warm/Dry)
Variable Units 1961-1990 |2035-2064 (2070-2099 |2035-2064 |2070-2099
Precipitation . o o o o

inches/year| 38.5 20% 30% -8.6% 2.4%

Change
Minimum Winter | . 455 34 6.6 32 55
Temperatures
Maximum
Summer °F 67.5 32 6.1 3.6 57
Temperatures

Fog: Fog is an important source of moisture and cooler temperatures on the mountain, particularly
during spring and summer. It could also potentially mitigate climate impacts by reducing incoming
solar radiation and providing water during the dry season. A shows the historic
patterns of fog across Mt. Tam (Torregrosa et al., 2016). However, there is significant uncertainty as to
the potential impacts of climate change on fog in the Bay Area.

The sole dynamic simulation model for coastal fog in California shows a potential long-term trend of a
12% to 20% reduction from 1900 to 2070, with significant uncertainty (Ackerly et al., 2018; O'Brien et al,,
2013). A previous 2010 study estimated that the amount of fog along California's coast has fallen 33%
over the past 100 years (Johnstone & Dawson, 2010). In both cases, the authors are not confident this
speaks to a long-term trend; ongoing monitoring is needed to inform these projections. With less fog
and higher temperatures, fog-dependent plant communities on Mt. Tam—e.g., coast redwood (Sequoia
sempervirens) forests and maritime chaparral—could become drought-stressed.

Soil Moisture: Rising temperatures are making Marin County more arid. Even under higher future
rainfall scenarios, hotter temperatures will increase evapotranspiration and essentially reduce available
soil moisture. This difference between potential and actual evapotranspiration—known as climatic
water deficit—is a good indicator of drought stress (Flint et al., 2013). Climatic water deficit is one of
the key variables used to project climate stressors on vegetation (Thorne et al., 2017), fire probability
(Moritz et al., 2012; Mann et al., 2016; Park et al., 2021), and water demand for irrigation (Micheli et al.,
2016). Potential increased climatic water deficits are on the order of 3 inches of equivalent rainfall for
the One Tam focus area by mid-century (Micheli et al., 2016).
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Wildfire Hazards: Between 2000 and 2020, approximately 127 acres of the area of focus burned
(CalFire, 2020). While many of Mt. Tam’s ecosystems are fire-adapted, successful fire suppression
policies have led to a significant accumulation of fuels (vegetation capable of feeding a wildfire).
Warmer, drier conditions combined with fuel accumulation are increasing the chances of wildfire in
Marin County. California’s Fourth Climate Change Assessment projects that Mt. Tam will have an end-
of-century wildfire probability increase of approximately 10% compared to historical conditions
(Westerling, 2018); alternative methods suggest an increase on the order of 15% over 30 years
consequent to the combined effect of projected climate change and land use (Krawchuk & Moritz,
2011; Mann et al., 2016).

Recent fire seasons in neighboring Sonoma County have demonstrated the ways warmer and drier
weather combined with accumulated fuels can generate extreme wildfire hazards. “Fire weather,” a
condition characterized by low humidity and high wind, may also become more frequent over time.
Significant fire-mitigation efforts, with a focus on fuels reduction, are underway, with the potential for
direct and indirect impacts on watershed function and biodiversity. Resumption of controlled fire,
where feasible, may be considered part of a climate-adaptation strategy.

Sea Level Rise and Coastal Erosion: Based on a business-as-usual emissions scenario (RCP 8.5), a
recently published sea-level rise model (Griggs & Reguero, 2021) estimates that the average (or 50th
percentile) will range from 13 cm in 2030 to 75 cm by 2100. Changes in sea level have potentially
significant impacts on coastal areas as well as estuarine and freshwater systems farther inland in the
area of focus. When combined with periodic El Nifio events driven by seasonally elevated water levels,
sea level rise is estimated to create up to 30% larger winter wave energy, a key driver of coastal
vulnerability in coming decades (Barnard et al., 2015).

Plant and Animal Community Change: Changes in temperature, precipitation, fog, and soil moisture
may make future conditions inhospitable for certain plant species, or even entire communities. The
term “climate exposure” can be used to describe the estimated combined impact of climate stressors
on local vegetation (Thorne et al., 2017). Both the Warm/Wet and Warm/Dry models project that Mt.
Tam'’s higher-elevation areas will experience lower climate exposure and its western portion will
undergo higher climate exposure by the end of the century. Inthe long term, climate change is expected
to alter the basic physical conditions under which native plant communities on Mt. Tam have evolved,
with climate exposure forcing a shift in both composition and distribution. These shifts may be
facilitated by short-term (episodic) disturbances such as fires, droughts, floods, and pest outbreaks, all
of which are becoming more frequent. Vegetation's sensitivity to climate change is heterogeneous and
complex, but models for Marin County suggest an expansion of climate conditions suitable for more
drought-tolerant species and communities, including coastal sage scrub and chamise chaparral, as
climatic water deficit increases (Ackerly et al., 2012; Micheli et al., 2016; Thorne et al., 2017).

The effects of climate change on animals are similarly varied and challenging to predict, and few
studies have focused on how it will affect Bay Area’s wildlife (Ackerly et al., 2018). However, changes in
vegetation communities, which will undoubtedly have consequences for the wildlife that depends upon
them, may ripple up and down trophic levels. One Tam'’s long-term Marin Wildlife Watch camera-
monitoring project is expected to be a valuable resource as we work to understand variations in wildlife
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occupancy (a metric of presence) over time. It is anticipated that wildlife that requires cool, wet
conditions may be at greatest risk. Warmer temperatures may also change movement patterns, and
rising sea levels will likely affect coastal, bay, and lower floodplain habitats in the area of focus.
Changing ocean conditions may also impact species such as the endangered coho salmon
(Oncorhynchus kisutch) and the threatened steelhead trout (0. mykiss), which spend part of their lives
in Mt. Tam’s streams and part at sea. Known or predicted effects of climate change of concern for
specific plant and wildlife species or communities are described in this report’s respective chapters.

ALTERED FIRE REGIMES

European colonization, the removal of Coast Miwok people from their traditional lands, and the
deliberate curtailing of the use of fire for Tribal land stewardship have dramatically altered the region’s
natural fire regimes. This has been compounded by modern fire suppression efforts that began in the
1930s (GGNPC 2023b; Nelson, 2023). Consequently, it has been more than 70 years since Mt. Tam
experienced a large, stand-replacing fire. Excluding fire has had significant negative impacts to the
mountain’s cultural and natural resources, and it is important to work toward increased collaboration
with Tribal representatives to plan and implement prescribed burns informed by Traditional Ecological
Knowledge (Nelson, 2023).

While fire suppression is important to protect local air quality and nearby property, plant communities
on Mt. Tam are naturally dynamic and largely mediated by fire cycles (LCA, 2009). The elimination of
fire has resulted, in part, in the succession of grasslands to shrublands, shrublands to woodlands, and
woodlands dominated by Douglas-fir (Pseudotsuga menziesii). Fire suppression also has implications
for the regeneration of fire-dependent species such as Sargent cypress (Cupressus sargentii) and Marin
manzanita (Arctostaphylos virgata). There are many questions about how the seed banks of these and
other fire-dependent species will respond to future fires—or the lack thereof—on Mt. Tam. More detail
on the effects a lack of fire is having on these communities may be found in this report’s respective
chapters.

In addition to these direct impacts, changed fire regimes and fire suppression are interacting with other
ecological stressors on Mt. Tam in a variety of ways. Increased fuel loads caused by forests impacted
by Sudden Oak Death may in turn increase the intensity of any fires that do occur. Large fires burn hotly
and can kill significant numbers of trees over a wide area. This both releases nutrients into the soil and
increases the amount of light reaching the ground, which can be exploited by non-native, invasive
plants (LCA, 2009).

On Mt. Tam, climate change is expected to increase fire frequencies on the order of 20% under
projected climate scenarios (Micheli et al., 2016). However, underlying factors can combine in ways
that make specific effects difficult to predict. In general, drier and warmer conditions are more
favorable to wildfires.

At present, state-wide fire management policies require suppression of all unplanned wildland fires. In
Marin County, the number of wildland fires—both accidentally and deliberately ignited—has trended
upward over the last several decades, but the total area burned per decade has declined (CDFFP, 2015).
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This is largely due to more-effective fire suppression efforts. So, while models predict more intense
fires, current suppression policies continue to maintain the fire regime in an altered state. This will
likely lead to infrequent, but large and intense, wildland fires that will burn many acres despite efforts to
control them.

NON-NATIVE, INVASIVE SPECIES

A plant or animal that has been introduced—either intentionally or not—to a new region is considered
non-native, but not necessarily invasive. Invasive species display particular characteristics—e.g., fast
growth, abundant offspring, and rapid maturation—that, when combined with a lack of natural predators
and diseases that help control them in their native environment, allow them to rapidly grow and spread,
frequently displacing native species.

Non-native, invasive species in Marin County come in myriad forms, including water molds, plants,
invertebrates, fish, amphibians, birds, and mammals. The major threats posed by invasive species
include changes in fire frequency or intensity, groundwater depletion, changes to soil chemistry,
competition with native species, and a loss of native species diversity (LCA, 2009).

NON-NATIVE, INVASIVE PLANTS

While all natural areas on Mt. Tam face some degree of threat from invasive plant species, soil type,
moisture level, and shade make some areas more resistant than others to invasion. Furthermore, small,
patchy habitats have more gaps for invasive species to take hold, as well as more edges that may be
exposed to invasion. Larger, more intact habitat patches and more remote parts of the mountain, on the
other hand, may have fewer pathways—i.e., roads, trails, or human development corridors—for invasive-
species dispersion.

The higher winter temperatures, longer and warmer growing seasons, and more frequent drought or
storms predicted under future climate change scenarios may affect native ecosystems adapted to
existing conditions by reducing resiliency and increasing the risk of spreading invasive plants (Frey et
al., 2015).

Currently, about 30% of the known plant species on Mt. Tam are non-native (Figure 1.4). Of those,
around 65 are priority species targeted for early detection, mapping, and control by the One Tam
Conservation Management Program (Tables 1.2A and B).
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Native and Non-native Plant Species in the One Tam Area of Focus
(numbers represent species counts for each group)

Non-native Plants
253

Priority Non-native
Plants
65

FIGURE 1.4 KNOWN NUMBERS OF NATIVE AND NON-NATIVE PLANT SPECIES IN THE ONE TAM
AREA OF FOCUS

Although the highest-priority species are not currently widespread in Marin County or on Mt. Tam, they
have demonstrated a capacity to harm to ecosystems in other regions or adjacent counties. Because
suitable habitat for these species is found on Mt. Tam, it is critical that we find and manage incipient
populations in their early stages. In 2020, the One Tam Conservation Management Program reviewed
10 years of invasive-plant data to prioritize control projects across the mountain. As of 2023,
approximately 90% of the patches of the highest-priority species are being treated annually. One Tam
partners continue to review local detections of widespread invasive plants for mountain-wide
containment and control.

Other non-native, invasive species that are widespread in the county and/or on Mt. Tam are closely
controlled by the mountain’s land management agencies via existing vegetation programs using staff
and volunteer support. These species may become high priorities for removal when found in small
amounts far from source populations.

It isimportant to note that not every species included in Tables 1.2A and B is managed by every agency
to the same degree. Additionally, some of invasive plant species not on this list are managed by partner
agencies outside of the One Tam partnership.
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Priority 1 Invasive Plant Species

Scientific Name

Common Name

Aegilops triuncialis

Barbed goatgrass

Ailanthus altissima

Tree of heaven

Albizia lophantha

Plume acacia

Arctotheca calendula

Capeweed

Brachypodium sylvaticum

Slender false brome

Bromus tectorum Cheatgrass
Buddleja davidii Butterfly bush
Carex pendula Hanging sedge
Carthamus lanatus Wooly distaff thistle

Centaurea calcitrapa

Purple star thistle

Clematis vitalba

Old man's beard

Cytisus striatus

Portuguese broom

Dittrichia graveolens

Stinkwort

Dittrichia viscosa

False yellowhead

Elymus caput-medusae

Medusahead

Fallopia japonica

Japanese knotweed

Hypericum grandifolium

Canarylsland St. John's wort

Iris pseudacorus

Horticultural iris

Maytenus boaria

Mayten

Sesbania punicea

Rattlebox

Solanum aviculare

New Zealand nightshade

Sorghum halepense

Johnsongrass

Stipa manicata

Andean tussockgrass

Stipa miliacea

Smilo grass

Stipa tenuissima

Mexican feathergrass

Ulex europaeus

Common gorse

TABLE 1.2, A & B PRIORITY 1T AND PRIORITY 2 TARGETED NON-NATIVE, INVASIVE PLANT
SPECIES IN THE ONE TAM AREA OF FOCUS
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| Priority 2 Invasive Plant Species

Scientific Name

Common Name

Acacia melanoxylon

Blackwood acacia

Ageratina adenophora

Thoroughwort

Arctotheca prostrata

Prostrate cape weed

Calendula arvensis

Field marigold

Centaurea solstitialis

Yellow star thistle

Cortaderia jubata

Jubata grass

Cortaderia selloana

Pampas grass

Cotoneaster franchetii

Francheti cotoneaster

Cotoneaster lacteus

Milkflower cotoneaster

Cotoneaster pannosus

Silverleaf cotoneaster

Crataegus monogyna

Hawthorn

Cytisus scoparius

Scotch broom

Delairea odorata

Cape ivy

Digitalis purpurea

Foxglove

Dipsacus fullonum

Fullers’ teasel

Ehrharta erecta

Panic veldtgrass

Eucalyptus globulus

Blue gum

Euphorbia oblongata

Eggleaf spurge

Festuca arundinacea

Reed fescue

Foeniculum vulgare

Sweet fennel

Genista monspessulana

French broom

Hedera canariensis

Algerian ivy

Hedera helix

English ivy

Helichrysum petiolare

Licorice plant

Hypericum perforatum

Common St. John’s wort

llex aquifolium

Holly

Lathyrus latifolius

Everlasting pea

Leucanthemum vulgare

Oxeye daisy

Ligustrum lucidum

Glossy privet

Pennisetum clandestinum

Kikuyu grass

Phalaris aquatica

Harding grass

Pittosporum crassifolium

Stiffleaf cheesewood

Pyracantha angustifolia

Narrowleaf firethorn
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Scientific Name Common Name

Romulea rosea var. australis |Rosy sand crocus

Rubus armeniacus Himalayan blackberry

Rytidosperma caespitosum |Tufted wallaby grass

Rytidosperma penicillatum  |Purple wallaby grass

Spartium junceum Spanish broom

Tradescantia fluminensis Small-leaf spiderwort

NON-NATIVE PLANT PATHOGENS

Sudden Oak Death (SOD), caused by the introduced pathogen Phytophthora ramorum, was first
documented in the United States on Marin Water and California State Parks lands in Marin County in
1995 (Garbelotto & Rizzo, 2005). During the years since, this pathogen has killed tens of thousands of
trees on Mt. Tam. Vegetation mapping done in 2004, 2009, and 2014 (AIS, 2015) tracked the rapid
spread of the disease across Marin Water lands. The 2014 update found that 84% of forested
vegetation types were affected by SOD, although the degree of impact varied by species composition of
the forest and by woodland canopy characteristics (AIS, 2015).

The SOD mortality rate exceeds 80% for tanoak (Notholithocarpus densiflorus), the loss of which has
transformed thousands of acres where this species was once dominant in the canopy. Mapping done
in 2018 as part of the Marin Regional Forest Health Strategy shows 98% of the remaining 36 acres of
tanoak-dominated forest with significant canopy mortality (GGNPC, 2023a). Mortality rates are lower
but still significant among the coast live oak (Quercus agrifolia) and California black oak (Q. kelloggii).
Dozens of other native tree and shrub species also experience damage and/or lower levels of mortality.
The white oak, including valley oak (Q. lobata) and Oregon oak (Q. garryana), are not affected (APHIS,
2022).

In addition to causing dramatic changes in habitat structure, dying and dead trees increase fuel loads.
The effects of the loss of oak trees on species dependent on them for food and shelter (e.g., dusky-
footed woodrat [Neotoma fuscipes], Acorn Woodpecker [Melanerpes formicivorus]) are not yet known
(Cunniffe et al., 2016). Oaks and other hardwood species affected by SOD are an important and
culturally significant forest type for the Coast Miwok people, providing food, medicine, and other
cultural materials. Reducing barriers to Indigenous stewardship practices in Marin County could have
restorative effects for hardwood forests and woodlands (Nelson, 2023)

Several other disease-causing forest pathogens have either been observed on the mountain or have a
high likelihood of invading in the near future. In particular, cinnamon fungus (Phytophthora cinnamomi)
is deadly to Pacific madrone (Arbutus menziesii) and some species of manzanita. This pathogen is
known to occur in Marin County, including several locations on Mt. Tam (T. Swiecki, personal
communication). According to data developed by the Marin Regional Forest Health Strategy, 26% (280
acres) of madrone forest on Mt. Tam is experiencing moderate canopy mortality, which could be linked
to impacts from Phytophthora species (GGNPC, 2023a). Although P. cinnamomi spreads more slowly
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than P. ramorum, it has a much broader range of host species and the potential to kill a wider variety of
species (Sims et al., 2016).

These other pathogens have many of the same ecosystem effects as SOD, including changes in
species composition and ecosystem functions, loss of wildlife food sources, changes in fire frequency
or intensity, decreased water quality due to increased erosion, and increased opportunities for weed
invasion in newly open areas (LCA, 2009).

NON-NATIVE, INVASIVE ANIMALS

Non-native, invasive animals compete with native species for food, shelter, and nest or den sites. Some
of them also prey directly on native species. There are more than 20 known non-native animal species
on Mt. Tam (Figure 1.5). Species of particular concern include:

The American bullfrog (Lithobates catesbeianus) competes with and preys upon other
amphibian species, including the federally threatened California red-legged frog (Rana draytonii)
as well as the foothill yellow-legged frog (R. boylii), a federal and state species of concern.

The signal crayfish (Pacifastacus leniusculus) preys upon the juvenile foothill yellow-legged
frog.

The red-eared slider (Trachemys scriptaelegans) and other non-native turtles compete with and
prey upon native aquatic wildlife.

The wild turkey (Meleagris gallopavo) eats seeds, invertebrates, small vertebrates, and other
food needed by native species, and its foraging damages native vegetation and causes soil
disturbance and erosion.

Domestic and feral cats (Felis catus) prey on native birds, rodents, and reptiles.
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Native and Non-native Animals in the One Tam Area of Focus
(numbers represent species counts for each taxonomic group)

Native Mammals
Non-native Fish 36 Non—nativ% Mammals
15

Native Amphibians

Native Fish and Reptiles
11 25
Non-native Birds
3
Non-native
Amphibians and
Reptiles
4

FIGURE 1.5 NUMBERS OF NATIVE AND NON-NATIVE ANIMAL SPECIES, ONE TAM AREA OF
FOCUS
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CHAPTER 2. THE HEALTH ASSESSMENT
PROCESS AND METHODS

DEFINING THE ECOLOGICAL HEALTH OF A MOUNTAIN

Something as complex as ecological health cannot be easily or simply defined. And, although the
definition can be science-based, there is always an element of subjectivity. For this project, we elected
to consider the overall health of Mt. Tam through the lenses of processes, resiliency, and diversity
rather than specific qualitative or quantitative goals.

Even though each of the mountain’s four primary land management agencies have different missions,
policies, and regulations, they have a shared mandate: to preserve biodiversity, maintain and maximize
natural processes, and keep a diverse array of vegetation communities healthy in the face of
environmental change. Based on these common purposes, we chose to define “ecological health” as
follows:

e Mt. Tam’s ecosystems areresilient, able to function/recover despite disturbances, changes, or
shocks.

e The full complement of plants, animals, and other life forms are present; can reproduce; and are
able to find food, shelter, and water as long as climate conditions allow them to persist.

e Natural processes occur in a manner and frequency considered “normal,” based either on
historical evidence or their ability to maintain ecological functions and adapt under changing
climate conditions.

THE HEALTH ASSESSMENT PROCESS

Determining how to measure the health of the mountain’s resources has required a collaborative,
iterative, and multidisciplinary approach.

First, we created an initial list of health “indicators” (e.g., habitats, species) that spoke to some aspect
of the overall definition of health. We then filtered these through several criteria (e.g., sufficient
available data) to determine if they could be used for this project. For each remaining indicator, subject-
matter experts developed a set of “metrics” that could be used to measure the health of that indicator
over time. Their analyses of these metrics were then reviewed by other subject-matter experts. This
provided the basis for the original 2016 document, Measuring the Health of a Mountain: A Report on
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Mount Tamalpais’ Natural Resources. (This process is described in greater detail in subsequent
sections.)

This report updates that 2016 effort and considers changes to the mountain’s health.

Fortunately, the original report provided a solid foundation on which to base this update, so we did not
have to repeat the original lengthy and involved process. Rather, subject-matter experts—some of
whom contributed to the 2016 report, some who were new to the project—reviewed and updated each
chapter based on their latest data and field observations.

Using what we have learned since 2016, this update refines our original choices and adds new material.
For example, we have new data on the expected effects of climate change as well as what we can learn
from crowd-sourced data such as iNaturalist. In some cases, no data had been collected, leading to a
decision to drop a metric for a particular indicator. In others, new data have allowed us to add
indicators that we could not include in 2016 (e.g., bats, bees, and the California giant salamander
[Dicamptodon ensatus]). A new, countywide vegetation map became available in 2018, providing a
much more detailed and comprehensive view of the mountain’s plant communities. While this allowed
for a better analysis of their health, it also complicated measuring change over time against the old
data (and assumptions made in the absence of data for some areas). Likewise, a corollary forest health
strategy completed in 2023 offers opportunities to align this project with its much more in-depth dive
into those communities.

Ultimately, what we learned is that as nature is dynamic and adaptable, so must be any effort to
measure its health over time.

2016: WHERE IT BEGAN

The initial process was led by the Health of Mt. Tam'’s Natural Resources Advisory Committee, which
consisted of a team of natural resources staff and ecologists from the One Tam partner agencies,
Parks Conservancy, and Point Blue Conservation Science.

Advisory Committee members began by contacting others around the country who had conducted
similar ecological health assessment efforts.’ These individuals were asked about project goals,
process, scope, and scale; selecting health metrics; defining and quantifying ecological health; and how
their work had been received by various audiences. Their guidance was invaluable and helped shape
our own process and resulting communication tools.

In particular, they emphasized setting up a structured and well-organized framework for engaging
subject-matter experts; choosing indicators that were ecologically meaningful and measurable; basing
the initial report on existing data; and creating scientifically based, clear, and engaging public

" These included the National Park Service, Chicago Wilderness Alliance, Conservation Lands Network, San
Francisco Estuary Partnership, and the San Francisco Bay Area Wetlands Ecosystems Goals Project.
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communications tools that could distill significant complexity and nuance in a way that accurately
represents the status of the chosen ecosystem health indicators.

The Advisory Committee ultimately elected to follow a methodology similar to that used by the National
Park Service for its (NRCAs). Like NRCAs, the 2016 report
relied on existing information to assess trends and conditions, confidence levels, stressors/threats, and
critical information gaps. The depth and breadth of the resulting assessments reflected the varying
levels of data and expert opinion on each indicator available at the time.

For the first time, this project allowed the mountain’s four land management agencies to collect and
synthesize all of this existing information and set baselines against which to measure and track
change. The report also summarized potential future research, monitoring, or management actions that
could help support each ecological health indicator. (It is important to note that, while One Tam agency
partners may use its findings to help inform management decisions, the 2016 report is not an official
management document.)

SELECTING INDICATORS

Not every biological community type, plant, or animal species on Mt. Tam was included in this health
assessment process. Good indicators are measurable, have low amounts of data “noise,” and reveal
other aspects of ecosystem health.

The Advisory Committee initially constructed a comprehensive list of the mountain’s taxonomic groups
and plant and animal communities that could be considered as health indicators (see Appendix 1). One
or more important factors from the following list drove the selection of indicators that were ultimately
put forth for consideration:

e It was present in the One Tam area of focus (Figure 1.1).

e It had existing information and/or expert opinion to draw upon to determine its condition or
trends.

e It was useful in some meaningful way (e.g., an indicator of biological integrity and biodiversity,
natural disturbance regimes, or habitat quality).

e It was a threatened, endangered, or rare species that, if lost, would have an impact on the
mountain’s health by the above definitions.

e It was especially iconic or charismatic, could be used to build public affinity and interest,and/or
to help gauge the health of the mountain by the above definitions.
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ENGAGING THE BROADER SCIENTIFIC COMMUNITY

A thorough assessment of existing information, data, and reports about the preliminary indicators
selected by the Advisory Committee was undertaken. These were then distilled into summary
worksheets that included, to the extent possible: a preliminary assessment of the condition and trend
of that indicator, our confidence level in the assessment, a rationale for choosing the species or
community, a description of the resource and its significance to the health of Mt. Tam, current and
desired condition, proposed goals and metrics by which to measure condition andtrend, key ecological
stressors, existing information sources (e.g., research data, monitoring, restoration projects, etc.),
known information gaps, and future planned and desired management actions.

Twenty-two of these worksheets were used as the basis for a daylong workshop, which was attended
by approximately 40 natural resource staff scientists from all five One Tam partners as well as from
Point Blue Conservation Science, the National Park Service Inventory and Monitoring Program, and
Point Reyes National Seashore. Participants were broken into facilitated, taxonomically based groups
to review existing information, discuss the current state of agency knowledge and data sources,
identify information gaps, and provide feedback on the list of proposed indicators, metrics, and
condition and trends assessments. Their feedback was then reviewed by the Advisory Committee and
used to revise the summary worksheets.

Two additional scientist workshops were held later. One focused solely on potential bird species and
guilds as indicators of health, ecological stressors, and landscape-scale processes. The other brought
together 60 local and agency scientists to consider the remaining (non-bird) indicators. Attendees were
asked to review and make recommendations on the worksheet summaries’ metrics, goals, and

condition and trend statements; discuss existing data; share their expert opinions; and identify missing
information.

Workshop participants relied upon a wide array of background materials, including agency reports and
data sets, published papers, and gray literature. However, where data were scarce or nonexistent, they
were asked to use their best professional judgment to try to make a statement about goals, conditions,
and trends for the proposed indicators. They also identified data gaps and areas of uncertainty as well
as further research or monitoring needed to fill those gaps.

As a result of these discussions and the feedback gathered at the workshops, a subset of the initially
proposed indicators was selected. These indicators were not only deemed good representatives of the
health of Mt. Tam, but they also had sufficient information or opinion consensus to set metrics and
assess condition and trends. These indicators are included in this report.

METHODS

The information presented in this report is not a comprehensive analysis of Mt. Tam'’s resources, but
rather, a methodical assessment of existing information and expert opinion on those selected as good
ecological health indicators. Grounded in the realities of land management, it centers on the partner
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agencies’ overarching environmental goals and the resources they are currently monitoring, measuring,
and reporting on over time.

Every indicator has its own chapter, and each describes the project’'s methodology and logic, a format
that was used for the original 2016 effort as well. This approach was also used to create a more

(O’Herron & Farrell, 2019).

Each chapter in this report follows the same general format:

UPDATE AT A GLANCE

New to this 2022 update, this section summarizes changes in the condition, trend, and confidence
measurements for each indicator, plus includes bulleted highlights of new findings or important
changes since 2016.

Condition, Trend, and Confidence:

The specific ways condition, trend, and confidence were assessed for a particular indicator and its
metrics can be found within each chapter. However, the overall approach is as follows:

An overall condition of good, caution, significant concern, or unknown was assigned to each
indicator; the determination was based on an average of the condition of all the combined
individual metrics. As defined here, the condition reflects how a given resource is doing within
the limited geography of the One Tam area of focus and therefore, may be different from official
federal or state designations of threatened, endangered, or special concern that span a broader

geography.

An overall trend of improving, no change, declining, or unknown was similarly assigned, based
on the average trend of all the combined individual metrics. Each trend assessment reflected
what was determined to be a reasonable time scale upon which to measure change, depending
on the species or community in question.

A confidence level of high, moderate, or low was assigned based on the quality, quantity, and
recency of available data and the degree of best professional judgement (if required) to make
the condition and trend assessments.

To provide a quick visual overview of how an indicator may have changed, each chapter shows the
overall condition, trend, and confidence for both 2016 and 2022 using the following circle/arrow
symbology (Figure 2.1).
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Ecological Health Indicator Condition, Trend, and Confidence Key

Significant
Good Caution Concern Unknown
o . . .
Improving No Change Declining Unknown
Trend ﬁ <:> @ ?
High Moderate Low
PN
Confidence
l ' (NO LINE)
\N_7

FIGURE 2.1 SYMBOLOGY USED SHOW OVERALL CONDITION, TREND, AND CONFIDENCE OF

EACH INDICATOR

Theindicator’s metrics and their condition, trend, and confidence are then presented in tabular format
in each chapter.

The overall condition, trend, and confidence in the circle/arrow graphic was derived by averaging the

scores of these metrics as follows. Each condition, trend, and confidence level described with one word
had a corresponding numerical score.

Condition

e« Good =100
o Caution = 50
« Significant Concern =0

Trend
[ ]
[ ]

Unknown = no score

Improving = 100
Unchanging = 50
Declining = 0
Unknown = no score
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Confidence

e High =100
e Moderate = 50
° Low =0

Scores were combined using a simple (unweighted) average calculated by adding the scores for

condition, trend, and confidence and dividing by the number of metrics used. (To avoid

unfairly/inaccurately lowering the overall average, “unknowns” are not scored or included.) The

resulting average condition, trend, and confidence score equaled the indicator’s overall condition, trend,

and confidence as a whole, as shown in Table 2.1.

TABLE 2.1 RANGE OF AVERAGE SCORES ASSOCIATED WITH EACH OVERALL CONDITION,
TREND, AND CONFIDENCE LEVEL

|Average Score of All Metrics Combined Condition Confidence
100-76 Good Improving High
26-75 Caution Unchanging [Moderate
0-25 Significant Concem|Declining Low

Figure 2.2 illustrates a hypothetical example of how each metric’s condition, trend, and confidence was
scored and then how those scores were used to calculate the averages for the indicator as a whole. For
visual simplicity, only the condition calculation is called out with arrows; however, the process is the

same for calculating overall trend and confidence as well.

Trend: 100
Confidence: 100

Trend: Improving
Confidence: High

Metric 2 Metric 2
Condition: Caution —————J» Condition: 50
Trend: Declining Trend: O

Confidence: Moderate Confidence: 50
Metric 3

Condition: Significant Concern
Trend: Unknown

Confidence: Low

Metric 3
— Condition: 0
Trend: no score
Confidence: 0

Metrics in Words Corresponding Scores Average Scores
Metric 1 Metric 1 Condition:
Condition: Good ~=———J» Condition: 100 —_

100+50+0/3 = 50 (Caution)
Trend:

100+0/2 = 50 (Unchanging)
Confidence:

100+50+0/3 = 50 (Moderate)

FIGURE 2.2 AN EXAMPLE OF HOW METRICS ARE SCORED AND AVERAGED TO ARRIVE AT THE
OVERALL CONDITION, TREND, AND CONFIDENCE FOR EACH INDICATOR
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INTRODUCTORY SECTION

Why Is This an Important Indicator?

A summary of the resource’s significance and why it was chosen as an indicator of the health of Mt.
Tam.

Current Condition and Trend
Historical and currently known condition, extent, and/or population size for this indicator.
Desired Condition and Trend

Qualities land managers and other experts consider necessary for a particular indicator to maintain its
ecological function(s), and the threshold or state it should be in to be considered healthy.

Note: Some of the vegetation community chapters set condition goals using specific acreages.
While acreage is a useful measure of habitat patch size and overall extent, it is not always
possible to maintain a set number in the face of climate change and ecological succession,
which are beyond the scope of current land management efforts. In some cases, maintaining a
diversity of habitats and/or ecological functions is a more realistic goal.

The metrics attempt to measure the difference between the Current Condition and Trend and the
Desired Condition and Trend.

Stressors

Summaries of the ways various ecological and/or human-induced stressors are affecting the
indicator’s health.

CONDITION AND TREND ASSESSMENT SECTION

A high-level summary of the metrics used to measure the health of each overall indicator, including a
baseline (set using information at hand in 2016), condition goals, thresholds for moving from one
condition status to another, and current condition, trend, and confidence level.

Each metric indicates the difference between the Current Condition and the Condition Goal.

Condition: The current condition of the metric. Thresholds for when a resource goes from one condition
category to another are set on a case-by-case basis; an example of how to set thresholds might be:

e Good: The condition goal is 75%—100% met.

e Caution: The condition goal is 26%—74% met.
e Significant Concern: The condition goal is 0%—25% met.
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e Unknown: Not enough information is available to determine condition.

Trend: Change in the condition of the metric, based on current versus previous measure(s),
independent of status (e.g., a resource may be declining but still be in good condition).

e Improving: Its condition is getting better.

¢ No Change: Its condition is unchanging.

¢ Declining: Its condition is deteriorating/getting worse.
¢ Unknown: Not enough information to state a trend.

Confidence: Amount of certainty with which the condition and trend are assessed.

e High: Measurements are based on recent, reliable, and suitably comprehensive monitoring.
e Moderate: Monitoring data lacks some aspect of being recent, reliable, or comprehensive;
however, measurement is also based on recent expert or scientist observation.

e Low: While monitoring is not sufficiently recent, reliable, or comprehensive, either some
supporting data exists, or the measurement is also based on expert or scientific opinion.

SUPPORTING DATA, OBSERVATIONS, RESEARCH, AND MANAGEMENT SECTION

This section starts with a list of indicator-specific monitoring, inventory, or research programs,
Geographic Information Systems (GIS) analyses, or other sources that serve as supporting data for
condition and trends assessments.

Data Gaps

Identifying data gaps that need to be filled was an important aspect of this effort. If a metric had a data
gap that was likely to be addressed in the near term, it was included and filled out to the best of the
author’s ability.

Past and Current Management, Restoration, Monitoring, and Research Efforts

A summary of stewardship and management activities of varying scales that have been underway for
decades within the One Tam area of focus. This update calls out aspects that are new since the 2016
report. By no means a comprehensive list, it is intended to provide a sense of the type and scale of
work that has been undertaken to monitor, protect, and restore the health indicators included in this
document.

Future Actionable Items

A preliminary summary of actionable needs identified by agency and other local scientists. These are
actions not currently funded through agency programs that will be further evaluated and prioritized for
future funding and implementation outside of this health assessment process. These may include:
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¢ Inventorying and monitoring to track priority indicator metrics, increase our understanding, and
improve our ability to monitor the health of Mt. Tam’s biological resources.

e Existing program support.
e Addressing critical questions and helping inform resource management.

SOURCES SECTION

A list of references cited, important supporting materials, authors, and agency staff and other subject-
matter experts who participated in workshops and/or provided a technical review of the chapter.

SOURCES
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CHAPTER 3. VEGETATION HEALTH
INDICATORS SUMMARY
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OVERVIEW

The mountain’s plant communities and their arrangement on the landscape (Figure 3.2) are the
foundations of ecosystem health. Rare plants—important elements of biodiversity in their own right—
also play a role in indicating the health of particular ecosystems. Both vegetation communities and
individual rare plant populations may show the effects of stressors, including alterations to natural
disturbance regimes (e.g., grazing, fire), climate change, and invasion by non-native species.

Mt. Tam hosts a rich array of native plants (Figure 3.1; Table 3.1; Appendices 2 and 3). However, not
every plant community type or rare plant species is included in this health assessment process. Good
indicators are easily measured, have low data “noise,” and often reveal some other aspect of
ecosystem health. With this in mind, we chose certain plant species and community types to serve as
suites of indicators for this project.
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Percent of Vegetation Types within Public Lands in the One
Tam Area of Focus

All other ve es
Beach or marsh 1% gyp

Sargent cypress
1%

Open-canopy oak
woodlands
6%

FIGURE 3.1 PERCENTAGE OF VEGETATION TYPES, ONE TAM AREA OF FOCUS
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TABLE 3.1 ACRES OF VEGETATION TYPES MANAGED BY ONE TAM PARTNER AGENCIES

| Community Type | Total Acres
Coast Redwood Forests 7,091
Sargent Cypress 451
Other Conifer 8,592
Open-Canopy Oak Woodlands 1,594
Mixed Hardwood 7,478
Shrublands (Coastal Scrub and 7817
Chaparral) !
Grasslands 2,737
Riparian 238
Beach or Marsh 1,428
All Other Vegetation Types 426
Urban or Developed 113

FIGURE 3.2 VEGETATION COMMUNITIES AND HYDROLOGY, ONE TAM AREA OF FOCUS
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UPDATED INDICATORS

The condition, trend, and confidence assessments of all the vegetation indicators from the 2016 report
described here have been updated in this version. None were added or removed.

The chapter summaries that follow include a circle, an arrow, and a line icon that summarize overall
condition, trend, and confidence, respectively (Figure 3.3). These results were derived by averaging the
scores of metrics used to evaluate the health of each. (See Chapter 2 for definitions of terminology

used throughout this chapter, how metrics are used to evaluate the health of each indicator, and other
project methodology details.)

Ecological Health Indicator Condition, Trend, and Confidence Key

Significant
Good Caution Concern Unknown
o . . .
Improving No Change Declining Unknown
Trend @ <::{> @ ?
High Moderate Low
PN
Confidence
l l (NO LINE)
\N_7

FIGURE 3.3 SYMBOLOGY USED TO SHOW OVERALL CONDITION, TREND, AND CONFIDENCE OF
EACH INDICATOR
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COAST REDWOOD FORESTS (CHAPTER 4)

Old-growth Forest Second-growth Forest Iconic coast redwood forests
— Sequoia sempervirens) are
Condition: Good y A Condition: Caution (Seq . ph ()j i
Trend: Improving | Trend: Declining €Xperiencing changes due 9
Confidence: \ Confidence: Sudden Oak Death (SOD), climate
Moderate S 27 Moderate change and invasion by non-native

species. The One Tam area of focus

has a small amount of old-growth coast redwoods, but the majority are second-growth, having been
logged at some point in the past. We have observed no detectable change in redwood forest health in
the One Tam area of focus since the 2016 report, and the impact of SOD on the tanoak
(Notholithocarpus densiflorus) midstory appears to be slowing. Thanks to the

(GGNPC et al., 2021), we now have a complete picture of where redwood
stands are found throughout the county, as well as a suite of data that will allow us to assess coast
redwood forest health and inform forest management into the future. Note: The geographic scale of
this analysis was changed to reflect the expanded One Tam area of focus. Redwood stands on Bolinas
Ridge (National Park Service land) and at Roy’s Redwoods Preserve and French Ranch (Marin County
Parks preserves) are now included.

SARGENT CYPRESS (CHAPTER 5)

Sargent cypress (Cupressus sargentii), particularly the pygmy forest
along San Geronimo Ridge, is a rare vegetation type that hosts
several California Native Plant Society-listed and locally rare plant
species. Unlike many of the other communities chosen as indicators,
Sargent cypress appears to be relatively disease- and weed-free, and may expand its range in the face
of stressors that negatively affect other dominant plant species. Sargent cypress plant communities
are typically stable for decades, then experience a complete reset after a high-intensity fire. There have
been no fires in Sargent cypress habitats in the One Tam area of focus since the 2016 report, and so, as
expected, they have experienced no major changes. Our confidence in this assessment has increased
since 2016, however, because invasive species presence was field-assessed in 2022. While the
condition and trend of the metrics have not changed overall, new observations and additional
management guidance have been included in this updated chapter.

Condition: Good
Trend: No Change
Confidence: High

OPEN-CANOPY OAK WOODLANDS (CHAPTER 6)

y N Condition: Caution Mt. Tam'’s stately open-canopy oak woodlands, which serve as
| Trend: No Change habitat for numerous plants and animals, exhibit tremendous
\ , Confidence: biodiversity. They have also been impacted by Douglas-fir
Y '—~  Moderate (Pseudotsuga menziesii) encroachment as a result of alterations in

natural disturbance regimes and by the invasion of non-native plants,
particularly French broom (Genisa monspessulana). In addition, oak woodlands are losing large
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numbers of trees to SOD. While the condition of oak woodlands went from declining in 2016 to no
changein 2022, it isimportant to note that mapping techniques and extent changed between the two
analyses such that it is difficult to compare results across years. However, this chapter’s new baselines
will provide a more accurate way to measure change over time going forward.

SHRUBLANDS: COASTAL SCRUB AND CHAPARRAL (CHAPTER 7)

,~ 7~ Condition: Caution Shrubland communities on Mt. Tam are of two general types:

l \ Trend: Declining Coastal scrub areas are primarily dominated by soft-leaved, woody,

\ , Confidence: drought-deciduous or evergreen shrubs such as California sagebrush
Y '—~“  Moderate (Artemesia californica) and coyote brush (Baccharis pilularis).

Chaparral cover is dominated by drought- and fire-tolerant, hard-
leaved, woody evergreen species such as manzanitas. Declines in condition and trend from what we
knew in 2016 to our best current understanding in 2022 should be viewed with the understanding that
in each of the two years, we measured slightly different things in two of the metrics. However, this does
not account for all of the differences in condition and trend between the two analyses. The condition of
shrublands in the area of focus has been reduced from good in 2016 to caution in 2022 because new
data and analyses indicate a higher level of threat and a greater loss of shrublands extent than was
previously known. Numerous lines of evidence reveal that shrublands are losing acreage to forest
succession due to fire suppression, and more shrubland acres than were previously known are
occupied by invasive plants.

MARITIME CHAPARRAL COMMUNITY ENDEMICS (CHAPTER 8)

Condition:

o Maritime chaparral, which is associated with several special-status
Significant Concern

Trend: Declining species, is found on Mt. Tam’s marine-influenced lower elevations.
Confidence: No significant changes in the metrics used for this indicator have
Moderate been detected since 2016. National Park Service staff conducted

surveys to monitor rare chaparral endemics in 2017 and 2020, but
these surveys did not encompass all known populations. Consequently, we have a lower confidence in
our current condition and trend assessment than we did in 2016.

GRASSLANDS (CHAPTER 9)

Condition: Caution Mt. Tam's iconic, sweeping grasslands serve as habitat for
Trend: Unknown numerous plants and animals, and contain tremendous biodiversity.
Confidence: Low They have also been affected by ecological succession as a result of
alterations in natural disturbance regimes and by the invasion of
non-native plants. The state’s native grasslands are at 1% of their historical extent, and Mt. Tam
preserves some of the best examples of remnant grassland ecosystems in the region (Noss & Peters,
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1995). The 2018 Fine Scale Vegetation Map provided new information on grassland extent and
composition to support this chapter update. Notably, it documented significantly fewer acres of
grassland than were included on earlier maps. A change in geographic boundaries for the One Tam
area of focus also changed grassland extent. Differences in this map and previous efforts meant that
we had to establish a new baseline from which a trend may be inferred in the future.

SERPENTINE BARREN ENDEMICS (CHAPTER 10)

The majority of Mt. Tam'’s rare plants fall into a few community
types, and particular suites of species were chosen to indicate the
status of those communities. Approximately half the rare plants—by
both number of taxa and number of populations—are serpentine
endemics. Rare plants within the serpentine barrens plant community were sorted into “relatively
common” and “relatively uncommon” to measure both biodiversity and the health of open-canopy
serpentine types. New data on barren occupancy and species abundance from the One Tam Serpentine
Endemic Occupancy Project (initiated in 2016) are now available and have been used to inform this
update. This allows us to set baselines, condition goals, and condition and trend thresholds for each
metric, something that was not possible in 2016. The changes in each metric are described in more
detail in the Condition and Trend Assessment section of this chapter.

Condition: Caution
Trend: No Change
Confidence: High

EXTIRPATED SPECIES

Another way to examine ecosystem health is to consider species that are no longer present, and to try
to understand the factors that contributed to their loss. The current list of likely extirpated plant species
(see Appendix 4) includes native species historically found within the One Tam area of focus. However,
these species have not been seen in more than 50 years and/or have not been found in searches of
their last known locations. Note that this list contains many species that require fire to germinate; while
they may be present in the seedbank, they are not observable and therefore, are effectively presumed
absent. The longer these species go without fire, the higher the likelihood that their seeds will not be
viable even if a fire does occur.

Historical presence was established primarily through comparing the One Tam species list with Marin
Flora: Manual of the Flowering Plants and Ferns of Marin County, California (Howell, 1970). Taxa
indicated as growing on Mt. Tam in that book but not listed as present on the current species list were
compared against herbarium records (CCH, 2016) and recent observations included in online
databases (Calflora, 2016; NPSpecies, 2016). Additional staff and local expert knowledge were used to
document known locations and/or extirpations in order to add or remove species from the list.

Over time, One Tam agency staff, which continues to survey for species thought to be extirpated from
the mountain, have removed several from the list. It will be necessary to have additional botanical
experts verify herbarium specimens upon which some otherwise unsubstantiated records are based to
ensure that a species’ presence is not based on misidentification or taxonomic changes.
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Extirpated species lists, compelling and dramatic examples of changes that have taken place in the
recent past, indicate the trajectory of plant species on Mt. Tam. For example, some potentially
extirpated plants may have disappeared from the aboveground flora due to lack of fire, or may appear
to be shifting their range northward and westward (away from the mountain and toward the coast),
possibly as a result of climate change.

MANAGEMENT AND MONITORING

Mt. Tam's land management agencies strive to preserve biodiversity and functioning ecosystems, and

to do soin the face of a changing environment that is largely beyond their control. Because nature is
not static, preserving things exactly as they are is neither a realistic nor desirable goal.

For example, vegetation succession, an ongoing natural process, is also affected by landscape-scale
processes such as wildfire and the land management policies of individual agencies. Consequently,
while maintaining a certain number of acres of a particular vegetation community over a large
landscape might not be the management target of a particular agency, monitoring shifts in acreages
over short periods of time can be useful to help managers understand how ecosystems and their
functions might be changing.

OVERARCHING VEGETATION MANAGEMENT AND MONITORING EFFORTS

Following are descriptions of several large-scale programs that manage or track plant communities
and species on Mt. Tam. Past and current management, monitoring, restoration, and other efforts that
support only specific plant communities are summarized in each respective chapter.

Weed Monitoring, Surveying, and Management: Guided by a prioritized list of invasive plant species,
One Tam staff and partner agencies survey roads, trails, facilities, and disturbed sites year-round,
(primarily, March through September) through the Early Detection Rapid Response program. Survey
areas are further prioritized based on levels of human use (which increases the potential for invasive-
species introductions) and habitat health. Work groups survey all roads and trails every three years.
National Park Service surveys began in 2008, and other land managers launched similar programs in
subsequent years. The One Tam staff began its own program in 2016, with a goal to increase surveys
and add capacity to partner agency efforts.

Invasive plant species are placed into one of two categories: highest priority and local detections.
“Highest priority” species are new to the mountain, have very low distribution, or likely occur on nearby
lands; these species are mapped at all size classes. “Local detections” are priority weeds with wide
distribution. For both categories, the mapping interpatch distance is 20 meters. Surveyors record data
on patch size, number of individuals, phenology, and percent cover. Early detection and treatment of
new infestations help mitigate their impacts and reduce the costs of invasive plant management.

Large-scale Weed Management Program: One Tam partner agencies commit significant resources to
mapping, monitoring, and managing invasive vegetation on their respective lands. Volunteer-based
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efforts to control invasive plants include regular drop-in days for adults and families, school groups
(from elementary to college-age students), and special volunteer events (e.g., Muir Woods Earth Day)
that bring hundreds of volunteers to the mountain every year. Full-time and seasonal staff and interns
are dedicated to providing volunteer management and leading these stewardship activities.

In addition, many staff also work directly in the field, controlling, mapping, researching, and monitoring
invasive plant populations and past control efforts. In2012, National Park Service and California State
Parks staff launched a comprehensive watershed-wide approach to controlling targeted invasive plants
in the Redwood Creek Watershed; this approach increased efficiencies and ensured the management
of priority weeds across jurisdictional boundaries.

All agencies invest significant resources in staff-supervised, contractor-based vegetation management
to both control and map targeted invasive-plant populations. Special fuels-reduction projects on partner
lands are implemented by contractors with the dual purpose of fuels management (keeping fuelbreaks
free of broom and other weedy vegetation) and resource enhancement.

Rare Plant Monitoring: Mt. Tam supports more than 40 rare, threatened, and endangered plant species.
Data are available for many of these species through field surveys conducted by One Tam land
managers and partners, including the Marin Chapter of the California Native Plant Society. The scale of
each monitoring program varies based upon staff and volunteer resources. For example, National Park
Service staff monitor rare plants annually (individual populations are visited once every three to five
years), and during the past 10 years, Marin Water staff re-inventoried its rare plant populations and
updated its data on the more than 400 individual patches on watershed lands.

INDICATOR ANALYSIS METHODOLOGY

VEGETATION COMMUNITY MAPPING AND ANALYSIS

Since the release of the first edition of this report, One Tam sponsored the creation of the 2018 Fine
Scale Vegetation Map, which adheres to the and uses 2018
high-resolution lidar data (GGNPC et al, 2021). The map products include a “lifeform” layer divided into
27 classes and a higher-resolution set of 107 vegetation classes mapped in units of one acre or less.

Methods used to produce this vegetation layer combined machine learning and expert knowledge to
validate data and correct for errors, resulting in an estimated overall accuracy of 77% for the fine-scale
vegetation map and 95% for the lifeform map. To facilitate regional strategies across jurisdictions, the
map and the methods used to create it align with new data for neighboring counties. This
comprehensive dataset contains attributes relevant to forest health that apply to all forest stands,
including areas of standing dead vegetation and canopy gaps that formed between 2010 and 2019.

The 2018 Fine Scale Vegetation Map gives land managers an important resource, one they can use to
inform climate adaptation planning for vegetation communities and ecosystem health. This high-
resolution map can be combined with modeled data on climate exposure (Thorne et al., 2017) and
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wildfire probabilities (Moritz et al., 2012; Mann et al., 2016) mapped at a relatively coarse scale to
locate general areas with high or low risk of fire- and climate-change impacts. Combining these data

sources provides a hypothesis about vegetation change that can be used to inform monitoring, fuels
treatments, or habitat restoration.

To better understand vegetation communities, we clipped the 2018 Fine Scale Vegetation Map to
provide three different coverages: the whole One Tam area of focus; combined public lands coverage
within the One Tam Area of focus; and, at the finest resolution, individual agency lands within the area
of focus. It should be noted that clipping the vegetation map to any individual agency results in a bit of
data “noise” due to varying degrees of boundary-layer accuracy, particularly where two or more
boundaries intersect or align.

Regardless of the coverage of the clipped vegetation layers, however, our process was the same: the
planar acreage was recalculated for each vegetation polygon using U.S. survey acres, and the
vegetation map column, “Fine Scale Map Class in '18,” was used to roll up vegetation polygons into the
following broader community types:

e Redwood

e Sargent cypress

e Other conifer

e Open-canopy oak woodlands
e Mixed hardwoods

e Shrublands

e Grasslands

e Riparian

e All other vegetation types
e Beach or marsh

e Urban or developed

We then derived the overall extent of various vegetation types and canopy-level metrics for each of the
plant-community indicators. These specific analyses are described in more detail in each chapter.

The 2018 Fine Scale Vegetation Map represents a huge step forward in our ability to understand the
current state of the mountain’s plant communities, track changes in them over time, and coordinate
monitoring and management with other land managers. Contrast this with the 2016 version of this
report, which relied on six different vegetation maps created at different scales and at different times.
Those data sets, which are still referenced in the chapters that follow, included:

e The 1994 National Park Service Vegetation Map encompassed all of Golden Gate National

Recreation Area, parts of Point Reyes National Seashore, and all of Mount Tamalpais State Park
(Schirokauer et al., 2003).

e The 2004, 2009, and 2014 Marin Water Vegetation Maps covered all of the watershed lands.
Only Marin Water had time-series maps (2004, 2009, 2014) that could be used to detect
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changes over time. All data from the 2004 and 2009 maps were summarized in the report for
the 2014 mapping project (Evens et al., 2006; AlS, 2015).

e The 2008 Marin County Parks-Marin County Open Space District Vegetation Map included all of
the agency’s preserves (AlS, 2008).

That being said, using a new map assembled in a new way did create challenges in comparing 2016
assessments with those we are now able to make. In some cases, it was impossible to compare the
two Peak Health reports, and new baselines were set based on the new data. This is described in detail
for each applicable metric where it applies in the chapters that follow.
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CHAPTER 4. COAST REDWOOD (SEQUOIA
SEMPERVIRENS) FORESTS

Return to document Table of Contents

UPDATE AT A GLANCE

SUMMARY OF CHANGES IN THIS INDICATOR SINCE 2016

2016 OLD-GROWTH FOREST

2022 OLD-GROWTH FOREST

Condition: Good

Trend: Improving

Confidence: High

2016 SECOND-GROWTH FOREST

Condition: Good

Trend: Improving

Confidence: Moderate

2022 SECOND-GROWTH FOREST

Condition: Caution
Trend: Declining

Confidence: Moderate

Condition: Caution
Trend: Declining

Confidence: Moderate
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FIGURE 4.1 CONDITION, TREND, AND CONFIDENCE FOR COAST REDWOOD FORESTS, ONE TAM
AREA OF FOCUS

We have not observed any detectable change in redwood forest health in the One Tam area of focus
since the 2016 report. Sudden Oak Death (SOD) impacts to the tanoak (Notholithocarpus densiflorus)
midstory appear to be slowing. The 2018 Marin Countywide Fine Scale Vegetation Map (GGNPC et al.,
2021) provides a complete picture of where redwood stands are found throughout the county, as well
as a suite of data that will allow us to assess redwood forest health and inform management into the
future.

Other highlights since 2016 include:

e The geographic scale of this analysis was changed to reflect the expanded One Tam area of
focus. Redwood stands on Bolinas Ridge (National Park Service land) and at Roy’s Redwoods
Preserve and French Ranch (Marin County Parks preserves) are now included.

¢ No metrics were added or removed. However, new data from the 2018 Fine Scale Vegetation
Map provide opportunities to describe redwood forests at a landscape scale and to begin to
connect remote-sensing data with on-the-ground ecological conditions.

METRICS SUMMARY

Metrics in Table 4.1 were used to assess coast redwood forest health. The condition, trend, and
confidence for each metric was then given a score. These scores were combined and averaged to
obtain the overall condition, trend, and confidence described in Figure 4.1. Each metric is described in
the Condition and Trend Assessment section later in this document. (See Chapter 2 for definitions of
terminology used throughout this chapter, how metrics are being used to evaluate the health of each
indicator, and other project methodology details.)

TABLE 4.1 ALL COAST REDWOOD FOREST METRICS, WITH THEIR RESPECTIVE CONDITION,
TREND, AND CONFIDENCE

Metric 1: Forest structure and demography with old-growth characteristics, or moving toward old-

growth characteristics

2016 2022
Condition Old-growth: Good Old-growth: Good
Second-growth: Significant Concern |Second-growth: Significant Concern
Trend Old-growth: Improving Old-growth: Improving
ren Second-growth: Declining Second-growth: No Change
. Old-growth: High Old-growth: Moderate
Coniencs Second-growth: Moderate Second-growth: Moderate
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Metric 2: Mid-canopy structure

2016 2022
Condition Old-growth: Caution Old-growth: Caution
Second-growth: Caution Second-growth: Caution
Trend Old-growth: Unknown Old-growth: Unknown
Second-growth: Declining Second-growth: Declining
Confid Old-growth: High Old-growth: Moderate
ontidence Second-growth: High Second-growth: Moderate

Metric 3: Targeted non-native, invasive species cover

2016 2022
Condition Good Good
Trend Muir Woods: Unknown Muir Woods: No Change
Second-growth: Declining Second-growth: No Change
Confidence Moderate High

INTRODUCTION

WHY IS THIS AN IMPORTANT INDICATOR?

Coast redwood trees are the epitome of resiliency. Among the tallest in the world, individual redwoods
may live as long as 2,000 years. Thick bark and an ability to rapidly resprout enable established adult
trees to survive most wildfires, and their seedlings thrive in the mineral-rich soil left behind by fires and
floods (Lorimer et al., 2009). High levels of tannins make the redwood resistant to insect and fungal
infestations. Acidic soil conditions, thick duff layers, and dense shade also make redwood-dominated
stands relatively resistant to non-native plant invasion. However, despite their overall resilience,
historical logging practices diminished the extent and density of old-growth redwood stands and
altered forest conditions overall. As a result, coast redwood forests are on the International Union for
Conservation of Nature Red List as “endangered” (Farjon & Schmid, 2013).

Coast redwood forests in the One Tam area of focus are significant cultural resources for the Coast
Miwok. Trees are used for tools and construction, and associated species (e.g., tanoak and hazelnut)
serve as important food plants (GGNPC, 2023).

Mt. Tam’s coast redwood forests also provide important habitat for a number of mammals and birds,
including the state- and federally threatened Northern Spotted Owl (Strix occidentalis caurina).

58



Endangered coho salmon (Oncorhynchus kisutch) and threatened steelhead trout (0. mykiss) also live
in the Redwood Creek Watershed.

These forests store more standing carbon than any other kind in California (Van Pelt et al., 2016).
Redwood foliage “harvests” fog, and the accumulated water drips slowly down to the soil, increasing
total precipitation within stands and creating a separate microclimate below the canopy (Dawson,
1998). Redwood growth rates have increased significantly in recent decades (Sillett et al., 2015), but
their future trajectory is unknown as California becomes functionally more arid with climate change
(Johnstone & Dawson, 2010; Fernandez et al.,2015). As such, the redwood may serve as an indicator
of climate change, particularly changes in precipitation and summer fog (Micheli et al., 2016). A sudden
decline in such a long-lived and resilient species would signify changes on a scale likely to be
detrimental to other vegetation communities as well.

Redwood forest communities are good indicators of the effects of forest management practices,
wildfire regimes, and disease processes. Coast redwood trees sprout prolifically from stumps, and
many of the mountain’s second-growth redwood stands have higher redwood tree densities than old-
growth areas as a result of turn-of-the-century logging (Noss, 2000). In the absence of wildfire or active
management, fast-growing species such as Douglas-fir (Pseudotsuga menziesii) and tanoak have
become more abundant. High densities of tanoak in second-growth redwood stands in the moister
regions of the One Tam area of focus reflect this history. Redwood forest communities are also being
impacted by SOD (caused by the pathogen Phytophthoraramorum), which rapidly kills tanoak trees and
other coast redwood forest understory species. Since the 1990s, SOD has been responsible for wide-
spread cycles of tanoak dieback and resprouting in One Tam area of focus redwood forests, as well as
in mixed hardwood forests across the region (Cunliffe et al., 2016).

Finally, these forests are good barometers of ecological health because understory conditions in
heavily visited redwood forests can also be indicative of recreational pressures. Soils in redwood forest
systems are sensitive to compaction by human foot traffic, which can damage both redwood tree roots
and other plants that grow on the forest floor (Voigt, 2016).

CURRENT CONDITION AND TREND

Towering stands of old-growth coast redwoods once stretched across fog-shrouded hills and valleys
from southwestern Oregon to the Big Sur Coast of Central California. Less than 5% of this original old-
growth redwood forest remains, although second-growth forests persist over much of the historical
range (Fox, 1989). Coast redwood forests occupy 11,265 acres in Marin County (Figure 4.2). Within the
One Tam area of focus, coast redwood forests cover 7,091 acres.
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FIGURE 4.2 DISTRIBUTION OF COAST REDWOOD FORESTS, MARIN COUNTY (GGNPC ET AL.,
2021)

The vast majority of the mountain’s redwood forests have a varied history of commercial logging prior
to gaining protections within the current network of public lands. Less than 15% of redwood stands
within the One Tam area of focus were protected from logging and can be considered “old-growth.”
These include stands at Muir Woods National Monument, Steep Ravine and Fern Creek (Mount
Tamalpais State Park), and Roy’s Redwoods Preserve (Marin County Parks), among other locations.
One Tam land management agencies have more-detailed field measurements for Muir Woods than
many other redwood stands, which is why it was considered separately in parts of the 2016 analysis. In
general, old-growth conditions represent a desirable state for redwood stands, given their complex
habitat structure and other ecological conditions that make them more resilient to wildfire and other
stressors.

Although specific characteristics will vary based on site conditions, old-growth coast redwood forests
include (Van Pelt et al., 2016, unless otherwise noted):

e A multilayered, multi-aged canopy dominated by coast redwoods.

e A well-developed midstory with shade-tolerant species, including tanoak, California bay laurel
(Umbellularia californica), and Douglas-fir.

e An understory with both shrub and herbaceous components.
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e Large-diameter trees (100 cm diameter at breast height [dbh] or more), with large horizontal
branches, cavities, broken limbs, and burn scars.

e Standing snags/deadwood and large, very slowly decaying wood (nurse logs) on the ground.
e Approximately 50 to 100 overstory trees per hectare (ha) (Lorimer et al., 2009).

e Riparian/alluvial systems and associated midstory trees that include bigleaf maple (Acer
macrophyllum) and alder species (Alnus spp.) in valley-bottom sites.

In Marin County, trees found in a more diverse redwood forest understory often include bigleaf maple,
tanoak, Douglas-fir, California nutmeg (Torreya californica), and California bay laurel (Buck-Diaz et al.,
2021). Most redwood stands in the area of focus are considered second-growth. These stands exhibit
greatly simplified structure, with an absence of larger trees in the canopy, a less diverse understory, and
high densities of small-diameter trees. The potential for second-growth stands to achieve old-growth
characteristics (e.g., a more developed understory and complex habitat structure) in the near term is
largely driven by site conditions such as tree density and presence of other woody species. Some of
Mt. Tam’s second-growth stands have clusters of large-diameter trees that were inaccessible or
otherwise undesirable for logging. In general, though, these second-growth stands vary widely in their
characteristics and in the degree to which they have recovered from the effects of logging due to
varying site conditions and the amount of time that has passed since they were last logged.

DESIRED CONDITION AND TREND

The desired condition for old-growth redwood forests is a complex species composition and multi-
aged, multi-storied stands; coarse woody debris; tree cavities; and other nesting structures such as
large limbs.

In second-growth forests, the desired condition is evidence that a stand is on a trajectory toward
developing old-growth characteristics. This includes a reduction in the total stem density (trees per unit
area) over time as well as the development of large-diameter trees and a multistoried stand structure
(Lorimer et al., 2009). Maintaining the existing extent of redwood forests in the One Tam area of focus
is considered highly desirable because of their habitat value for Northern Spotted Owls and coho
salmon, their ability to store carbon and other greenhouse gases (Cobb et al., 2017), and their iconic
value.
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STRESSORS

Historical Impacts: See the discussion of logging impacts in previous sections.

Invasive Species Impacts: Deep shade created by the redwood overstory prevents many invasive
species from impacting these forests. However, some—notably, panic veldtgrass (Ehrharta erecta)—can
persist in the redwood understory and disrupt native biodiversity.

Climate Vulnerability: Models generally forecast warmer temperatures and uncertain precipitation
patterns for coastal California over the next 15 years, with the southern extent of the redwood range
experiencing more warming than the north (Fernandez et al., 2015). The impact these predicted climate
changes will have on redwood forest health is complex, given that redwoods have shown increased
growth with climate changes and higher atmospheric CO; (Sillett et al., 2015). However, the more
frequent and longer droughts predicted with climate change may stress redwoods and associated
understory species, and smaller redwood forest understory plants may be more vulnerable to
increasingly arid summers (Ferndndez et al., 2015; Johnstone & Dawson, 2010; Micheli et al., 2016;
Ackerly et al., 2018).

The fate of Marin County’s redwood forests may very much depend on whether climate change
produces overall wetter or drier conditions. Bay Area redwoods occupy relatively low climate-water-
deficit zones, but as water deficits increase, some populations currently near the drier edge of the
range could end up in unsuitable conditions. Long-lived trees like redwoods may achieve equilibrium
with new conditions too slowly to acclimate to climate change (Ackerly et al., 2015). A statewide model
of climate exposure suggests that about 45% of redwood forests in the One Tam area of focus are in a
“high exposure” category and thus may not be able to adapt (Thorne et al., 2017; GGNPC et al., 2021).

Fog decreased by approximately one-third from 1950 to 2010 (Johnstone and Dawson, 2010), but
predicting future fog patterns is complicated (Ackerly et al., 2018). Because redwoods can get 30% to
40% or more of their water from fog and low clouds during the dry season, reduced fog frequency,
particularly in the summer, could lower their ability to thrive, especially if precipitation also declines
(Johnstone & Dawson, 2010; Torregrosa et al., 2020; Limm et al., 2009).

With respect to the potential impacts of climate change on wildfires, redwoods are projected to be
relatively resilient, even in the face of high fire severity (Simler et al., 2018). A study of canopy burn
severity and resprouting is currently underway in the redwood forests that burned in Big Basin State
Park (Santa Cruz County) during the 2020 CZU Lightning Complex Fire. Results may help managers
understand how Coast Redwood resilience to high-severity fire is influenced by pre-fire landcover and
management.

Fire Regime Change: The length of time between fires in Marin County has increased fourfold since

1859, and most redwood stands have not burned for 70 years (Dawson, 2022). Fire suppression and
absence of cultural burning have resulted in a buildup of fuels, particularly in second-growth stands.
This has affected forest structure and diversity as well as decreased the redwood’s wildfire resilience.
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Disease: Since its onset in 1995, SOD has taken a heavy toll on tanoaks within the One Tam area of
focus and elsewhere on the Central California coast. Where there are a high number of affected trees, a
redwood stand’s structure can be altered (Maloney et al., 2005; McPherson et al., 2010; Ramage &
O’Hara, 2010). Tanoaks are among the most shade-tolerant hardwoods in coastal California, and one of
the few species that thrives in the dense shade of the redwood overstory. They are an important
structural component of redwood forests and, as acorn producers, are also important for wildlife and a
culturally significant species for local Indigenous people (Noss, 2000; Tempel et al., 2005; GGNPC,
2023). As late as 1990, the tanoak was the most abundant tree on Mt. Tam and the most numerous in
many redwood stands (Parker, 1990). The prevalence of tanoak in the mountain’s second-growth
stands was due at least in part to fire suppression, which would have killed small trees (Brown & Baxter,
2003).

In addition to extensive canopy gaps left by dead trees, SOD damages the structural integrity of
diseased trees; infected tanoaks rapidly collapse and decay. This decreases standing snags, and only
temporarily increases the presence of larger logs on the ground. Remnant tanoak stumps quickly
resprout, producing high densities of brush, which in turn become diseased, collapse, and resprout
again. As a result, gaps between redwood trees fill in with brush, and fine fuels (lightweight, small-
diameter material such as twigs and leaves) increase over the short-term. However, evidence suggests
that fuels decrease over the long-term as the disease progresses (Forrestel et al., 2015). For example,
evidence from wildfires in Big Sur redwood forests found an increase in redwood mortality in areas
where SOD had recently killed trees, but not in areas where the disease had progressed (Metz et al.,
2013).

Direct Human Impacts: Recreational use of redwood forests, both on- and off-trail, leads to soil
compaction and disruption of understory biodiversity and species abundance (Voigt, 2016).

CONDITION AND TREND ASSESSMENT

METRICS

METRIC 1: FOREST STUCTURE AND DEMOGRAPHY WITH OLD-GROWTH CHARACTERISTICS
OR MOVING TOWARD OLD-GROWTH CHARACTERISTICS

Baseline: The One Tam area of focus is located near the center of the geographic distribution of
coastal redwoods. Old-growth redwood forest structure and demographics are available throughout the
entire redwood range. Stand structure within Muir Woods most closely resembles those in southern
redwood reference stands characterized as part of the Redwoods and Climate Change Initiative (RCCI).
The RCCl is a research program led by Save the Redwoods League and Humboldt State University
aimed at understanding the relationship between climate and redwoods, with long-term study plots
spanning the state.
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A 2014 Muir Woods forest structure study revealed a live-tree density per ha of 430 + 31 individuals,
with approximately 24% of trees >100 cm dbh (Table 4.2A). In 2015, University of California, Davis,
researchers characterized stand structure in second-growth redwood forests with tanoak mid-story on
Marin Water lands as a part of an ongoing carbon- and water-yield study. This study revealed live-tree
density per ha of 2,144 individuals, with approximately 0.7% of trees with diameters >100 cm dbh
(Table 4.2B).

TABLE 4.2AMEAN LIVE TREEDENSITY PER 17.95 M RADIUS PLOT, MUIR WOODS NATIONAL
MONUMENT (STEERS ET AL., 2014)

Mean Live Tree Density

Size Class (dbh in cm) (n=9) Standard Error

Sapling 73.7 26.8
5-10 9.8 1.7
10-15 52 52
15-20 3.6 1
20-25 2.6 0.7
25-30 1.7 04
30-35 1.7 1.3
35-40 1.2 0.3
40-45 14 04
45-50 0.8 04
50-75 2.6 0.3
75-100 26 0.6
100-150 5.1 0.9
150-1200 2.8 1.1
>200 2.8 0.9

(Beluing Sapings) 49 31

Estimated Trees Per Ha 430

Percent With Dbh >100 Cm 24
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TABLE 4.2B MEAN LIVE TREE DENSITY PER HA IN REDWOOD STANDS ON MARIN WATER
LANDS (COBB ET AL., 2017)2

Size Class Mean Live Tree Density Per Hectare
(dbh in cm) (n=40)
Redwood | Tanoak Total
0-20 159 1,646.5 |[1,805.5
20-40 67 103.5 170.5
40-60 49.5 32 81.5
60—-80 44 2.5 46.5
80-100 21 2.5 23.5
100-120 |9 0.5 9.5
120-140 4.5 0.5 5
140-160 |0.5 0 0.5
160-180 |0.5 0 0.5
180-200 |0 0 0
200-220 0.5 0 0.5
220- 0.5 0 0.5
UEiEL t;zes Per | 356 1788 |2,144
e

Condition Goal: Tree density (of all species) at or moving toward RCCI southern redwood forest
reference conditions of 460 +70 trees per ha, with approximately 18% of trees >100 cm in diameter
(Van Pelt et al., 2016)

Condition Thresholds:

e Good: Tree density within one standard deviation of southern redwood forest (RCCI) reference
conditions: 460 +70 trees per ha, with approximately 18% of trees >100 cm in diameter.

e Caution: More than one standard deviation difference from southern redwood forest (RCCI)
reference conditions (Van Pelt et al., 2016).

2 Table derived from data provided directly by the lead author.
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¢ Significant Concern: More than two standard deviation differences from southern redwood
forest (RCCI) reference conditions (Van Pelt et al., 2016).

Current Condition:
Old-Growth Stands:
2016: Good (Note: This metric was assessed only for Muir Woods in 2016.)

The estimated live-tree density per ha of 430 +31 individuals, with approximately 24% of trees with
diameters >100 cm dbh, fell within one standard deviation of RCCI reference sites.

2022: Good

No new data have been collected for this metric, but it is reasonable to assume that Muir Woods trees
currently have a density and size-class distribution similar to what they had in 2016. Fieldwork is
needed to assess density and size-class distribution of other old-growth stands.

Second-growth Stands:
2016: Significant Concern

The estimated live-tree density per ha of 2,144 individuals, with approximately 0.7% of trees with
diameters >100 cm dbh, was more than two standard deviations away from old-growth conditions in
southern reference sites.

2022: Significant Concern

Another round of data collection in 2019 on Marin Water experimental plots (redwood stands with
tanoak midstory) confirms that untreated stands are still in the significant concern category (Quiroga et
al., 2023). Importantly, treatments did decrease stand density and increase tree diameters (quadratic
mean diameter). However, these treatments are not planned at a scale large enough to upgrade the
condition of second-growth stands throughout the area of focus. In addition, more fieldwork is needed
to assess second-growth stand density and size-class distribution on lands other than those managed
by Marin Water.

Trend:
Old-growth Stands:
2016: Improving (Note: This trend was assessed only for Muir Woods in 2016.)

Wood production was observed to have increased in recent decades in a 777-year-old redwood in
Cathedral Grove, which is consistent with range-wide observations of a redwood growth surge in old-
growth forests throughout coastal California (Sillett et al., 2015).

2022: Improving
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Canopy density increased in 95% of redwood stands in Muir Woods from 2010 to 2019 (GGNPC et al.,,
2021).

Second-growth Stands:
2016: Declining

Twenty years into the SOD disease process, a persistent thicket of tanoak shoots had developed in the
redwood understory, and continual re-infestation by P. ramorum prevented these shoots from
developing into midstory level trees (Table 4.2B). This trend was captured in the 2009 and 2014
updates to the Marin Water vegetation map as an increase in hardwood density (stems per ha), much
of which was attributed to the proliferation of tanoak sprouts (Table 4.3). In 2016, the overall trajectory
was away from, rather than toward, old-growth conditions.

2022: No Change

As noted, fieldwork is needed to assess tree density and diameter in second-growth stands outside of
Marin Water study plots. Redwood canopy density increased from 2010 to 2019 in 84% of stands of all
age and size classes; 80% of stands showing a density loss were in the 0-2.5% loss category (Figure
4.3). (GGNPC et al.,2021). However, SOD continues to impact the tanoak midstory. With one measure
of this metric improving (canopy density), but the other (SOD impacts on the midstory) remaining of
concern at about the same level as in 2016, we selected a trend of no change for this metric.

7,000 -
5,000 -
% Change

g 4,000 - m>10%
} -
o
<C 3,000 - o5- 10%

2,000 - 02.5-5%

1,000 - o0- 2.5%

0
Gain Loss

FIGURE 4.3. CHANGE IN CANOPY DENSITY FROM 2010 IN 2019 IN ALL REDWOOD STANDS
(GGNPC ET AL., 2021)

67



Confidence:
Old-growth Stands:
2016: High

Our confidence was high for Muir Woods because of the availability of data collected following
rigorous, documented protocols and because plots were distributed throughout the forest.

2022: Moderate

Now that we are looking at old-growth beyond Muir Woods, we need more fieldwork on other old-
growth stands to assess this metric more confidently.

Second-growth Stands:
2016: Moderate

Our confidence was moderate for second-growth stands because—although available data came from
rigorous, documented protocols—sample plots were concentrated in just two regions in a single
jurisdiction within the One Tam area of focus. Such limited sampling may not have been sufficient to
capture the range of regional variation.

2022: Moderate

We need more fieldwork on second-growth stands other than Marin Water stands to assess this metric
more confidently.

TABLE 4.3 CHANGES IN HARDWOOD DENSITY IN FORESTED STANDS WITH TANOAK AS A
CURRENT OR RECENT CO-DOMINANT CANOPY SPECIES ON MARIN WATER LANDS, 2009-2014
(AIS, 2015)

Percent Change; Numbers for Each Vegetation Type Are in Acres

Vegetation Types 0 5% 10% 15% 20% 25% 30%

Tanoak/California

Bay/Canyon Oak Mixed 8.5 147.8 12.2

Forest

g':;’;’::é ::“f“"ia 742 | 4941 | 157 0.6
California Bay/Tanoak 47.5 15.6

Tanoak Alliance

Redwood/Tanoak 5.5 8.2
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Percent Change; Numbers for Each Vegetation Type Are in Acres

Vegetation Types 0 5% 10% 15% 20% 25% 30%

Redwood/Douglas-Fir

(Mixed Hardwoods) 2.8 864.7 495.8 93 26.3

Redwood/Upland

Mixed Hardwoods 12.1 629.2 417.9 109.6

Redwood/Riparian 3.7 338.3 21.7 4.5

Douglas-Fir (Mixed 186 | 3006 | 429 11 0.2 3.7
Hardwoods)

Douglas-Fir/Tanoak 471

Total Acres: 119.7 5,580.1 | 1,021.8 | 216.4 26.6 0 0 4.3

METRIC 2: MID-CANOPY STRUCTURE

Baseline: Desirable old-growth conditions include the presence of a well-developed midstory canopy of
shade-tolerant native trees that grow underneath towering redwoods. In alluvial sites such as Muir
Woods, midstories may support bigleaf maple, alder, and willow in addition to tanoak, bay, and Douglas-
fir. Midslope and ridgetop sites with a history of logging and fire suppression tend to develop midstory
canopies dominated by tanoak (Van Pelt et al., 2016). This is indeed the situation in much of the One
Tam area of focus. As late as 1990, tanoaks were the most abundant tree on Mt. Tam (Parker, 1990).
Prior to the arrival of SOD in 1995, most of the mountain’s second-growth redwood stands supported a
multilayered tree canopy.

Condition Goal: Persistence of a multilayered stand structure dominated by native tree species.
Condition Thresholds:
e Good: Presence of native tree species in the mid-canopy in 90% of redwood forest stands.

e Caution: Presence of native tree species in the mid-canopy in 70% to 90% of redwood forest
stands.

e Significant Concern: Presence of native tree species in the mid-canopy in <70% of redwood
forest stands.

Current Condition:

Old-growth Stands:

2016: Caution (Note: This condition was assessed only for Muir Woods in 2016.)
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Swiecki & Bernhardt (2006) monitored disease progression in a plot network that included Muir Woods
sites. They reported a steady increase in SOD both in terms of new infections and declining tanoak
health. For example, the rate of new infections in tanoak was more than 5% per year between 2000 and
2004. Over the same time, infected trees died at an annual rate of 8.2% per year. For Douglas-fir and
coast redwood forests, it seemed that recovery of forest structure lost to the disease was relatively
slow (Forrestel et al., 2015). However, the losses were restricted to susceptible species, and other
midstory and understory species, including California bay and bigleaf maple, remained present (Steers
et al., 2014). Thus, while P. ramorum was reorganizing species composition, shifting trophic structure,
and at least temporarily reducing coast redwood forest mid-canopy cover, it seemed unlikely to cause a
major shift in forest type (Folke et al., 2004).

2022: Caution

Because the 2018 Fine Scale Vegetation Map data (GGNPC et al., 2021) is at the alliance level, it does
not provide direct information on native species presence within each redwood stand. However, the
redwood stand structural classification indicates that most stands in Muir Woods have high vertical
structure and <25% relative hardwood cover. High vertical structure can indicate stands of mixed age, a
mix of redwoods and hardwoods, or canopy gaps. Relative hardwood cover is the percent of hardwood
trees in a stand as viewed from above. In Muir Woods, 95% of the redwood acreage is classified as
<25% relative hardwood cover, with an average and standard deviation of 5% +10%. Fieldwork is needed
to confirm the relationship between the 2018 Fire Scale Vegetation Map data and on-the-ground
conditions (GGNPC, 2023).

Second-growth Stands:

2016: Caution

Extensive tanoak mortality had occurred since SOD first appeared in 1995. In many stands, the capacity
of tanoaks to contribute to forest structure and wildlife food and habitat had been functionally lost
(Ramage & O’Hara, 2010; Ramage et al., 2011; Ramage et al., 2012; see also citations in Stressors
section). Marin Water field surveys and aerial mapping showed large declines in both canopy health
and the total extent of redwood stands with a well-developed midstory (Figure 4.4). Between 2004 and
2014, more than 15% of redwood stands had lost tanoaks as a co-dominate species and were
reclassified as a simpler vegetation type (Table 4.4).

2022: Caution

As discussed previously, no new data have been collected to directly assess this metric, but land
managers continue to observe SOD in many forest types. Redwood stands (both old-growth and
second growth combined) across the area of focus generally have high vertical structure (Figure 4.4)
and low relative hardwood cover (Table 4.4). Fieldwork that connects on-the-ground conditions with the
2018 Fine Scale Vegetation Map's structural classifications will help us better assess this metric.
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FIGURE 4.4. REDWOOD STRUCTURAL CLASSIFICATION BY ACREAGE (GGNPC ET AL., 2021)

TABLE 4.4. ACRES OF REDWOOD STANDS CATEGORIZED BY RELATIVE PERCENT HARDWOOD
COVER, ONE TAM AREA OF FOCUS (GGNPC ET AL., 2021).

| Relative Percent Hardwood Cover

Category Acres

<25% Relative Hardwood 6,316
26%-60% Relative Hardwood 733
>60% Relative Hardwood 43
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FIGURE 4.5 CHANGES IN HARDWOOD CANOPY MORTALITY AND TOTAL ACRES OF MIXED

REDWOOD STANDS, MARIN WATER (AIS, 2015)

TABLE 4.5 CHANGES INTOTAL ACRES OF FOREST STANDS WITH TANOAK CO-DOMINANCE,
MARIN WATER (AIS, 2015)

Description % Change
escriptio 2004-2014

Redwood/Tanoak 152 14 14 -91
Redwood/Douglas-Fir

1,52 1,52 1,4 -24
(Mixed Hardwoods) 520 /520 483
Redwood/Upland Mixed 1537 1273 1169 239
Hardwoods
Redwood/Riparian 368 368 368 -
Total Acres: 3,577 3,175 3,033 -15.20%

Trend:

Old-growth Stands:

2016: Unknown for Muir Woods

We had no available data to assess a trend in 2016.

2022: Unknown
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We cannot assess a trend until more data are collected, or until future vegetation mapping provides
information to assess stands’ relative hardwood cover change over time.

Second-growth Stands:
2016: Declining

Time-series stand composition data were available for redwood stands on Marin Water lands and
revealed a notable simplification of stand structure where tanoaks had dropped out of the canopy or
midstory layer. Approximately 15% of redwood/hardwood-dominated stands experienced significant
declines in their tanoak component between 2004 and 2014. Recruitment of other native trees into the
canopy appeared to be limited.

2022: Declining

Change in relative percent hardwood and conifer cover of all redwood stands (old-growth and second
growth combined) between 2014 and 2018 is available for Marin County Parks and Marin Water lands,
which together contain 63.5% of the redwood stands in the area of focus. For these stands, 97.2%
showed no change in relative hardwood cover, 2.7% showed a 5% decrease in relative hardwood cover,
and 0.1% showed a 10% decrease. None showed an increase in relative percent hardwood cover.
Overall, this decline appears to be slowing down compared to the change between 2004 and 2014
noted on Marin Water lands. Future versions of the 2018 Fine Scale Vegetation Map will allow us to
track changes in relative hardwood and conifer cover over time across the area of focus.

Confidence:

Old-growth Stands:
2016: High (Muir Woods only)

Available data were from the early 2000s, so our confidence in the condition analysis was high.
2022: Moderate

Because we have no new data with which to assess this metric, we remain moderately confident in the
condition analysis.

Second-growth Stands:
2016: High

Although data were from comparisons between 2004, 2009, and 2014 vegetation maps for Marin Water
lands only (AIS, 2015), tanoak decline had been extensively documented on Mt. Tam and regionally, and
the situation on Marin Water lands was presumed to be representative of other second-growth stands
in the One Tam area of focus.

2022: Moderate
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Because we have no new data with which to directly assess this metric, we assessed it indirectly and
are moderately confident in the condition analysis.

METRIC 3: TARGETED NON-NATIVE, INVASIVE SPECIES COVER

Baseline: Because of the shade they create, closed-canopy redwood stands are invaded by a limited
range of non-native, invasive plant species; their acidic soil conditions may further slow the
establishment of potential invaders. Field observations indicate that most invasive species in redwood
communities exist at the periphery, along roads and trails where there are canopy gaps and disturbance
is highest.

French and Scotch broom (Genista monspessulana and Cytisus scoparius, respectively), panic
veldtgrass, Cape-ivy (Delaireaodorata), English ivy (Hedera helix), cotoneaster (Cotoneaster spp.), and
old man'’s beard (Clematis vitalba) were introduced to Mt. Tam from other parts of the world over the
last century. Panic veldtgrass is the invasive species of greatest concern in old-growth forests such as
Muir Woods.

As these species are relatively recent arrivals, the historic baseline is zero acres of redwood forests in
which these invasive species are present.

Priority | ive Species Distributi
in Redwood Forests

- Infested Acres (242 Gross)
Uninfested Acres (6005 Gross)

FIGURE 4.6 INVASIVE SPECIES DISTRIBUTION IN REDWOOD FORESTS, ONE TAM AREA OF
FOCUS, 2014 (CALFLORA, 2016)
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Condition Goal: Maintain 7,091 acres at or below maintenance levels for target weed species.

Note: The acreage for this condition goal and the thresholds below has been changed from 2016
because the One Tam area of focus has been expanded since then. Also, in this metric, we decided not
to split the condition, trend, and confidence assessments into old- and second growth because
condition thresholds are the same for both stands.

Condition Thresholds:

e Good: More than 90% (6,382 acres) of redwood stands are at or below maintenance levels for
targeted priority invasive species.

e Caution: Between 80% (5,673 acres) and 90% of redwood stands are at or below maintenance
levels for targeted priority invasive species.

e Significant Concern: Less than 80% of redwood stands at or below maintenance levels for
targeted priority invasive species.

Current Condition:
2016: Good

Available data from all agencies showed approximately 4.7% of all redwood acres were affected by
target priority invasive species.

2022: Good

Despite increased surveys since 2016, available data from all One Tam partner agencies indicate that
only approximately 4.5% of redwood stands are affected by target weed species. Although it seems
that target weed species are not increasing their footprint in redwood habitat, some areas have not
been surveyed. So, while the actual number of acres with priority weeds is likely somewhat higher than
4.5%, we believe it is still within the threshold for a good condition.

Trend:
2016: Unknown for Muir Woods due to lack of prior data; declining for second-growth stands.

Although weed invasion was progressing more slowly in redwood forests thanin many other vegetation
types, it was nonetheless a growing concern. Golden Gate National Recreation Area’s Natural Resource
Condition Assessment identified weeds found in Muir Woods and other redwood stands after 1987, as
well as evidence of spatial expansion of species already present (NPS, 2019). At the same time, active
weed management in Muir Woods had also increased. It was unclear from the available data whether
declines achieved through weed management in some locations or with some species offset the noted
expansion.
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For broom species, Marin Water time-series data accounted for management actions, but found that
brooms within second-growth redwoods on Marin Water lands increased from 119 48.1 to 135 acres
between 2009 and 2014 (Williams, 2014; AIS, 2015).

2022: No Change

That priority weeds have not increased in redwood ecosystems is a testament to the large investment
by One Tam partners and the Redwood Creek Watershed Collaborative (discussed later) in invasive
species surveys and treatment.

Confidence:
2016: Moderate

All One Tam partners maintained invasive species records that included spatial distribution, percent
cover estimates, and management history information. However, mapping efforts and protocols were
not uniform across jurisdictions (NPS, 2019) and the integration of these data was incomplete.

2022: High

Target weed species mapping efforts have increased, with multiple surveys per year in some priority
areas. Since 2016, the One Tam Conservation Management Team has invested in improving weed data
collection protocols and data management systems, giving us increased confidence in this metric for
this update.

SUPPORTING DATA, OBSERVATIONS, AND RESEARCH

Aerial Surveys and Mapping:

e National Park Service 1994 vegetation map (Schirokauer et al., 2003).

e Marin Water vegetation maps from 2004, 2009, and 2014 (AIS, 2015).

e Marin Water broom mapping from 2003, 2010, and 2013 (unpublished data).

e Marin Water 2014 photo interpretation of SOD affected forest stands (AIS, 2015).

e Marin County Parks 2008 vegetation map (AlS, 2008).

e One Tam early detection and invasive plant mapping (Calflora, 2016, 2022).

e Larry Fox and Joe Saltenberger old-growth redwood data (Fox & Saltenberger, 2011).
e 2018 Fine Scale Vegetation Map (GGNPC et al., 2021).

ACREAGE CALCULATIONS

Old-growth acreage was derived from a GIS data set, Old-growth Redwoods, Marin Public Lands (Fox &
Saltenberger, 2011), provided by Save the Redwoods League. The layer was clipped to Redwood
Alliances listed in Table 4.6 within Muir Woods National Monument and Mount Tamalpais State Park
boundaries.
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Updated acreages for redwood stands in 2022 analyses came from the 2018 Fine Scale Vegetation
Map (GGNPC et al., 2021), clipped to One Tam partner agency boundaries within the area of focus.

See Chapter 2, Indicator Analysis Methodology, for additional information on the overall methodology
used for vegetation community analyses.

TABLE 4.6 METHODS USED TO CALCULATE THE AMOUNT OF COAST REDWOOD FOREST
WITHOUT SOD AND WITHOUT INVASIVE SPECIES (AIS, 2015)*

Indicator Plant
Community

Vegetation Types Included Metrics How Derived

e Coastal redwood

e Redwood (pure) Acres without SOD

e Redwood/tanoak-redwood- | (canopy involvement)
Douglas-fir (mixed

Summed acreage of oak
woodland polygons with
attribute SOD*=0

Coast Redwood hardwoods)

Forest . .
e Redwood/chinquapin 2003 drive-by survey*
* Redwood/Californiabay | Acres without targeted | for broom, 2010 draft

e Redwood/upland mixed
hardwoods
e Redwood/riparian

invasive species vegmgmt_polys_9_3*,
2013 broom re-map*

*Marin Water lands only.

INFORMATION GAPS

Presence of Complex/Old-growth Habitat Structure. Quantifying habitat structure, including measuring
and mapping coarse woody debris, tree cavities, and nesting platforms, is needed to inform Metric 1.

Field Assessments of Old-growth and Second-growth Stands. Additional fieldwork is needed to
connect 2018 Fine Scale Vegetation Map data (e.g., structural classifications) to on-the-ground
conditions. This would not only improve assessments of redwood health, but it would also identify
areas for potential treatments to improve resilience and/or facilitate the transition of second-growth
stands toward old-growth characteristics and ecosystem function. As noted throughout this chapter,
stands outside of Muir Woods and SOD-impacted Marin Water lands have not been studied in detail
with regard to trees per ha, diameter, and midstory composition.

Logging History Study: Developing a detailed logging history for Marin County from the mid-19th to the
mid-20th century would inform land managers and others of past logging operations and their
continuing legacy on the landscape.
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PAST AND CURRENT MANAGEMENT, RESTORATION, MONITORING, AND RESEARCH
EFFORTS

Resource Protection and Stewardship Successes Since the 2016 Peak Health Report

Visitor Use Impacts: Marin County Parks completed a survey and trails planning document for Roy’s
Redwoods Preserve to understand and better channel visitor circulation and reduce social trails. This
will protect and improve the old-growth forest vegetation community while enhancing the visitor
experience. CEQA compliance is in development and will be available for public review in 2023.

Habitat Improvements: At Muir Woods, 350 linear feet of asphalt trail was removed at the top of the
creek bank in Cathedral Grove in 2019. Riprap removal and large wood debris (LWD) installation from
Redwood Creek in the upper half of Muir Woods substantially increased coho salmon habitat. By 2022,
the total area of suitable winter habitat per 100 m more than quadrupled in the project area, and LWD
density approximately quadrupled as well. As noted previously, redwood forests provide valuable shade
and large woody debris required for coho salmon habitat, but only when other instream conditions are
also suitable.

Redwood Creek Collaborative: This watershed-focused partnership (National Park Service, California
State Parks, and the Parks Conservancy) continues to prioritize Muir Woods non-native species
management and exclusion using a watershed-based strategy. The valley floor and riparian corridor are
surveyed multiple times annually and weed removal efforts are at a maintenance level. Containment
strategies have been implemented across the watershed to limit weed invasion pressure on Muir
Woods. Ongoing efforts aim to eradicate highly invasive old man’s beard and Cape-ivy.

SOD Impact Management: In 2020, as part of its Biological Fire and Fuels Integrated Plan
implementation and based on Resilient Forest Project research (Cobb et al., 2017), Marin Water
conducted treatments within another ~25+ acres of SOD-infected second-growth redwood stands. This
research aimed to identify ways to improve forest function and strengthen areas with high levels of
SOD-related hardwood mortality. Multiple partner agencies have implemented best management
practices designed to minimize the potential importation or spread of invasive Phytophthora species.

Past Work

Following are some of the stewardship and management activities undertaken over the years to
monitor, protect, and restore this health indicator.

OLD-GROWTH
e Muir Woods and Steep Ravine:

o 0Ongoing, systematic invasive plant mapping and management on varying scales at Muir
Woods has been carried out for more than three decades.
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o In 2012, the Early Detection Rapid Response (EDRR) program was expanded through
National Park Service-supported crews working Redwood Creek Watershed-wide.

o Beginning in 2016, EDRR work in Steep Ravine was initiated through the One Tam
partnership.

Muir Woods:

o Installed more than 14,000 native plants to revitalize disturbed and compacted redwood
understory habitat.

o Converted asphalt trails to raised boardwalks to reduce compaction and guide visitor
access.

o Established boot-washing stations to reduce the risk of Phytophthora spread.
o Conducted an inventory to assess canopy health and species richness.

o Reduced the entrance parking lot size and converted part of it to a plaza.

o Improved Hillside Trail by raising it above the fragile redwood root system.

o Collected Lidar data to create topographic, stream channel, and tree-canopy maps of
Muir Woods and Kent Canyon, which will help track changes to the forest over time.

SECOND-GROWTH

Invasive Plant Management and Mapping: Regular invasive-plant EDRR surveys were carried
out along roads and trails that border and traverse redwood habitat (all One Tam partner
agencies).

FUTURE ACTIONABLE ITEMS

This section includes needs identified by agency and local scientists as a part of the development of
this report. These are actions not currently funded through agency programs and will be further
evaluated and prioritized for future funding and implementation outside of this health assessment
process.

Break ground on the Roy’'s Redwoods Restoration project (Marin County Parks) to protect old-
growth stands and improve visitor experiences. Anticipated in 2023.

Conduct fieldwork to establish the relationship between redwood seral stages (e.g., old-growth
and second-growth) and Lidar measurements (e.g., stand height and vertical structure) to better
understand the health of these forests and identify management opportunities.

Identify second-growth stands in arrested succession (i.e., not progressing toward old-growth
conditions) and prioritize potential treatment areas to facilitate this progression.
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CHAPTER 5. SARGENT CYPRESS
(HESPEROCYPARIS SARGENTII) FORESTS

Return to document Table of Contents

UPDATE AT A GLANCE

SUMMARY OF CHANGES IN THIS INDICATOR SINCE 2016

2016 2022

2016: ALL FOUR 2016: METRICS 2 2022: THREE METRICS
ORIGINAL METRICS AND 3 COMBINED*

Condition: Good Condition: Good Condition: Good
Trend: No Change Trend: No Change Trend: No Change
Confidence: Moderate Confidence: Moderate Confidence: High

FIGURE 5.1 CONDITION, TREND, AND CONFIDENCE FOR SARGENT CYPRESS, ONE TAM AREA
OF FOCUS

*Four metrics were used to evaluate Sargent cypress health in 2016 (left circle), but in 2022, Metric 2 was

combined with Metric 3 because they assessed the same process: the ability of Sargent cypress to regenerate
after fire, which may decline over time.

Sargent cypress plant communities are typically stable for decades, then experience a complete reset
after a high-intensity fire. There have been no fires in Sargent cypress habitats in the One Tam area of

focus since the 2016 report, and so, as expected, they have experienced no major changes. Other
items of note for this chapter include:
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e When comparing 2018 maps to earlier versions, the geographic extent of this plant community
has not changed.

e The original metrics remain appropriate to gauge the condition of the system.

e Thecondition and trend of the metrics have not changed overall; however, new observations
and additional management guidance have been included in this chapter.

e The confidence level of this assessment has increased since 2016 because presence of
invasive species was field-assessed in 2022.

METRICS SUMMARY

Metrics in Table 5.1 were used to assess Sargent cypress vegetation communities. The condition,
trend, and confidence for each metric was then given a score. These scores were combined and
averaged to obtain the overall condition, trend, and confidence described in Figure 5.1. Each metric is
described in the Condition and Trend Assessment section later in this document. (See Chapter 2 for
definitions of terminology used throughout this chapter, how metrics are being used to evaluate the
health of each indicator, and other project methodology details.)

TABLE 5.1 ALL SARGENT CYPRESS METRICS, WITH THEIR RESPECTIVE CONDITION, TREND,
AND CONFIDENCE

Metric 1: Acres (total and distribution)

Condition

Metric 2: Recruitment of new trees at least at replacement level following fire events

Unknown

Trend

Unknown

Confidence

Metric 3: Time since last wildfire

Condition

Low

Good

Condition Good Good
Trend No Change No Change
Confidence High High

N/A. This metric was merged with Metric
3in2022.

Good

Trend

No Change

No Change
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Confidence High High

Metric 4: Targeted non-native, invasive species cover

2016 2022
Condition Good Good
Trend Unknown No Change
Confidence Moderate High

INTRODUCTION

WHY IS THIS AN IMPORTANT INDICATOR?

Two vegetation types are considered in this chapter: those where Sargent cypress is a solo dominant
species and those where it is co-dominant with shrubs. The California Department of Fish and Wildlife
classifies both types as sensitive natural communities (California Department of Fish and Wildlife,
2022) requiring consideration in pre-project environmental reviews. Sargent cypress trees are only
found in the California Floristic Province (Bartel, 2012) and are considered broad serpentine endemics,
with more than 85% of occurrences on these kinds of soils (Safford & Miller, 2020).

Sargent cypress communities are good indicators of a departure from historic fire-return intervals,
which have been estimated at between 30 and 90 years for California’s closed-cone conifer forests
(Van de Water & Safford, 2011). Although fires typically kill standing Sargent cypress trees, they also
help open the trees’ cones and create the bare ground needed for seed germination (Esser, 1994).
Sargent cypress stands typically recruit new trees in this way, making fire a key factor in their long-
term persistence.

However, wildfire return intervals that are either too short or too long can negatively impact these
communities (International Union for Conservation of Nature, 2016). Too-frequent fires can threaten
recruitment because Sargent cypress trees need several years to mature and produce sufficient cones
to create an adequate seedbank. On the other hand, because fire is needed for new trees to germinate
and establish, too much time between fires results in stands with little to no recruitment of new trees.
Research has shown that post-fire seedling density goes down as the stands age, suggesting that the
amount of viable seed declines with the age of the stand (Ne'eman et al., 1999). This presents
management challenges. While most forested habitats on Mt. Tam persist with low-intensity fire that
can be replicated by prescribed burning or mechanical thinning, Sargent cypress communities have a
different fire regime. For operational reasons, prescribed fires are typically low to moderate intensity.
Due to stand structure and density, Sargent cypress communities typically burn at high intensity.
Furthermore, mechanical work will not stimulate Sargent cypress cones to open nor provide the bare
mineral soil the seeds need to establish.

87



These communities are considered an indicator of ecological health because, unlike many of the other
vegetation communities chosen as indicators for the health of Mt. Tam, they appear to be relatively
disease- and weed-free. A combination of deep shade found in dense, even-aged stands and the harsh
growing conditions of serpentine soils make these communities relatively resistant to weed invasion.
However, exceptions may be found in disturbed areas near roads, trails, and fuelbreaks, which can
create a point of entry for some invasive species (Leonard Charles & Associates, 1995). Due to a
variety of historic and ecological factors, many ecosystems in California are susceptible to the
ongoing effects of non-native species invasion; however, Sargent cypress forests have not shown
such vulnerability to date.

CURRENT CONDITION AND TREND

The One Tam area of focus includes all Sargent cypress habitat in Marin County (451 acres), all of
which is found on Marin Water- and Marin County Parks-managed lands (GGNPC et al., 2021a). One
quarter of these stands are dominated by only Sargent cypress trees, and the balance are Sargent
cypress/shrub co-dominated, primarily with Mt. Tam manzanita (Arctostaphylos montana ssp.
montana, a California Native Plant Society/California Rare Plant Rank 1B species, “Plants rare,
threatened, or endangered in California and elsewhere”). The understory of these communities can be
quite sparse, but includes native species such as irises (Iris spp.), Fremont'’s star lily (Toxicoscordion
fremontii), and sedges (Carex spp.). Also found are rare plants such as Marin County navarretia
(Navarretia rosulata) and serpentine reed grass (Calamagrostis ophiditis). Sargent cypress
communities also provide habitat for large ground-cone (Kopsiopsis strobilacea) and pleated gentian
(Gentiana affinis var. ovata), which are locally rare.

In addition to the extensive stands of these two types found on San Geronimo Ridge (known as the
“pygmy forest”), smaller patches of taller Sargent-cypress stands are found on the south side of Mt.
Tam. This area did not burn in the 1945 fire (Figure 5.2), meaning these stands last burned in 1923 or
earlier (Dawson, 2021). However, it is not possible to tease out the relative impacts of geology,

microclimate, and fire history on the taller stands on the southern side of Mt. Tam using available
data.
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FIGURE 5.2 SARGENT CYPRESS VEGETATION TYPES, ONE TAM AREA OF FOCUS

Earlier vegetation mapping efforts (Aerial Information Systems, 2008 & 2015) found nearly the same
acreage as data collected in 2018 to create the Marin Countywide Fine Scale Vegetation Map (GGNPC
et al., 2021a): 434 acres (a change of 4%). Given some differences in classification and mapping
between the two projects, this cannot be assumed to represent a change on the ground. Rather, it is
within the range of variation to be expected from mapping-methodology differences. The 2016 Peak
Health report presented a total acreage of 366 acres, a result of selecting a smaller area of focus (i.e.,
it did not include all Sargent cypress stands) and utilizing a different analysis technique.

The prevalence of standing dead trees in Sargent cypress stands is similar to other forests of Marin:
95% of stands have less than 2% canopy mortality (GGNPC et al., 2021a). Stands on Mt. Tam have an
even-aged appearance, a lack of visible canopy disease, and a low abundance of non-native species.
The several Sargent cypress stands visited during a 2004 vegetation mapping had a very low non-
native species presence (Evens, Kentner & Klein, 2006). Several of these locations were revisited in
2022 and were found to be largely free of introduced species, with no location having more than 1%
cover.

However, common weedy species were seen in a nearby location that had been recently treated as
part of regular fire-road system maintenance. One location where the road passes through a Sargent
cypress stand had an extensive patch of scarlet pimpernel (Lysimachia arvensis), a common garden
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weed. Common introduced annual grasses were also found sporadically along the roadside in this
area.

DESIRED CONDITION AND TREND

e Sargent cypress community acreage remains stable.
e Species richness or structural diversity remains stable.
e Natural recruitment of Sargent cypress.

e Minimal presence of invasive species.

STRESSORS

Climate Vulnerability: A statewide model estimates that existing Sargent cypress communities will
likely experience low to moderate stress, or exposure, due to climate variations projected by mid-
century (Thorne et al., 2017). This level of exposure may be due to the location of these stands along
ridge lines within the core of the One Tam area of focus, which can buffer the impacts of increased
temperatures (GGNPC et al., 2021a). However, the rapidly changing climate is affecting fire regimes,
which, as discussed elsewhere, are very important to these communities. Even with these observed
and projected changes, the fire regime is expected to be within the range of conditions in which
Sargent cypress stands could persist in the coming decades (Ne'eman et al., 1999). Climate change
may also impact this habitat by influencing pests and disease. Although these have not been
significant factors in Sargent cypress decling, in other habitats, a changing climate has resulted in
trees becoming more vulnerable to pests and pathogens that previously had little impact on them
(Kurz et al., 2008; Linnakoski et al., 2012). Finally, because these communities derive some of their
moisture through fog drip, if the decrease in fog seen on the California coast continues (Johnstone &
Dawson, 2010), we may expect reduced carrying capacity/live tree density. This could trigger a
negative feedback loop of more open forest structures that allow soils to dry more readily and a
greater light availability that facilitates increased invasion of introduced plants.

Fire Regime Change: Sargent cypress trees have an estimated life span of 300 years in the absence of
disease or fire (Lanner, 1999). Cones, produced on trees that are five to seven years old, need two
years to mature. Fire plays a critical role in new tree recruitment by stimulating cones to disperse
seeds and creating the bare soil conditions Sargent cypress seedlings need to establish.
Consequently, even-aged stands dating from the last wildfire event are the norm for this species. A
wildfire return interval of less than 20 years can damage young trees before they are able to
sufficiently restock the seed bank; an interval that is too great (100+ years) can lead to a stand'’s
decline as viability of the seed bank declines before a wildfire creates the conditions ideal for stand
regeneration (Ne'eman et al., 1999).
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Direct Human Impacts: Roads, trails, and fuelbreaks facilitate the introduction and spread of non-
native, invasive species unwittingly dispersed by equipment or people (staff and visitors). They also

create sunny openings and disturbances in the otherwise closed-canopy, high-shade conditions, which
allow existing or newly introduced weeds to expand their presence.

Habitat Disturbance/Conversion/Loss: While Sargent cypress communities can be invaded by
Douglas-fir (Pseudotsuga menziesii), this is not currently happening on Mt. Tam. None of the stands
visited in 2022 had more than 3.5% Douglas-fir cover.

Other Stressors: Dense clusters of mistletoe (Phoradendron bolleanum/pauciflorum) often form on
bushy Sargent cypress trees in Marin County (International Union for Conservation of Nature, 2016). It
is unknown if this is detrimental to the trees or simply a result of stand age.

CONDITION AND TREND ASSESSMENT

METRICS

METRIC 1: ACRES (TOTAL AND DISTRIBUTION)

Baseline: The 2016 version of this report included approximately 366 acres of Sargent cypress
because its area of focus was smaller and the method for calculating acreage was different. Using
current methodologies, it would have been approximately 434 (GGNPC et al., 2021b). This includes
stands that were classified as pure Sargent cypress, as Sargent cypress alliance, and as co-dominant
Sargent cypress and Mt. Tam manzanita. The current calculation uses the entire acreage of
vegetation types that include Sargent cypress, even though some of these stands have significant
areas dominated by shrubs.

The current Marin Countywide Fine Scale Vegetation Map (GGNPC et al., 2021a) includes 451 acres
classified as Sargent cypress vegetation types. The classification, which has changed a bit since the
earlier mapping efforts, is now split between two types: Sargent cypress—dominated (106 acres) and
Sargent cypress along with two serpentine specialist shrubs: Jepson’s ceanothus (Ceanothus jepsonii)
and Mt. Tam manzanita (Arctostaphylos montana ssp. montana) (345 acres).

Condition Goal: Maintain Sargent cypress communities at the same acreage and spatial extent as
shown in the 2004 vegetation survey (GGNPC et al., 2021b).

Condition Thresholds:

e Good: Greater than 95% of the acres of Sargent cypress communities remain as shown on the
2004 map.
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e Caution: Between 80% and 95% of the acres of Sargent cypress communities remain as shown
on the 2004 map, or the loss of one or more patches.

e Significant Concern: Less than 80% of the acres of Sargent cypress communities remain as
shown on the 2004 map, or the loss of multiple patches.

Current Condition:
2016: Good

The total acreage of Sargent cypress communities in the One Tam area of focus constituted a
condition of good.

2022: Good

The mapped extent of Sargent cypress communities in the One Tam area of focus is greater than 95%
of that mapped in 2016, and there has been no loss of patches.

Trend:
2016: No Change

Data from the 2014 update to the Marin Water vegetation map indicated that there had not been a
change in acreage of greater than 10% over the previous 10 years (Aerial Information Systems, 2015),
which would be the threshold for changing this trend to improving or declining.

2022: No Change

Within the current area of focus, the extent is 451 acres. In 2022, Marin Water staff visited several
stands that had changed from or to Sargent cypress vegetation types between 2018 and previous
mapping efforts. However, these areas do not appear to have had an actual change in vegetation type.
Rather, they were either misclassified in the previous mapping or were vegetation types that are
difficult to classify, such as transition zones with a few Sargent cypress trees and a number of other
tree species present.

Confidence:
2016: High

Vegetation maps from 2014 (Aerial Information Systems, 2015) showed approximately the same

extent of Sargent cypress as was seen in 2004. This, combined with field observations of little to no
change in the extent of these communities, warranted a high level of confidence.

2022: High

The 2018 Marin Countywide Fine Scale Vegetation Map Accuracy Assessment (Tukman Geospatial et
al., 2021) process involved visiting one Sargent cypress stand that was found to be mapped correctly,
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as well as forest stands of many other types, none of which had been incorrectly mapped as Sargent
cypress.

METRIC 2: TIME SINCE LAST WILDFIRE

Baseline: Significant wildfires affecting hundreds to thousands of acres occurred on Mt. Tamin 1881,
1891, 1923, 1929, and 1945. A regional policy of aggressive wildfire suppression and fuels
management combined with improved fire response capabilities has greatly reduced the spatial
extent of wildfires (Panorama Environmental, 2019). The ability of Sargent cypress to regenerate post-
fire may start to decline after 100 fire-free years (Ne'eman et al., 1999). Most of the Sargent cypress
stands on Mt. Tam burned in both the 1923 and the 1945 fires, and the current high density reflects
their robust regeneration after the 22-year interval between those fires.

Condition Goal: At least 80% of Sargent cypress habitat in the One Tam area of focus has experienced
a fire within the last 100 years, with at least 20 years between fires. Based on available science, this
represents a slight shift in the specific thresholds compared to 2016, but the concept is unchanged. In
the 2016 report, this metric was separated into two separate metrics: Metric 2, which looked at
regeneration rates and Metric 3, which considered the time interval between fires. Interval between
fires is important because the ability to regenerate post-fire is believed to decline over time. Because
Metrics 2 and 3 were essentially looking at only slightly different facets of the same ecological
dynamic, they have been combined here.

Condition Thresholds:

e Good: Lessthan 30% of Sargent cypress habitat in the One Tam area of focus has been fire-
free for more than 100 years, or has experienced two fires within a 20-year period.

e Caution: 30% to 50% of Sargent cypress habitat in the One Tam area of focus has been fire-
free for more than 100 years, or has experienced two fires within a 20-year period.

e Significant Concern: Greater than 50% of Sargent cypress habitat in the One Tam area of focus
has been fire-free for the last 100 years, or has experienced two fires within a 20-year period.

Current Condition:
2016: Good

Approximately 70% of Mt. Tam’s Sargent cypress habitat burned in 1945. Less than 25% is estimated
to be older than 135 years (Leonard Charles & Associates, 1995).

2022: Good
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A new fire history study (Dawson, 2021) allows us to be more precise in our estimates of fire history,
but finds the same result. We estimate that in the last 100 years, 89% of Sargent cypress acreage has
burned.

Trend:
2016: No Change
2022: No Change

Seventy-four acres (or 16%) of Sargent cypress habitat last burned in 1923. Based on available data,
we know that stands that have been fire-free for 95 years have fewer viable seeds than younger
stands, but apparently thatis still sufficient for stand replacement (Ne’'eman et al., 1999). We do not
have data indicating that a stand that last burned more than 100 years ago will not persist, but
available data suggests concern. By the end of 2023, 27% of Sargent Cypress acreage will have
remained fire-free for at least 100 years, approaching the threshold for changing the condition status.

Confidence:
2016: High

The spatial distribution of existing Sargent cypress stands was cross-referenced with Mt. Tam fire
maps developed using a combination of historical records and ground surveys of burn scars and
residual charcoal (Leonard Charles & Associates, 1995).

2022: High

Our knowledge of the extent of historical fires is approximate and generally does not include small
fires. However, existing data’s level of accuracy is sufficient for landscape-scale assessments such as
this.

METRIC 3: TARGETED NON-NATIVE, INVASIVE SPECIES COVER

Baseline: Because serpentine soils provide challenging growing conditions, a limited number of
species are able to invade them. In Sargent cypress stands, dense shade may further limit potential
invasions. Field observations indicate that most non-native, invasive species in Sargent cypress
communities exist at the periphery, along roads and trails where shade is low and disturbance is
highest (Marin Water, unpublished data).

Condition Goal: Sargent cypress stands are weed-free.
Condition Thresholds:

e Good: Lessthan 1% of the Sargent cypress—dominated areas have non-native, invasive plant
cover. The introduced plants that are found in the Sargent cypress—dominated areas are
known to be unable to thrive in dense shade on serpentine soils, and remain on the margins
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such as sunny roadsides.

e Caution: Between 1% and 5% of the Sargent cypress—dominated area is non-native, invasive
plants. Alternately, introduced plants are not surveyed for in Sargent cypress—dominated
areas, or the invasive potential of those species found is unknown.

e Significant Concern: Greater than 5% of the Sargent cypress—dominated area is non-native,
invasive plants. Introduced plants found in the Sargent cypress—dominated areas are known to
include at least one species capable of thriving in dense shade on serpentine soils.

Current Condition:

2016: Good

The 13 Sargent cypress plots included in the Marin Water 2004 map averaged 0.6% invasive plant
species cover (13 plots, one with 2% and one with 6%). All were species found in open, disturbed
habitats (scarlet pimpernel [Lysimachia arvensis], oatgrass [Avena barbatal), silver hairgrass [Aira
caryophyllea), soft chess [Bromus hordeaceus], and ripgut [Bromus diandrus]).

2022: Good

Early-detection and rapid response surveys conducted on the road and trail network show several
different introduced plants in the vicinity, all of which are open-habitat annuals. In addition, when
seven of the 13 plots were visited in 2022, they were found to have maintained an average of less than
1% cover of introduced species—again, open-habitat annuals.

Trend:
2016: Unknown

There was no repeat relevé data. However, based on field observations, the level of invasive-species
infestation in Sargent cypress communities seemed to be stable. During rare-plant surveys in 2016,
One Tam staff surveyed five serpentine barrens bounded by Sargent Cypress woodlands. Target
invasive species for those surveys include purple false brome [Brachypodium distachyon] and barbed
goatgrass [Aegilops triuncialis]. B. didstachyon was recorded in or adjacent to four of five barrens; in
one instance, B. distachyon cover exceeded 1% when grasslands or roadsides were also adjacent to
the survey area. Cover remained less than 1% in serpentine soils, including barrens and adjacent
Sargent cypress woodlands.

2022: No Change

Several relevé survey sites were revisited and the level of invasive species was found to be consistent
with 2004 levels. However, existing data suggest that we can expect an increase in introduced plant
cover after the next fire. All of the introduced species found in the vicinity of Sargent cypress stands in
early-detection surveys thrive in disturbed open habitats, which will be ubiquitous after the next large
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fire. Regular monitoring will be required to determine if this is a transient early-succession stage or
presents meaningful competition to the establishment of Sargent cypress or co-dominant shrubs.

Confidence:
2016: Moderate

Data from measurements made in 2005 within the majority of Sargent cypress areas supported staff
observations that communities are largely weed-free.

2022: High; multiple sites were revisited in 2022 to assess current status, addressing a data
gap identified in the 2016 report.

SUPPORTING DATA, OBSERVATIONS, AND RESEARCH

e Marin Water's original 2004 vegetation map, which was updated in 2009 and 2014 to track the
progression of Sudden Oak Death tree disease (GGNPC et al., 2021b).

e Marin County Parks 2008 vegetation map, created with a methodology similar to that used by
Marin Water (Aerial Information Systems, 2008).

e Marin Countywide Fine Scale Vegetation Map, 2018.

ACREAGE CALCULATIONS

TABLE 5.2 METHODS AND DATA USED TO CALCULATE ACREAGES OF SARGENT CYPRESS
COMMUNITIES

Indicator Plant
Community

Vegetation Types Included Metrics How Derived

e Sargent cypress alliance
Sargent Cypress | e Sargent cypress/Jepson’s |Acres (total and Total acreage of all Sargent
Communities ceanothus/Mt. Tamalpais |distribution) cypress types
manzanita

INFORMATION GAP

Impact of Fire in the Current Climate: In the decades after the next large fire, the fine-scale vegetation
map should be periodically redone to assess the fire's impact on the extent and regeneration of
Sargent cypress communities.

96



PAST AND CURRENT MANAGEMENT, RESTORATION, MONITORING, AND
RESEARCH EFFORTS

Resource Protection and Stewardship Successes Since the 2016 Peak Health Report

Vegetation Mapping: The Marin Countywide Fine Scale Vegetation Map was completed. Derivative
products and processes include county-wide Lidar, stand-level analysis of canopy gaps, expanded fire
history, and a county-wide Marin Regional Forest Health Strategy interagency assessment (ongoing).

Invasive Species Early Detection Monitoring: The One Tam field staff began conducting regular Early
Detection Rapid Response surveys of all roads and trails, facilitating quick action on any new invasive
plants that are found. This includes a consensus list of Priority 1 and Priority 2 species that all
agencies have committed to managing.

Resurveys: Following up on a data gap identified in the 2016 report, several of the 2004 relevés in
Sargent cypress communities were revisited to assess the presence of introduced plants.

Past Work

Below is an example of the previous stewardship and management activities that have been
undertaken over the years to monitor, protect, and restore this health indicator.

Mapping and Inventories: Periodic vegetation community mapping and ongoing early detection and
rapid response (Marin Water), which has been expanded since 2016 (see above).

FUTURE ACTIONABLE ITEMS

This section includes needs identified by agency and local scientists during the development of this
report. These actions are not currently funded through agency programs and will be further evaluated
and prioritized for future funding and implementation outside of this health assessment process.

Manage fire-dependent communities by:

e Avoid placing new roads through Sargent cypress habitat. This protects the habitat from
fragmentation and limits potential weed seed reservoirs along the periphery of the intact
habitat.

e Avoid projects that mechanically thin the canopy of Sargent cypress stands whenever
possible. This protects the habitat from weed invasion and permits the fire intensity needed for
seed dispersal. Consider placing fuel reduction projects outside of this ecosystem; these
projects are better suited to other forest types, all of which historically had a more open stand
structure and lower fire intensity than Sargent cypress communities.
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Use the One Tam Resource Advisor (a position on wildfires that advises fire personnel on
natural and cultural resource protection) working group to think about how to prepare for
advising fire personnel when a wildfire may burn this ecosystem. Consider nearby values that
are at risk (communities, infrastructure) and how these might be protected while allowing the
Sargent cypress habitat to burn.

Use best practices to reduce the chance of spreading and introducing weed seeds or
pathogens. This includes asking staff and visitors to ensure all gear, equipment, and clothing is
free of plant parts and soil before coming to Mt. Tam. It could also include pre-project surveys
and treatment for invasives, for example before roadside brushing which can easily spread a
small infestation.

Support community and agency efforts to educate the public on the role of fire in ecosystems
and the value of community fire-readiness.

Expect and prepare for post-fire management which may be resource intensive. Currently, the
presence of invasive species is much higher than it was in 1945, the last time most of Mt. Tam
burned. After the next wildfire, we should expect an explosion of the invasive species that
today are at low levels. It will take significant management resources to monitor and, as
needed reduce, the impact of these plants to the indicators in this report.

Work with university and other researchers to better understand how climate change may alter
the response of Sargent cypress communities and other ecosystems after the next wildfire.
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CHAPTER 6. OPEN-CANOPY OAK
WOODLANDS

UPDATE AT A GLANCE

SUMMARY OF CHANGES IN THIS INDICATOR SINCE 2016

2016 2022
’ —— , —
N N
/ \ / \
\ \
\ P / \ P 4
Condition: Caution Condition: Caution
Trend: Declining Trend: No Change
Confidence: Moderate Confidence: Moderate

FIGURE 6.1 CONDITION, TREND, AND CONFIDENCE FOR OPEN-CANOPY OAK WOODLANDS IN
THE ONE TAM AREA OF FOCUS

The 2018 Marin Countywide Fine Scale Vegetation Map (GGNPCet al., 2021a) is the product of Marin
County’s first simultaneous, multiagency vegetation mapping effort to use a single consistent

methodology across multiple jurisdictions. The quality and consistency of these data make the new
map a foundational resource for calculating current baseline acreages of open-canopy oak woodlands
(also referred to as oak woodlands in this chapter) within the One Tam area of focus. Data analyses
for the 2016 report combined decades-old images, mapping methodologies, and plant classifications
with more recently mapped areas. Comparisons against the older, inconsistent vegetation map data

were challenging. Looking ahead, future comparisons against the 2018 Fine Scale Vegetation Map
should have greater accuracy and confidence levels.
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The scale of this analysis includes an additional 67 acres of oak woodlands to the north that are part
of the expanded One Tam area of focus (Edson et al.,2016). It also includes all partner agency lands
within the area of focus; previously, we used the available subset of Marin Water data as a
representative sample. Some trend comparisons are therefore based on comparing the current status
of all oak woodlands with the status of the smaller subset monitored in the past.

Even with the additional 67 acres, we found that the current area of oak woodlands is 560 acres, or
26% less than was calculated in 2016. Despite the challenge of making accurate comparisons to older
datasets, the observed impacts of Sudden Oak Death (SOD) and Douglas-fir (Pseudotsuga menziesii)
encroachment give us high confidence that the overall acreage of oak woodlands is declining.

Based on the 2018 Fine Scale Vegetation Map (GGNPC et al.,2021a), metric-acreage thresholds have
been updated to reflect a new baseline of 1,594 total acres; percentages for thresholds did not
change. This means that historical declines will not be reflected in future comparisons due to the low
accuracy and confidence that would result from incorporating older data. However, we do have a
moderate level of confidence that declines in oak woodland condition and extent did occur prior to the
new baseline.

Unlike the previous five years, hardwood canopy cover losses are largely absent from oak woodlands
during the current analysis period. Nonetheless, the effects of past losses remain evident on the
landscape. In addition, even though the recent rate of decline in the area of focus is low, it may still be
greater than that seen in the broader region. On the other hand, most oak woodlands appear to have
high hardwood cover (not necessarily all oaks) and may be approaching or providing closed-canopy
conditions despite past declines.

Almost half of oak woodlands are affected by priority non-native, invasive species that have the
potential to substantially alter their habitat function and value. Not only is the weed-impacted
proportion of oak woodland habitat high, but it has also been increasing for decades, most recently by
about 35% over the previous five-year period.

Similarly, 40% of all oak woodlands in the area of focus are impacted by canopy-piercing Douglas-fir.
Whereas the previous assessment reported an apparently stable level based on Marin Water data (a
jurisdiction in which some Douglas-fir management was taking place), we now see double the
affected area when compared to data from less than five years ago. We are not sure if this is due to
increased sensitivity in mapping technique or because understory Douglas-fir finally grew tall enough
to pierce the hardwood canopies that previously obscured them.

METRICS SUMMARY

Metrics in Table 6.1 were used to assess the health of oak woodland plant communities. The
condition, trend, and confidence for each metric was then given a score. These scores were combined
and averaged to obtain the overall condition, trend, and confidence described in Figure 6.1. Each
metric is described in the Condition and Trends Assessment section later in this chapter. (See Chapter
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2 for definitions of terminology used throughout this chapter, how metrics are being used to evaluate
the health of each indicator, and other project methodology details.)

TABLE 6.1 ALL OPEN-CANOPY OAK WOODLAND METRICS, WITH THEIR RESPECTIVE

CONDITION, TREND, AND CONFIDENCE

Metric 1: Hardwood canopy cover

Condition Caution Good
Trend Declining Improving
Confidence Moderate Moderate

Metric 2: Acres without priority invasive plant species

Condition Significant concern Significant concern
Trend Declining Declining
Confidence Moderate Moderate

Metric 3: Acres without canopy-piercing Douglas-fir

Condition Caution Significant concern
Trend No change Declining
Confidence Moderate Moderate

INTRODUCTION

WHY IS THIS AN IMPORTANT INDICATOR?

Open-canopy oak woodlands on Mt. Tam have many tree species in common with mixed hardwood

forests. However, by definition, they are dominated by one or more species of long-lived, acorn-

producing trees from the genus Quercus, with overall canopy cover generally ranging between 10%
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and 60% (Sawyer et al., 2009). The patchier, more open canopy creates a unique habitat structure for
both herbaceous plants and wildlife. Understory species also include a distinct and more varied array
of grasses, sedges, and forbs than closed-canopy forests (Evens et al., 2006). The herbaceous species
richness of this community is on par with grasslands and oaks sustain animals from oak moths
(Phryganidia californica) to mule deer (Odocoileus hemionus). California’s oak woodlands support
more than 2,000 species of plants, 300 species of vertebrates, and 5,000 species of invertebrates,
more than any other habitat type in the state (Allen-Diaz et al., 2007).

This discussion focuses on stands dominated by coast live oak (Q. agrifolia), valley oak (Q. lobata),
Oregon white oak (Q. garryana var. garryana), and/or black oak (Q. kelloggii). The most common co-
occurring tree species include bay laurel (Umbellularia californica), madrone (Arbutus menziesii), and
tanoak (Notholithocarpus densiflorus). Stands dominated by interior live oak (Q. wislizeni), canyon live
oak (Q. chrysolepis), Shreve's oak (Q. parvula var. shrevei), or leather oak (Q. durata) are excluded
because their overall structure is more similar to shrublands or closed-canopy mixed hardwood forest.
Stands dominated by blue oak (Q. douglasii), the only other open-canopy oak woodland type in the
county, are excluded because they occur outside the One Tam area of focus. While some oak
woodland stands within the area of focus have canopy cover greater than 60%, putting them outside
our typical definition of open-canopy woodlands, we included all stands of coast live, valley, Oregon
white, and black oak in our analyses.

Most open-canopy oak woodland alliances within the county, even those of limited extent, are globally
secure due to greater representation outside of Marin. However, valley oak woodlands are globally

vulnerable (rank G3; CNDDB, 2023), meaning there are only 21 to 100 occurrences and/or 2,590 to

12,950 hectares in the world. Oregon white oak woodlands are vulnerable within California but are

globally secure, as their distribution extends from Marin County into Oregon, Washington, and British
Columbia (CNPS, 2022). Blue oak and valley oak woodlands are restricted to California, whereas coast
live oak and black oak woodland distributions extend north and/or south into adjacent areas of the
Pacific coast.

As of 2003, more than 70% of California’s oak woodlands were under private ownership (Allen-Diaz et
al., 2007), making conservation of these community types on public lands a high priority. In the San
Francisco Bay Area, the Conservation Lands Network 2.0 Report (BAOSCa, 2019) focuses on a network
of lands that support ecological integrity and watershed functions to ensure resilience to
environmental disturbance. It assigns rarity ranks to most oak woodland vegetation types, spotlighting
their priority for protection and stewardship. Due to significant losses, valley oak woodlands were
given the highest rarity rank (1) throughout the Bay Area, with an accompanying goal of protecting
90% of the remaining acres. Within the Marin Coast Range (which includes Mt. Tam), blue oak, coast
live oak, and Oregon white oak were assigned a rarity rank of 2, indicating that these vegetation types
are locally rare or critical to conservation and warrant a 75% regional protection target (BAOSCb,
2019). While these targets have not been met, and only 35% of Marin County’s oak woodlands are on
publicly protected lands, the One Tam area of focus provides protection for 10% of the county’s coast
live oaks—a significant contribution toward the target amount. Oak woodlands on private lands in
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Marin County are not accounted for here but may be protected by conservation easements. The
Conserved Area Explorer3 shows 46.6k acres of easements in Marin ,these are primarily
in the county’s northern mainland, which comprises only about 100 acres of oak woodland.

Mt. Tam'’s land management agencies highlight oak woodlands as important areas for conservation
management. At Mount Tamalpais State Park, natural resource goals for mixed hardwood forests,
including open-canopy oak woodlands, specify a diverse assemblage of native species, among them,
those that are rare, threatened, and endangered. Resource management aims to improve stand
structure, regeneration, and resilience, and to exclude targeted and highly invasive species. Marin
County Parks’ Vegetation and Biodiversity Management Plan (May & Associates, 2015) considers all
oak woodland alliances (other than coast live oak) as sensitive vegetation communities due to rarity
rankings and/or regional scarcity; its stated intent is to protect, enhance, and/or expand these
habitats. Marin Water’s Biodiversity, Fire, and Fuels Integrated Plan (Panorama Environmental, 2019)
outlines actions to improve wildfire resiliency, reestablish desired stand structure, and enhance
ecosystem function in diseased forest and woodland habitat. The plan lists oak woodland as a
“special habitat” and highlights the impacts of SOD on coast live oak and black oak communities.
Planned actions include improving grasslands and oak woodlands within the Ecosystem Restoration
Zone through weed management and prescribed burning.

On Mt. Tam, open-canopy oak woodlands can be used as an indicator of forest disease, fire regimes,
and habitat quality for several oak-dependent birds (Rizzo et al., 2003; Holmes et al., 2008; Cocking et
al., 2015). Lace lichen (Ramalina menziesii), California’s state lichen, primarily grows in open-canopy
oak woodlands and is a good indicator of air quality (Sharnoff, 2014).

CURRENT CONDITION AND TREND

The One Tam area of focus supports approximately 1,594 acres of open-canopy oak woodlands
(Figure 6.2), which cover 4% of the publicly managed open space land in this geography (see Chapter
3, Table 3.1) and about 8% of all open-canopy oak woodlands in Marin County. Within the area of
focus, oak woodlands are most abundant in the Bon Tempe/Lake Lagunitas and Cascade Canyon
Preserve areas near the town of Fairfax.

8 The Conserved Areas Explorer developed by the CA Nature team at the California Natural Resources Agency is
an online web map that allows users to visualize areas currently considered conserved for the 30x30 initiative
using the California Protected Areas Database, U.S. Protected Areas Database, California Conservation
Easement Database, and the California Marine Protected Areas networks.

105



FIGURE 6.2 OAK WOODLANDS, ONE TAM AREA OF FOCUS, 2022

Previously, the desired condition within the One Tam area of focus called for maintenance of the full
spatial extent at 2,154 acres (Edson et al., 2016). However, 684 of those acres were in areas where the
most recent spatial data came from a vegetation map based on 1994 imagery (Shirokauer et al.,
2003), which was considered too unreliable for comparison. When the 1994 data is excluded, the 2014
acreage of oak woodland comparable to the current map is 1,526 acres and equates to 4% of the
former area of focus (1,594 acres is 4% of the current area of focus). Historical mapping techniques
were neither as accurate nor as consistent as current efforts. Because we now have relatively
accurate mapping conducted consistently across the entire county, the total acres of oak woodland
from the most recent vegetation mapping effort (GGNPC et al., 2021a) will be used as new baseline to
use for future comparisons.

At 73%, coast live oak is the county’s most abundant type of open-canopy oak woodland; this is

reflected within the One Tam area of focus, where it accounts for 91% of open-canopy oak woodland
acres (Figure 6.3). Black oak woodlands, which account for 1%, are least abundant; of the 219 acres
countywide, 28% are found within the area of focus. Black oaks are more commonly encountered as
part of a mix of tree species but sometimes form stands of sufficient density to be classified as black
oak communities. Blue oak woodlands are also quite limited in the county, comprising only 4% of oak
woodlands. Blue oak woodlands do not occur within the area of focus, but one-third of the 839 acres
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in the county can be found on protected lands in Rush Creek Open Space Preserve, which is managed
by Marin County Parks.

Mt. Tamis also home to 25 acres of valley oak woodlands, a plant community restricted to California
and considered threatened as well as high priority for inventory and conservation (CDFW, 2023). In
addition, Mt. Tam has the southernmost patch of Oregon oak-California fescue (Festuca californica)
association. Both valley oak and Oregon oak are better represented at the county level, differences
that are likely a function of topography and climate; blue oaks are more common in hotter, drier sites
and valley oak, in seasonally moist flats.

Acres of Oak Woodlands within Marin County
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FIGURE 6.3 RELATIONSHIP OF OAK WOODLAND TYPES, ONE TAM AREA OF FOCUS AND
MARIN COUNTY

DESIRED CONDITION AND TREND

The desired conditions for open-canopy oak woodlands in the One Tam area of focus are
maintenance of the full spatial extent of this vegetation type (1,594 acres in 2018), the persistence of
discontinuous canopy dominated by trees from the genus Quercus, and discontinuous shrub and
herbaceous layers dominated by native species. Good examples of this type can be found in the Bon
Tempe/Lake Lagunitas area and in the Cascade Canyon Preserve.
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STRESSORS

Invasive Species Impacts: French broom (Genista monspessulana) is the invasive plant species with
the greatest negative impact on oak woodlands in the One Tam area of focus. This woody shrub
invades the understory, forming dense monoculture stands that substantially reduce habitat function
and value and support much lower levels of biodiversity than is available in oak woodlands with
uninvaded understories. Similarly, invasive grasses are a persistent and pervasive threat to many
herbaceous plant communities, and oak woodland understory communities are no exception.

The goldspotted oak borer (Agrilus coxalis), a beetle native to Arizona, has recently become invasive in
California and is causing oak mortality in the southern part of the state. It is currently found in
Riverside, Orange, Los Angeles, and San Bernardino Counties. Goldspotted oak borer infestations are
known to cause mortality in mature coast live oak, canyon live oak, and California black oak. If it were
to spread to northern California’s oak woodlands, it could pose a serious threat to Marin’s limited
stands of black oak as well as the foundational habitat and ecosystem functions of the region’s
expansive coast live oak woodlands (UCCE, 2017).

Climate Vulnerability: A statewide climate-exposure model shows a wide range of variability in the
“Warm/Wet” and “Warm/Dry” futures along the eastern portion of the One Tam area of focus where
most oak woodlands occur (GGNPC, 2021a; Thorne et al., 2017). How these predicted climate
changes willimpact the health of each plant species depends on its adaptive capacity related to fire,
mode and level of recruitment, and seed longevity (Thorne et al., 2016). Low levels of acorn longevity
in the soil reduce the adaptive capacity of oak species. Both the “Warm/Wet” and “Warm/Dry” futures
are likely to increase SOD’s prevalence and its effects on coast live oak and black oak types.

Fire Regime Change: Historically, wildfires in north coast oak woodlands could be described as being
high frequency and of limited intensity. Crown fires were relatively rare, and mature oaks typically
survived. Wildfires maintained an open-canopy structure, limited the development of a shrub layer, and
prevented the establishment of Douglas-fir (Holmes et al., 2008), which can quickly overtop oak
canopies and leave dead oaks in the understory. More than a century of fire suppression on Mt. Tam
has shifted some areas from oak woodland to Douglas-fir conifer forest, changed oak woodland stand
structure, and increased fuel loads. This, in turn, increases the associated risks of high-intensity
wildfires with the potential to kill mature oaks. Fuel loads are also increasing due to SOD-related tree
mortality as well as invasion by perennial weeds like French broom (Panorama Environmental, 2019).

Disease: Oaks in the red oak group, including coast live oak and black oak, are susceptible to SOD, a
disease caused by the plant pathogen Phytophthoraramorum. A 2014 survey found that SOD occurred
in more than 90% of open-canopy oak woodlands on Marin Water lands (AIS, 2015). Excessive tree
loss creates canopy gaps; reduces wildlife food sources; may reduce gene flow and genetic diversity
within impacted species; and can, at least temporarily, increase the potential for more severe fires
around affected trees (Rizzo et al., 2003).
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Another Phytophthora species, P. quercina, has had an impact on valley oak in restoration planting
elsewhere in California (Chitambar, 2016). While its potential for introduction to Marin County is low,

planting using acorns or nursery-grown stock, best management practices, and testing will prevent
restoration sites from becoming vectors for disease.

Pollution/Contaminants: Open-canopy oak woodlands are highly sensitive to the effects of nitrogen
deposition (BAOSC, 2011). Nitrogen increases can drive non-native annual grass invasion with the
associated impacts of thatch buildup, loss of native species, and reductions in biodiversity within
otherwise uniquely diverse herbaceous understories. A report on National Park Service units in the
area analyzed exposure and sensitivity to calculate risk; Muir Woods, the park unit closest and most
relevant to the area of focus, scored “moderate” (Sullivan et al., 2011).

Direct Human Impacts: Fuelbreak and fuel-management-zone construction and maintenance primarily
affect standing dead oaks but also prioritize the removal of small, lower limbs from living oak trees
growing near community interfaces or along strategic access routes. Gas- and power-line

maintenance activities sometimes include full removal of mature trees that threaten infrastructure.

Habitat Disturbance/Conversion/Loss: Thousands of years of the deliberate use of fire by Indigenous
populations kept less fire-tolerant species such as Douglas-fir out of large areas of woodlands that are
now dominated by oaks. On Mt. Tam, the more recent fire regime of very infrequent fires has allowed
Douglas-fir to recruit into these oak-dominated woodlands. Douglas-firs that grow taller than the oak
canopy reduce oak growth and vigor, may eventually lead to oak mortality, and lower adult oak tree
densities (Cocking et al., 2015). Understory grasslands may be lost as natural succession shifts open-
canopy to closed-canopy oak woodlands. Some may further convert to bay laurel-dominated stands, a
process facilitated by SOD that lives in bay trees but causes mortality in some oak species (BAOSC,
2011). Conversely, if enough mature trees are lost and recruitment is insufficient, open-canopy oak
woodland stands could convert to grasslands or shrublands, with a corresponding shift in biodiversity
as oak-related microhabitats are lost. Historically, California oaks have been cleared for intensive

agriculture, rangeland, and urban or residential development, work that eliminated them from much of
their former range (Bernhardt & Sweicki, 2001).

Predation/Competition: In the past, mountain lions and wolves preyed on deer in greater numbers. The
practices of Indigenous groups may have further contributed to reductions in deer densities. Absent
pre-colonial levels of predation, hunting, and land management, deer densities are likely elevated
compared to historical numbers. Ample evidence supports the hypothesis that high densities of
ungulate browsers result in elevated browsing pressure on broadleaf tree seedlings and young
saplings, leading to a depressed rate of new tree recruitment (Beschta, 2005; Ripple & Beschta, 2008).
Similarly, prescribed livestock grazing or browsing can negatively affect tree seedlings.

A common perception is that oaks are not recruiting in sufficient numbers to sustain populations, but
empirical evidence for this across all oak species is sparse. Many species-specific factors have been
proposed for the apparent recruitment failure (Garrison et al., 2002; Tyler et al., 2006). Some evidence
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indicates that browsing pressure from deer and rodents is depressing seedling survival (Tyler et al.,
2002; Ripple & Beschta, 2007; Kuhn, 2010; Davis et al., 2011).

CONDITION AND TREND ASSESSMENT

METRICS AND GOALS

METRIC 1: HARDWOOD CANOPY COVER

Baseline: P. ramorum, the pathogen that causes SOD, was unknown in Marin County prior to 1995
(Rizzo et al., 2003). It is now so well established in the One Tam area of focus that eradication is
unlikely. The accelerated decline and death of tanoaks, coast live oaks, and black oaks in Marin
County are also likely to continue into the foreseeable future (Cunniffe et al., 2016). Between 2004 and
2014, detectable signs of canopy disease increased dramatically in Marin Water’'s oak woodlands,
with similar observations made by resource staff on other agency lands (Edson et al., 2016). Canopy
mortality (standing dead trees) continues to be prevalent in coast live oak and black oak woodlands
(Figure 6.4), with approximately one-third of each type in the One Tam area of focus exhibiting 1% to
5% standing dead trees. In contrast, Oregon white oak and valley oak types, which are unaffected by
SOD, have less than 5% of their overall acreage affected and no patches with greater than 2%
mortality.

The prevalence of coast live oak woodlands is reflected in the 34% of overall oak woodland acreage
with some degree of canopy mortality, a marked decrease from Marin Water’'s oak woodlands' 90%
canopy-level mortality in 2014. While various factors may be contributing to the apparent decrease in
mortality levels (see further discussion under “current condition” section, below), the effects of SOD
on the landscape and within oak woodlands remains severe. Between 2009 and 2014, nearly 370
acres (40%) of Marin Water's oak woodland habitat experienced hardwood cover decreases of 5% to
25% (Table 6.2). The Marin Water 2014 vegetation map indicated that nearly 78 acres (or 8%) of oak
woodland vegetation types had less than 25% hardwood cover (GGNPC et al., 2021b; Table 6.3).
Despite the recent period (2014-2018) showing little hardwood decline (Figure 6.5; Table 6.3), we
expect the apparent respite is the result of temporary weather patterns or new methods of data
categorization. Loss of oaks is likely to continue, putting areas of high hardwood loss at risk of
converting to grassland or shrubland habitat types, or hardwood forest without a dominant oak
component.
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FIGURE 6.4 CANOPY MORTALITY IN OAK WOODLANDS, ONE TAM AREA OF FOCUS, 2014
(TOP)-2019 (BOTTOM) (GGNPC ET AL., 2021A)
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FIGURE 6.5 CHANGE IN HARDWOOD COVER IN OAK WOODLANDS, ONE TAM AREA OF FOCUS,
20714-2018 (GGNPC ET AL., 2021A)
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TABLE 6.2 ACREAGE CHANGE, OAK WOODLAND HARDWOOD COVER, ONE TAM AREA OF
FOCUS, 2009-20714 AND 20714-2018 (GGNPC ET AL., 2021B & 2021A)

Change in Hardwood Cover (2009-2014; 2014-2018)

% Increasing % Decreasing

o,
(+5% to +10%) (-5% to -25%) % Stable Total Acres

Vegetation Type

2014 2018 2014 2018 2014 ‘2018 2014 2018

Black oak 0 0 8.8 43 91.2 95.7 5.7 62.3
Coast live oak 1 0.3 40.3 2.7 58.7 85.5 907.7 |[1,450.7
Oregon oak 0 0.1 41.9 0 56.5 99.9 6.2 554
Valley oak 0 0 0 0 100 100 10 25.5
Interior live oak (exc[uded 0 N/A 0 N/A 100 N/A 24.5 N/A
from the 2018 analysis)

Note: Changes shown for the period 2009-2014 are for Marin Water lands only, whereas 2014-2018 change
represents a larger area thatincludes Marin County Parks parcels in addition to the Marin Water areas previously
assessed.

TABLE 6.3 PERCENT OF ACRES IN HARDWOOD CANOPY COVER CLASSES IN OAK
WOODLANDS, 2014 COMPARED TO 2018 (GGNPC ET AL., 2021B)

Vegetation 0%-2% 2%-10% ‘ 11%-25% 26%—-40% 41%-60% >60% Total Acres

Type
2014 2018‘2014 2018|2014 2018 2014 2018 2014‘2018 2014 2018|2014 2018

Black oak 0 0 0 0 0 07 |0 22 |88 |0 912 |1978 |57 (623

Coast live 0 0 06 |0 54 |07 |25 |43 1243 |26.1 |67.2 [68.9 [907.7|1,450.7
oak

Oregonoak (0 0 0 0 0 0 0 0 0 44 |100 |956 |55 [554

Valley oak |0 0 0 0 0 0 0 103 (0 23.3 |100 |66.3 |10 25.5

Interior live |6.5 N/A (87.8 [N/A |0 N/A |0 N/A (3.3 [N/A |24 |N/A |24.5 |N/A
oak
(excluded
from the
2018
analysis)

Note: Changes shown for the period 2009-2014 are for Marin Water lands only, whereas 2014-2018 change
represents a larger area thatincludes Marin County Parks parcels in addition to the Marin Water areas previously
assessed.
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Condition Goal: Maintain approximately 1,590 acres of oak woodland with more than 25% hardwood
canopy cover. This updated goal is based on oak woodland acres from the 2018 Fine Scale Vegetation
Map (GGNPC et al., 2021a), which used consistent methodologies to simultaneously map Marin
County vegetation. The previous goal, 2,150 acres, was based on multiple mapping efforts with
varying methodologies and levels of accuracy.

Condition Thresholds:

The following thresholds have been updated to reflect the new baseline goal of 1,590 total acres, but
the proportions remain the same as the 2016 assessment.

e Good: Morethan 1,435acres (90%) of oak woodland with hardwood cover >25%; acreage with
a >5% decline in hardwood cover of <5% (80 acres) over five years.

e Caution: 1,120-1,434 acres (70% to 90%) of oak woodland with hardwood cover >25%;
acreage with a >5% decline in hardwood cover of between 5% and 10% (80-160 acres) over
five years.

e Significant Concern: Fewer than 1,120 acres (70%) of oak woodland with hardwood cover
>25%; acreage with a >10% decline in hardwood cover of >10% (160 acres) over five years.

Current Condition:
2016: Caution

Marin Water’s 2014 vegetation map indicated that nearly 92% of oak woodland vegetation types had
more than 25% hardwood cover (Table 6.3; GGNPC et al., 2021b). Assuming this was representative of
other, non-Marin Water oak woodlands within the One Tam area of focus, 1,980 total acres of oak
woodland were estimated to have a hardwood cover of less than 25%, which was above the good
threshold.

2022: Good

The 2018 Fine Scale Vegetation Map (GGNPC et al., 2021a) shows that there are 1,594 acres of oak
woodlands in the area of focus, 99% of which have at least 25% hardwood cover (Table 6.3). Only nine
acres fall below the 25% threshold, indicating that the condition of hardwood cover is good.

However, 73% of oak woodlands have hardwood cover greater than 60%, leaving just 418 acres of
what we consider to be open-canopy woodlands. When compared to closed-canopy hardwood forests,
the open-canopy acres are even fewer (just under 370) when the additional canopy cover of conifers in
these stands is taken into consideration. Furthermore, we have insufficient data to conclude how
much of the hardwood cover comprises oak species as opposed to other hardwoods (e.g., bay laurel
or madrone) that may be increasing as adjacent oaks are lost to SOD. The high cover of hardwoods in
oak stands highlights the need for data on species richness and function of closed-canopy vs. open-
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canopy oak stands to fully assess their health. Analyzing bird and mammal data by canopy cover in
oak-dominated habitats may also help determine whether the 60% cutoff is ecologically meaningful.

Trend:

2016: Declining

The percent cover of hardwoods declined by more than 5% across nearly 370 acres (40%) of Marin
Water oak woodland habitat in five years (2009-2014; Table 6.2). Assuming this was representative of
other oak woodlands within the One Tam area of focus, the total number of oak woodland acres with
hardwood canopy cover declines higher than 5% was estimated to be 800 acres. Only 1% of oak
woodlands had hardwood increases over >5%, and the remaining 60% appeared to have stable
hardwood cover (increase or decrease of 5%) (Table 6.2).

2022: Improving

Recent data show that mortality and hardwood decline leveled off during the 2014-2018 period (Table
6.2), with approximately 33% of oak woodland acreage showing any canopy mortality (Figure 6.4),
down from more than 90% in 2014. For all oak woodland types combined, less than 3% of the area
shows a decrease in hardwood cover, down from 40% in 2014 (Table 6.2). This could be a function of
fluctuating weather patterns driving SOD prevalence, with lower rainfall during drought years (Figure
6.6) reducing sporulation; the lower rate of tanoak die-off (see Chapter 4, Coast Redwood Forests)
supports this theory. Alternatively, fewer canopy trees may be vulnerable to SOD infection, which
seems unlikely given the stability of oak woodland acreage and increases in canopy cover over the
measurement interval. New data categorization methods also account for some portion of the change
by grouping trace levels of mortality (<0.5%) into the “no mortality” acreage.
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Marin County, California Palmer Drought Severity Index (PDSI)

L1350-2000 Mean: -0.13

3 by Dt

FIGURE 6.6 PALMER DROUGHT SEVERITY INDEX FOR MARIN COUNTY, 2010-2020 (NCEI,
2023)

Confidence:
2016: Moderate

Marin Water’s oak woodlands comprised 41% of that habitat type in the One Tam area of focus, and
their decline was presumed to be representative of the situation on lands managed by other agencies.
However, those data were lacking.

2022: Moderate

As previously noted, changes in mapping techniques and comparison areas reduce our general
confidence in trend determination. However, we have relatively high confidence in the quality of
mortality and hardwood-cover data and the level at which these are represented on all One Tam
partner agency lands in the area of focus. This new dataset covers 100% of Mt. Tam'’s oak woodlands
when measuring 2018 mortality and hardwood-cover attributes, and 90% of oak woodlands when
measuring hardwood decline from 2014 to 2018. We therefore have moderate confidence in
comparing the results from these two assessment periods.

METRIC 2: ACRES WITHOUT PRIORITY INVASIVE SPECIES

Baseline: French broom and Scotch broom (Cytisus scoparius) as well as other invasive plant
species—e.g., panic veldt grass (Ehrharta erecta), cape ivy (Delairea odorata), and cotoneaster
(Cotoneaster spp.)—were introduced to Mt. Tam during the 20th century. Because they are relatively
recent arrivals, the historical baseline is zero acres of open-canopy oak woodlands where these
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invasive species are present. Healthy open-canopy oak woodlands do not have target invasive
species, and broom reduction in oak woodlands has been a high priority on One Tam partner agency

lands. To date, at least 746 weed-infested acres of oak woodlands have been identified in the area of
focus.

Condition Goal:
e High-priority invasive plant species at <5% cover in oak woodland habitat.
Condition Thresholds:

e Good: Morethan 1,435 acres of open-canopy oak woodlands (90%) with <5% invasive species
cover.

e Caution: 1,275t0 1,434 acres (80% to 90%) of open-canopy oak woodlands with <5% invasive
species cover.

o Significant Concern: Fewer than 1,275 acres (80%) of open-canopy oak woodlands with <5%
invasive species cover.

Current Condition:
2016: Significant Concern

Available data from all One Tam partner agencies showed that 545 acres (25% at the time of
assessment) of open-canopy oak woodlands were affected by target invasive species. Percent cover
data were incomplete. However, review of records available for a single species within a single
jurisdiction (French broom in Marin Water’'s oak woodlands) indicated that the threshold for caution
had been exceeded.

2022: Significant Concern

Available data from all One Tam partner agencies show that nearly half (47%, or 746 acres) of open-
canopy oak woodlands are affected by target invasive species (Figure 6.7). Percent cover data remain
incomplete, inconsistent, and difficult to compile, especially across multiple jurisdictions. However, a
rough analysis of both Marin County Parks and Marin Water data reveals that both agencies' broom
populations have more than 10% cover in one-third of the area, making it likely that more than 20% of
Mt Tam'’s oak woodlands have high (>5%) weed cover.
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FIGURE 6.7 INVASIVE SPECIES DISTRIBUTION IN OAK WOODLANDS, ONE TAM AREA OF
FOCUS, 2022 (CALFLORA, 2016)

Trend:

2016: Declining

Available data from all One Tam partners indicated that the spatial extent and percent cover of
invasive species in oak woodlands had continued to increase. Time series data for a single species
within a single jurisdiction were presumed to be representative.

2022: Declining

Seventeen acres of weed-infested oak woodland were found within the 67 acres of newly incorporated
oak woodland in the vicinity of San Geronimo Valley. Therefore, invaded oak woodlands increased by
34% (184 acres) within the previously assessed area, due to either weed expansion or documentation
of previously unmapped weed populations. Available information from all One Tam partner agencies
indicates the overall spatial extent and percent cover of invasive species in oak woodlands continues
to increase despite targeted projects and efforts to reduce small areas of limited, high-priority species,
and even some efforts to take on larger areas of more widespread priority species like French broom.
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Confidence:

2016: Moderate

All One Tam partners maintain invasive species records that include spatial distribution, percent cover
estimates, and management history information. However, mapping efforts and protocols were not
uniform across agencies at the time of the assessment, and integration of these datasets was
incomplete.

2022: Moderate

Mapping remains incomplete and inconsistent, although integration has improved somewhat because
some partner agencies are now using the Calflora platform to track weed extent and/or management
data. Countywide fine-scale mapping efforts are not able to detect understory weeds, inconspicuous
species, or small invaded areas, which means that accurate weed mapping generally remains a high-
effort, ground-based task. Areas, species, time intervals, and protocols differ across partner agencies
as they each endeavor to prioritize and achieve their respective individual mapping goals.

METRIC 3: ACRES WITHOUT CANOPY-PIERCING DOUGLAS-FIR

Baseline: When Douglas-fir becomes established in the canopy above hardwoods, open-canopy oak
woodland patches transition to the higher canopy closure of mixed conifer-hardwood forest or conifer-
dominated stands that have lower habitat value for certain bird and plant species (Cocking et al.,
2015). The best available data estimated the pre-2016 total baseline at approximately 100 acres of
open-canopy oak woodlands with canopy-piercing Douglas-fir.

Condition Goal: Maintain 90% (1,435 acres) of current oak woodlands without canopy-piercing
Douglas-fir. The current goal is based on oak woodland acres from the 2018 Fine Scale Vegetation
Map (GGNPC et al., 2021a).

Condition Thresholds:

The following thresholds have been updated to reflect the new baseline acreage goal of 1,590 total
acres, but the proportions remain the same as the 2016 assessment.

e Good: Morethan 1,435 acres (90%) of open-canopy oak woodlands without canopy-piercing
Douglas-fir.

e Caution: 1,116 t0 1,434 acres (70% to 90%) of open-canopy oak woodlands without canopy-
piercing Douglas-fir.

e Significant Concern: Fewer than 1,116 acres (70%) of open-canopy oak woodlands without
canopy-piercing Douglas-fir.
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Current Condition:
2016: Caution

The vegetation maps for Marin County Parks and Marin Water current at the time of assessment
documented 260 acres of oak woodlands with canopy-piercing Douglas-fir, or approximately 19% of
the combined oak woodlands in these two jurisdictions. Extrapolating to the entire One Tam area of
focus, approximately 400 acres of oak woodlands may have had Douglas-fir in the canopy.

2022: Significant Concern

Based on 2018 aerial imagery, the vegetation map documents 460 acres of oak woodlands with
canopy-piercing Douglas-fir for Marin County Parks and Marin Water lands in the previously analyzed
area of focus. This represents approximately 34% of the combined oak woodlands within these two
jurisdictions. In the entire One Tam area of focus, the vegetation map shows 632 acres (40%) of oak
woodlands with Douglas-fir in the canopy (Figure 6.8);272 acres have <5% conifer cover in the canopy.
The remaining 360 acres (57%) have 5% to 25% conifer cover and are likely to pose a greater
challenge for management to reduce Douglas-fir cover.

As previously mentioned, the updated area of focus incorporates 67 newly included acres of open-
canopy oak woodlandin the vicinity of San Geronimo Valley. Of these, 44 acres (66%) are affected by
Douglas-fir, leaving only 34% unaffected in these northern areas. This is a much lower proportion than
the 60% unaffected we see overall within the area of focus. In the westernmost 109 acres of oak
woodlands (within National Park Service jurisdiction), only 16% remain unaffected by overstory
Douglas-fir.
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FIGURE 6.8 DOUGLAS-FIRIN OAK WOODLANDS, ONE TAM AREA OF FOCUS, 2018 (GGNPC ET
AL.,2021A)

Trend:
2016: No Change

Marin Water time series data indicated that the spatial extent of canopy-level Douglas-fir in oak
woodlands was unchanged between 2004 and 2014. Conditions on Marin Water lands were presumed
to be representative of or slightly better than those of the area of focus as a whole because Marin

Water was thinning Douglas-fir saplings in select oak woodland patches while other jurisdictions were
not.

2022: Declining

It appears that Marin Water's 10-year trend of stability from 2004-2014 did not hold for the subsequent
four-year period. 2014 data for Marin Water and Marin County Parks showed 260 acres with canopy-
piercing Douglas-fir within the previous area of focus. 2018 data show the acreage is 460 in that same
area. When looking across the entire One Tam area of focus, only 60% of oak woodlands contain no
Douglas-fir; whereas, in 2014 within a slightly smaller area of analysis, 81% were unaffected. This
uptick in Douglas-fir impact is happening despite increased efforts by various land managers to
address its expansion into sensitive habitats.

Confidence:
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2016: Moderate

Data from Marin Water and Marin County Parks’ vegetation maps represented 66% of oak woodlands
in the One Tam area of focus. National Park Service and California State Parks did not have similar
data, but conditions were thought to be similar.

2022: Moderate

It is possible that some of the change can be attributed to differences in mapping techniques,
particularly given the notable shift from the 10-year trend recorded for Marin Water lands from 2004-
2014. Therefore, we do not have high confidence in the trend for this metric, although the condition is
valid.

SUPPORTING DATA, OBSERVATIONS, RESEARCH, AND MANAGEMENT

Data sources for acreages listed under the above metrics:

Aerial Surveys and Mapping:

e Standardized 2004-2014 County Parks/Marin Water vegetation map (GGNPC et al., 2021b).

e 2018 Marin County Fine Scale Vegetation Map (GGNPC et al., 2021a).

e Marin Water broom mapping from 2010 draft vegmgmt_polys_9_3,and 2013 and 2018 broom
remapping.

e Marin Water 2015 photo interpretation of SOD-affected forest stands (AIS, 2015).

e Marin Water, Marin County Parks, California State Parks, and National Park Service weed
records from both the Calflora database and internal records.

ACREAGE CALCULATIONS

TABLE 6.4 METHODSAND DATAUSED TO CALCULATE ACREAGES OF SOD, DOUGLAS-FIR, AND
BROOM

Indicator Analysis/ Vegetation Types Metrics How Derived

Plant Report Included
Community Year

Open- Black oak alliance | Acres without | Summed acreage of oak woodland
canopy oak e Coast live oak SOD (canopy polygons with attribute SOD*=0.
woodlands (CLO) alliance involvement)

e CLO/grass-poison , , m
oak; CLO-riparian Acres without | 2003 drive-by survey* for broom, 2010

« CLO-Douglas-fir broom or other | draft vegmgmt_polys_9_3*,2013 broom
targeted re-map*.

122



Indicator Analysis/ Vegetation Types Metrics How Derived
Plant Report Included

Community Year

e Oregon oak priority invasive
alliance species
¢ Valley oak riparian
mapping unit Acres without | Summed acreage of oak woodland
e Interior live oak canopy- polygons with Marin Water attribute
(ILO) alliance piercing ConDensity >0; Marin County Parks
e Interior live oak- Douglas-fir ConDen >0.
Eastwood
manzanita
e Coastal open-
canopy oak
woodland
Open- 2022 e Coast live oak Hardwood For Figure 6.4 Canopy Mortality:
canopy oak alliance canopy cover Calculated acreage of 2017 area of
woodlands « Oregon white oak focus (AOF) oak woodland alliance
alliance polygons with attribute
e Valley oak alliance STANDING_DEAD_19 in each of the
e Black oak alliance following four classes, summed

separately: 0, 1-4, 5-9, 210.

For trend assessment and Table 6.2:
Summed acreage of 2017 AOF oak
woodland alliance polygons with
attribute HDW_CHANGE_14_18 >0
(increasing), 0 (stable), <0 (decreasing),
and-9999 (no data). Trend assessment
data was only available for Marin Water
and Marin County Park areas, which
represent more than 90% of oak
woodlands on One Tam partner agency
lands in the 2017 AOF.

For condition assessment, Figure 6.5
Change in Hardwood Cover, and Table
6.3: Summed acreage of 2017 AOF oak
woodland alliance polygons with
attribute HDW_COVER_18 in the
following six classes: <2, 2-10, 11-25,
26-40, 41-60, =61.

To discuss proportion of oak
woodlands in higher canopy cover
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Indicator Analysis/ Vegetation Types Metrics How Derived

Plant Report Included
Community Year

conditions (i.e., those closer to
“closed-canopy” oak woodlands but
still included in this assessment):
Summed acreage of 2017 AOF oak
woodland alliance polygons with
attribute HDW_COVER_18 >60.

Acres without | Dissolved all 2017 AOF partner agency
broom or other | invasive plant polygons into a single
targeted layer.

priority invasive

species Clipped dissolved weed layer to 2017

AOF oak woodland alliance polygons.
Recalculated acreages.

Selected “oaks with weeds” polys within
the 2014 AOF; summed acres.

Inverted selection and summed acres
to determine conditions within just the
newly included areas of the 2017 AOF.

Acres without | Split 2017 AOF oak woodland alliance

canopy- polygons by partner agency.
piercing Recalculated acreages.
Douglas-fir

Summed acreage of oak polygons with
attribute CON_COVER_ >0 for full 2017
AOF.

Selected oak polygons on Marin Water
and Marin County Parks lands
intersectingthe 2014 AOF and summed
those with CON_COVER_>0for purpose
of back comparison against 2016
report totals.

Summed inverted selection of Marin
County Parks oaks with CON_COVER_
>0 in 2014 AOF to determine conditions
within just the newly included areas of
the 2017 AOF.

*Marin Water data only.
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See Chapter 2, Indicator Analysis Methodology section, for additional information about the overall
methodology used for vegetation community analyses.

INFORMATION GAPS

Species Richness: Some measure of the diversity of native species present has been identified as an
important metric for open-canopy oak woodlands. The goal would then be to maintain species
richness at the reference condition. No progress has been made to fill this gap. As discussed
previously, species richness data can help address questions about the effect of canopy closure on
habitat value.

Age Structure of Native Trees: This important metric would be useful in determining whether new
trees are being recruited at a rate sufficient to maintain the total acres and structural integrity of open-
canopy oak woodlands over time. A stable age structure follows a reverse J-curve frequency
distribution, with abundant seedlings and fewer individuals of successively older ages. Acorn
production and seedling recruitment tend to be periodic, and survival from sapling to adult is a key
transition. While some data may be available to support this assessment, currently, there is not
enough information to make any statement about condition or trend for the One Tam area of focus or
the region. California OakWatch—a joint participatory science project of the California Native Plant
Society and the Global Consortium for the Conservation of Oaks—tracks oak recruitment via
iNaturalist observations (iNaturalist, 2023). Local volunteers could be recruited to this project to
gather data on Mt. Tam and all lands in Marin, contributing to the larger body of knowledge on oak
recruitment. Partnering with the California OakWatch iNaturalist project could be a low-investment
way to have observers who could record where oaks are reproducing successfully.

Function and Value of Open- vs. Closed-canopy Oak Woodlands: If a particular range of canopy cover
(e.g., 25% to 60%) could be linked to desirable qualities such as high species richness and unique
function or habitat value, it would provide support for management aimed at achieving those qualities.
This is particularly true if there are human-related barriers to natural processes (e.g., fire) that would
otherwise help maintain those levels. Increased information about functions and values could also
inform threshold levels for concern. Bird-guild or camera-trap data could help answer questions about
therelationship between canopy cover and habitat value by compiling and comparing data on species
diversity, richness, or actions and interactions detected within different canopy closure ranges.
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PAST AND CURRENT MANAGEMENT, RESTORATION, MONITORING, AND
RESEARCH EFFORTS

Resource Protection and Stewardship Successes Since the 2016 Peak Health Report

Planning:

Marin Water identified oak woodlands and grasslands as priority habitat types in its
Biodiversity, Fire, and Fuels Integrated Plan (Panorama Environmental, 2019) and outlined
monitoring and management work in these habitats.

Marin County Parks began implementation of its Vegetation and Biodiversity Management
Plan (May & Associates, 2015). The plan summarizes the status of several preserves and work
needed, as well as areas of priority oak woodlands.

One Tam published the Marin Regional Forest Health Strategy (GGNPC, 2023) outlining actions
required to manage forest types, including open-canopy oak woodlands. Priority work includes
Douglas-fir removal and SOD inoculum load reduction.

Restoration:

An FY21 Marin Water annual report shows 139 acres of Douglas-fir thinning and 230 acres of
broom removal in oak woodlands and grasslands (combined). Marin Water annually controls

broom and Douglas-fir in several hundred acres of oak woodland.

Marin County Parks staff and contractors have been managing broom for decades in many
areas, including some oak woodlands. They perform succession management by cutting
encroaching Douglas-fir saplings and pine trees in some areas, with additional conifer and
broom removal done by volunteers during restoration workdays. These efforts were sporadic
and not well-documented in the past but have increased with additional staffing since 2011.
Marin County Parks currently has 183 acres of broom under long-term management in oak
woodlands.

In 2022, Marin County Parks expanded its defensible space fuel reduction work at the
community interface on the eastern edge of Baltimore Canyon Preserve to target invading
broom, Douglas-fir, and mayten (Maytenus boaria) in 47 acres of oak and bay woodlands. An
additional 80 acres of oak woodlands that had initially been the focus of broom removal for
fuels reduction between 2011 and 2014 have been maintained through long-term broom-
removal efforts, 2015 to the present.

Monitoring:

2018 Fine Scale Vegetation Map completed, as detailed elsewhere in this chapter.

Five-year in 2018, showing reduced rate of spread (Marin Water).
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e Invasive plant species early-detection mapping and monitoring (Marin Water, National Park
Service, Marin County Parks).

Past Work

Following are some of the previous stewardship and management activities that have been
undertaken over the years to monitor, protect, and restore this health indicator.

Restoration:

e Succession management through volunteer restoration workdays to pull broom and cut
encroaching Douglas-fir saplings in some areas, with additional conifer removal done by staff
and contractors (Marin County Parks).

e Wide Area Fuel Load Reduction project at Pine Point, a joint project with Youth2Work; removed
Douglas-fir and non-native pine invading oak woodlands and grasslands and replaced Douglas-
fir with native SOD-resistant oaks to meet both ecosystem and fuels reduction goals (Marin
Water).

Monitoring:

e Aerial photo monitoring and interpretation of vegetation communities repeated every five years
to determine SOD distribution and impact (Marin Water).

e Invasive plant species early detection mapping and monitoring (Marin Water, National Park
Service, Marin County Parks).

Outreach: Partnership with the University of California Cooperative Extension on public outreach to
build awareness of SOD spread, impacts, and risk-reduction measures.

FUTURE ACTIONABLE ITEMS

This section includes needs identified by agency and local scientists as a part of the development of
this report. These actions are not currently funded through agency programs and will be further
evaluated and prioritized for future funding and implementation outside of this health assessment
process.

Existing Program Support:

e Targeted Non-native, Invasive Plant Species Control: Develop and implement a mountain-
wide targeted program to remove invasive plant species known to have impacts on open-
canopy oak woodland species richness and structure, including panic veldt grass, cape ivy,
cotoneasters, and brooms.

Management: Implement oak woodlands actions in the Marin Regional Forest Health Strategy.
Identify “superspreader” (SOD inoculum reservoir bay laurel trees) and remove within 10m of
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susceptible oak trees (Kozanitas et al., 2022). This should be prioritized during extended
drought periods, when bay laurels showing signs of infection can be targeted as reservoirs.
Any trees within 10m of susceptible oaks can be removed before a warm, wet spring allows
them to jump-start a new wave of infection. Resprouts are often heavily browsed by deer, and it
takes approximately five to ten years for them to become tall enough to rain infection on
adjacent oaks. If accessible via trails, bay resprouts are also an easy target for volunteers.

Fuel Load Reduction, Roads, and Trails-related Management: Restore open-canopy oak
woodland habitat by strategically expanding Wide Area Fuel Load Reduction projects, which
often include the removal of target invasive species such as acacia, eucalyptus, broom, and
small-diameter Douglas-fir.
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CHAPTER 7. SHRUBLANDS: COASTAL
SCRUB AND CHAPARRAL

UPDATE AT A GLANCE

SUMMARY OF CHANGES IN THIS INDICATOR SINCE 2016

2016 2022
’ —
N\
4 \
\
/
\ — ’
Condition: Good Condition: Caution
Trend: No Change Trend: Declining
Confidence: Moderate Confidence: Moderate

FIGURE 7.1 CONDITION, TREND, AND CONFIDENCE FOR SHRUBLANDS, ONE TAM AREA
OF FOCUS

The declines in condition and trend from what we knew in 2016 to our best current
understanding in 2022 should be viewed with the understanding that in each of the two years,
we measured slightly different things. Specifically, we have replaced what was Metric 3 in the
2016 report—"Acres without canopy-piercing Douglas-fir,” which was meant to measure forest
encroachment into shrublands—with the more general “Total acres.” This change was
necessary because our primary tool, the new 2018 Marin Countywide Fine Scale Vegetation
Map (GGNPC et al., 2021), does not estimate shrublands conifer cover. Also, while total acres
may be compared over time to determine shrublands’ net loss or gain, looking at acres with

Douglas-fir measures loss to forest but does not capture acres gained by shrublands expansion
elsewhere.
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However, not all of the differences in condition and trend between the two analyses are due to
using different metrics. The condition of shrublands in the area of focus has been reduced from
good in 2016 to caution in 2022 because new data and analyses indicate a higher level of threat
and a greater loss of shrublands extent than was previously known. Numerous lines of evidence
reveal that shrublands are losing acreage to forest succession due to fire suppression, and
more shrublands acres are occupied by invasive plants than were previously known.

Differences in time series, classification, and mapping methodologies lower our confidence in
trends derived from comparisons between the older vegetation maps and the new countywide
map. For example, the 2016 version of this report utilized vegetation maps based on aerial
imagery collected in 2014 for Marin Water (Aerial Information Systems, 2015), 2008 for Marin
County Parks (Aerial Information Systems, 2008), and 1994 for the National Park Service and
California State Parks (Shirokauer et al., 2003). In this chapter, we utilize the 2018 Fine Scale
Vegetation Map (GGNPC et al., 2021) as a new baseline that can be used to measure changes in
vegetation-acreage metrics from this point forward.

The 2018 countywide map provided an analysis standard for vegetation composition, structure,
and distribution among the One Tam partner agencies that did not exist in 2016, when the
partners were using different mapping methodologies. We have high confidence that this
countywide map, which is current as of 2018 when the aerial imagery used to create the map
was acquired, establishes an accurate and uniform baseline for vegetation community status
across the One Tam area of focus.

A second significant change in this version is the recalibration of Metric 2 condition thresholds.
The original thresholds were established as = or <5,500 acres, whereas the new thresholds are
Good: =5,200 acres and Caution: <5,200 acres. We reset the condition thresholds downward to
be closer to the status in 2018, since the true status in 2016 is ambiguous.

METRICS SUMMARY

Metrics in Table 7.1 were used to assess the health of shrublands plant communities. The
condition, trend, and confidence for each metric was then given a score. These scores

were combined and averaged to obtain the overall condition, trend, and confidence described in
Figure 7.1. Each metric is described in the Condition and Trend Assessment section later in this
document. (See Chapter 2 for definitions of terminology used throughout this chapter, how
metrics are being used to evaluate the health of each indicator, and other project methodology
details.)

134



TABLE 7.1 ALL SHRUBLANDS METRICS, WITH THEIR RESPECTIVE CONDITION, TREND,
AND CONFIDENCE

Condition Good Caution
Trend Unknown No Change
Confidence Low Moderate

Condition Good Caution
Trend Declining Unknown
Confidence Moderate Moderate

Condition N/A Caution
Trend N/A Declining
Confidence N/A Moderate

INTRODUCTION

WHY IS THIS AN IMPORTANT INDICATOR?

Shrublands, also known as scrub or brush, are plant communities dominated by multi-stemmed
woody plants typically <6 m tall. Shrublands extent and structure are often dynamically
mediated by disturbances such as herbivory, fire, or salt spray. In Marin County, the two main
shrublands divisions are chaparral and coastal scrub.

Chaparral—the most widespread and characteristic type of California shrublands—is dominated
by sclerophyllous (hard-leaved) evergreen shrubs such as chamise, manzanita, and some
ceanothus species. These drought-tolerant plants are adapted to the steep slopes; shallow,
rocky soils; hot, dry summers; and wet winters of the Coast Ranges. Chaparral species are
adapted to periodic stand-replacing fires with return intervals of between 20 and 100 years.
Persistent soil seed banks readily germinate after a fire, and some species resprout from thick
root burls. Serpentine chaparrals are open, low-growing shrublands associated with the harsh
conditions presented by serpentine soils (see Chapter 10). On Mt. Tam, chaparral tends to
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occupy elevations above 400 meters—the average altitude of the summer marine inversion layer
(Johnstone & Dawson, 2010)—in which summers are hotter and drier, winters are colder, and
uplift brings more precipitation. Maritime chaparral, which occurs on poorly developed soils at
lower elevations in the fog belt, is a notable exception (Sawyer et al., 2009).

Coastal scrub is dominated by relatively soft-stemmed, woody shrubs that thrive in the narrow
zone of maritime climate along the California coast. Coyote brush (Baccharis pilularis), an
evergreen shrub, is characteristic of the northern division of coastal scrub (Ford & Hayes, 2007)
that predominates on Mt. Tam. Coastal scrub is typically found on well-developed soils below
400 meters, where summer fog is frequent. Maritime influence in this zone ameliorates summer
drought stress, moderates seasonal temperature extremes, and exposes vegetation to salt-
laden air masses. In hotter, drier settings, drought-deciduous species such as California
sagebrush (Artemisia californica) and sticky monkeyflower (Mimulus aurantiacus) are favored.
In cooler, wetter settings, winter-deciduous species such as brambles (Rubus spp.) and hazelnut
(Corylus cornuta) tend to predominate. In the absence of grazing and fire, coyote brush
frequently invades grasslands, and stands of coastal scrub can be mid-successional or
persistent (Heady et al., 1988).

Mt. Tam'’s shrublands may be seen as indicators of successional processes, disturbance, and
wildlife habitat quality. For example, the preservation of large blocks of coastal scrub and
chaparral is critical to the long-term viability of many bird species (California Partners in Flight,
2004). Intact shrublands are fairly resistant to plant invasions, in part due to the high densities
of small herbivores that shelter and forage in the understory (Lambrinos, 2002). However,
disturbances that create openings can be exploited by invasive plants (D’Antonio, 1993).

CURRENT CONDITION AND TREND

There are approximately 7,817 acres of shrublands—or 20% of the One Tam area of focus—with
4,113 acres of coastal scrub, 3,539 acres of chaparral (including 351 acres of maritime
chaparral and 749 acres of serpentine chaparral), and 165 acres of unclassified shrublands.
(Figures 3.2 and 7.2).
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FIGURE 7.2 CHAPARRAL AND COASTAL SCRUB, ONE TAM AREA OF FOCUS

DESIRED CONDITION AND TREND

The desired condition for the One Tam area of focus is the persistence of large, weed-free
blocks of shrublands vegetation that provide habitat for plant and wildlife species sensitive to
fragmentation. As forested habitats have replaced shrublands in many locations over the past
century of fire exclusion, preservation of shrublands acreage along forest edges has become
even more desirable.

STRESSORS

Invasive Species Impacts: The dense canopy created by mature chaparral makes it resistant to
invasion by non-native plant species (Dickens & Allen, 2014). While large, intact patches of
coastal scrub are also resilient to invasion, coastal scrub is generally less dense than chaparral,
making it more vulnerable, especially in gaps and along patch edges. Key invaders of coastal
scrub on Mt. Tam include licorice plant (Helichrysum petiolare), thoroughwort (Ageratina
adenophora), jubata grass (Cortaderiajubata), broom species (Cytisus, Genista, Spartium), Cape
ivy (Delairea odorata), and Monterey pine (Pinus radiata).

Climate Vulnerability: A statewide model estimates that coastal scrub and chaparral will likely
experience low to moderate climate exposure throughout mid- to end of the century (Thorne et
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al., 2017), and a Bay Area model forecasted a spatial reduction in coniferous and evergreen
broadleaf forests and increases in oak woodlands, shrublands, and grasslands in most future
climate scenarios (Ackerly et al., 2012). A hotter, dryer future would generally favor expansion of
chaparral communities. However, even chaparral species with vascular systems highly resistant
to drought-induced cavitation are vulnerable to prolonged droughts due to their shallow rooting
depth (Paddock et al., 2013). Thus, altered precipitation patterns could have negative impacts
on some of the more rare, non-resprouting manzanitas and ceanothus, such as the Mt.
Tamalpais manzanita (Arctostaphylos montana ssp. montana) and the Point Reyes ceanothus
(C. gloriosusvar. exaltatus). Coastal scrub composition may shift dramatically with changes in
maritime temperature and precipitation.

Fire Regime Change: Fire-adapted chaparral and coastal scrub communities may be replaced by
hardwood or coniferous forest if fire exclusion alters the natural fire-return interval (Cornwell et
al., 2012; Keeley, 2005; Callaway & Davis, 1993). Chaparral is somewhat more resilient to such
senescence risk due to its long-lived seedbanks, which may sprout even after a century-long fire
interval (Zedler, 1995). And although mechanical tree removal can rescue mature chaparral
species from overshading, it does not provide the heat shock or chemical cues that seeds of
many chaparral species require to break their dormancy and germinate (Keeley, 1991).

Disease: Sudden Oak Death (SOD), caused by the water mold Phytophthora ramorum, has
devastated tanoak and coast live oak populations (see Chapter 6), but it also damages or kills
many native shrub species. Recently, other introduced Phytophthoras have emerged in
California as harmful wildland plant pathogens. These water molds thrive in nurseries and can
be inadvertently introduced via restoration plantings. In 2015, the federally watchlisted species
P. tentaculata was found in wildland plantings in Alameda and Santa Clara Counties. Elsewhere
in California, infestations of P. cinnamomi, P. cambivora, and P. cactorum have decimated
stands of rare and endangered manzanita and ceanothus species, and have had severe impacts
on other native species, including madrone (Arbutus menziesii) and coffeeberry (Frangula
californica).

Direct Human Impacts: Large blocks of shrublands are resilient to invasions and other threats
from edge effects, but become more vulnerable when fragmented by roads, trails, fuelbreaks,
and other disturbance pathways (Lambrinos, 2002; Kemper et al., 1999).

Habitat Disturbance/Conversion/Loss: In the absence of fire, Douglas-fir invades many different
kinds of plant communities, including coastal scrub (Chase et al., 2005) and chaparral (Horton
et al., 1999). Shade-intolerant scrub and chaparral species are vulnerable to the shading
concomitant with conifer invasion.
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CONDITION AND TREND ASSESSMENT

METRICS

METRIC 1: CORE AREAS

Baseline: As of 2018, 33 blocks of contiguous native-shrub-dominated vegetation >30 acres had
been mapped in the One Tam area of focus, for a total of >5,100 acres (GGNPC et al., 2021). Of
that total, 1,689 acres were chaparral and 3,415 acres were coastal scrub. We consider this to
be a robust baseline against which to compare future mapping results These core areas (Figure
7.3) comprise 65% of shrublands in the One Tam area of focus, providing habitat for shrublands
plants, birds, and other wildlife sensitive to edge effects, fragmentation, and invasion.

Condition Goal: Maintain core areas of shrub-dominated vegetation at >30 acres in size.
Condition Thresholds:

e Good: At least 5,200 total acres of native shrublands in patches that are =30 acres.

e Caution: Fewer than 4,500-5,200 acres of native shrublands in patches that are =30
acres.

e Significant Concern: Fewer than 4,500 acres of shrublands in patches that are =30
acres.

Current Condition:
2016: Good

Forty >30-acre blocks of native-shrub-dominated vegetation were mapped in the One Tam area
of focus, for a total of >5,500 acres.

2022: Caution

The estimated number and acreage of core areas has been reduced since 2016. There are
seven fewer large blocks of shrublands and 400 fewer acres in the current vegetation map than
in the 2016 analysis. This discrepancy may be due to methodological differences between the
2018 Fine Scale Vegetation Map (GGNPC et al., 2021) and older maps, and/or to actual
shrublands loss to forest encroachment. (Shrublands-to-forest succession has been well
documented in Marin County over the past half-century [Startin, 2022; Hsu et al., 2012; Chase et
al., 2005].) We have revised the condition thresholds for good and caution downward from 5,500
acres in 2016 to 5,200 acres for this report because we are resetting the baseline closer to the
status in 2018. We also acknowledge that some shrublands blocks are likely to have been
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reduced in extent by forest succession since the 1994 National Park Service and California
State Parks vegetation maps were produced.

FIGURE 7.3 CORE CHAPARRAL AND COASTAL SCRUB LOCATIONS, ONE TAM AREA OF
FOCUS

Trend:
2016: Unknown

A reduction of £+10% in total acreage in core areas of =30 contiguous acres over a five-year
period was determined necessary to indicate a change. However, there were insufficient data to
establish a trend.

2022: No Change

The exact rate of changein core areas is unknown, but it is unlikely to have exceeded +10% over
five years. A study from Bolinas Ridge showed a 51% loss of shrublands-to-forest succession
over 70 years, which is a rate of about 4% every five years.

Confidence:

2016: Low
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Time-series vegetation maps from Marin Water (Aerial Information Systems, 2015) showed that
overall, shrublands were stable. Although similar time-series data were not available for Marin
County Parks, National Park Service, or California State Parks, the trend was considered likely to
be similar. However, confidence regarding core patch sizes was low. The National Park Service
1994 vegetation map was used to identify core areas in these jurisdictions, but the underlying
data had not been updated since the map was originally produced. Active Marin Water and

Marin County Parks fuelbreak expansion and trail realignment programs also had the potential
to fragment shrub patches at a scale that was not discernable in landscape-level mapping.

2022: Moderate

The 2018 Fine Scale Vegetation Map (GGNPC et al., 2021) establishes a reliable baseline for
core shrublands patches, but—due to disparate time series, classifications, and mapping
methodologies—does not support direct comparison with earlier vegetation maps used by the
One Tam partner agencies. While several studies indicate that forests are slowly encroaching
on shrublands in some locations on Mt. Tam, the rate of succession across the area of focus is
unknown.

METRIC 2: ACRES WITHOUT PRIORITY INVASIVE PLANT SPECIES

Baseline: Invasive species threaten shrublands composition, structure, and function. Key
invaders of coastal scrub in the One Tam area of focus include licorice plant, thoroughwort,
jubata grass, broom species, Cape ivy, and Monterey pine. Field observations indicate that most
non-native, invasive species in shrublands communities exist at the periphery; at the wildland-
urban interface; along roads, trails, and fuelbreaks; or where the canopy has been otherwise
disturbed.

Condition Goal: Native shrublands with <5% cover of high-priority invasive plant species.

Condition Thresholds:
e Good: 90% or more of native shrublands acres are free of priority invasive plants or have
<5% cover of priority invasive plants.

e Caution: 80%-90% of native shrublands acres are free of priority invasive plants or have
<5% cover of priority invasive plants.

¢ Significant Concern: Less than 80% of native shrublands acres are free of priority
invasive plants or have <5% cover of priority invasive plants.

Current Condition:

2016: Good

Data from Marin Water (Williams, 2014; Panorama Environmental, 2019) showed that the most
abundant invasive species, French broom (Genistamonspessulana) and Scotch broom (Cytisus
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scoparius), were present in <4% of Marin Water shrublands (116 acres), and that other weeds
were present in lower amounts.

2022: Caution

Mapping data from all four partner agencies show that priority invasive plants occupy 1,124
gross acres of shrublands in the One Tam area of focus, or 14% of total shrublands acres
(Figure 7.4). The majority of infested acres occur in coastal scrub vegetation rather than
chaparral. Net infested acres were not calculated for this report, but, because many of the
largest mapped patches have sparse cover of priority invasives (<5%), they certainly comprise
significantly <14% of shrublands.

FIGURE 7.4 SHRUBLANDS PATCHES OCCUPIED BY PRIORITY INVASIVE PLANT SPECIES
Trend:
2016: Declining

Despite an active weed-management program, the acreage of Marin Water shrublands infested
by French broom increased by 9%, or 9.5 acres, between 2009 and 2013. It should be noted that
these results were based on visual population estimates over large areas and likely had a high
error rate. Nonetheless, it is clear that French broom has steadily expanded across Mt. Tam
since the mid-20th century. A trend of declining with moderate confidence was based on
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observed increases of broom on Marin Water lands and an assumption of similar impacts on
the other partner lands.

2022: Unknown

The 2018 Fine Scale Vegetation Map (GGNPC et al., 2021) establishes a reliable baseline for
shrublands extent but—due to disparate time series, classifications, and mapping
methodologies—does not support direct comparison to earlier vegetation maps used by partner
agencies. One Tam partner agencies now share the Calflora Weed Manager database and use
similar mapping protocols, which should improve time-series comparisons in the future.

Confidence:

2016: Moderate

Weed maps on Marin Water lands were consistently updated once every five years. While
management and surveillance did not systematically cover all shrublands on National Park
Service and California State Park lands, large areas are visible from the extensive road and trail
network and were considered to be relatively free of dense infestations of invasive species.

2022: Moderate

All One Tam partner agencies’ weed control and early detection programs now provide relatively
comprehensive surveillance and mapping cover throughout most of the area of focus, and the
countywide vegetation map and shared Calflora Weed Manager database also enable
comprehensive status assessments across the area of focus. However, while our confidence in
the current status of invasive plants is relatively high, our confidence in trend detection is
relatively low.

METRIC 3: TOTAL ACRES

Baseline: In the One Tam area of focus, a total of 7,817 acres of shrublands are currently
mapped, including 4,113 acres of coastal scrub and 3,539 acres of chaparral (including 351
acres of maritime chaparral and 749 acres of serpentine chaparral) (GGNPC et al., 2021).
Researchers have documented significant rates of forest succession leading to shrublands
losses in Marin County over the past 70 years (Startin, 2022; Hsu et al., 2012; Chase et al,,
2005), with Douglas-fir being the dominant colonizer.

Condition Goal: At least 7,580 net acres (97%) of shrublands are extant within 10 years.
Condition Thresholds:
e Good: Net shrublands loss of <23 acres per year (<0.3%/year).

e Caution: Net shrublands loss of >23 to 60 acres per year (>0.3%/year.).
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o Significant Concern: Net shrublands loss of >60 acres per year (>0.75%/year).
Current Condition:
2016: N/A

We have changed this metric from “Acres without canopy-piercing Douglas-fir" to “Total acres,”
and are resetting the baseline to the current acreage. Since this is a new metric, there is no
parallel condition assessment for 2016.

2022: Caution

Significant shrublands-to-forest succession has been documented on Bolinas Ridge over the
past 70 years (Startin, 2022). Although shrublands expanded into grasslands during this time,
there was a net loss of 51% of shrublands-to-forest succession. The 2014 Marin Water
vegetation map (Aerial Information Systems, 2015) showed that 12% of shrublands habitat
contained taller Douglas-fir, indicating that forestation of shrublands has continued apace.

Trend:
2016: N/A

A lack of consistent time-series data across the One Tam area of focus precludes a robust
retroactive trend assessment for 2016. However, it is clear from quantitative analyses and
qualitative observations that forested areas have inexorably expanded into shrublands relatively
recently, as described below.

2022: Declining

Although we cannot make a comparison to 2016 to measure change over time using this new
metric, many lines of evidence reveal that shrublands are giving way to forests in the One Tam
area of focus. It is less clear what the overall rate of forest succession is, or if it is higher in
some places than others. Table 7.2 lists three relevant studies conducted at different spatial
and temporal scales that found different rates of shrublands loss to forest succession.

TABLE 7.2. ESTIMATED RATES OF SHRUBLANDS LOSS IN MARIN COUNTY,
EXTRAPOLATED FROM THREE STUDIES.

Study Area Years Percent Shrublands
Replaced by Forest

Palomarin Field Station, Marin County” 1981-2000 |1.25%

Bolinas Ridge, Marin County** 1952-2018 |0.77%

Sonoma, Marin Counties™* 1985-2010 (0.32%

*Chase et al., 2005; **Startin, 2022; ***Hsu et al., 2012

Confidence:
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2016: N/A
As a new metric in this updated report, there is no equivalent 2016 confidence level.
2022: Moderate

Quantitative and qualitative evidence indicate an ongoing trend