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PROJECT SUMMARY  
 

An Adaptive Management Plan for Pepperwood Preserve 

 

 

Statement of Purpose 

Pepperwood serves as a refuge from ongoing regional development, and as a reference site for relatively natural 

conditions at the urban-wildland interface. Our organization is committed to using adaptive management to 

protect native biodiversity and ecosystem health. To that end we develop and test best practices, model 

effective science-based open space management, and distribute our findings throughout our community. The 

purpose of this plan is to summarize these practices and support the collaborative, iterative, and ongoing efforts 

required for truly adaptive land management. 
 

Adaptive Management Planning Goals 

 Create a living document to serve as a road map for current and future managers of Pepperwood's land, 

water, and wildlife 

 Integrate indigenous perspectives into understanding the history of this land and planning for its future 

 Demonstrate parcel-scale climate smart management using the Terrestrial Biodiversity and Climate 

Change Collaborative’s (TBC3’s) applied climate science tools 

 Maintain ecosystem functions and habitat connectivity, while allowing for landscape characteristics and 

species composition to adjust in response to an increasingly variable climate 
 

Management Objectives for Pepperwood Preserve 

 Promote and protect community, species, and genetic diversity 

 Promote and protect key watershed and ecosystem functions and services 

 Reduce threats posed by invasive species 

 Protect and enhance habitat connectivity  

 Protect and curate scenic, historical, and cultural resources 

 Maintain critical infrastructure in good working order 

 Minimize negative human impacts, including those from education programs, research, and recreation  
 

Project support: Grant # 4430 of the Gordon and Betty Moore Foundation titled Applied Science for Bay Area 

Conservation and Climate Adaptation and the Pepperwood Fund of Community Foundation Sonoma County. 

Related projects: Complementary tasks under Grant #4430 include: 1) creating a detailed topo-climate model of 

the preserve calibrated using spatially-distributed temperature sensors, 2) creation of a high-resolution Basin 

Characterization Model defining spatially-distributed water balance parameters for the Pepperwood parcel, and 

3) installation of a long-term coupled climate-forest monitoring network. 

Citation: Gillogly, M., C. Dodge, M. Halbur, L. Micheli, C. McKay, N. Heller, and B. Benson. 2017. Adaptive 

Management Plan for Pepperwood Preserve. A technical report prepared by the Dwight Center for Conservation 

Science at Pepperwood, Santa Rosa, CA, for the Gordon and Betty Moore Foundation. 276 pp. 
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INTRODUCTION: SETTINGS AND DRIVERS  
 

 

Pepperwood's mission is to advance science-based conservation throughout our region and 

beyond. The Dwight Center for Conservation Science (Dwight Center) at Pepperwood is 

dedicated to applying science to the protection of Northern California’s wild and working lands 

through habitat conservation, leading-edge research, and interdisciplinary educational 

programs for all ages, including an innovative citizen science initiative. 

 

Pepperwood’s Sentinel Site monitoring approach engages our staff and partners to measure 

and track long-term trends and relationships among climate, hydrology, plant communities, and 

wildlife. Partners engaged in the collection and dissemination of Sentinel Site results include 

the University of California, the US Geological Survey, the California Academy of Sciences, the 

California Landscape Conservancy Cooperative, Point Blue Conservation Science, Santa Rosa 

Junior College, and many others. 

 

Pepperwood also hosts the Terrestrial Biodiversity and Climate Change Collaborative (TBC3), a 

group of experts from universities, non-governmental organizations, and governmental 

agencies conducting research, monitoring, and outreach to enhance the stewardship of 

California’s Coast Ranges, including the Bay Area Conservation Lands Network. The 

collaborative is co-chaired by David Ackerly (UC Berkeley) and Lisa Micheli (Pepperwood), and 

works in partnership with the Bay Area Open Space Council and the Bay Area Ecosystems and 

Climate Change Consortium to integrate the protection of ecosystem services into regional 

climate adaptation strategies. 

 

1. Adaptive Management Plan Structure 

This introductory section describes Pepperwood’s adaptive management planning goals, 

setting, drivers of change, and our general approach to integrating climate adaptation 

considerations into this document. The next section outlines five preserve-wide adaptive 

management strategies that cross habitat types. The third section features habitat-specific 

management activities, including a summary table that lists management measures and 

monitoring strategies that we will use to evaluate our progress towards achieving key 

objectives. These sections are supported by more detailed appendices that describe physical 

factors and biological resources (e.g., climate change, invasive species) that occur across habitat 

types. We intend for this document to provide a template for parcel-scale climate adaptation, 

and encourage other managers and partner agencies to adopt and or adapt components of this 

plan as they choose. 
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Adaptive Management Logic Model 

Our first step was to construct a logic model of our assumptions about what drivers shaped the 

current state of the preserve, what we think the key impacts of those drivers are, and potential 

management responses (Table 1.1). 

 

Table 1.1. Logic model for Pepperwood adaptive management 

DRIVERS MECHANISMS OF CHANGE IMPACT ON PRESERVE MANAGEMENT RESPONSES 

LAND USE: loss of 
indigenous land 
management, 
legacy impacts of 
19

th
 century 

agricultural 
practices, 20

th
 

century habitat 
conversion and fire 
suppression 

Reduced fire frequency, 
reduced cultivation of native 
plants for food and fiber, 
introduction of European 
livestock/forage and 
overgrazing, alteration of 
wetlands and waterways, road 
construction, groundwater 
pumping and stream 
diversions, land conversion  

Increased tree densities (saplings) 
in forests and woodlands, legacy 
grazing impacts in grasslands 
(compaction and erosion), road-
related erosion, gullying and 
stream network incision, habitat 
fragmentation on adjacent lands, 
invasive species introductions (see 
below) 

Forest thinning/fuels 
reduction, Conservation 
Grazing Program, site-
specific erosion control 
treatments for streams and 
road network, prescribed 
burns, invasive species 
control (see below) 

NATIVE SPECIES 
LOSSES 

Intentional eradication, 
overhunting, habitat loss, 
competition with invasive 
species 

Impacts to food chain (loss of top 
predators including grizzly bear 
and wolf), reduced biological 
disturbance (e.g., loss of elk 
migrations), amphibian declines, 
loss of biodiversity 

Conservation grazing to limit 
non-native plants in 
grasslands, native plant 
propagation and planting, 
avoiding disturbance of 
sensitive habitats during 
breeding/rearing seasons 

INVASIVE SPECIES 

Intentional and inadvertent 
introductions of non-native 
plants and animals 

Conversion of grasslands from 
predominantly native perennial to 
non-native annual grasses and 
forbs, feral pig and wild turkey 
predation of acorns and other food 
sources, loss of oak woodlands via 
Douglas-fir invasions, invasive 
plant species present throughout 
preserve 

Hunting program for pigs 
and turkeys; invasive plant 
eradication using manual, 
flaming, prescribed fire, and 
limited herbicide 
applications; Douglas-fir 
removal 

POLLUTION 

Auto emissions cause aerial 
deposition of nitrogen and 
ozone  

Nitrogen additions increase soil 
fertility, increase ammonia/ium 
availability and soil acidity, shift in 
species composition 

Biomass removal via grazing 

CLIMATE CHANGE 

Greenhouse gas emissions 
cause global warming 

Projected air temperature 
increases on order of 5–10°F by 
2100, more variable rainfall, more 
frequent droughts, increased 
evaporation and climatic water 
deficits, shifts in species 
composition, increased fire risks 

Identify vulnerable 
resources, promote 
ecosystem resilience, 
enhance watershed 
infiltration capacity, monitor 
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Overarching Adaptive Management Goals 

The following goals inform all of the subsequent habitat management strategies, where they 

are translated into specific management objectives and supporting activities. 
 

1) Promote and protect diversity at community, species, and genetic scales 

a. Support diverse habitats and ecological communities 

b. Foster diversity (richness and evenness) of species native to California and the 

preserve’s surrounding environs 

c. Maintain local genetic diversity 

2) Promote and protect key ecosystem functions and services  

a. Maintain the water cycle and the connectivity of hydrological features 

b. Enhance soil health and minimize erosion 

c. Support nutrient cycles 

d. Promote stable, complex food webs by promoting native vegetation 

e. Increase landscape connectivity and corridor viability 

f. Introduce ecologically beneficial disturbances 

3) Reduce threats posed by invasive species  

a. Control and limit invasive plants 

b. Control and limit invasive animals 

c. Distinguish between desirable and undesirable new species (native vs. non-native and 

invasive vs. non-invasive) 

d. Increase vigilance and decrease susceptibility to pests and pathogens 

4) Minimize negative impacts caused by human activity 

a. Designate appropriate locations for education programs and recreation 

b. Ensure on-site research causes minimal disturbance 

5) Protect and curate scenic, historical, and cultural resources 

a. Balance ecological management objectives with the scenic values of the preserve 

b.  Work with our Native Advisory Council and local tribes to ensure appropriate 

management of cultural resources on site 

6) Maintain critical infrastructure in good working order 

a. Maintain sound buildings and residences 

b. Maintain or extend fences where needed 

c. Apply best management practices to roads and trails 

d. Maintain or enhance “green” practices for facilities and utilities 
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2. Setting 
 

Location 

Pepperwood’s 3,117 acres are situated northeast of the city of Santa Rosa in the Southern 

Mayacamas Mountains of California’s Northern Coast Ranges (Figure 2.1). The preserve is 

approximately 25 miles from the Pacific Ocean by air, and is near the eastern extreme of coastal 

fog penetration. Elevation ranges from 186 feet at the northern tip of the preserve just south of 

Franz Creek to 1,560 feet on High Hill in its center (Map E.1 Regions of Pepperwood). 

Pepperwood is a unique place for promoting habitat conservation, scientific research, and 

community education because of its close proximity to urban areas and its intricate 

combinations of topography, microclimate, and soils. 

 

Figure 2.1. Pepperwood Preserve locality and vegetation communities 
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Ecological Context 

As one of just five Mediterranean regions of the world, Northern California is a global hotspot 

of biological diversity. Sonoma County comprises a nearly complete sampling of Northern 

California habitats thanks to its coastal geography and wide range of topography and 

microclimates. It is one of the most biologically diverse places in the United States, and home to 

18 plant and two mammal species that are found nowhere else on earth (Community 

Foundation Sonoma County 2010). As part of the California Floristic Province, this region 

supports perhaps the greatest diversity of plant species in North America (Bay Area Open Space 

Council 2011).  

 

Sonoma County’s habitats include diverse woodlands and forests, chaparral, grasslands, and 

dunes and associated near-shore marine environments. Together, these habitats provide 

critical ecosystem services that support our quality of life, including food crop pollination; soil 

decomposition and nutrient cycling; drinking water absorption, retention, and filtering; flood 

reduction; and resilience to erosion, disease, pests, and warming climate trends. Pepperwood’s 

habitats, which we classify by vegetation community, reflect the same diverse physical drivers 

(e.g., tectonics, coastal and inland influences, highly variable climates and topography) as the 

rest of the county, and may be considered highly representative of the broader inland California 

Northern Coast Ranges. 

 

Pepperwood provides critical habitat that is highly permeable to wildlife, and has been 

classified as both a habitat “corridor” (vital to migration and movement) and habitat “core” 

(contains critical breeding and rearing habitat), depending on the scale of analysis. For example, 

the Bay Area Critical Linkages project included Pepperwood as part of the Blue Ridge-Berryessa 

to Marin Linkage, which encompasses the Mayacamas Mountains as a potential wildlife 

migration pathway from the Inner Coast Ranges to the Marin-Sonoma coast (Penrod et al. 

2013). This linkage has been ranked as the second most valuable in the San Francisco Bay Area 

for purposes of wildlife climate adaptation (J. Kreitler pers. comm. 2015). However, using a 

finer-scale analysis, Merenlender et al. (2010) classified Pepperwood as a habitat core within 

the Mayacamas range. Pepperwood works actively with its neighbors to promote habitat 

connectivity, and is serving as a regional hub for climate planning in partnership with federal, 

state, and local land managers. 

 

Geology 

The Northern California Coast Ranges are characterized by north-westerly trending hills and 

valleys, and a geology shaped by a complex, active fault network. Pepperwood consists of a 

diverse assemblage of sedimentary, igneous, and metamorphic rocks of the Franciscan Complex 
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and Sonoma Volcanics geologic units (Graymer et al. 2006). Rocks in the Franciscan Complex 

include sandstone, siltstone, mélange, chert, basalt, greenstone, serpentine, silica-carbonate, 

schist, and gneiss, although sandstone and mélange are the most common (McLaughlin 2005). 

The Sonoma Volcanics formation consists of hard rocks created by lava flows, and water-

reworked tuffs and debris flow materials created through the weathering of ancient volcanoes 

(classified locally as the Glen Ellen Formation). These include obsidian, diatomaceous mud, 

pyroclastic tuff, pumice, rhyolite tuffs, andesite breccias, and interbedded basalt flows 

(Graymer et al. 2006, Wagner et al. 2011). 

 

Exposed rocks at Pepperwood include a central area composed of the Franciscan Complex, 

smaller areas of Sonoma Volcanics on the east and west sides of the Franciscan outcrop, and a 

large area of fluvial deposits (Glen Ellen Formation) to the west (Map E.2 Geologic Units of 

Pepperwood). The Franciscan Complex extends in a belt 0.5 to 1.25 miles wide along the high 

central ridge from the southeast to the northwest corners of the preserve. Most of this area 

appears to be underlain by mélange. The soft mudstone and sandstone matrix of the mélange 

generally forms rounded grassy slopes, deep soils, and few outcrops. Slopes in the soft mélange 

are relatively unstable, and may slump or slide when saturated with water.  

 

Scattered blocks of hard rock (mostly dense metamorphic schist and gneiss) commonly form 

isolated resistant knobs called knockers. The most prominent of these is Telegraph Hill, and 

similar outcrops are scattered along the Franciscan belt. Other rocks exposed in the Franciscan 

Complex include serpentine, silica-carbonate rock, greenstone, and chert. Shale is exposed at 

the pit at Turtle Pond Junction and the Ward House Site. The badlands topography of the 

Devil's Kitchen area is eroded tuff breccia containing abundant fragments of obsidian and other 

volcanic rocks (McLaughlin 2005). Serpentine is also found along the preserve’s entrance road 

and northwest of Three Tree Hill. The Glen Ellen formation by contrast is highly erodible, and 

forms the bedrock of relatively deep canyons on the western side of the preserve, including 

Rogers Creek Canyon. 

 

The principal structural feature at Pepperwood is the Mayacama Fault Zone, which extends into 

the preserve from the northwest, follows the high central ridge, and then exits through the 

southeast corner (Map E.2 Geologic Units of Pepperwood). Within the preserve, the fault zone 

is from 0.3 to 0.75 miles wide, and delineates a complex area with numerous faults of varied 

displacements and a large number of springs (Map E.3 Geology of Pepperwood and Springs; 

Map E.4 Watersheds, Wetland, Riparian, and Aquatic Habitats of Pepperwood). 
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Climate and Hydrology  

Pepperwood’s Mediterranean climate is characterized by an extended warm, dry season from 

April to October, and a cool, wet season from November to March. Temperatures over 100°F 

can persist for a week or more in the warm season. Winters are mild, with few nights below 

freezing and frequent short dry periods. Snow occasionally dusts the preserve’s higher 

elevations, but significant snow is a rare event. Average annual rainfall is about 34 inches, but 

year-to-year values are highly variable. Recorded extremes in the Mark West Creek watershed 

range from 16 inches (1977) to 74 inches (1983). 

 

Pepperwood is located in the southern portion of the nearly 1,500-square-mile Russian River 

basin, which hosts diverse ecosystems including warm- and cold-water fisheries, supports 

valuable agricultural lands and a world-class wine industry, and provides drinking water to over 

600,000 people (including water exports to Marin County). It is the most southerly watershed in 

California's 19,390-square-mile North Coast Hydrologic Region, which is comprised of Pacific 

coastal watersheds extending north of the San Francisco Bay to the Smith and Klamath basins 

at the California-Oregon border. 

 

Pepperwood comprises headwater portions of the Geyserville and Mark West hydrologic sub 

areas (HSAs) of the Middle Russian River watershed, that can be further divided into five 

smaller-scale planning watersheds defined by local blue line streams (CDWR 2013). The 

northern Geyserville HSA portion of the preserve intersects the Lower and Upper Franz Creek 

and Brooks Creek watersheds, which drain into the Russian River north of Healdsburg. The 

southern Mark West Creek HSA half of the preserve intersects the Porter Creek and Mark West 

Springs planning watersheds, which join the Laguna de Santa Rosa before flowing into the 

Russian River via the Santa Rosa Plain (Map E.4 Watersheds, Wetland, Riparian, and Aquatic 

Habitats of Pepperwood).  

 

The preserve’s headwater streams are typically intermittent, with high flows in January through 

March that then dry out in the spring, leaving little surface water from June to November. 

Springs, marshes, vernal pools, and ponds dot the landscape and provide unique niches for 

plant and animal communities (Map E.4 Watersheds, Wetland, Riparian, and Aquatic Habitats 

of Pepperwood). Surface water can persist into the dry season in a handful of streams as 

disconnected pools, providing critical habitat for species of concern including California giant 

salamanders (Dicamptodon ensatus) and foothill yellow-legged frogs (Rana boylii). While most 

stream drainages are ephemeral, the majority of springs at Pepperwood are perennial and 

provide critical wetland habitat refugia during the dry season. 
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The total annual runoff and recharge generated by the Pepperwood parcel as estimated by the 

USGS Basin Characterization Model is approximately 10,000 acre-feet per year (Flint and Flint 

2014). The majority of Pepperwood drains into the Santa Rosa Valley Groundwater Basin 

(SRVGB), which is the second largest groundwater basin in the North Coast Hydrological Region. 

The SRVGB is an alluvial basin characterized by Sonoma Volcanics bedrock situated on the 

eastern flank of the Russian River. At the preserve, this includes Glen Ellen Formation deposits 

that produce groundwater in the Mark West Creek watershed (CDWR 2013). The majority of 

Pepperwood’s groundwater is stored in fractured rock aquifers of the Franciscan Complex, 

especially near active fault zones, which tend to have more variable production than alluvial 

deposits.  

 

Fog patterns on the preserve reflect the complex interactions between the marine inversion 

layer and our topography. On many summer days, fog travels up the Russian River Valley or 

through the Petaluma gap, and then north to fill the Santa Rosa Valley, but some days it fails to 

reach Pepperwood. On rare days, fog that blows through the Golden Gate continues up from 

the San Francisco Bay into the Napa Valley and enters Pepperwood from the east. Fog only 

contributes an estimated 2 percent of the total precipitation on the preserve, yet it may still be 

a critical dry season water supply for habitats such as redwood forests and grasslands (A. 

Torregrosa pers. comm. 2015). In addition, fog can reduce the amount of solar radiation 

reaching the preserve, in turn reducing evapotranspiration. See Appendix D Climate and 

Hydrology for more details.  

 

Plant and Animal Communities 

Coastal, interior, northern, and southern climates converge to create a rich mosaic of plant and 

animal communities at Pepperwood. These communities are representative of the interior 

areas of Sonoma County and include mature Douglas-fir (Pseudotsuga menziesii) forests, mixed 

hardwoods, expansive grasslands, diverse oak woodlands, a relatively small coast redwood 

(Sequoia sempervirens) forest, mixed and serpentine chaparral, and small reaches of riparian 

woodland (Map E.6 Vegetation Communities of Pepperwood, Table 2.1 below). There are 543 

native plant species and 76 non-native species on site (DeNevers 2013), and the nutrient-poor 

soils at numerous rock outcrops support some locally rare native plants. Fifteen of 

Pepperwood’s plants were listed in the California Native Plant Society’s Inventory of Rare and 

Endangered Vascular Plants of California as of March 2016. For more details, please consult 

Appendix B Rare and Threatened Plants of Pepperwood. 
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Table 2.1. Vegetation communities of Pepperwood 

Vegetation Community Acreage Percent of Landmass 

Chaparral 222 7.1 

Douglas-fir Forest 361 11.6 

Grassland 933 29.9 

Mixed Hardwood Forest 637 20.4 

Oak Woodland 947 30.4 

Redwood Forest 13 0.4 

Wet Meadow 4 0.1 

Grand Total 3117 100.0 

 

At least 34 species of mammals can be found at the preserve ranging from apex carnivores—

black bears (Ursus americanus) and mountain lions (Puma concolor subsp. californica)—to 

much smaller creatures like the dusky-footed wood rat (Neotoma fuscipes subsp. fuscipes), 

western gray squirrel (Sciurus griseus subsp. griseus), black-tailed jack rabbit (Lepus californicus 

subsp. californicus), Trowbridge’s shrew (Sorex trowbridgii subsp. montereyensis), and the pallid 

bat (Antrozous pallidus subsp. pacificus). North American badgers (Taxidea taxus) have been 

documented at Pepperwood, but are not considered established residents. Rare sightings 

include porcupines (Erethizon dorsatum), western spotted skunks (Spirogale gracilis), and 

American river otters (Lontra canadensis subsp. pacifica). A full list of the animals of 

Pepperwood can be found in Appendix A Wildlife Species Lists. 

 

Thirteen species of amphibians and 17 species of reptiles have been confirmed at the preserve. 

California giant salamander larvae can be found in perennial pools including those in Redwood, 

Martin and Rogers Creeks. Pepperwood is one of the few preserves in California where all three 

species of newts (genus Taricha) that are native to California can be found. Pepperwood is also 

home to populations of threatened foothill yellow-legged frogs (Rana boylii) as well as northern 

western pond turtles (Actinemys marmorata subsp. marmorata) (Appendix A Wildlife Species 

Lists). 

 

Over 150 species of birds have been documented at Pepperwood, 37 of which are listed as 

species of special concern by the California Department of Fish and Wildlife (CDFW 2016a). The 

federally threatened northern spotted owl (Strix occidentalis subsp. caurina) has also been seen 

at the preserve (Appendix A Wildlife Species Lists). 

 

Infrastructure and Development Restrictions 

Pepperwood’s infrastructure includes facilities, transportation, water, energy, and 

communications to support public and staff use of the preserve. Approximately five miles of 
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Pacific Gas & Electric high-voltage power lines and support towers transport energy from the 

Geysers’ geothermal facilities. These operate pursuant to 1969, 1971, and 1983 easements that 

permit maintenance and clearing of vegetation within the power line right of way. The 

remainder of electrical, phone, and water utilities run underground (with the exception of pole-

mounted electrical and phone lines to the Finnel and Bechtel houses). The preserve’s water 

supply is comprised of a well and a distribution system that includes a 30,000-gallon storage 

tank for fire protection and domestic use (Map E.7 Infrastructure of Pepperwood). The Dwight 

Center also has a stormwater runoff catchment system for irrigation needs, which requires 

upgrades and approval by the Sonoma County Permit and Resource Management Department 

before coming on line.  

 

There are seven buildings under Pepperwood’s care, the largest of which—the 9,400-square-

foot, LEED Gold Certified Dwight Center—includes classrooms, offices, meeting rooms, 

laboratories, a gallery, library, kitchen, and a dedicated parking area. The Bechtel house 

provides meeting space and overnight facilities for visiting researchers and educational groups. 

Pepperwood staff and stewards live in the Garrison, Mountain, and Finnel Houses. The Hume 

Observatory, operated in partnership with the California Academy of Sciences, holds telescopes 

for astronomy classes. The red barn serves as a hub for tools and supplies, and is adjacent to 

the largest parking area on the preserve (78 spaces). There is also a state-of-the-art 

propagation and green house facility that is used to grow native plants for restoration activities. 

 

There are 1.2 miles of paved roads, 3.4 miles of gravel roads, and 11.4 miles of dirt roads on the 

preserve. All roads in the Mark West Creek watershed have been modified to restore hydrologic 

connectivity using rolling dips, rock lined stream crossings, out-sloped surfaces, and 100-year 

flow culverts. Roads in the Brooks Creek and Franz Creek watersheds are presently unimproved, 

but are slated for similar upgrades as funding becomes available. A hiking trail network, which 

is maintained on an as-needed basis, allows access to some areas of the preserve not served by 

roads (Map E.7 Infrastructure of Pepperwood).  

 

Much of the preserve’s boundary is fenced, with the notable exception of the area northeast of 

Martin Creek adjoining Knights Valley Ranch, and the northern boundary of the Garrison and 

Rogers Canyons. Other cattle-related infrastructure includes a paddock with a 

loading/unloading ramp, mobile electric fencing, and a gravity-fed, mobile water supply system 

derived from a test well on the highest point of the property. 

 

Any further infrastructure additions need to comply with deed restrictions established during 

the 2005 Pepperwood Foundation acquisition of the property. These restrictions were created 

in partnership with the California Academy of Sciences to ensure the property maintains a 
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“Forever Wild” status in perpetuity, and the preserve is subject to annual Academy-supervised 

audits to ensure compliance. Development for educational and research activities is restricted 

to the “Educational Facilities Zone” (EFZ) comprised of approximately 200 acres at the southern 

entrance of the preserve near the Dwight Center. No residential, agricultural, or commercial 

use may be conducted outside the EFZ. The serpentine chaparral within the EFZ may not be 

disturbed by development. New roads cannot be built outside the EFZ without the prior 

approval of the Academy’s Executive Director. Mineral extractions are prohibited and hunting is 

not allowed except for the removal of non-native animals. 

 

Land Use History 

The sections below describe aspects of the preserve’s past land uses that are relevant to 

current conditions and management, and are based on available documentation or oral 

histories. The Drivers of Change section that follows outlines specific mechanisms of change 

created by shifts in the land management practices summarized here. 

 

Traditional Wappo Land Management Practices  

Pepperwood is privileged to work with our Native Advisory Council, whose knowledge and 

guidance allows us to place the preserve’s current management within the context of 

traditional practices. These practices, most likely developed since the last ice age (14,000 years 

before today), contrast significantly with more intensive European and US land uses 

implemented over a relatively short time period (less than 200 years). Document co-author and 

Council Chair Clint McKay shared specific indigenous management practices that would have 

been used at the preserve, as well as current opportunities to restore native approaches to land 

stewardship. 

 

Pre-European contact, Wappo villages were widely distributed in Napa, Sonoma, and Lake 

Counties. Wappo land management practices, which we assume comprised the management 

regime of Pepperwood, were very similar to those practiced by their neighbors, the Pomo, 

Miwok, and Sotoyome. Most likely the entire North Bay region shared a cultural ecology over 

multiple thousands of years, which regarded habitat management an ancient and sacred 

partnership between humans and nature. Even today, no plant is planted, pruned, or coppiced 

without a shared acknowledgement of the connection between it and the person collecting its 

leaves, branches, roots, or bark. As one Pomo woman eloquently said, “Never take without 

asking and never ask without giving thanks.” Likewise, at the societal level, this sacred 

relationship is acknowledged with elaborate ceremonies that celebrate seasonally important 

resources, such as the Wappo’s annual strawberry festival (Sawyer 1978; J. Parker pers. comm. 

2010; C. McKay pers. comm. 2015). 
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Ethnographic and archaeological studies, as well as oral histories, all indicate that tribal land 

and water management entailed a complex set of activities strategically designed to support 

resource abundance (Barrett 1908, Anderson 2005). Seeds of desirable plants were saved and 

planted, and undesirable plants were removed. Plants were cultivated with digging sticks, 

pruned, thinned out, and sometimes coppiced to encourage production. In particular, three oak 

woodlands species—California black oak (Quercus kelloggii), tanoak (Notholithocarpus 

densiflorus), and blue oak (Quercus douglasii)—were specially cultivated. Meadowland plant 

communities that were home to a number of edible species were also selected for. Sage species 

(called chia by Native Californians) in the genus Salvia and Indian clover (Trifolium 

albopurpureum and T. amoenum) were both maintained in monocultures of sometimes ten or 

more acres. This level of production was also true for seed crops like California fescue (Festuca 

californica) and numerous other plants that provided edible roots and bulbs.  

 

Plant communities that offered fiber and basketry resources like dogbane, willow, sedge, 

bulrush, redbud, and bracken fern, were also encouraged. Local tribes practiced a sophisticated 

plant-based ethno-pharmacology that used dozens of species to treat all the most common 

human ailments including skin rashes, pulmonary issues, headaches, pain, digestive difficulties, 

and eye infections (Goodrich et al. 1996). 

 

Such intense habitat manipulation had a profound effect on local animal communities. The 

Native practice of encouraging willow, sedge, and bulrush kept river and stream banks secure 

and fostered healthy salmon and steelhead trout (Oncorhynchus mykiss) populations. These 

species played a critical role in the local food chain. Their four annual runs through the Laguna 

de Santa Rosa also delivered large volumes of marine nutrients into upland spawning grounds 

in the headwater creeks of the Pepperwood region. Likewise, Native-managed meadowlands 

supported vast herds of deer and tule elk (Cervus canadensis subsp. nannodes) and their 

predators. This mosaic of healthy habitats also supported a diverse array of bird life (Anderson 

2005; C. McKay pers. comm. 2015). 

 

Besides cultivation practices, the most powerful Native land management tool was fire. Every 

North Bay habitat type was likely burned on a regular basis (M.K. Anderson pers. comm. 2012), 

and sometimes multiple times at the same site within a decade. Burns at the end of summer 

(before seed germination) were used to eliminate undesirable plants such as poison oak, 

thickets of Douglas-fir saplings, overly dense chaparral, and tanoaks in redwood forests (M.K. 

Anderson pers. comm. 2012; C. McKay pers. comm. 2015). Fall burns were used to encourage 

particular plant communities that respond well to fire, and those that benefit from the carbon 

and other nutrients fires release into the soil. For example, Native knowledge suggests that 
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their three favorite oak species increase acorn production after the application of gentle fall 

fires. 

 

European Settlement and Mexican Land Grant Period: 1820–1880  

We hypothesize that the most significant human impacts at the preserve were caused by the 

transition from Native American land management practices to those of the earliest European 

settlers starting in the 1820s (Dawson 2008, Evett et al. 2013). We further assume that the 

landscape recorded by the earliest European and American surveyors reflected millennia of 

Native Californian land management practices, changes to which occurred rapidly upon the 

arrival of the Spanish/Mexican regimes.  

 

The region around Pepperwood’s valleys and lowlands were claimed by the Mexican 

government’s Land Grant Program, whose maps and descriptions of local vegetation have 

helped reveal the historical ecology of the preserve (Dawson 2008, Evett et al. 2013). 

Widespread livestock grazing started with the establishment of the missions and then 

expanded with the award of these Mexican land grants to prominent settlers (Bartolome et al. 

2007). Pepperwood was within the boundaries of the 17,000-acre Rancho Mallacomes land 

grant, which was awarded in 1843 to Jose de los Santos Berreyesa, the last alcalde of Alta 

California. These early settlers prohibited Native Americans from burning grasslands with the 

intention of protecting livestock forage, while at the same time introducing a host of European 

annual grasses and weeds.  

 

In addition to these ecological impacts, European settlement took a heavy direct toll on the 

Native Californians stewarding these lands. The neighboring Sotoyome tribe, who had signed a 

peace treaty with General Vallejo in 1837, were devastated by a smallpox epidemic later that 

year (Smilie 1975). According to Jestes (2012) the 1837 outbreak of smallpox originated at Fort 

Ross and dramatically decreased native populations throughout Sonoma and Napa counties to 

an estimated 3,500–5,000 in 1851. 

 

Thanks in large part to the Gold Rush, the number of settlers in Sonoma County grew from just 

500 in 1850 to 8,000 in 1858, and then to an estimated 11,000 by 1860 (Redwood Empire Social 

History Project 1983). The US General Land Office surveys recorded thousands of observations 

of the county’s upland vegetation after California became a part of the United States in 1850. 

The first such survey available for Pepperwood describes the area to the north of Telegraph Hill 

as “dotted with horses and cattle” (Tracy 1858). The productive native perennial grasses of the 

coastal valleys made them ideal for raising cattle and sheep to meet the growing population’s 

demand for hides, tallow and meat (Burcham 1961, Ford and Hayes 2007). As domestic grazers 

increased, invasive species also spread throughout these grasslands, decreasing forage quality 
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(Burcham 1961). Non-native annual grasses further dominated as native perennial species were 

overgrazed during several periods of extended drought (Howard 1998).  

 

Early settlers also dramatically impacted the area’s native fauna. Large mammals, particularly 

carnivores and tule elk, were hunted and displaced to the point of extirpation, and by 1870 only 

30 tule elk remained in California. The fur trapping industry also took a toll on populations of 

smaller mammals. Amphibian population declines began in our region with habitat modification 

and impacts to populations heavily harvested for food during the gold rush era. Amphibian 

population declines continued dramatically through the 20th century due to habitat loss, 

invasive species, and introduced disease. The resulting impacts of these biodiversity losses on 

disturbance regimes, the food chain, and interdependent species guilds are poorly understood. 

 

The Early US Period: 1880–1978  

Land and water use practices, particularly intensive livestock grazing, continued to transform 

the region’s hydrology, flora, and fauna. As the population grew in the lowlands below 

Pepperwood in the 19th and early 20th centuries, many wetlands and wet meadows were 

drained and diked and streams were channelized. “Knick points” or “head cuts” caused by 

channel excavation created a mechanism whereby streambed erosion moved upstream into 

the foothills where Pepperwood lies. We hypothesize that channel incision during this time 

impacted the preserve's streams, although we are not sure to what extent. Combined with the 

compaction and bank erosion likely attributable to heavy grazing, we assume a cumulative 

impact of streambed erosion and related slumps and hill slope landslides. All regional cold-

water fisheries declined precipitously during this period, particularly Coho salmon 

(Onchoryhnchus kisutch) which was pushed to the brink of extinction in the entire Russian River 

basin thanks to habitat and flow modifications.  

 

Redwood and Douglas-fir were preferred species for use in construction during this time, and 

much of the region was heavily logged to construct San Francisco both before and after the 

1906 earthquake and fire. However, it is not known how heavily the local forests of 

Pepperwood and its environs were logged.  

 

Numerous homesteads sprang up on what is now the preserve, which were cultivated by 

families including the Carrillo brothers, the Garrisons, the Goodman Family, the McCanns, the 

Strebel clan, and the Weimars (Map E.1 Regions of Pepperwood). These homesteaders ran 

domestic livestock, planted crops including grapes, plums, apples, and pears, and developed 

roads and water resources. Vineyard row mounds can still be detected along some of 

Pepperwood’s grassy ridges. Fencing found throughout the preserve indicates sheep once 

grazed the grasslands. The Garrisons also logged hardwood in Garrison Canyon for a charcoal 
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kiln located near Mark West Lodge. The Oregon oak forest in Garrison Canyon is typified by 

small diameter oaks which may be the result of trees planted following this harvesting for 

charcoal production.  

 

Jack McCann lived at Pepperwood until 1948. He sold 1,300 acres to Phil Finnel of San Francisco 

who then sold it to Ken Bechtel in 1952. Mr. Bechtel continued to add parcels to Pepperwood, 

eventually acquiring approximately 8,000 acres including what is now known as Knights Valley 

Ranch. The Bechtels ran cattle on their land and developed small livestock watering reservoirs 

that still exist today. 

 

In the fall of 1964, the Hanley fire burnt from Calistoga to the outskirts of Santa Rosa, including 

most of Pepperwood except Garrison Canyon and Martin Creek. A bulldozer scar on the ridge 

east of the Garrison house remains from efforts to protect the property, and many of the oak 

trees at Pepperwood still bear fire scars. Many Douglas-fir trees were killed, with some still 

standing as snags around the preserve. Most stands of chaparral were renewed, and many 

madrone (Arbutus menziesii) and California bay tree (Umbellularia californica) stands are also 

stump sprouts from after the 1964 fire. In September 1965 another fire (PG&E #10) burned the 

length of the northwestern arm and Bald Hills on the neighboring property, ending just north of 

Martin Creek. 

 

Recent Management: 1979–2005  

By 1979 Sonoma County’s population had surpassed 280,000 due to the growth of its nine cities 

(Figure 2.2). As the local economy grew, large swaths of formerly agricultural and open space 

were converted to housing and commercial development. The resulting landscape 

fragmentation reduced its permeability to wildlife, and during this period federal and state 

wildlife agencies listed several species as being threatened with extinction. The local wine 

industry also flourished, converting additional acreage to intensive agriculture. Increased water 

extraction for these domestic and agricultural uses began to deplete aquifers and streamflows.  
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Figure 2.2. Sonoma County population growth, 1940–2015  

Source:  County of Sonoma, 2016 

http://sonomacounty.ca.gov/CAO/Public-Reports/About-Sonoma-County/Population-Growth/ 

 
The value of the preserve as protected headwaters and a habitat refuge increased as the 

landscape around it was developed for human use. In 1979, Kenneth and Nancy Bechtel 

donated 3,117 acres of land to the California Academy of Sciences and the Pepperwood 

Preserve was created. Under the management of biologist Greg deNevers, the Academy 

developed a scientific baseline of the preserve’s natural resources including geologic maps; a 

list of vascular vegetation; a plant collection; and species lists of reptiles, amphibians, 

mammals, and birds. Mr. de Nevers removed some invasive plants, focusing on tree-of-heaven 

(Ailanthus altissima) and French broom (Genista monspessulana). He also began removing 

Douglas-fir saplings that were encroaching into oak woodlands and removed miles of old 

fencing. Winter and spring cattle grazing continued during the Academy’s tenure, and a 

detailed description of the grazing regime under their ownership can be found in the history 

section of the Conservation Grazing Plan for Pepperwood Preserve (Gillogly et al. 2016). 

 

On July 4, 1995, a 17-acre grass fire burned the area between the Goodman homestead and 

Three Tree Hill. About two acres of serpentine chaparral at the Pepperwood entrance burned in 

August 2001, sparked by a neighbor's mowing activities (Map E.9 Fire Footprints of 

Pepperwood). 

 

Pepperwood Foundation Management: 2005–Present  

In 2005, the Pepperwood Foundation (a 501(c)3 public charity) was established by Herb and 

Jane Dwight to assume stewardship of the preserve from the California Academy of Sciences. 

The Pepperwood Foundation hosts on-site programs to enhance the biological diversity of the 
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preserve and to promote natural science education and research. This has been made possible, 

in part, through the construction and opening of the Dwight Center in 2010, the dedication of 

the Stephen J. Barnhart Herbarium in 2012, and the establishment of the Stephen J. Barnhart 

Internship fund in 2012, which supports Santa Rosa Junior College students conducting 

ecological research at the preserve. Pepperwood’s staff grew from three in 2005 to 18 in 2017. 

These staff members support a robust education initiative, active research and monitoring 

programs, and the comprehensive natural resource management activities described in this 

document. 

 

In 2010 Pepperwood became home to the Terrestrial Biodiversity Climate Change Collaborative 

(TBC3) which advises on long-term research strategies and monitoring to understand the 

relationship of climate variability and climate trends to ecosystem processes. In 2015 

Pepperwood focused this effort on bringing scientists and land managers together to improve 

our understanding of the relationships between fire, forest health, and land management and 

to advance best management practices by federal, state, local, and private land and water 

managers based in the Mayacamas to Berryessa Coast Range regions.  

 

3. Drivers of Change 

Below we outline the major human and environmental drivers that we hypothesize have 

shaped Pepperwood's ecological legacy. Habitat management strategies then address how 

adaptive management fits into this conceptual framework of drivers of change (Table 3.1).  

 

Land Use and Habitat Conversion 

Loss of Historical Indigenous Land Use 

For many thousands of years Pepperwood was managed and modified by native tribes to 

maximize food and resource abundance (see description above). Lost practices include seasonal 

fires, sustainable hunting, intentional cultivation of preferred plants, and suppression or 

elimination of undesirable plants and animals. We hypothesize that the loss of these indigenous 

management practices has resulted in the following mechanisms of change on the preserve. 

 

 Elimination of prescribed fire causes an accumulation of dead and dying plant material 

and higher tree densities, that in turn increases fuel loads and the risk of catastrophic 

forest and woodland fires. The lack of intentional fires, accompanied by more aggressive 

fire suppression, causes species shifts such as the invasion of Douglas-fir into oak 

woodland habitats and decreases in fire-dependent species. 
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 Some plant species which may have once been prevalent thanks to cultivation practices 

are now rare or absent, potentially reducing plant and animal productivity, particularly 

in grasslands and oak woodlands. 

 

 Loss of indigenous hunting and fishing may shift relationships among trophic levels of 

the food chain; however, these impacts are uncertain. 

 

Introduction of New Land Uses by European and American Settlers  

Arriving European and US settlers introduced resource-intensive land and water management 

practices and a host of non-native and invasive species to our local landscape.  

 

 The introduction of non-native annual grasses coincident with severe overgrazing and 

drought reduce native species cover and introduce novel invaders, converting native 

grasslands to those dominated by non-native species. 

 

 Overgrazing, and the transition from native, perennial (characterized by deep root 

structures) to non-native, annual (shallow-rooted) grasses, reduces the soil quality of 

grasslands. Grazing practices likely cause compaction and accelerate soil erosion, which 

reduces soil carbon and moisture holding capacity. The transition to shallower-rooted 

species also reduces opportunities for water infiltration across Pepperwood’s 

rangelands.  

 

 Settlers drain wet areas and channelize streams across the region. Stream 

channelization causes a conversion from wetland to upland species, and reduces the 

opportunity for on-site soil and aquifer recharge. In-stream mining for building materials 

and dredging for navigation exacerbates stream incision throughout the Russian River 

basin, dewatering many wet meadows at montane-foothill transitions, and lowering the 

“base level” of streams in local watersheds, including those of Pepperwood. 

 

 Road development and forest and mineral resource extraction begin, including charcoal 

production from oaks that supplied a community kiln in Mark West Springs. We do not 

know the extent of this impact at Pepperwood. 

 

 The conversion of wildlands to agriculture throughout the region includes loss of native 

vegetation and habitats, destruction of additional wetlands, fragmentation of large 

habitat blocks, and reduced hydrological function and connectivity. This threatens the 

connectivity of Pepperwood to other nearby open spaces. 
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Residential and Agricultural Development since the Mid-20th Century 

Rapid population growth and urbanization of neighboring cities cause cumulative impacts to 

spill over to nearby Pepperwood. The Pepperwood Foundation increases on-site access and 

programming. 

 

 Population growth and conversion of land for urban and agricultural landscape further 

fragments the habitats around Pepperwood. 

 

 More water is extracted from local streams and aquifers for human and agricultural use, 

leaving less available to support ecosystems downstream of the preserve. 

 

 The motor vehicle becomes the dominant transportation mode, introducing air-borne 

pollutants to the preserve (see below for details on nitrogen and ozone impacts) and 

accelerating the rapid spread of invasive species and road-related erosion at the 

preserve. 

 

 The dominant land use at Pepperwood is low-intensity open range cattle grazing and 

occasional visiting researchers, until the transfer of the property to the Pepperwood 

Foundation in 2005 and the opening of the Dwight Center in 2010, which now hosts 

thousands of visitors per year. 

 

Native Species Losses 

By the early 20th century, biological resources at Pepperwood, and in the region as a whole, had 

suffered significant species losses.  

 

 Carnivores including the grizzly bear (Ursus arctos), gray wolf (Canis lupus) and North 

American beaver (Castor canadensis), are extirpated from Pepperwood and its environs. 

 

 Tule elk are also extirpated.  

 

 Disturbance regimes such as episodic foraging by native species that are essential to 

habitat health are lost due to these species’ declines. 

 

 Coho salmon are lost from most Russian River watersheds, only persisting in Mark West 

Creek today thanks to assistance from a captive broodstock and recovery program.  
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 Amphibian populations declined with the arrival of the deadly fungal pathogen 

(Batrachochytrium dendrobatidis) in the mid 20th century and are threatened today by 

the potential arrival of a new, salamander-specific chytrid fungus (Batrachochytrium 

salamandrivorans), the spread of which is accelerated by the international pet trade. 

 

Invasive Species 

Invasive species are generally non-native organisms that are introduced, either accidentally or 

intentionally, to regions outside their natural range and cause harm in their new home. Some 

non-native, invasive species can spread rapidly and are able to quickly colonize disturbed areas, 

while others can degrade relatively pristine environments. Non-native invasive species are 

recognized as one of the leading threats to biodiversity and impose enormous costs to 

agriculture, forestry, fisheries, and other human enterprises, as well as to human health. Many 

of the land use impacts above included the introduction of invasive species as a result of a 

growing and increasingly mobile population and global trade system.  

 

 Invasive plants can outcompete native plants, reducing native cover and biodiversity 

and degrading related ecosystem services. 

 

 Invasive animals reduce biodiversity, impact the food chain and can cause widespread 

habitat disturbance. Examples include wild boar (Sus scrofa), wild turkey (Meleagris 

gallopavo), and American bullfrogs (Lithobates catesbeianus). 

 

 Invasive-acting native species at Pepperwood including Douglas-fir (Pseudotsuga 

menziesii var. menziesii) in oak woodlands and coyote brush (Baccharis pilularis subsp. 

consanguinea) in grasslands likely begin to display invasive behavior due to fire 

suppression. 

 

Pollution Including Nitrogen Deposition and Ozone 

The post-World War II baby boom generation quadrupled the population of Sonoma County 

coincident with a “green revolution” and expansion of an automobile industry also built on 

petrochemical technologies. This has resulted in aerial deposition of air pollutants to Sonoma 

County, particularly along major highway corridors like the 101 Freeway, including Pepperwood 

(see Figure 3.1 below). 

 

Atmospheric nitrogen (N) deposition causes multiple ecosystem effects, including changes in 

plant species composition accompanied by losses in biodiversity, and enhanced nitrogen cycling 

that can lead to leaching of nitrate and gaseous emissions of mono-nitrogen oxides (NOx) (Fenn 
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et al. 2010). Within ecosystems, the effects of nitrogen deposition include nitrogen enrichment 

in pure chaparral stands, which is associated with loss of symbiotic mycorrhizae and increases 

in less symbiotic species (Bobbink et al. 2010). While ozone causes premature foliage loss in 

pines (Bobbink et al. 2010), nitrogen deposition stimulates foliar growth, leading to greater 

litter accumulation in the forest floor (Fenn et al. 2003). 

 

The specific impacts of nitrogen deposition in the California Mediterranean ecoregion has not 

received detailed attention in the literature; however, for California ecosystems more 

generally, critical loads (CL) for nitrogen deposition have been established (Fenn et al. 2010). 

Lichens in all ecosystems are the most sensitive (CL = 3-5.5 kg-N ha-1 yr-1) and impacts are 

expressed as increased nitrogen content and shifts away from oligotrophic toward eutrophic 

species. Grasslands (CL = 6 kg-N ha-1 yr-1) exhibit increased growth of non-native annual grasses 

that crowd out native forbs. Increased grass growth in open shrublands like coastal sage scrub 

(CL = 7.8-10 kg-N ha-1 yr-1) increases fire risk and reduces fire return intervals. Chaparral (CL = 

10-14 kg-N ha-1 yr-1) and mixed conifer forest (including hardwoods, CL = 17 kg-N ha-1 yr-1) 

exhibit nitrate leaching. 

 

Pepperwood is located in a high deposition zone downwind of agricultural and urban nitrogen 

sources in the Santa Rosa Plain. Estimates at Pepperwood range from 9–20+ kg-N ha-1 yr-1 

(Figure 3.1 below, Tonnesen et al. 2007, Fenn et al. 2010). Deposition levels at Pepperwood are 

above the CL for many systems, including nitrate leaching from mixed conifer/hardwood 

forests. Spring water nitrate samples collected in December 2015 show detectable nitrate at 

1.2–1.3 mg/L in three quarters of the springs tested (see Appendix D Climate and Hydrology, 

Table D.1). These levels indicate nitrogen saturation of the ecosystems, and are comparable to 

spring-fed baseflow in the heavily polluted San Bernardino Mountains (Devil's Canyon).  

 

The other air pollutant of ecological concern in our region is ozone, which is a strong oxidant 

that can damage leaf tissue when absorbed by their stomata. Ozone levels at Pepperwood are 

not known at present, but they are likely relatively high for the Bay Area. Upwind sources of 

NOx and hydrocarbons in the Santa Rosa Plain provide ozone precursors, and Pepperwood’s 

distance downwind from the sources provide time for the ozone to form and escape the 

quenching effect of NOx. Ozone effects might be seen in the few ponderosa pines (Pinus 

ponderosa) on the preserve. Lichens can also be used as bio-indicators for ozone pollution.  
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Figure 3.1. Pepperwood and environs nitrogen deposition map 

Source:  Schere 2002, Fenn et al. 2010 
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Climate Change 

Climate influences habitat availability, organism survival, competitive dynamics, species 

abundance, plant productivity, and other important drivers of biodiversity and ecosystem 

function. Rapid changes in climate attributable to anthropogenic emissions of greenhouse gases 

have resulted in increased summer temperatures on the order of 1+°F and winter temperatures 

on the order of 2+°F in Sonoma County compared to 1951–1980 (Cornwall et al. 2015). We 

briefly summarize projected climate impacts here and provide more details and examples of 

the TBC3 climate data tools available for managers in Appendix D Climate and Hydrology. 

 

Based on global climate models, Pepperwood will experience consistently increasing 

temperatures over time, with some uncertainty about the rate and timing of change primarily 

due to uncertainty in our future global greenhouse gas emissions. It is estimated that continued 
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climate change will increase temperatures from 2.5°F (for scenarios that assume significantly 

mitigated and reduced greenhouse gas emissions) up to 6°F (for scenarios that assume 

“business as usual” greenhouse gas emissions) by mid-century. However, climate models 

project a less certain future for regional rainfall conditions, with estimates ranging from 25 

percent more to 25 percent less rainfall over the long term. While the direction of rainfall 

change is uncertain due to current limits to oceanic and meteorological modeling, models tend 

to agree that the future is likely to hold more extreme annual rainfall highs and lows (Micheli et 

al. 2016).  

 

Pepperwood will be subjected to increases in several types of extreme events under climate 

change, including extreme heat days, which are projected to become more frequent and 

intense. An analysis for the Russian River basin showed that projected increases in long-term 

temperature averages translate to 10–15-fold increases in the total number of summer days 

exceeding 95°F (Micheli et al. 2016). The frequency of heavy rain events, drought, and fire are 

also expected to increase across the region, while winter freeze days are projected to decrease 

(Cornwall et al. 2015). Precipitation will most likely be more variable than historical averages 

with potentially longer, more frequent periods of drought and potentially more intense storms. 

Surface and groundwater supplies are also likely to be more variable. 

 

Warmer and potentially more arid conditions may mean that some species that have long made 

Pepperwood their home may cease to be able to live here in the coming decades. By the end of 

the century, Pepperwood’s vegetation may be in transition to more drought-tolerant and fire-

prone species. Some vegetation transitions will likely be preceded by mass mortality events, 

likely driven by fire, or outbreaks of insects and pathogens in drought stressed trees. As 

vegetation faces novel climatic regimes, such mass mortalities can occur at large scales over 

short time periods of time. This was recently seen in California's Sierra Nevada, where 

according to US Forest Service Aerial Detection Surveys, an estimated 29 million trees died 

during our recent (2012–2015) historic drought.  

 

Climatic Water Deficit: An Integrated Measure of Climate Stress 

Increased temperatures combined with more variable rainfall are likely to cause an overall 

trend towards more arid conditions at Pepperwood and across our region, even if rainfall is 

higher than average (Micheli et al. 2012). This seemingly counterintuitive result is due to 

climatic water deficit (CWD), which is the difference between potential and actual 

evapotranspiration. In other words, CWD is a measure of drought stress or the difference 

between the amount of water that could be used by vegetation and the amount of water 

actually available. Because higher temperatures increase evapotranspiration rates so much, 

climatic water deficits are predicted to increase across all future scenarios regardless of 
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whether total precipitation increases or decreases. This is true for Pepperwood as well as for 

California as a whole (Flint and Flint 2014).  

 

Because CWD is a good indicator of the cumulative effects of both variable rainfall and 

increasing temperatures, it can be considered an integrated measure of potential drought 

stress due to climate change. It captures the water balance physics of how soils, water, and 

solar radiation interact, and has been found to be an important attribute in predicting where 

plants can grow in Northern California (Ackerly et al. 2015). At Pepperwood, we used a high-

resolution Basin Characterization Model (BCM) to map occurrences of vegetation on the 

preserve relative to CWD values (see below).  

 

Figure 3.2. Distribution of vegetation types at Pepperwood as a function of current average 

climatic water deficit values, 10-meter resolution  

Source:  2014 California BCM

 

Figure 3.2 above shows that some of Pepperwood’s plant communities are CWD specialists, 

while some are more properly classified as generalists. Oak woodlands occur across almost all 

CWD values, reflecting the diversity of oak species and their respective drought tolerances. 

Mixed hardwood forests similarly span the full range of conditions found at Pepperwood, but 

are dominant at lower water deficits, as are Douglas-fir. Grasslands also span a broad range, 

but the bulk lands in the central portion of the distribution. Redwoods occupy only the lower 

half of the CWD range, while chaparral proves perhaps the most drought tolerant. 
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Using the 270-meter California BCM data available online, we can summarize projected change 

in the magnitude of CWD averaged over the preserve as a whole below (Figure 3.3, Table 3.1). 

This analysis shows that by the century’s end, average water deficits for the preserve are 

projected to rise 11–23 percent compared to the 1951–1980 baseline.  

 

We examine the occurrence of vegetation communities across climatic-hydrologic gradients at 

the preserve in each habitat-specific section. For any species, examining the full range of 

conditions a species can tolerate may provide an indication of whether not it will be able to 

survive a particular projected magnitude of change, including CWD increases. Fortunately, 

there may be ample refugia for some species within short distances given the high spatial 

variability of Pepperwood’s water deficits when they are examined at finer scales. 

 

Figure 3.3. Projected change in climatic water deficit for Pepperwood, 1981–2099, 270-meter 

resolution  

Source:  2014 California BCM
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Table 3.1. Historical and projected average climatic water deficits for Pepperwood Preserve, 

California Basin Characterization Model, 1951–2099, 30-year time steps 

Source:  2014 California BCM 

  
Historic Recent 

Warm, Moderate 

Rainfall Warm, High Rainfall Hot, Low Rainfall 

  
1951–

1980 

1981–

2010 

2010–

2039 

2040–

2069 

2070–

2069 

2010–

2039 

2040–

2069 

2070–

2069 

2010–

2039 

2040–

2069 

2070–

2069 

CWD 

(inches/year) 
29.0 29.7 30.2 31.4 32.5 29.4 30.9 32.4 30.2 32.9 35.6 

Percent Change 

from 1951–1980 
NA 2 4 8 12 2 7 12 4 13 23 

 

Projected Impacts of Climate on Native Vegetation Composition 

Ackerly et al. (2015) have developed a model of potential Bay Area vegetation changes as part 

of the TBC3 collaboration. Results suggest that in the North Bay there will be a shift toward 

greater climate suitability for drought-tolerant plant communities like chamise chaparral 

(Adenostoma fasciculatum), semi-desert scrub, and coast live oak (Quercus agrifolia var. 

agrifolia), and a decrease in cover of cool, wet-adapted conifer communities such as Pacific 

coast redwood (Sequoia sempervirens), Douglas-fir, and montane hardwoods. Conifer decline is 

expected over the next century along with increases in chaparral, semi-desert scrub, and 

certain oaks in the Southern Mayacamas Conservation Lands Network (CLN) landscape unit, as 

listed below (Ackerly et al. 2015, Micheli et al. 2016). 

 

 Climate Winners: vegetation communities with projected increases in climate suitability 

such as semi-desert scrub (Artemisia sp.), chamise chaparral, knobcone pine (Pinus 

attenuata) 

 Climate Stable: vegetation communities with no projected significant change in climate 

suitability like coast live oak, California bay laurel, blue oak, valley oak (Quercus lobata) 

 Climate Losers: vegetation communities with projected decreases in climate suitability 

including Pacific coast redwood, Douglas-fir, Oregon oak, California lilac (Ceanothus sp.) 

 Unknown: black oak, grass species, rare plants, herbaceous species, animals 

 

There is evidence that recent climate trends are already creating ecological shifts in California’s 

forests, including declines of large trees and increased dominance of oaks (McIntyre et al. 

2014). The 2015 drought and associated accumulated CWD levels are estimated to have been 

the highest of the past half millennia (Anderegg et al. 2015). Lessons learned about vegetation 

stresses on the preserve and management responses during this recent drought provide a good 

analog for what may be more prevalent conditions in the future (see Appendix D Climate and 
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Hydrology for a more detailed description of 2015 drought impacts on the preserve). Real-time 

monitoring of our vegetation communities in partnership with UC Berkeley’s Ackerly lab will 

prove critical in identifying actual mechanisms and modes of potential change. 

 

Potential Impacts of Climate Change on Wildlife 

Wildlife species range contractions may occur directly due to their sensitivity to decreasing 

suitability of local climate, or may occur indirectly due to shifts in the distribution of resources, 

novel predators, or competitors. A range expansion may occur when new regions become 

suitable or there are increases in habitat or other resources. This is assuming that there is 

sufficient connectivity and time for migration into expanded habitats See the discussion under 

the Wildlife Climate Change Considerations heading in Section 2.C for additional details. 

 

 Example Potential Stable Species (amphibians): Amphibians adapted to hot dry 

conditions, with species ranges that reach far into Southern California where current 

conditions are similar to expected future conditions at Pepperwood include the western 

toad (Anaxyrus boreas) and Pacific chorus frog (Psuedacris regilla). 

 

 Potential Climate Winners or Leading Edge Species (reptiles): Reptiles that occur 

regionally, but not at Pepperwood, and that are adapted to the hot dry climate 

projected for the end of the century include the side-blotched lizard (Uta stansburiana), 

coast horned lizard (Phrynosoma coronatum), California whiptail (Cnemidophorus tigris 

subsp. mundus), Gilbert's skink (Plestiodon gilberti), and coach whip (Masticophis 

flagellum).  

 

 Predicted Climate Losers or Trailing Edge Species: There are 13 bird species of special 

concern that are considered climate endangered including northern harrier (Circus 

cyanus), Vaux's swift (Chaetura vauxi), and burrowing owl (Athene cunicularia). Trailing 

edge reptiles include the mountain kingsnake St. Helena subspecies (Lampropeltis 

zonata subsp. zonata), rubber boa (Charina bottae), sharp tailed snake (Contia tenuis), 

and the Pacific gopher snake (Pituophus catenifer subsp. patenifer). Amphibians that 

depend on perennial water sources, have low heat tolerances, or are susceptible to 

extirpation due to scour events during high flows may be climate threatened (e.g., 

California giant salamander [Dicamptodon ensatus], foothill yellow-legged frog [Rana 

boylii], rough-skinned newt [Taricha granulosa]). 

 

 Unknown: Western pond turtles (Actinemys marmorata) occur in desert habitats of 

Southern California, but also depend on seasonal or perennial water sources and are not 

thought to be particularly adapted to hot, dry conditions where they do occur. 
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Projected Impacts of Climate on Fire Frequency  

Projected increases in fire will be driven by both high CWD, and the potential for significant fuel 

accumulations under high rainfall scenarios (Krawchuk and Moritz 2012). Fire has a multitude of 

ecological, hydrological, ecological, and economic effects (Bixby et al. 2015). In much of 

California, including Pepperwood's region, fire is critical to healthy ecological functions, nutrient 

cycling, and the reproduction of fire-dependent species. Fire is an also important management 

tool, utilized for centuries by Native Americans and recommended for use by scientists today.  

 

Figure 3.4. Historical and end of century projected fire return interval near Pepperwood based 

on comparisons of high rainfall (PCM) and a low rainfall (GFDL) models  

Source:  Krawchuk and Moritz 2012 

 
Table 3.2. Current and projected fire return interval at Pepperwood during the current and end 

of century 30-year periods under two futures 

Source:  Krawchuk and Moritz 2012 

Period Model 

Predicted Fire Return 

Interval (years) 

Range Fire Return 

Interval (years) 

Recent (1971–2000) NA 122 112–129 

Current (2010–2039) 
GDFL (Hot, Dry) 109 110–116 

PCM (moderate) 116 106–124 

End of Century  

(2070–2099) 

PCM (moderate) 86 79–91 

GDFL (Hot, Dry) 90 82–98 
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Due to over a century of fire suppression, accumulated fuels in our forests now pose the risk of 

“catastrophic” fires. In addition to the direct impacts of severe fire on vegetation, soils, and 

wildlife, as well as post-fire floods or debris flows, fire can have secondary impacts on water 

quality and aquatic habitats (Bixby et al. 2015). Stream-dwelling organisms are particularly 

susceptible to these substrate souring events (Gresswell 1999). Long-term adaptive 

management strategies need to take into account a potentially more frequent fire regime and 

the risk of intense burns where fuels have accumulated. Vegetation management needs to 

balance reduction of fire risks with integration of fire benefits, where feasible. Pepperwood is 

presently piloting a prescribed burn program as part of its vegetation management tool box. 

 

Table 3.3 below provides a summary of metrics developed by Pepperwood staff to summarize 

specific climate change mechanisms of concern. 

 

Table 3.3. Climate vulnerability metrics and ecological impacts of change 

Climate Indicator (and Trend) Ecological Impacts and Concerns 

Minimum temperatures 

(increasing) 

Reduced freeze days; shifts in phenology (seed set, leaf-out, 

migration patterns, or emergence of overwintering of insects); 

shifts in growth period and or duration; shifts in disease 

dynamics and susceptibility 

Maximum temperatures 

(increasing in magnitude and 

frequency) 

Heat stress; water limitation; increases in wildlife and plant 

disease susceptibility; impacts on phenology; increased water 

temperature and related impacts on microorganisms; reduced 

dissolved oxygen 

Precipitation (greater variability) 

More frequent drought; species with high tolerance to extremes 

favored; impact on specialist species reliant on wetland habitat; 

episodic erosion and turbidity events 

CWD (increasing) 

Increased drought stress to plants; water stress to animals; 

decreased food availability; increased fire frequency; faster 

drying of wetlands, streams, and ponds; shifts in fungal 

communities, symbionts, and pathogens 

Runoff and recharge (greater 

variability) 

Greater proportions of runoff relative to recharge; changes in 

water availability for plants and wildlife 

Actual evapotranspiration (AET) 

(greater variability) 

High AET (correlated with plant productivity) indicates periods 

of high carbon sequestration and fuel loading 

Seasonality changes (potentially 

longer summers and shorter 

winters) 

Phenology shifts; asynchronicity of coevolved processes; food 

web impacts 

 Cumulative effects (increasing) 

Reduced reproductive output and success; impacts on 

vulnerable life stages and reduced recruitment; population 

declines; reduced food sources, species level abundance, gene 

flow and genetic diversity; trophic changes; habitat loss as a 

result of species shifts 
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4. Climate Adaptation Considerations 

To our knowledge, this Adaptive Management Plan is one of the first set of parcel-specific 

recommendations to be informed by TBC3 data products. The section below summarizes how 

climate change considerations were integrated into the formation of this plan, and informs 

subsequent habitat management sections.  

 

Step 1 - Evaluate general goals and assumptions in light of climate stressors 

a. Articulate current Pepperwood goals and existing stewardship actions 

b. Evaluate appropriateness of general management goals and strategies in light of 

climate change combined with other stressors  

c. Determine whether goals have the flexibility needed to accommodate potential 

reorganization of communities and ecosystems 

 

Step 2 - Evaluate the magnitude of projected climatic changes and estimate biological 

responses, with a focus on identifying vulnerable resources 

a. Explore historical or spatial analogs and available projections that can help provide 

an understanding of the degree of change and the likely ecosystem impacts  

b. Use spatial and temporal variability to put projected change in context (i.e., does the 

projected change exceed the local spatial variability or the historic range of temporal 

variability at a site of interest) 

c. Identify species that may be vulnerable to change and examine the potential for 

local and regional range shifts, including local seed sources and refugia 

d. Consider the life history of focal species relative to projected impacts 

 

Step 3 - Ensure priority monitoring programs capture a baseline for evaluating change over 

time 

a. Define critical baseline environmental and climatic data 

b. Identify critical resources and refugia, including: 

i. Water such as ponds, seeps, and springs—especially those that remain wet in 

extreme drought years 

ii. Cool, north facing slopes to protect species like Oregon oak, Napa false 

indigo (Amorpha californica var. napensis), and redwood forests  

iii. Old, large trees  

iv. Areas with high climate heterogeneity over short spatial scales 

v. Populations of resilient species that could provide future seed sources  

c. Ecosystem response indicator species relative to range maps 

i. Southern range-limited species 
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ii. Northern range-limited species 

iii. Temperature-limited species 

iv. Moisture-limited species 

 

Step 4 - Identify current management practices that already build resilience to climate change 

a. Reduce known stressors including invasive species, hydrologic degradation, and lack 

of disturbance to generate both immediate and long-term benefits 

b. Promote native species and their habitats to create healthier ecosystems that will be 

more resilient to change 

c. Promote habitat connectivity between the preserve and adjacent natural and 

working lands to give species room to adjust and migrate 

 

Step 5 - Consider proactive strategies to enhance resilience to climate change 

a. Consider post fire and flood response plans, as these events will “reset” the system 

and may be primary opportunities for intended or unintended shifts in species 

composition 

b. Consider seed banking and propagation of native species gathered from hot, dry 

conditions as likely “climate winners” 

c. Consider actions to increase water holding capacity through soil amendments (such 

as the Marin Carbon Project’s composting initative), targeted conservation grazing, 

and other eco-engineering projects 

d. Consider the reintroduction of fire as management tool to treat fuel loads and also 

create a less “thirsty” forest that would be prone to drought-induced mortality 

 

The biggest changes to our approach for planning in the face of climate change include an 

awareness that, in general, historical averages can no longer be projected into the future: the 

past may no longer serve as prologue in this rapidly changing world. As conservation 

practitioners, we have to shift from “preservation” to “conservation” of habitat structures and 

functions, without necessarily “freezing” species compositions in the state they are currently 

found. We echo the thinking of lead researchers in this realm on the utility of the “reserve as 

stadium” metaphor—the players on the field might change, but we strive to have the strongest 

team as possible at all times (Gunderson 2000, Heller and Zavaleta 2009, Anderson et al. 2012, 

Brost and Beier 2012). Most recently, TBC3 member Nicole Heller has summarized this 

approach as pursing a “natural practice,” which can be summarized by the key elements of the 

adaptive management approach described below. 
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5. Adaptive Management as a Natural Practice  

Adaptive management provides a framework for articulating goals and strategies, while doing 

research and monitoring to assess ecosystem response, and then re-articulating those goals 

and strategies in light of new information. The broad principles below set adaptive 

management in the context of what Heller and Hobbs (2014) has dubbed “Natural Practice.” 

 

Set broad goals supported by flexible strategies 

Because the future is inherently uncertain, management activities need to be implemented 

with flexibility and experimentation. Pepperwood’s management goals reflect uncertainty and 

leave room for an adaptive ecosystem response that may ultimately look different than our 

conceptual design.  

 

Reduce threats  

It is necessary to continue and strengthen activities that reduce known threats to native species 

persistence. 

 

Create opportunities 

Management actions that create opportunities for species to adapt and persist on their own 

terms are best. Some examples include activities that maintain or increase 1) hydrological and 

temperature refugia, 2) gene pool diversity, 3) propagule pressure from desired species (e.g., 

seeding), and 4) connectivity so species can move to track suitable climate.  

 

Pursue resilience 

Are management strategies targeting resistance or will they be resilient to change? Resistance 

strategies fight against long-term trends, while resilient strategies work with them. Successful 

strategies for resilience support ecosystems along self-sustaining trajectories, and do not 

require perpetual intervention.  

 

Accept limits to our potential to intervene 

Ultimately this is an adaptive plan for a natural area where the aim is to let natural processes 

unfold. Too much emphasis on controlling ecosystem response through interventions 

(especially without monitoring of undisturbed places) may not only be unrealistic but may lead 

to confusion about what factors are driving changes.  
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Invest in strategies that are robust to alternative futures 

From a climate perspective, “no regrets” strategies are ones that can work in both low and high 

rainfall futures. Management options that favor diversity at multiple scales are likely to favor 

robustness.  

 

Tap into lessons from current patterns of climate variability 

Understanding the current role of climate variability across the landscape can be a resource for 

planning for the future. Currently across our preserve, temperature has been observed to vary 

20˚F over relatively short distances. Consider targeting climatic variation, both spatial and 

temporal, to strategically plan management activities.  

 

Figure 5.1. Conceptual framework for summarizing potential adaptation strategies based on 

absolute value and historic variability of climatic water deficit 

 
 
 

In the remaining sections of this plan, we apply this concept of Natural Practice to both 

preserve-wide strategies and habitat-specific management. For a detailed discussion of how to 

apply the conceptual framework for summarizing potential adaptation strategies, using site-

specific climate and hydrology data, illustrated above, see Appendix D Climate and Hydrology.
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PRESERVE-WIDE MANAGEMENT STRATEGIES  
 

 

1. Maintain Hydrologic Connectivity and Promote Drought Resilience 

 

The Value of Hydrologic Connectivity for Landscape Resilience 

Hydrological processes are a primary driver of ecosystem structure and function, and all 

habitats benefit when watershed functions are protected. Vital functions include stream 

corridor connectivity, natural infiltration and recharge, and water quality maintenance through 

minimizing erosion. Particularly in our Mediterranean climate, perennial springs play a key role 

in maintaining cool, wet refugia in watershed headwaters. Soil moisture also plays an essential 

role as a reservoir for plants during the dry season. Streamflow, much of which is intermittent 

in our region, provides critical pulses of water and nutrients and continues to provide saturated 

subsurface habitat even when it dries out. Amphibians in particular rely on spring flows and 

shallow groundwater in and near streambeds. 

 

We hypothesize that historic land uses have caused losses of carbon-rich topsoil which, 

combined with the transition from deep-rooted native bunch grasses to shallow-rooted 

introduced annuals, have reduced infiltration and subsurface water storage capacity across 

large extents of the preserve. These changes may have reduced perennial flows in local 

streams, which was compounded in places by water extraction for human and agricultural uses.  

 

A key management issue affecting Pepperwood’s hydrology is road placement and 

maintenance, as roads create compaction, can interrupt and/or concentrate natural flow paths, 

and create opportunities to accelerate erosion through runoff and gully formation. Also, roads, 

crossings, and culverts must be placed and sized in a manner that does not cause streambed 

erosion or interrupt water or sediment transport. 

 

Our local Mediterranean ecosystems have evolved with the region’s hydrologic cycle and are 

adapted to periodic droughts. Maintaining hydrologic connectivity is a key strategy for further 

increasing drought resilience in the face of increasing future climatic water deficits. Plants here 

are especially well adapted to utilizing soil moisture as long as it is available within their rooting 

depth. At night, a plant’s deep roots may take in water that its shallower roots can then release 

into the soil above in a process known as hydraulic lift. This moisture transfer can ameliorate 

drought effects for nearby shallow-rooted plants, especially those near mature woody 

vegetation. Hydraulic lift can be important in both arid environments as well as mesic 

environments subject to seasonal water deficits (Dawson 1993). 
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Monitoring  

Pepperwood’s comprehensive Sentinel Site monitoring approach features a central weather 

station located near the Bechtel House and four supplementary UC Davis agricultural model 

weather stations located near the Dwight Center, in Martin Creek, Rogers Canyon, and near 

Double Ponds. Temperature, humidity, leaf wetness, soil moisture, and rainfall stations are 

distributed at the Ackerly Lab at UC Berkeley's long-term forest monitoring plots across the 

preserve (Ackerly et al. 2013). We have had a stream gauge on Rogers Creek since 2012, and 

multi-depth soil moisture probes (one in grassland, one in oak woodland) since 2013. As part of 

the Pacific Coastal Fog Team’s monitoring network, we have also measured fog frequency and 

water content. In 2017 we are starting a spring flow monitoring program. These data streams 

allow us to relate preserve hydrology to grassland and forest species composition and plant 

phenology, which are also monitored. Appendix D Climate and Hydrology provides details on 

site-specific monitoring and results as well as a discussion of the impacts that the 2011–2015 

drought had on the preserve. 

 

Management Strategies 

Table 1.1 below summarizes key management and monitoring objectives and activities focused 

on maintaining on-site watershed functions, and related adaptive management goals. 

 

Table 1.1. Hydrologic connectivity and drought resilience management and monitoring 

summary 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Promote and protect 

key ecosystem functions 

and services: maintain the 

water cycle and the 

connectivity of 

hydrological features 

 

 

1.1 Current: Minimize soil compaction 

and extent of impervious surfaces; re-

vegetate surfaces disturbed by 

construction, grading or erosion; 

minimize compaction from grazing by 

using short duration treatments  

1.1 Current: Visual 

inspection; monitoring soil 

bulk density and infiltration 

using Point Blue 

Conservation Science 

rangeland soil sampling 

protocols (Porzig et al. 

2015) 

 

1.1 Potential: Map and 

document revegetation 

treatments 

2a, 2b, 6c 
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Table 1.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Promote and protect 

key ecosystem functions 

and services: maintain the 

water cycle and the 

connectivity of 

hydrological features 

 

 

1.2 Current: Minimize soil erosion by 

avoiding concentrating flow around 

trails or roads and treating eroding 

roads and trails; utilize out-sloped 

roads and rolling dips to slow and 

spread the flow of water; maintain 

road crossing culverts and size to 

accommodate peak flows; treat 

gullies using vegetation best 

management practices 

1.2 Current: Visual 

inspection especially during 

large storms 

 

1.2 Potential: Utilize 

Sonoma LiDAR layer to 

identify erosion zones 

2a, 2b, 6c 

1.3 Current: Minimize impacts to 

riparian vegetation in all management 

activities including grazing 

prescriptions, road improvements, 

and trail building projects 

1.3 Current: Visual 

inspection especially 

following grazing; stream 

flow monitoring 

 

1.3 Potential: Monitor 

riparian forest, herbaceous 

habitat, and breeding 

amphibians 

1.4 Current: Increase infiltration and 

soil moisture holding capacity by 

increasing soil carbon content and 

porosity through conservation grazing 

and native grass restoration 

1.4 Current: Point Blue 

Conservation Science 

rangelands soil sampling 

protocols (Porzig et al. 

2015); Grassland 

Monitoring Project; 

headwaters flow timing 

monitoring using 

Thermochrons; 

groundwater well 

monitoring 

 

1.4 Potential: Consider 

expanding groundwater 

monitoring; map and 

document native grass 

planting activities; consider 

utilizing cameras to monitor 

streamflow 
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Table 1.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Promote and protect 

key ecosystem functions 

and services: maintain the 

water cycle and the 

connectivity of 

hydrological features 

 

1.5 Current: Protect springs and 

perennial water sources 

1.5 Current: Streamflow 

monitoring 
 

March 2017: Develop 

spring monitoring plan 
 

September 2017: Spring 

monitoring rapid survey 
 

Spring–Summer 2018: 

Resurvey springs for 

vegetation and amphibian 

communities 
 

September 2018: Install 

spring flow sensors 

2a, 2b, 6c 

2. Minimize impacts 

caused by users: maintain 

and enhance water 

quantity and quality by 

minimizing negative 

impacts of infrastructure 

and human access 

including education 

programs, research, 

recreation, and Dwight 

Center operations 

 

2.1 Current: Minimize vehicular soil 

compaction by prohibiting travel on 

wet roads or soils 

2.1 Current: Visual 

inspection of roads and 

offroad travel 

2a, 4a, 4b 

2.2 Current: Reinforce clarity with 

PG&E regarding right-of-way access 

and communicate when Pepperwood 

roads are inaccessible due to soggy 

conditions 

2.2 Current: Visual 

inspection of roads and 

offroad travel 

2.3 Current: Control ersosion by 

grading roads in advance of storms, 

address erosion concerns and 

conduct winter-time maintenance of 

roads where water damage occurs 

2.3 Current: Visual 

inspection of roads and 

offroad travel 

 

2.4 Current: Conserve water from our 

wells and other infrastructure 
 

December 2018: Complete the 

Dwight Center catchment system to 

use captured stormwater for 

irrigation and potentially indoor non-

potable uses 
 

Potential: Assess opportunities for 

developing water catchment on 

additional structures including red 

barn to supply native plant 

greenhouse 

2.4 Current: Main and 

Garrison Canyon well 

monitoring 
 

2.4 Potential: Monitor 

Dwight Center and Bechtel 

House water use; monitor 

cattle water use from 

wells including the well at 

Hill 1524 
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Table 1.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

2. Minimize impacts 

caused by users: maintain 

and enhance water 

quantity and quality by 

minimizing negative 

impacts of infrastructure 

and human access 

including education 

programs, research, 

recreation, and Dwight 

Center operations 

2.5 Current: Ensure on-site research, 

education and mangement activities 

cause minimal disturbance 

2.5 Current: Visual 

inspection 

2a, 4a, 4b 

2.6 Current: Minimize instream 

pollutants including nitrogen, 

bacteria, excess sediments, water 

temperature impacts, and others 

 

 

2.6 Current: Stream water 

temperature and depth is 

monitored in Rogers Creek; 

temperature and stream 

flows are measured in 

three major watersheds 

 

2.6 September 2017: 

Expand Thermacron 

monitoring to all five major 

watersheds and increase 

sampling density within 

each watershed 

 

2.6 December 2018: Assess 

whether the preserve has 

any water quality issues, 

with a focus on bacteria 

 

2.6 Potential: Check for 

State Board monitoring 

data downstream; sample 

Martin Creek directly 

during first flush; conduct 

comprehensive spring 

nitrogen survey following 

first good rains 

*2a-water cycle, 2b-soil health and erosion; 4a-education, 4b-research; 6c-roads and trails. See 

Overarching Adaptive Management Goals, page 3, for a full description of these goals. 
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Management Discussion 

Road maintenance and grassland management are the two primary realms where we are 

advancing hydrological connectivity and resilience.  

 

Road Improvements 

In partnership with the Sonoma Resource Conservation District, we have conducted a roads 

assessment and implemented corrective treatments in the Mark West watershed portion of the 

preserve because it provides valuable downstream habitat for endangered Coho salmon. Over 

six miles of roads have been re-designed to create rolling dips and out-sloped road surfaces 

that spread and slow runoff. Stream crossings throughout the project area have also been 

upgraded, including replacing undersized culverts and adding rock to high-scour risk zones.  

 

Enhancing Hydrologic Function in Grasslands 

Our grassland management strategy is focused on improving soil health, the removal of non-

native species, and the planting of native perennial grasses. These practices in turn have 

potential to increase the moisture holding capacity of grasslands. See Habitat-specific 

Management Strategies Section 5 Grasslands Habitat Management for details on this approach. 

 

Climate Change Considerations 

An in-depth discussion of the impact of projected climate change on the preserve’s hydrology is 

presented in Appendix D. Because future rainfall is a primary uncertainty in the application of 

global climate models to this region, long-term projections for the preserve range from 

approximately 20 percent more to 20 percent less rainfall. However, all models project 

increased interannual rainfall variability, which means we need to prepare for perhaps both 

more floods and more frequent droughts.  

 

The best way to plan for this increased variability is to build on our experience with past 

extreme rainfall events. Floods are already a relatively frequent hazard across the North Coast 

Region of California, which can get more rain than the rest of the state. Examples of historical 

floods include 1955, 1964, 1986, 1994, 1997, 2006 and 2017 although none of these apparently 

caused severe damage to the preserve or its resources.  

 

Appendix D includes a discussion of the impacts of the recent drought on the preserve. Basic 

ingredients of drought resilience include the following. 

 

 Create/enhance opportunities for water infiltration and recharge of aquifers and soils 

 Protect springs and other perennial habitat water supply sources 
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 Enhance moisture-holding capacity of rangeland soils by increasing organic matter and 

soil carbon via management or augmentation (such as compost) 

 Monitor drought-vulnerable vegetation and identify opportunities to conduct 

restoration projects with drought-tolerant species 

 Apply conservation grazing techniques that consider reserving forage for late summer 

conditions and have contingency plans if water sources begin to dry out 

 Monitor drought-related fire risks and create post-fire response plans 

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Below are current major knowledge gaps about hydrology as identified by 

Pepperwood staff. This is not a complete list, but is meant to inventory the largest or most 

problematic information gaps. These gaps have been revealed, and may also be filled, through 

the adaptive management process. 

 

 What are the groundwater dynamics of fractured bedrock systems?  

 How variable are Pepperwood's spring flows? 

 How significant is fog to the preserve’s water balance? 

 How is our Conservation Grazing Program impacting hydrology? 

 What are the patterns of streamflow in ungauged streams including Martin Creek 

(Brooks Creek watershed), Franz Creek, and Pepperwood Creek? 

 

Also, Sonoma County’s 2015 LiDAR data sets provide new, high-resolution layers to inform 

preserve management, including fine-scale stream centerlines and flow direction and 

accumulation. 
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2. Promote Native Vegetation and Control Invasive Plants 
 

 

The Value of Native Vegetation for Habitat Health 

Plants convert sunlight into food, produce oxygen, build topsoil and hold it in place, prevent 

floods, sequester carbon, buffer extreme weather, and clean our water. Research at Stanford’s 

Jasper Ridge Preserve and the University of Minnesota has demonstrated that healthy, diverse 

native ecosystems are more likely than those that are damaged or fragmented to be climate 

resilient—reliably delivering ecosystem services when environmental conditions change 

(Schulze and Mooney 1994, Tilman and Downing 1994). Our remaining biodiversity contains the 

basic tools we can use to rebuild or restore damaged ecosystems, and Pepperwood’s 

vegetation management strategy is focused on keeping diverse habitats healthy. 

 

As Emily Roberson writes in the January 2016 issue of Fremontia, “native plant communities 

and ecosystems are invaluable, irreplaceable reservoirs of ecosystem services, genetic diversity 

and information. Native plants and animals have evolved to exploit local soils, geology and 

microclimates. Site-specific adaptations have allowed them to withstand fluctuating conditions 

over many thousands of years. If we ever achieve a society where restoration of ecosystems 

and their services becomes a priority, we must have sources of the locally adapted species and 

ecotypes that are the building blocks of those communities.” 

 

The small proportion of non-native plant species that are invasive have dramatically altered 

ecosystem functions and caused billions of dollars in annual economic losses world-wide 

(Pimentel et al. 2005). While many non-native plants established in California are not 

recognized as significant threats (Randall et al. 1998, Levine et al. 2003), invasive species are 

considered the second greatest threat to native biodiversity after habitat loss due to land use 

changes (Miller 1989, Wilcove et al. 1998). A core element of Pepperwood’s preserve-wide 

adaptive management is controlling invasive plant species and responding quickly to new 

invaders (for a list of invasive plants of concern see Appendix C Invasive Plants). 

 

New invasive plant species are constantly arriving, and the pace of new arrivals has increased 

with global trade, human population growth, and growing vehicular and foot traffic throughout 

our wildlands. The rate of arrival of new invasive species at Pepperwood has likewise increased 

over the last 20 years, with greater numbers of new non-native plants showing up annually (M. 

Gillogly pers. comm. 2016).  
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Monitoring  

In May of 2011, Pepperwood began keeping a digital log of invasive plant locations, abundance, 

and treatments, which has continued to grow in scope and detail (Figure 2.1). We are actively 

engaged in monitoring and controlling 35 of the 78 documented non-native invasive plant 

species across multiple habitats on the preserve using an early detection rapid response model 

(see Appendix C Invasive Plants). Currently, we record locations and treatments for all high-

priority invasive plant patches including treatment methods, spatial extent, and timing. 

Monitoring notes include plant phenology at the time of treatment and a rough approximation 

of abundance at that locality.  

 

Some recently arrived invasive, non-native plants exhibit epidemic-like patterns at 

Pepperwood, rapidly emerging and then later declining. One example is Klamath weed 

(Hypericum perforatum), which arrived in 2000 in advance of a species of Chrysolina beetle that 

was introduced regionally as a biological control agent. Since Chrysolina has moved onto the 

preserve, it has kept Klamath weed from increasing without the need for additional 

management. Other newly arrived species, such as the rosy sand crocus (Romulea rosea var. 

australis) and narrow-leaf clover (Trifolium angustifolium) have increased rapidly yet show no 

signs of tapering off.  
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Figure 2.1. Invasive plant treatment sites at Pepperwood Preserve 

The red dots on the map below show where Pepperwood staff and volunteers have treated 

invasive plants since 2011, excluding yellow starthistle (Centauria solstitialis) treatments.  
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Management Strategies 

Table 2.1 below summarizes key invasive plant management and monitoring objectives and 

activities, and related adaptive management goals. 

 

Table 2.1. Invasive species management and monitoring summary 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Maximize resources 

by tracking regional 

trends and monitoring 

for and acting upon 

new invasive plant 

species arrivals as early 

as possible 

 

1.1 Current: Apply protocols for early 

detection and rapid response; 

engage with partner’s resources, 

meetings and trainings such as 

Sonoma County Ag Commission, Cal-

IPC and local groups to strengthen 

early invasion plant management 

activities 

 

 

1.1 Current: Visual 

inspection and mapping of 

new species occurrences 

and applied treatments; 

regular inspections 

around infrastructure by 

preserve staff 

 

1.1 Potential: Preserve-

wide mapping effort to 

detect new species or site 

occurrences 

1b, 3a 

2. Maintain steady 

reductions in 

abundance of high 

priority invasive plants 

year after year; prevent 

increases in the 

abundance of widely 

distributed, established 

invasive non-native 

plants 

2.1 Current: Review high-priority 

species treatment plans in February 

on an annual basis at the beginning 

of each growing season 

2.1 Current: Map 

treatment areas; record 

the treatment type, effort, 

location, and population 

size for high priority 

species within the Invasive 

Species Management Log; 

resurveys guide hand 

removal activities 

following initial clearing 

 

2.1 Potential: Record the 

amount of person-hours 

spent treating sites each 

year to evaluate whether 

priorities reflect efforts, 

informing new priorities 

and actions the following 

season 

1b, 3a 

 

  



Promote Native Vegetation – Pepperwood Adaptive Management Plan 

 

 

 

45 

Table 2.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

2. Maintain steady 

reductions in 

abundance of high 

priority invasive plants 

year after year; prevent 

increases in the 

abundance of widely 

distributed, established 

invasive non-native 

plants 

2.2 Current: Annually remove all 

patches of high priority invasive 

plants (ranked 8 or above; Appendix 

C) before seeds set and until seed 

bank is reduced or eliminated 

 

2.2 Potential: Work with neighbors 

to enable eradication from 

Pepperwood environs; host a 

Mayacamas Forum with a regional 

weed focus, strengthening early 

detection and rapid response 

2.2 Current: See 2.1 above 

 

2.2 Potential: Expand 

monitoring efforts to 

include buffers around the 

preserve 

1b, 3a 

2.3 Current: Invasive plant propgules 

are managed as waste (removed 

from the preserve) or burned 

 

2.3 Potential: Explore potential for 

incineration of seeds on site in a 

biochar vessel or other contained 

heat source; clean preserve vehicles 

to reduce seed spread; require 

visitors to the preserve to clean 

vehicles and/or boots upon entry 

2.3 Current: None 

2.4 Current: Prevent the spread and 

further reduce abundance of yellow 

starthistle by applying herbicide to 

large populations 

2.4 Potential: Map 

treatment areas to 

document effectiveness 

over time 

2.5 Current: Continue developing 

species specific management plans 

 

2.5 Potential: Research seed bank 

viability and emerging treatment 

methods 

2.5 Current: See 2.1 

above; utilize maps to 

document treatment 

priorities and guide 

management 
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Table 2.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

3. Review and reassess 

invasive plant species 

management priorities 

and the effectiveness of 

our eradication efforts 

3.1 September 2017 (every 3 years): 

Analyze effectiveness of 

management by summarizing 

treatment history recorded in the 

Invasive Species Management Log 

3.1 Current: See 2.1 above 

 

3.1 Proposed: Assess and 

refine invasive plant 

monitoring program 

1b, 3a 

3.2 February: Annually reevaluate 

prioritization assignments of invasive 

plants; reassign points awarded to 

species in the Table C.2. Ranking of 

Invasive Plant Treatment Priorities 

(Appendix C) 

3.2 Proposed: See 2.1 

above 

*1b-promote species diversity, 3a-control and limit invasive plants. See Overarching Adaptive 

Management Goals, page 3, for a full description of these goals. 

 

Management Discussion 

The keys to successful invasive plant management are prevention, early detection, and rapid 

response. The arrival of invasive species is inevitable, but early detection rapid response (EDRR) 

enables containment and eradication before an invasive plant species becomes established. 

EDRR is our second line of defense against invasive species after prevention and saves 

considerable resources when compared to long term control efforts required once a species 

becomes established. 

To achieve long-term success, we work with partners to manage meta-populations of invasive 

plants beyond the preserve boundary. Invasive plant management is one of the most resource 

intensive land management activities at Pepperwood, requiring the collaboration of staff, 

volunteers, and neighboring land owners to achieve our management objectives.  

 

Our ultimate goal is to track the relative effectiveness of the range of techniques employed on 

the preserve. Pepperwood’s Invasive Species Management Log includes date, treatment, 

location, abundance, and phenology, and can be used to assess the efficacy of treatments of 

entire patches or just individual plants. The effectiveness of our invasive plant management 

tactics will be evaluated by monitoring the targeted populations’ size and extent over time.  
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Invasive Plant Management Priorities to Date 

Starting in 1979, upon acquisition by the California Academy of Sciences, Pepperwood Ranch 

was supplied with a small budget for limited invasive plant management. Priorities under the 

Academy’s management included using cattle for seasonal open range grazing to reduce thatch 

and invasive plant abundance in grasslands and hand pulling French broom (Genista 

monspessulana) and tree-of-heaven (Ailanthus altissima). 

 

When the Pepperwood Foundation formed in 2005, preserve management budgets were 

increased, enabling the expansion of vegetation management efforts. Two additional 

components were added to our vegetation management regime: 1) the reduction of yellow 

starthistle in grasslands and 2) the thinning of Douglas-fir (Pseudotsuga menziesii var. menziesii) 

to enhance oak woodlands (see Habitat-specific Management Strategies Section 4 Douglas-fir 

Forest Habitat Management). Progress since 2005 includes the following. 

 

 Crews spend about 200 hours each June applying the herbicide Transline to control 

yellow starthistle.  

 

 As of December 2016, 430 acres of oak woodland on the eastern side of the preserve 

had been cleared of encroaching Douglas-fir.  

 

 In 2013 the preserve began removing barbed goatgrass (Aegilops triuncialis), an invasive 

species threat to Pepperwood's grassland biodiversity. 

 

 Priority invasive plants that we also currently treat include French broom, rush skeleton 

weed (Chondrilla juncea), stinkwort (Dittrichia graveolens), oblong spurge (Euphorbia 

oblongota), and yellow starthistle.  

 

Treatment Prioritization 

In order to prioritize our invasive plant management activities, we classify species based on 

abundance, feasibility of management, invasiveness, and biological impact. Summary ratings for 

specific plants can be found in Appendix C Invasive Plants. Decisions about when and where to 

complete invasive plant management activities are also based on plant phenology, current 

conditions, and likelihood of human-facilitated seed dispersal from a given location. 

Information used in prioritization include detailed species accounts found in the Pepperwood 

Vascular Flora (DeNevers 2013) and species treatment recommendations found in 

Pepperwood’s Invasive Plant Management Action Plan (Sabo 2010).  
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Treatment Methods 

In general, Pepperwood's current invasive plant management centers on responding to 

introductions and preventative measures to reduce the risk of introductions by vehicles, foot 

traffic, or livestock. Monitoring and management is especially critical along roadsides where the 

rates of arrival and spread are highest. Concerted efforts are made to remove propagules and 

complete treatments before roadside mowing begins in late spring. Primary treatment of low-

priority invasive species (e.g., non-native annual grasses that are widely distributed) is achieved 

through broader management activities such as grazing. A list of methods used includes the 

following. 

 

Manual Removal - Species commonly managed by hand—particularly along roads and in 

homestead meadows, as well as other known populations—include bull thistle (Cirsium 

vulgare), Italian thistle (Carduus pycnocephalus subsp. pycnocephalus), blessed milk thistle 

(Silybum marianum), yellow starthistle, barbed goatgrass, and chicory (Chichorium intybus). 

Staff regularly survey the preserve for these species. 

 

Grazing - Medusahead (Elymus caput-medusae) and Harding grass (Phalaris aquatica) are 

targeted by grazing practices, including grazing at higher densities and duration, and timing 

grazing before target species become unpalatable or set seed.  

 

Herbicide Applications - While we minimize the use of herbicides, some situations require 

chemical treatment to achieve control objectives. Herbicides including glyphosate and 

Transline, are applied when necessary using backpack sprayers. Plants treated this way include 

rush skeleton weed, Bermuda buttercup (Oxalis pes-capre), and yellow starthistle.  

 

Prescribed Fire - Fire prescriptions are a management tool that Pepperwood is reintroducing to 

the landscape to control invasive plants and Douglas-fir encroachment in oak woodlands. A 

prescribed fire was conducted in June 2016 to target medusahead within a seven-acre parcel. In 

fall 2017, there is a prescribed fire planned to control Douglas-fir in a 17-acre patch of mixed 

hardwood and oak woodland at the Redwood Canyon trailhead. 

 

Mowing - Properly timed mowing can reduce the reproductive output of invasive plants. 

However, mowing activities to reduce wildfire fuels along roadways may also induce seed 

spread in these areas. 

 

Flaming – High heat from a propane flamer is used to rupture plant cells and kill them before 

their seeds are set. 
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Climate Change Considerations  

Climate change may favor some species over others, and some managers are concerned that 

invasive species may be able to colonize disturbed areas more rapidly than native species. 

Some invasive plants on the preserve clearly have the ability to thrive in climates that are 

hotter and drier than Pepperwood's current climate. For example, yellow starthistle and 

Bermuda grass occupy the warmer climates of Southern California. Furthermore, shifts in 

vegetation communities caused by disturbances such as fire or other mass mortality events 

could create new openings for non-native plants adapted to hotter, drier conditions. 

 

Appendix C Invasive Plants includes a list of species derived from the California Invasive Plant 

Council (Cal-IPC) that may expand, contract, or remain stable in the face of climate change 

(California Invasive Plant Council 2016). The Cal-IPC online CalWeedMapper tool estimates 

regional shifts in habitat suitability under future climates; however, the direction of responses 

to climate change are unknown for several species. 

 

Out of the 35 invasive plant species considered in this management plan, 19 are included in 

CalWeedMapper habitat suitability projections for the year 2050 (California Invasive Plant 

Council 2016). Of these 19 species, none are predicted to undergo widespread expansion in the 

Pepperwood vicinity, and for 14 of these species the climate suitability remains unchanged (see 

Appendix C Invasive Plants). 

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Here we list major knowledge gaps about invasive plant species. These gaps are 

revealed, and may also be filled, through the adaptive management process. 

 

 What are the seed bank survival times for species being treated at Pepperwood? How 

can this knowledge help to inform our management goals? 

 How will invasive plants be impacted by a changing climate, in particular those not 

modeled by CalWeedMapper? 

 How did the abundance of invasive plants change over time prior to our tracking system 

being in place?  

 Which invasive plant species have seeds that are still viable after passing through the 

digestive system of cattle? 

 What are effective treatments to control rosy sand crocus in our grasslands? 
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3. Promote Rare and Threatened Plants 
 

 

Resource Values of Rare Plants 

Rare plants include those that are uncommon at large geographic scales, as well as locally rare 

species that may be widely distributed, but are uncommon within a region. Locally rare species 

often occur at the periphery of their geographic distribution, where environmental conditions 

may promote genetic differences. These locally-adapted populations may provide unique 

genetic stock that is suitable for future climate and habitat conditions, making them important 

conservation targets. 

 

All rare plant species contribute to Pepperwood’s biological and genetic diversity, and are 

therefore considered a management priority. When considering and prioritizing rare plant 

management it is important to distinguish between 1) plant species that are rare due to either  

their strict habitat and environmental requirements or their historically limited distributions 

versus 2) species that are rare due to habitat loss or changes to essential historic disturbances 

such as fire. 

 

Because rare plants often require specific habitat and environmental conditions to thrive, 

changes in the occurrence of rare species may be an indicator of climate change, and a way to 

gauge the effectiveness of our habitat management practices. 

 

Rare Plants of Pepperwood 

In 2009, local botanist Peter Warner conducted a rare plant survey at Pepperwood (Warner 

2009). Some rare species, including Jepson’s leptosiphon (Leptosiphon jepsonii), Napa false 

indigo (Amorpha californica var. napensis), and Mt. St. Helena morning-glory (Calystegia collina 

subsp. oxyphylla) are relatively abundant at Pepperwood, indicating that the preserve contains 

quality habitat to support these rare plants. Other species, such as Cobb Mountain lupine 

(Lupinus sericatus), have been documented on the preserve historically, but may be particularly 

uncommon, or were not found during the 2009 botanical surveys (Appendix B, Table B.1). 

 

Rare Plant Classifications 

Rare plant classification occurs at three levels: 1) California Native Plant Society’s California 

Rare Plant Rank (CRPR), 2) State rank, and 3) Global rank. These classification systems are listed 

for each species in Appendix B Tables B.1 and B.2. Sensitive plant taxa identified in Table B.1 do 

not fall under Federal or State Endangered Species Acts, and therefore permits are not required 

before conducting preserve management activities that may affect these species. 
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Fifteen of Pepperwood’s plants are listed in the California Native Plant Society’s Inventory of 

Rare and Endangered Vascular Plants of California (online edition, v8-02), as of March 2016.  

 

CNPS Rank 1B – Rare, threatened, or endangered in California and elsewhere 

 Napa false indigo (Amorpha californica var. napensis, Fabaceae) 

 narrow-flowered California brodiaea (Brodiaea leptandra, Themidaceae) 

 Calistoga ceanothus (Ceanothus divergens, Rhamnaceae) 

 Cobb Mountain lupine (Lupinus sericatus, Fabaceae)  

 Jepson’s leptosiphon (Leptosiphon jepsonii, Polemoniaceae)  

 Santa Ynez false-lupine (Thermopsis macrophylla, Fabaceae) (see Appendix B for a 

further discussion on this species’ occurrence at Pepperwood) 

 

CNPS Rank 2 – Rare, threatened, or endangered in California, but more common elsewhere 

 oval-leaved viburnum (Viburnum ellipticum, Adoxaceae) 

 

CNPS Rank 4 – Limited distribution, a watch list 

 Carlotta Hall’s lace fern (Aspidotis carlotta-halliae, Pteridaceae) 

 Mount St. Helena morning glory (Calystegia collina subsp. oxyphylla, Convolvulaceace) 

 nodding harmonia (Harmonia nutans, Asteraceae) 

 chaparral or redwood lily (Lilium rubescens, Liliaceae) 

 broad lobed leptosiphon (Leptosiphon latisectus, Polemoniaceae) 

 Napa biscuitroot (Lomatium repostum, Apiaceae) 

 green monardella (Monardella viridis, Lamiaceae) 

 Lobb’s aquatic buttercup (Ranunculus lobbii, Ranunculaceae) 

 

Monitoring  

There have been no formal rare plant research or monitoring projects since Peter Warner’s 

2009 rare plant assessment. Jepson's leptosiphon is monitored indirectly through our Grassland 

Monitoring Project (see Habitat-specific Management Strategies Section 5 Grasslands Habitat 

Management for more detail) and Pepperwood staff occasionally visit rare plant sites to assess 

their status. 

 

Management Objectives and Supporting Activities 

Rare plant management is essentially superseded by our general management activities, 

including our Conservation Grazing Program and Douglas-fir removal. Although we do 

informally consider known rare plant occurrences when scheduling activities such as building a 
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new trail, mowing, or chemically treating invasive species, we do not directly manage nor 

monitor rare plant populations.  

Three main strategic objectives relating to sensitive plant taxa are outlined in the Vegetation 

Management Plan for the Pepperwood Preserve (Warner 2009): 

 

1) Complete comprehensive inventory for all rare, endangered, threatened, and locally 

unusual plant taxa previously known from the preserve 

2) Develop a monitoring program and schedule for designated rare plant taxa 

3) Develop a management strategy for each sensitive plant taxon and integrate into 

appropriate vegetation management strategies (e.g., grazing program) 

 

These general objectives have been incorporated into this Adaptive Management Plan in Table 

3.1 below and have been modified to include rare lichen species that may occur at Pepperwood 

(see Appendix B, Table B.2). 

 

Table 3.1. Rare plant management and monitoring summary  

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Monitor and manage 

rare plant populations to 

reduce threats (e.g., 

invasive plants, 

disturbances, 

overgrazing) 

1.1 Current: None 1.1 July 2019: Inventory and map 

rare taxa; upload data to California 

Natural Diversity Database (CNDDB) 

1.1 Potential: repeat mapping and 

inventorying rare plants every 5 

years 

 

1a, 1b 

1.2 Current: None 1.2 December 2019: Develop a rare 

plant, lichen, and bryophyte 

monitoring program that 

incorporates population monitoring 

to inform seed collection, 

translocation, and mitigation 

activities (if appropriate) 

1.3 December 2019: 

Identify threats to rare 

plant, lichen, and bryophyte 

populations and develop a 

species-specific 

management plan 

1.3 Current: None 

 

 

  



Promote Rare & Threatened Plants – Pepperwood Adaptive Management Plan 

 

 

 

53 

Table 3.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

2. Use only on-site genetic 
materials for establishing 
new populations or 
mitigating impacts (unless it 
is deemed appropriate to 
introduce genetic stock from 
offsite) 

2.1 Current: Collect on-site 
seed or propagules for 
translocation from across 
environmental gradients or 
years that are representative of 
future climate 

2.1 Potential: Monitor source 
populations for potential 
negative impacts from 
collection activities 

1c 

 2.2 December 2019: 

Incorporate population 

monitoring as a component of 

the rare plant monitoring 

program to determine when it 

is appropriate to conduct seed 

collection, translocation, and 

mitigation 

3. Contribute seed to an 

accredited seed bank for ex 

situ conservation 

3.1 December 2019: Assess the 

feasibility and priority for 

developing an ex situ seed 

bank conservation plan 

3.1 Current: None 1c 

4. Conduct preserve 

management and 

infrastructure maintenance 

activities in a manner that 

maximizes reproductive 

output, maintains 

populations, and reduces 

impacts to rare plant species 

4.1 Current: Restrict 

management and maintenance 

activities to the appropriate 

phenological period to 

minimize impacts to plant 

growth and seed production 

4.1 Current: Visual inspections 

of rare plant phenology on an 

as needed basis to to inform 

appropriate timing of 

management and maintenance 

activities 

1a, 1b, 1c, 6c 

4.2 December 2017: Develop a 

formal internal process for 

advanced assessment of 

potential impacts on rare plant 

populations caused by 

preserve management and 

maintenance activities 

4.2 Current: None 

 

5. Encourage visiting scholar 

studies of rare plant species 

biology and ecology 

5.1 Current: Encourage visiting 

scholars to conduct rare plant 

ecological and biological 

studies to further our basic 

understanding of complex food 

webs and ways to enhance our 

management 

5.1 Current: None 

 

2d 
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Table 3.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

6. Encourage visiting scholar 

experimentation with 

potentially beneficial 

disturbances in rare plant 

management 

6.1 Current: Encourage visiting 

scholars to conduct 

experiments using potentially 

beneficial disturbances (e.g., 

fire, mowing, agitating soil, 

manually breaking apart bulbs, 

etc.) to enhance rare plant 

vigor and/or population size 

6.1 Current: None 

 

2f 

7. Control invasive plants in 

rare plant areas 

7.1 July 2019: Document 

invasive species threats in rare 

plant populations as part of the 

inventory and mapping effort 

7.1 Current: None 

 

7.1 April 2020: Annually 

monitor invasive plant cover 

and distribution within and 

adjacent to rare plant 

populations; manage 

accordingly 

3a 

7.2 December 2019: 

Incorporate invasive plant 

management into the rare 

plant management plan 

7.2 Current: None 

 

8. Restrict the collection of 

rare plant species 

8.1 Current: Conduct strict 

review of proposed research 

activities involving the 

collection of rare species or 

that may negatively impact 

populations and their environs 

8.1 Current: None 

 

1a, 1b, 1c, 4a, 

4b 

8.2 Current: Require all 

researchers that are approved 

to collect or impact rare plants 

obtain the appropriate permits, 

if required by law 

8.2 Current: None 

 

8.3 April 2017: Include 

information about rare plants 

during instructor and visiting 

scholar orientations to prevent 

collection and unintended 

negative impacts 

8.3 Current: None 
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Table 3.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

9. Reduce impacts to rare 

plant species by education 

and research activities 

9.1 Current: Conduct strict 

review of proposed research 

activities that may impact rare 

species or their vicinities 

9.1 Current: None 

 

1a, 1b, 1c, 4b 

9.2 Current: Require all 

researchers that are approved 

to collect or impact rare plants 

obtain the appropriate permits, 

if required by law 

9.2 Current: None 

 

*1a-habitat diversity; 1b-species diversity; 1c-genetic diversity; 2d-promoting native 

vegetation; 2f-beneficial disturbances; 3a-control invasive plants; 4a-education and recreation 

impacts;4b-research impacts; 6c-roads and trails. See Overarching Adaptive Management 

Goals, page 3, for a full description of these goals. 

 

Management Discussion 

Climate Change Considerations  

Rare plants may be found in many different climates. Current models of vegetation transitions 

in our region due to climate change range from relatively inconclusive (e.g., grasslands) to more 

certain regarding whether vegetation types in this area may expand or contract in response to 

rising temperatures (Ackerly et al. 2015). Individual rare species may be losers or winners under 

climate change, but such projections are currently a knowledge gap. The discussion below 

considers potential responses to projected long-term trends and annual and seasonal variability 

as hypotheses to evaluate in the process of our long-term monitoring and adaptive 

management. In particular, we look at the contemporary distribution of vegetation resources 

relative to climate-hydrology gradients on the preserve today as an indicator of potentially well 

adapted populations capable of thriving in an increasingly arid environment punctuated by 

more frequent rainfall extremes. 

 

Modeled Long-term Trends 

Climate change may alter our definition of threatened species, and locally abundant species 

that are severely threatened may become management priorities. We need to consider where 

to focus our efforts through our adaptive management practices (i.e., which species do we 

favor versus which we allow to decline). For example, Oregon oak forests are locally abundant 

but are hypothesized to decline under future climate scenarios (Ackerly et al. 2015). The rare 

Napa false indigo is abundant at Pepperwood but is associated with Oregon oak forests and so 



Promote Rare & Threatened Plants – Pepperwood Adaptive Management Plan 

 

 

 

56 

may become threatened by climate change. Do we spend our resources trying to keep our 

Oregon oak communities in order to maintain Napa false indigo populations? 

 

Interannual Variability 

Increased variability in interannual rainfall may result in more frequent extreme events and 

potentially longer droughts, which could have the following impacts on rare plants. 

 Negative impact on wetland plants (e.g., Lobb's aquatic buttercup in vernal pools) 

 Negative impact on cool-adapted species such as Napa false indigo, which is associated 

with Oregon oak forest at Pepperwood (modeled to decline under a warming climate) 

 May favor dry-adapted species such as Calistoga ceanothus found on poor soils 

 May favor fire-followers (Brewer's calandrinia) if there is an increase in fire frequency, 

or those that are threatened from fire suppression (Napa false indigo, narrow-anthered 

brodiaea, Calistoga ceanothus, Cobb Mountain lupine, false-lupine, green monardella, 

Mount St. Helena morning glory, Napa biscuitroot – see Appendix B, Table B.1) 

 Negative impacts on productivity could lead to reductions in rare plant population size, 

reducing gene flow and reproductive output and potentially stressing the seed bank, 

especially for annual plants that may have short-lived seed banks 

 

Seasonal Variability 

 Shifts in seasonal rainfall and temperatures may alter plant phenology and flowering 

periods, in turn affecting pollination, gene flow, reproductive success, and seed 

distribution, especially if pollinator emergence timing is also impacted 

 Increased diseases and pests are a risk 

 

Invasive Plants  

 Invasive plants may be favored under future climate, posing an additional threat to rare 

plant communities 

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Here we list major knowledge gaps regarding our grasslands that have been 

identified by Pepperwood staff to date. This is not a complete list, but is meant to inventory the 

largest or most problematic gaps in knowledge. These gaps are revealed, and may also be filled, 

through the adaptive management process. 

 

 Natural history knowledge (e.g., historic or current conditions, distributions) 

 Management activity records  
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 Impacts of management activities 

 What are the historic and current population sizes and demographics of rare plants at 

Pepperwood? 

 What is the historic and current status of rare plant species genetic variation? 

 What are the impacts of climate change on rare plant species? 

 What are the impacts of grazing on rare grassland species (e.g., Jepson's leptosiphon)? 

 What are the impacts of grazing on rare species that occur on serpentine soils? 

 What are the impacts of Douglas-fir management on uncommon (locally rare) plants 

such as orchid species? 

 What are the impacts of fire on perennial rare plants (Napa false indigo, Calistoga 

ceanothus, oval-leaved viburnum)? 

 Can prescribed burning be an effective management tool to encourage fire following 

species such as Brewer's calandrinia or false-lupine? 

 

Additional research and monitoring to address these knowledge gaps will be incorporated into 

the adaptive process moving forward. 
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4. Promote Native Wildlife and Control Invasive Animals 
 

 

Value of Maintaining a Refuge for Wildlife 

Much of California’s wildlife is in decline or threatened due to habitat loss, air and water 

pollution, disease, non-native species invasions, and climate change. Additionally, significant 

gaps in scientific knowledge about many species complicate management and recovery 

activities. Despite these challenges, some species are holding their own while others, such as 

the brown pelican (Pelecanus occidentalis), Pacific gray whale (Eschrichtius robustus) and bald 

eagle (Haliaeetus leucocephalus) have made significant recoveries. With habitat conversion and 

fragmentation a critical threat to Sonoma County’s biodiversity, Pepperwood’s role as a wildlife 

refuge continues to grow over time. 

 

Amphibians are the most imperiled vertebrates in the world, with 41 percent of species 

threatened with extinction as compared to 26 percent of mammals and 13 percent of birds 

(International Union for Conservation of Nature 2016). Some estimates indicate that 28 percent 

of reptiles and 35 percent of invertebrate species are also at risk (International Union for 

Conservation of Nature 2016). Species conservation status is complex, and for a particular 

species the status may be different for global, federal, state, and local rankings, as well as for 

subspecies. The California Department of Fish and Wildlife (CDFW) tracks special status species 

through the California Natural Diversity Database (CDFW 2016b) regardless of their legal 

protection status. References to the status of species below are based on either the 

International Union for the Conservation of Nature (IUCN) global rankings or CDFW state 

classifications. 

 

Wildlife conservation is a key management goal at Pepperwood, where we strive to maintain 

healthy, diverse, and productive habitats that meet the food, shelter, and breeding 

requirements of a wide range of creatures. Management actions include promoting native 

species and local ecotypes, limiting preserve access and human disturbance, developing wildlife 

friendly fencing, removing non-native species, and promoting wildlife corridors within and 

outside of the preserve.  

 

Wildlife of Pepperwood 

Pepperwood hosts more than 150 species of birds in 50 different families, and is home to 33 

species of mammals, 17 reptiles, and 13 amphibians (Appendix A Wildlife Species Lists). The 

number of known species at Pepperwood continues to grow through on-site monitoring, and 

with help from visiting scholars, course instructors, and citizen scientists. Recently confirmed 
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species include porcupine (Erethizon dorsatum), Douglas' squirrel (Tamiasciurus douglasii), and 

three new species of ants. 

 

Amphibians  

California giant salamanders (Dicamptodon ensatus) are globally vulnerable and are also 

considered imperiled under state rankings. This species breeds in streams and springs at 

Pepperwood including Weimar, Redwood, Martin, and Rogers Creeks. The black salamander 

(Aneides flavipunctatus subsp. flavipunctatus)—last seen by Greg DeNevers along Franz Valley 

Road in the 1990s—was observed under cover boards near Turtle Pond in 2016. The 

northwestern salamander (Ambystoma gracile) is a species that could occur at Pepperwood, 

but it has never been observed here. These mole salamanders can be mistaken for the lungless 

arboreal salamander (Aneides lugubridus) that does occur at Pepperwood, but is not closely 

related. 

 

Red-bellied newts (Taricha rivulosa) are globally secure but are considered imperiled under 

state rankings. This species is widespread across the preserve, and Kitchen Creek in the Grouse 

Hill region and Redwood Creek are thought to be important breeding areas. Red-bellied newts 

differ from California (Taricha torosa) and rough-skinned newts (Taricha granulosa), which also 

occur at Pepperwood, in their strict preference for stream rather than pond breeding habitats. 

 

The foothill yellow-legged frog (Rana boylii) is globally and state ranked as vulnerable, and is a 

state species of special concern. It is also currently under review for listing under the 

Endangered Species Act (ESA). This primarily stream-dwelling species relies on gravel or cobble 

substrates to anchor their egg masses. At Pepperwood, adult foothill yellow-legged frogs live in 

both streams and seeps, and are known to occur in every major watershed except Martin 

Creek, where their presence has not been confirmed. 

 

Mammals 

Pepperwood has 33 known species of mammals (Appendix A Wildlife Species Lists). Motion-

detecting camera traps have captured images of most mid-sized and all large mammals known 

to occur on the preserve. Black bear (Ursus americanus) and mountain lion (Puma concolor 

subsp. californica) young have been seen each year, and we have also observed North American 

badger (Taxidea taxus), western spotted skunk (Spirogale gracilis), and even river otters (Lontra 

canadensis subsp. pacifica). Notably, ringtail (Bassariscus astutus subsp. raptor) have been sighted 

at the preserve, but have not yet been detected by the wildlife cameras.  
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Mammal species of special interest include: 

 North American badger – globally secure and state vulnerable 

 Sonoma tree vole (Arborimus pomo) – globally and state vulnerable 

 Fringed myotis (Myotis thysanodes) – globally secure and state threatened bat 

 Pallid bat (Antrozous pallidus) – globally secure and state threatened 

 Ringtail cat is not federally or state listed nor is it a CDFW species of special concern, but 

is listed as CDFW fully protected, meaning it may not be taken or possessed at any time 

 

Birds 

To date, 152 bird species have been observed at Pepperwood representing 50 different families 

including historical observations, resident species, as well as those who use the preserve for 

breeding, overwintering, flyovers, or short stopovers. There are more bird taxa that have been 

identified as threatened than any other group of animals at the preserve (CDFW 2016a). 

According to CDFW (2016b), 37 bird species of special concern have been observed at 

Pepperwood including the following (See Appendix A.3 for a complete list). 

 

 Allen's hummingbird (Selasphorus sasin) – globally secure and apparently state secure 

 Burrowing owl (Athene cunicularia) – globally apparently secure but state vulnerable 

 Chipping sparrow (Spizella passerina ) – globally secure and apparently state secure 

 Golden eagle (Aquila chrysaetos) – globally secure but state vulnerable 

 Grasshopper sparrow (Ammodramus savannarum) (nesting) – globally secure but state 

vulnerable 

 Lark sparrow (Chondestes grammacus) – globally secure and apparently state secure 

 Northern harrier (Circus cyaneus) – globally secure but state vulnerable 

 Northern spotted owl (Strix occidentalis subsp. caurina) – federally threatened, a 

candidate for listing under California Endangered Species act, and considered globally 

and state vulnerable 

 Oak titmouse (Baeolophus inornatus) – apparently globally and state secure 

 Olive-sided flycatcher (Contopus cooperi) – globally secure and has no state ranking 

 Rufous hummingbird (Selasphorus rufus) – globally secure but state critically imperiled 

 Nuttall's woodpecker (Picoides nuttallii) – apparently globally and state secure 

 White-tailed kite (Elanus leucurus) – globally secure but state vulnerable 

 Willow flycatcher (Empidonax traillii) – globally secure but state critically imperiled 
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Reptiles 

The western pond turtle (Actinemys marmorata) is a CDFW species of special concern, and is 

considered vulnerable in both state and global rankings. In 2012, a petition was filed for their 

listing under the federal ESA. The subspecies at Pepperwood is the northern western pond 

turtle (Actinemys marmorata subsp. marmorata), which ranges as far south as the San 

Francisco Bay.  

 

None of the thirteen species of snakes or four species of lizard known to occur at Pepperwood 

are listed or have special status. Some of the less frequently sighted species include the St. 

Helena variety of California mountain kingsnake (Lampropeltis zonata subsp. zonata), southern 

alligator lizard (Elgaria multicarinata), sharp-tailed snake (Contia tenuis), and the California 

night snake (Hypsiglena ochrorhyncha subsp. nuchalata). 

 

Invertebrates  

Pepperwood’s invertebrates include a diverse array of insects, arachnids (spiders, scorpions, 

ticks, and mites), crustaceans (isopods, copopods, and ostracods), annelids, mollusks, and 

nematodes. These smallest of animals are an important part of the food web, and serve critical 

ecosystem functions including pollination, seed dispersion, decomposition and nutrient cycling, 

herbivory, predation, and participation in complex mutualisms.  

 

While invertebrates comprise 97 percent of global animal diversity, they are often ignored in 

conservation planning and resource management. As with most ecological preserves, 

information about insect species found at Pepperwood is limited. Voucher insect specimens 

from the preserve are in collections at UC Berkeley, the California Academy of Sciences, UC 

Davis, and Sonoma State University. Pepperwood also houses its own insect collection, which is 

in the process of being digitized. Additionally, research-grade observations of dozens of insect 

species have been recorded on iNaturalist (Appendix A Wildlife Species Lists).  

 

Habitat loss, climate change, invasive species, nitrogen deposition, and other forms of pollution 

are impacting the survival of insect populations. Native bees and butterflies are diminishing due 

to the loss of habitat and flowering plant diversity. They, and other insect species, are 

susceptible to invasive plants, which may displace habitat, and insect invaders that may 

compete for resources and increase predation. Insect populations at Pepperwood appear 

stable, and should remain so as long as the diversity of habitats at Pepperwood remains intact 

(D. Kavanaugh pers. comm. 2016). 

 

Ants have been identified as an important conservation priority for Pepperwood, in part thanks 

to a course taught by the California Academy of Sciences that identified 22 ant species on the 
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preserve (Appendix A Wildlife Species Lists). Ants can provide insight into management-based 

monitoring, the detection of invasive species, trends among threatened and keystone species, 

evaluating land management practices, and assessing long-term ecosystem changes such as 

climate change (Underwood and Fisher 2006). Native ants, including the local seed harvesters 

that disperse grass seeds, have been impacted by the introduction and spread of invasive 

Argentine ants (Linepithema humile) (see Invasive Animals under Management Discussion 

below). 

 

Insect species of special interest include: 

 Monarch butterfly (Danaus plexippus) – considered globally secure, though is quite rare 

in parts of its range 

 California dogface butterfly (Zerene eurydice) – not listed as a special status species, but 

at Pepperwood it relies on the rare plant, Napa false indigo (Amorpha californica var. 

napensis) as a host for eggs and larvae. This butterfly only occurs in California and is the 

state insect. 

 

Monitoring  

Breeding Bird Surveys  

The Pepperwood Breeding Bird Survey was initiated in the spring of 2007 with the goal of 

establishing a set of baseline data that could be built upon for years to come. Four transects are 

surveyed (Martin Creek, Pepperwood Road, Rogers Canyon, and Weimar Flat) using 

standardized protocols outlined by the Point Reyes Bird Observatory (now called Point Blue 

Conservation Science) and the Handbook of Field Methods for Monitoring Landbirds (Ralph et 

al. 1993). Annual counts start in April and end in June, with each transect being surveyed a total 

of three times during the breeding season. In 2012, the fourth transect along Pepperwood Road 

was added to ensure that the preserve has monitoring coverage in each direction. The 

monitoring protocol was revised in 2014 to reflect experience gained thought past surveys, and 

to provide a better baseline for detecting potential changes in bird communities due to climate 

change.  

 

Wildlife Picture Index Project 

The Wildlife Picture Index Project (WPI) is an internationally recognized, robust method used to 

monitor wildlife occurrence (O’Brien 2010, O’Brien et al. 2010). Pepperwood operates one on-

site WPI array, and another one in partnership with Audubon Canyon Ranch on the Modini-

Mayacamas Preserves.  
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The goals for the WPI Project include: 

1) Gather baseline occupancy estimates and understand trends in biodiversity, individual 

species, and trophic level health  

2) Test hypotheses regarding how the Pepperwood and Modini-Mayacamas properties 

function as habitat cores or corridors for San Francisco Bay Area wildlife 

3) Assess how environmental drivers and management strategies in the region may be 

affecting wildlife  

 

By conducting landscape-level monitoring efforts via the WPI Project, we can generate 

statistically reliable estimates of relative abundance. Thus far, we have found a robust 

assemblage of species within our study areas, indicating a healthy ecosystem (Figure 4.1, Table 

4.1). We are beginning to piece together how species are utilizing the landscape and how well 

this reflects regional connectivity models.  

 

Figure 4.1. Detection rates for June–August 2013 (Year 1, Season 4)  
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Table 4.1. Total number of detections and detection rates (number of detections per 100 trap 

nights) for all animals observed during September–November 2013 (Year 1, Season 1) 

Animal/Observation Total Rate 

Domestic dog (Canis lupus subsp. familiaris) 1 0.07 

Raccoon (Procyon lotor subsp. psora) 2 0.13 

Bat 3 0.20 

Wild pig (Sus scrofa) 4 0.26 

Mountain lion (Puma concolor subsp. californicus) 11 0.72 

Opossum (Didelphis virginiana) 19 1.25 

Black bear (Ursus americanus) 19 1.25 

Bobcat (Lynx rufus subsp. californicus) 20 1.31 

Other birds 27 1.77 

Coyote (Canis latrans) 29 1.90 

Cow (Bos primigenius) 35 2.30 

Unknown 37 2.43 

Human (Homo sapiens) 40 2.62 

Hare (Lepus californicus subsp. californicus) 40 2.62 

Wild turkey (Meleagris gallopavo) 40 2.62 

Striped skunk (Mephitis mephitis subsp. occidentalis) 57 3.74 

Gray fox (Urocyon cinereoargenteus subsp. townsendii) 149 9.77 

Gray squirrel (Sciurus griseus subsp. griseus) 252 16.52 

Maintenance 277 18.16 

Black-tailed deer (Odocoileus hemionus subsp. 

columbianus) 
1343 88.07 

 

 

iNaturalist.org Observations 

iNaturalist.org is a cloud-based biodiversity database tracks the distribution of plant and animal 

species around the globe through user-submitted photo observations and GPS coordinates. This 

database is one of the top contributors to the online Global Biodiversity Information Facility 

(www.gbif.org), having contributed 1.1 million georeferenced observations since June 2016. 

 

Pepperwood holds iNaturalist trainings and has a dedicated Pepperwood Vital Signs project 

that gives researchers, interns, and inspired visitors an opportunity to share their natural 

history observations with the Pepperwood community and contribute to our ever-growing 

database of plant and animal life. Wildlife observations documented through iNaturalist.org to 

date are included in Appendix A Wildlife Species Lists. 

  

http://www.inaturalist.org/projects/pepperwood-vital-signs-uc-california-naturalist-project
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Invertebrate Monitoring 

There is presently no consistent invertebrate monitoring on the preserve beyond ant surveys 

conducted by an annual California Academy of Sciences course. Critical to filling this data gap 

will be our participation in regional projects and citizen science initiatives such as Pollard Base 

(http://www.pollardbase.org/), which can help maximize insect monitoring at Pepperwood. 

 

Management Objectives and Supporting Activities 

Table 4.2 below summarizes key wildlife management and monitoring objectives and activities, 

and related adaptive management goals. 

 

Table 4.2. Wildlife management and monitoring summary 

Management 

Objective 
Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Understand and 

support native 

wildlife population 

health and diversity 

1.1 Current: Manage vegetation 

and invasive species so habitats 

may support a diversity of 

wildlife 

1.1 Current: Monitor mammal 

occupancy via the Wildlife Picture 

Index Project (i.e,. 20 camera 

traps on the preserve year-

round); monitor bird populations 

through the annual Breeding Bird 

Survey Project and the Christmas 

Bird Count for Kids 

 

1.1 Potential: Establish a baseline 

of insect diversity and 

distribution; routinely conduct 

preserve-wide surveys of insects; 

conduct Pollard walk surveys for 

butterflies with the help of citizen 

scientists and local universities, 

ideally one survey per week at 

each transect from April–

October, upload data to Pollard 

Base; monitor northern western 

pond turtle counts and size 

classes when present at Turtle 

Pond; monitor northern western 

pond turtle nesting sites using 

radio transmitters in 

collaboration with SSU; monitor 

owl populations, especially 

potential invasion by barred owls 

1a, 1b, 1c 
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Table 4.2. Continued 

Management 

Objective 
Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

2. Protect and 

enhance wildlife 

habitat 

2.1 Current: Create variable 

grassland structure to favor an 

assortment of breeding bird 

habitat (see Section 5 Grassland 

Habitat Management and the 

Conservation Grazing Plan for 

Pepperwood Preserve [Gillogly et 

al. 2016]) 

2.1 Current: Annually review 

grazing timing GIS layers that 

show the movement of the herd 

since 2013 to monitor variability 

during breeding bird season 

 

2.1 Potential: Conduct routine 

ground-nesting bird surveys to 

identify areas to exclude from 

grazing or other activities that 

could impact nesting birds; 

consider creating burrowing owl 

(Athene cunicularia) habitat in 

grasslands 

2b, 2d, 2e, 2f 

2.2 Current: Increase flowering 

forb diversity in grasslands 

through the Conservation Grazing 

Program and grassland 

restoration activities 

2.2 Potential: Integrate insect 

monitoring into grassland 

monitoring protocols 

2.3 Current: Manage grasslands 

to increase soil moisture holding 

capacity, thus promoting native 

insects that nest in soils 

2.3 Current: Conduct soil 

monitoring using Point Blue 

Conservation Science protocols 

(Porzig et al. 2015) inside and 

outside of grazing exclosures 

2.4 Current: Manage cattle at 

aquatic habitats and utilize 

troughs or other water sources 

for cattle, avoiding potential 

disturbance of amphibians and 

aquatic invertebrates (see the 

Conservation Grazing Plan for 

Pepperwood Preserve [Gillogly et 

al. 2016])) 

2.4 Potential: Confirm intended 

water source locations for each 

new region with cattle operator 

2.5 Current: Establish piles of 

woody debris to create reptile 

and small mammal habitat when 

conducting Douglas-fir 

management 

2.5 Current: None 
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Table 4.2. Continued 

Management 

Objective 
Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

2. Protect and 

enhance wildlife 

habitat 

2.6 Potential: Utilize wildlife-

friendly fencing when replacing 

old fence lines 

2.6 Potential: Survey 

Pepperwood's fence lines to 

identify places that could be 

improved to allow wildlife 

movement 

2b, 2d, 2e, 2f 

2.7 Current: Annually maintain 

western bluebird (Sialia 

mexicana) boxes before the 

breeding bird season 

 

2.7 Potential: Consider the 

feasibility and appropriateness of 

establishing burrowing owl 

habitat 

2.7 Current: Visually inspect bird 

boxes to determine proper 

cleanout timing 

3. Control invasive 

animal species 

3.1 Current: Remove bullfrogs 

within one week of known 

presence or as quickly as possible 

3.1 Current: Routinely monitor 

ponds and wetlands for bullfrogs 

 

3.1 March 2017: Build database 

of bullfrog observations and 

numbers culled 

1a, 3b 

3.2 Current: Continue volunteer 

wild turkey and pig hunting 

programs; minimize wild turkey 

recruitment opportunistically by 

destroying eggs when 

encountered 

3.2 Current: Monitor for pigs and 

turkeys through the Wildlife 

Picture Index Project and through 

visual observations; hunters 

document number of animals 

taken, body measurements, and 

pig stomach contents 

 

3.2 October 2017: Build a 

database of hunter 

documentation and observations 

and build off of previous Sonoma 

State University study  

 

3.2 Potential: Utilize existing pig 

diet studies to look for trends in 

foraging behavior 
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Table 4.2. Continued 

Management 

Objective 
Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

3. Control invasive 

animal species 

3.3 December 2020: Limit the 

spread and dominance of 

Argentine ants (i.e., do not let 

them expand beyond current 

footprint) 

3.3 December 2020: Determine 

current distribution of Argentine 

ants and develop control 

protocols for near buildings, 

infrastructure, nurseries, and in 

wildlands 

 

3.3 Potential: Map out sensitive 

ant population areas 

1a, 3b 

3.4 Potential: If detected, 

develop a barred owl (Strix varia) 

management plan 

3.4 Current: Monitor for barred 

owl presence through the 

Wildlife Picture Index Project and 

Breeding Bird Survey projects 

3.5 Potential: If detected, control 

new outbreaks of invasive 

animals 

3.5 Current: Visual inspection 

and Wildlife Picture Index Project 

 

3.5 Potential: Monitor for insect 

pest damage during stress years, 

determine which beetle 

infestations are most likely to 

become a management issue 

*1a-habitat diversity; 1b-species diversity; 1c-genetic diversity; 2b-promote soil health; 2d-

promote native vegetation; 2e-landscape connectivity; 2f-beneficial disturbance; 3b-control 

invasive animals; See Overarching Adaptive Management Goals, page 3, for a full description of 

these goals. 

 

Management Discussion 

Habitat Measures that Support Wildlife 

Pepperwood’s wildlife is managed indirectly by sustaining quality habitat through the removal 

of non-native and invasive plants and animals that could displace critical resources or compete 

with or prey on the preserve’s native fauna. Direct management actions include installing 

wildlife-friendly fencing and engaging in regional initiatives aimed at maintaining and increasing 

the wildlife permeability of our landscapes.  
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Habitat Creation Opportunities 

Insect diversity has likely been diminished by the loss of flowering grassland forbs, but can be 

positively impacted by management practices such as grazing to increase native forb and grass 

abundance. 

 

Bird boxes placed on the preserve for the benefit of western bluebirds and swallows are 

maintained each year by volunteers. We are also considering creating and maintaining artificial 

burrows for burrowing owls, which have been observed occasionally and as recently as winter 

2016 at Pepperwood. Burrowing owls may have historically occurred here year-round given 

that the preserve lies near the edge of their summer breeding range. 

 

Invasive Animals 

Invasive animals degrade natural systems and impact biodiversity by competing with and 

preying upon native organisms, and by causing landscape-level disturbances. Invasive animals 

of concern at Pepperwood include the following. 

 

Argentine Ants 

The Argentine ant is a globally distributed invasive species, particularly where water is 

available. Argentine ants are present at Pepperwood, and some locations have been mapped 

on AntWeb. A lack of intraspecific aggression allows them to live in higher densities than other 

ant species, which will compete with neighboring colonies. This cooperative supercolony 

behavior allows Argentine ants to outcompete native species.  

 

Often it is assumed that if the vegetation community is intact then the insects that are 

associated with that habitat will be as well, but care needs to be taken in restoration projects to 

avoid introducing non-native ants through imported nursery stock, and irrigation during plant 

establishment can favor Argentine ants (N. Heller pers. comm. 2015).  

 

The spread of invasive Argentine ants at Pepperwood may likewise be facilitated by plants 

brought in from nurseries for restoration projects and through the introduction of grazing 

water resources. Future management may include hand removal in high-density Argentine ant 

areas (e.g., at the field station) and removal of coyote brush at the edges of invaded areas. 

 

Bullfrogs 

Bullfrogs are of particular concern to preserve managers because they consume numerous 

other pond-dwelling creatures, including the hatchlings of northern western pond turtles, a 

California species of special concern. Breeding bullfrogs have been observed in Double Pond, 

Redwood Pond, and Turtle Pond. The primary control method for bullfrogs is the removal of 
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captured adults, and secondarily the removal of eggs or larvae. Previous control methods have 

included, on at least one occasion, draining the ponds in the early summer. This is currently not 

advised due to the importance of ponds for all wildlife. 

 

Wild Pigs 

Feral pigs are a hybrid of European boar and feral domestic pigs. Population dynamics of pigs 

are such that their numbers can increase dramatically in a relatively short time period. They 

forage by rooting underground for large quantities of native bulbs, acorns, fungi, earthworms 

and other invertebrates, and they even occasionally eat small rodents or birds. This foraging 

also disturbs large swaths of land.  

 

Wild pigs, and the damage they caused, were widespread when Pepperwood Preserve was 

formed in 1979. From 1980 to 2016, 362 pigs were taken from the preserve as part of the 

Pepperwood volunteer hunting program. Between 2010 and 2016 the average take was down 

to just three animals per year. Weight, size, and gender data gathered by the hunters show that 

large groups of pigs that once roamed the preserve are not present today. Hunting pressure is 

believed to keep their numbers low by keeping the pigs on the move and not allowing them to 

settle into one area. In 2013, a group of approximately 54 pigs was active in the Leslie 

Road/Rogers Canyon area. Pepperwood may consider trapping as a management tool if pig 

populations grow significantly in the future.  

 

Wild Turkeys 

Wild turkeys are not native to Northern California and compete with native animals for 

resources including grasses, acorns, seeds, and fruits. Turkeys also prey on native insects, 

spiders, snails, slugs, salamanders, frogs, and snakes. Turkeys can be found throughout the 

preserve, often at the edges of forests and grasslands. Pepperwood manages a turkey hunting 

program using volunteer hunters to control the population during both a fall and a spring 

hunting season.  

 

Bark Beetles 

During the historic drought of 2015, large swaths of forests across central and Southern 

California experienced mass conifer mortality due to the deadly combination of extreme water 

deficit and bark beetle (family Scolytidae) infestation. To date, Pepperwood’s trees have likely 

been spared this fate in part due to the relatively less intense drought conditions here. Healthy 

trees use sap to expunge beetles, but extremely drought-stressed trees are left defenseless by a 

lack of fluid in their tissues. Beetle populations can grow logarithmically during long droughts, 

and can kill the majority of conifers across an entire region, as was seen in 2012–2015. 
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Brown-headed Cow Bird and European Starling 

Brown-headed cow birds (Molothrus ater) are brood parasites, laying their eggs in other species 

nests and abandoning their young to foster parents, usually at the expense of at least some of 

the host’s own chicks. European starlings (Sturnus vulgaris) compete with native birds for 

resources and have been observed at Pepperwood claiming tree cavities occupied by acorn 

woodpeckers (Melanerpes formicivorus). Both of these species are found at Pepperwood, but 

there are currently no management actions underway to control them. 

 

Climate Change Considerations  

Current species distributions and projected climate change models enable us to hypothesize 

about how wildlife may fare at Pepperwood in the future (Appendix D Climate and Hydrology).  

Leading and trailing edge species are those that are situated near the edge of their habitat 

range. A growing body of knowledge indicates northward and coastal shifts in suitable habitats 

for many species under climate change. Pepperwood's trailing edge species generally have 

more northern or coastal distributions and are most likely to decrease, while leading edge 

species have more southern or inland distributions and may increase in abundance or 

predominance as climate shifts. Local extirpation and species range shifts may occur directly 

due to a given wildlife species' sensitivity to decreasing suitability of our local climate, or may 

occur as the result of indirect causes such as shifts in the distribution of resources, novel 

predators or competitors.  

 

The suite of organisms that comprise leading and trailing edge species, habitats, and the species 

that depend upon them are predicted to undergo changes in abundance sooner and faster than 

other species as the climate rapidly shifts in the coming 100 years. An emerging concern is an 

inability of wildlife to move with shifting climates due to habitat fragmentation combined with 

the rapid pace of current changes. 

 

Climate Endangered and Climate Threatened Birds  

The National Audubon Society has generated a list of climate threatened and endangered birds 

based on models of temperature, precipitation, and the particular season that a species is 

present (National Audubon Society 2015). Projected future temperature, precipitation, and 

seasonality were used to model future suitable habitats. Vegetation maps were not considered 

in these models, but nevertheless they provide a good starting point to understand how 

Pepperwood's bird populations could shift in the coming century.  

 

Without aggressive action to reduce emissions, climate change is projected to imperil an 

estimated 173 species of birds in California and may cause at least a 50 percent decline in the 
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current range of these species across North America (National Audubon Society 2015). Climate 

endangered bird species are not expected to regain loss by expansion into new ranges, while 

climate threatened species are projected to make up some of these losses by expansion of 

suitable habitat in other areas.  

 

Pepperwood has 23 climate endangered and 42 climate threatened bird species (see Appendix 

A Wildlife Species Lists for a complete list). The bald eagle is also listed as threatened in 

California and the burrowing owl (Athene cunicularia), rufous-crowned sparrow (Aimophila 

ruficeps), and vesper sparrow (Pooecetes gramineus) are listed as California species of special 

concern. 

 

Potential Climate Change Impacts on Reptiles  

Potential climate losers and regional trailing edge reptiles 

Reptiles that may be climate vulnerable (trailing edge species) include snakes and lizards whose 

ranges don't expand further south or inland than Pepperwood:  Pacific gopher snake (Pituophus 

catenifer subsp. patenifer), rubber boa (Charina bottae), sharp tailed snake, and the California 

mountain kingsnake St. Helena subspecies, which has not been confirmed at Pepperwood but is 

known to occur in the area. To a lesser degree the northern alligator lizard (Elgaria coerulea) 

could become a trailing edge species. Pepperwood does not lie at the southern edge of any 

lizard species that are known to occur on site. However, the western sagebrush lizard 

(Sceloporus graciosus) has a patchy distribution in our region and may be present at 

Pepperwood. This lizard species could decline under climate change. 

 

Potential climate winners and regional leading edge reptiles 

In a severely hot and dry future, the climate at Pepperwood may reflect the current climate of 

Southern California, which may expand the suitable ranges for several species of reptiles 

adapted to semi-desert scrub habitat (see Ackerly et al. 2015 for potential vegetation responses 

to climate change). Of the reptiles known to inhabit the preserve, there are several that occur 

across much of southern and/or inland California. These species may be adapted to a hotter, 

drier climate and include: the California kingsnake (Lampropeltis getula subsp. californiae), ring-

necked snake (Diadophis punctatus), aquatic garter snake (Thamnophus aratus), southern 

alligator lizard (Elgaria multicarinata), and to a lesser degree the sharp-tailed snake, northern 

Pacific rattlesnake (Crotalus oreganus), and two other species of garter snake (T. elegans and T. 

sirtalis). 

 

There are several California reptile species with distributions in areas that have similar climates 

to what Pepperwood’s may be in the future. Some species adapted to projected conditions, but 

not yet at Pepperwood could conceivably arrive of their own accord if adequate migration 
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corridors were in place. For example, the side-blotched lizard (Uta stansburiana), coast horned 

lizard (Phrynosoma coronatum), California whiptail (Cnemidophorus tigris subsp. mundus), 

Gilbert's skink (Plestiodon gilberti) and coach whip (Masticophis flagellum) occur regionally, but 

not currently at Pepperwood.  

 

In the event of successful migration, or introductions from potentially unknown regional source 

populations, these species may appear or even thrive at Pepperwood in the future. The most 

probable new arrival would be the side-blotched lizard (Uta stansburiana subsp. elegans). This 

species’ range includes much of arid Southern California, but reaches north to Contra Costa and 

Solano counties, and it has reportedly been sighted on Mt. Tamalpais in Marin County (C. 

Dodge pers. comm. 2016).  

 

Species that are farther from Pepperwood, but that may do well here in a hot, dry future 

include the desert spiny lizard (Sceloporus magister), blunt-nosed leopard lizard (Gambelia sila), 

western patch-nosed snake (Salvadora hexalepis), California glossy snake (Arizona elegans), 

long-nosed snake (Rhinocheilus lecontei), and California black-headed snake (Tantilla planiceps). 

Given the current rate of climate change it is not likely that these species will suddenly appear 

at Pepperwood when the climate is right. However, in the event of future establishment of 

semi-desert scrub vegetation (Ackerly et al. 2015), and collapse of Pepperwood’s native reptile 

populations, these are species that could be considered for benign introduction.  

 

Potential Climate Change Impacts on Amphibians  

Potential climate losers and trailing edge amphibian species 

Pepperwood lies at the very southern edge of the red-bellied newt and black salamander’s 

ranges. The black salamander, which is rare at Pepperwood, was observed near Turtle Pond in 

2016. Red-bellied newts have a relatively restricted range, the southern edge of which lies near 

Salmon Creek in Sonoma County. Pepperwood also lies at the southern edge of the range of the 

northwestern salamander, which has not been observed on Pepperwood Preserve but resides 

in Sonoma County and has been seen along Franz Valley road a few miles north of the preserve. 

California giant salamanders may also be a trailing edge species as the climate shifts, although 

Pepperwood is not at the southern extreme of the species range, which reaches as far south as 

Santa Cruz County. The fact that California giant salamander larvae were observed in Big Spring 

Creek in summer 2015 during the peak of our recent, historic drought (P. Kleeman pers. comm. 

2015) is a good sign that the preserve may support populations in the future.  

 

Impacts of variable precipitation on amphibians  

While some of our amphibians, such as the Pacific chorus frog (Psuedacris regilla) and western 

toad (Anaxyrus boreas) are adapted to high air and water temperatures, and to rapidly drying 
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breeding habitats away from streams, other amphibians at Pepperwood are likely to be 

threatened by the increased variability of precipitation in the future. Foothill yellow-legged 

frogs have disappeared in about 45 percent of their range in California due to a number of 

factors. In coastal Northern California, where the largest extant populations of foothill yellow-

legged frog reside (Lanoo 2005), the main sources of mortality are desiccation and subsequent 

predation of eggs in dry years, and scour caused by high flows in wet years (Kupferberg 1996). 

In regions with few if any viable extant populations, high spring flows during a single season in 

1969 are thought to be a factor in the decline of foothill yellow-legged frogs (Stebbins 2003). 

More variable precipitation is likely to threaten not just Pepperwood's foothill yellow-legged 

frogs, but also California giant salamanders due to faster dry down of breeding pools or the loss 

of perennial aquatic habitats in a drier future. 

 

Heat impacts on amphibians 

Rough-skinned newts (Taricha granulosa) and foothill yellow-legged frogs are two species that 

may be threatened by increased temperatures at Pepperwood. Rough-skinned newts are found 

only as far south as Monterey County, where they are confined to the coast. By comparison the 

California newt (T. torosa) is acclimated to hotter, drier conditions in the southern third of the 

state. Although these species are not considered trailing edge species at the preserve, 

knowledge of water temperature preferences and critical thermal maximums (CTM), or the 

body temperature likely to be fatal, can provide insight into which species may suffer under a 

hot, dry future. The rough-skinned newt CTM is about 96.8˚F or 36˚C (Hutchison 1961), whereas 

the upper CTM of California newts is described as a function of acclimation to hot temperatures 

(McFarland 1955). Rough-skinned newts are most abundant at water temperatures ranging 

from 71–79˚F but will choose water temperatures ranging from 62–82˚F or up to about 27.7˚C 

(Licht and Brown 1967).  

 

The upper thermal limit for foothill yellow-legged frog larvae is lower at 78.8˚F, or about 26˚C  

(Zweifel 1955). This water temperature has been reached in Rogers Creek at Pepperwood, but 

on only a few occasions in recent years (Figure 4.2). The average summer maximum air 

temperature at Pepperwood is projected to increase by up to 2.2˚C to reach 31.8˚C at the end 

of the century under a drier, low emission scenario (Appendix D, Table D.6). These projected 

changes in air temperature, particularly combined with drought, could drive summer water 

temperatures on the preserve to higher than the CTM for foothill yellow-legged frog larvae and 

outside the preferred envelope of rough-skinned newt larvae, impeding successful 

reproduction and population recruitment. Adult rough-skinned newts could be impacted by 

increases in the number of extreme heat days, which could lead to an increase in heat stress 

related mortality of long-lived adults. 
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Figure 4.2. Rogers Creek daily mean, minimum, and maximum water temperatures (2012–2016) 

 
 

A major concern with climate change projected for the preserve (see Appendix D Climate and 

Hydrology) is that extreme heat events may start to dominate summer seasons and push 

temperature-sensitive species such as these beyond their survival thresholds. 

 

Potential climate winners and leading edge amphibian species 

The Pacific chorus frog (Pseudacris regilla) and western toad (Anaxyrus boreas) may both be 

relatively climate resilient amphibians at Pepperwood. Each has a range that reaches as far 

south as Baja California, and is adapted to hot, dry regions and ephemeral breeding habitats 

that tend to dry very rapidly. Western spadefoot toads (Spea hammondii) have been observed 

in Sonoma County and are adapted to the hot, dry climates of Southern California, Baja, and 

Mexico. While not known to inhabit Pepperwood, and primarily restricted to lowland habitats 

with sandy or alluvial soils, the spadefoot toad has been observed in the Coast Ranges south of 

Monterey and may prove a climate-winning amphibian species for our region. 

 

Potential Climate Change Impacts on Invertebrates at Pepperwood  

Insects that nest in soil are likely to be reduced by the predicted increases in climatic water 

deficit over time and greater competition for nest sites that have high water availability. Soil 

invertebrates are sensitive to soil moisture, organic matter, and soil compaction (N. Heller pers. 

comm. 2015), and could decline as climatic water deficit increases in the future. Because of 

their ecological dominance, ants are prime candidates for monitoring long-term ecological 

responses to climate change, which could include the displacement of shade-preferring species 

by species tolerant of higher temperatures (Underwood and Fisher 2006). 
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Given limited resources for intervention, our goal is to augment insect diversity and abundance 

by increasing access to critical resources such as flowering plants and soil moisture. The spread 

of non-native, invasive insects should be controlled as much as possible through non-toxic 

methods. A baseline survey is needed to establish diversity and distribution of insects in the 

preserve today. This baseline can be used to establish indicator species for long-term 

monitoring of how insects are faring in the face of climate change, and for planning 

management interventions like conservation grazing and grasslands restoration. Care needs to 

be taken to ensure these activities and other elements of Pepperwood programming do not 

introduce or spread non-native species.  

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Here we list major knowledge gaps regarding our wildlife that have been 

identified by Pepperwood staff to date.  

 

Owls 

Major data gaps exist for owls at Pepperwood, including: 

 It is unknown, but suspected that long-eared owls (Asio otus) may be present since they 

have been observed on neighboring properties. 

 Barred owls (Stryx varia) have not been observed at Pepperwood to date, but they are 

likely to occur since they have been present regionally since the early 2000s (Jennings et 

al. 2001). Barred owls are known to both displace and hybridize with northern spotted 

owls (Stryx occidentalis subsp. caurina), as well as forage on amphibian larvae in aquatic 

habiats (J. Dumbacher pers. comm. 2015). Are barred owls present at Pepperwood, and 

if so to what extent?  

 Are burrowing owls overwintering at Pepperwood or just migrating through? What is 

their abundance in our region? Would introducing artificial burrows be successful for 

supporting resident burrowing owls? 

 Are spotted owls nesting at Pepperwood and, if so, what is their abundance and what 

forest communities are they nesting in? 

 What other owl species are present that we haven't yet observed? 

 

Invertebrates 

 How does abundance and distribution of insects vary across the preserve?  

 What are the potential insect pests of concern? 

 Are/will Douglas-fir beetle infestations become a problem, under what conditions, and 

what are options for control?  
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5. Restore Native Stewardship Practices 
 

 

Pepperwood’s Native Advisory Council  

Pepperwood is grateful to be partnered with local tribal elders through our Native Advisory 

Council (Council). Council members provide important insights into cultural and land 

management practices that inform our research and education programs. They bring with them 

a legacy of environmental stewardship that stretches back for millennia, and share Traditional 

Ecological Knowledge that is just as relevant—and perhaps even more critical—today as it was 

a thousand years ago. The Council’s purpose is to foster open communication between 

Pepperwood and local indigenous communities, to ensure appropriate management of cultural 

resources, and to foster collaborative projects that advance mutual program goals.  

 

Management Objectives and Supporting Activities 

Through active engagement of Council members in this planning process, and through their 

ongoing engagement in preserve management, we have developed the objectives in Table 5.1 

to evaluate opportunities to restore native stewardship traditions. We will implement these as 

appropriate, and as resources become available.  

 

Table 5.1. Native stewardship management and monitoring summary 

Management Objective Management Activities 
Monitoring 

Activities 

Adaptive 

Management 

Goals Met* 

1. Integrate 

Pepperwood’s Native 

Advisory Council’s input 

into adaptive 

management  

1.1 Current: The Council meets approximately 

six times per year to provide ongoing input; 

Council Chair co-authors this plan; trainings 

and workshops on site to share native land 

practices; provide access to local tribal and 

native organizations 

 

1.1 Potential: Work day with all Pepperwood 

staff; Council engagement in on-the-ground 

land management 

1.1 Current: 

Annual report on 

Council activities 

5b 

  

2. When and where 

appropriate, permit 

collection of traditional 

food and fiber materials 

2.1 Current: Kashaya Pomo group collecting 

California bay (Umbellularia californica) fruits 

on annual basis 

 

2.1 Potential: Collection of basketry materials, 

contingent on successful restoration (below) 

2.1 Current: 

Visual estimates 

of California bay 

fruit yield 

5b 
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Table 5.1. Continued 

Management 

Objective 
Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

3. Evaluate 

restoration 

potential for 

basketry, food, 

and medicinal 

plants 

3.1 Current: Some pilot 

plantings of California redbud 

(Cercis occidentalis) near the 

McCann homestead spring 

 

 

3.1 Current: Visual estimates of survival 

 

3.1 Potential: Evaluate the preserve for 

other locations capable of supporting 

basketry, food, or medicinal material 

plants; conduct additional pilots for 

suitable species such as willow (Salix 

sp.), clover (Trifolium sp.), soap root 

(Chlorogalum pomeridianum), blue 

elderberry (Sambucus nigra subsp. 

caerulea), toyon (Heteromeles 

arbutifolia), dogwood (Cornus sp.), 

sedges (Carex sp.), etc. 

1b, 1c, 2d, 5b 

3.2 Current: Native Advisory 

Countil seeking funding sources 

for black oak restoration and 

management 

 

3.2 Potential: Evaluate 

restoration of traditional 

management practices for a 

selected oak woodland site, 

with emphasis on black oak 

(Quercus kelloggii) 

stewardship—practices may 

include thinning, acorn 

monitoring, greenhouse 

propagation, and prescribed fire 

3.2 Current: Potential to use Ackerly lab 

long-term forest monitoring plots as 

data source, model protocol, or 

reference sites 

4. Evaluate 

potential to 

expand the use of 

prescribed fire as 

a management 

tool 

4.1 Current: Engage Native 

advisors in development and 

implementation of prescribed 

burn pilots with CALFIRE 

4.1 Current: Prescribed burn monitoring 

program 

2b, 2d, 3a, 5a, 

5b 
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Table 5.1. Continued 

Management 

Objective 
Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

5. Engage 

stewards and 

volunteers in 

preserve 

management 

activities modeled 

on more 

traditional 

approaches to 

land management 

5.1 Potential: Evaluate the 

feasibility of assigning a group of 

individuals to steward one place 

or region on the preserve year 

round 

5.1 Current: None 1a, 3a 

*1a-habitat diversity; 1b-species diversity; 1c-genetic diversity; 2b-promote soil health; 2d-

promote native vegetation; 3a-control invasive plants; 5a-protect scenic resources; 5b-protect 

cultural resources; See Overarching Adaptive Management Goals, page 3, for a full description 

of these goals. 

 

 

Knowledge Gaps and Uncertainties 

The major knowledge gap with regard to restoring Native practices is whether full restoration 

of these practices is feasible given the landscape change that has occurred since European 

contact. For example, the introduction of non-native grasses has shifted the species 

composition of our grasslands, and there is uncertainty about how effective traditional 

grassland management may now be.  

 

Our response to this uncertainty is to advance Native stewardship practices through pilot 

projects to evaluate the suitability of today’s Pepperwood as a venue for these traditional 

practices. There are also regulatory barriers, such as needing air quality permits to conduct 

controlled burns and constraints on burning methods by set by agencies including CALFIRE. It is 

Pepperwood’s goal to help navigate these social and policy constraints in support of our 

Council’s land management recommendations. 
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HABITAT-SPECIFIC MANAGEMENT STRATEGIES 
 

 

Pepperwood utilizes vegetation communities to classify habitats on the preserve. In the 

sections that follow, we define habitat-specific management strategies that address 

management and monitoring activities unique to specific habitats that complement preserve-

wide strategies. Each section commences with general resource values of each habitat type and 

then a description of the extent and condition of that habitat at Pepperwood, including current 

monitoring activities. A summary table then outlines management objectives, actions, and 

related monitoring activities with target dates assigned to pending actions. A discussion of 

management and climate change considerations unique to each vegetation community closes 

each section. Where needed, we refer to appendices for more details on resources, data 

sources, or management and monitoring methods. 

 

1. Mixed Hardwood Forest Habitat Management 
 

 

Resource Values of Mixed Hardwood Forests 

Mixed hardwood forests are found throughout the coast ranges of California and Oregon, 

where they are made up of numerous hardwood species, and also often include conifers. 

Relatively little vegetative understory occurs under the dense, bilayered hardwood forest 

canopy; however, significant ground and shrub cover may be found in certain ecotones or after 

disturbances such as fire or logging. Vegetation response following disturbances like these 

begins with a dense, shrubby stage dominated by taller, broad-leaved species. The stand 

gradually increases in height, simultaneously developing into two canopy strata with faster 

growing conifers above and broad-leaved species below. On mesic sites the conifer component 

overtakes the hardwoods more rapidly than on xeric sites, where the hardwood component is 

dominant for longer. 

 

Historically, redwood forests were converted to mixed hardwood forest following clear cutting 

or other extensive logging operations. The resulting forest structure often exhibited high fuel 

loads making the hardwood forest prone to catastrophic wildfires. 

 

Canopy cover and understory vegetation are variable which makes mixed hardwood forests 

suitable for numerous species. Mature forests are valuable to cavity nesting birds. Moreover, 

forest mast crops are an important food source for many birds and mammals. In mesic areas, 

many amphibians are found in the detrital layer. 
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Mixed Hardwood Forests of Pepperwood 

Mixed hardwood forests cover 637 acres or 20% of the preserve. These communities are 

composed of many different combinations of hardwood tree species, including oaks (Quercus 

spp.), madrone (Arbutus menziesii), tanoak (Notholithocarpus densiflorus var. densiflorus), 

California buckeye (Aesculus californica), bigleaf maple (Acer macrophyllum), and California bay 

laurel (Umbellularia californica). Douglas-fir trees (Pseudotsuga menziesii var. menziesii) are 

also common, either in the understory or scattered throughout the canopy.  

 

Mixed hardwood forests at Pepperwood often have a dense understory layer composed of 

regenerating madrone, tanoak, and California bay laurel saplings, and is thick with poison oak 

(Toxicodendron diversilobum). Manzanita (Arctostaphylos spp.) or chamise (Adenostoma 

fasciculatum var. fasciculatum) are often found dead or struggling to survive beneath the 

shaded overstory, providing evidence of succession in these forests. 

 

Vegetation alliances (Sawyer et al. 2009) and provisional vegetation alliances (Halbur et al. 

2013) included in the mixed hardwood forest plant community at Pepperwood are: 

 

 Arbutus menziesii Forest Alliance (madrone forest) 

 Notholithocarpus densiflorus Forest Alliance (tanoak forest) 

 Umbellularia californica Forest Alliance (California bay laurel forest) 

 Douglas-fir/Mixed Hardwood Provisional Alliance 

 

Stands dominated by a single hardwood species other than Quercus can also be included in the 

mixed hardwood forest classification. Madrone-dominated forests are found in the 

northwestern arm of the preserve near Hendley Flat and Martin Creek, and north of the fork in 

the road to Weimar Falls and Weimar Flat. Forests dominated by California bay laurel line the 

drainages west of the Bechtel House and north of the Goodman Homestead, with the largest 

California bay laurel forest on the preserve located near the Strebel Homestead. 

 

A large stand of tanoak is present in Devil’s Kitchen, northeast of Grouse Hill, and along 

Redwood Canyon. These sites have lost hundreds of trees to the sudden oak death pathogen 

(Phytopthora ramorum). Downed trees in these areas have increased fuel loads and wildfire 

risk. 

 

Although high levels of species diversity allow mixed hardwood forest communities to exist 

under a broad range of microclimates, they are generally found in cooler, wetter areas. 

Compared to other vegetation communities at Pepperwood, the majority of mixed hardwood 
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forests are in areas of the preserve with relatively low climatic water deficits (CWDs). However, 

smaller stands of mixed hardwoods are also present in locations characterized by some of the 

highest CWD levels on the preserve (see Figure 1.1 below). 

 

Figures 1.1.a–b. Distribution of climatic water deficit (CWD) values at Pepperwood by: a) 

vegetation community and b) mixed hardwood forest at Pepperwood relative to current CWD 

values 

Source:  10m BCM mean CWD 1981–2010 

 

1.1.a. Distribution of CWD at Pepperwood by vegetation community 

See Appendix D Climate and Hydrology for a detailed description 

 
 

1.1.b. Mixed hardwood forest  
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Monitoring  

Pepperwood’s mixed hardwood vegetation is being monitored through UC Berkeley’s long-term 

forest research program (Ackerly et al. 2013). Study plots are designed to test the role of 

microclimate diversity in driving species composition, and to provide a framework for 

monitoring change over time.  

 

Since 2007, we have conducted annual breeding bird surveys at points adjacent to, and within, 

mixed hardwood forests. We also installed nine wildlife cameras at permanent stations in 

mixed hardwood forests in 2012. 

 

Management Objectives and Supporting Activities 

Pepperwood’s mixed hardwood forest management includes preserve-wide activities such as 

invasive species management, Douglas-fir removal, fuels management, and road and trail 

maintenance. Table 1.1 below provides additional details about these activities and their 

related adaptive management goals. 

 

Table 1.1. Mixed hardwood forest management and monitoring summary  

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Manage fuel loads 

associated with mixed 

hardwood forests 

1.1 Current: Continue 

removing Douglas-fir 

thickets on an annual basis  

1.1 Current:  Visual inspection 

and photo monitoring; 

mapping of chainsaw  removal 

areas 
 

1.1 Potential:  Formally map 

and document Douglas-fir 

hand removal activities 

1a, 1b, 2d, 2f, 3a 

1.2 December 2017: Initiate 

dead tanoak management 

involving felling, lopping, and 

scattering dead tanoaks to 

encourage decomposition 

and reduce fire hazard 

1.2 Current: Visual inspection 

and photo monitoring 
 

1.2 Potential: Map and 

monitor dead tanoak 

management locations to 

document treatment and 

recovery of these areas 

1.3 December 2019:  As part 

of the prescribed burn plan 

create shaded fuel breaks in 

these forests 

1.3 December 2025: Monitor 

shaded fuel break locations 

every five years to maintain 

function and ensure ongoing 

comprehensive fuels 

management 
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Table 1.1. Continued  

*1a-habitat diversity; 1b-species diversity; 2d-promoting native vegetation; 2f-beneficial 

disturbances; 3a-control invasive plants; 3c-new species; 4a-education and recreation impacts; 

6c-roads and trails. See Overarching Adaptive Management Goals, page 3, for a full description 

of these goals. 

 

Management Discussion 

Animals  

Dusky-footed woodrats (Neotoma fuscipes subsp. fuscipes) are common in mixed hardwood 

forests and are important prey for owls, including the endangered northern spotted owl (Strix 

occidentalis subsp. caurina). Further analysis of wildlife camera data will provide more 

information about whether mammal communities in mixed hardwood forests vary significantly 

from other forest or woodland types on the preserve. 

  

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

2. Manage invasive plant 

species, especially 

broom populations 

2.1 Current:  Annual hand 

removal of invasive plants 

before seed set 

2.1 Current:  Map sites and 

collect data on hand removal 

activities (date, location, area, 

percent cover, and 

phenology) 

1a, 1b, 2d, 3a 

3. Support knobcone 

pine (Pinus attenuata) 

establishment 

3.1 Current: None 3.1 December 2020:  Map and 

monitor knobcone and 

ponderosa pine (Pinus 

ponderosa) for regeneration 

and establishment every five 

years 

 

3.1 Potential:  Consider 

characterizing and identifying 

potential knobcone pine 

climate refugia on the 

preserve, and the proximity of 

these areas to seed sources 

1b, 2d, 3c 

4. Maintain roads and 

trails to minimize water 

flow concentrations and 

related erosion  

4.1 Current:  Inspect and 

maintain roads as necessary 

after first fall rain (see Table 

1.1 [Section 1]) 

4.1 Current: Visual inspection 4a, 6c 



Mixed Hardwood Forests – Pepperwood Adaptive Management Plan 

 

 

 

85 

Rare and Uncommon Species  

Although very few knobcone and ponderosa pines occur at Pepperwood, further monitoring 

and management of these plants is warranted given that knobcone pine forests are predicted 

to be a “climate winner” under future climate change scenarios (Ackerly et al. 2015, Micheli et 

al. 2016). 

 

Invasive Species  

Invasive Scotch and French broom (Cytisus scoparius and Genista monspessulana, respectively) 

occur in Pepperwood’s mixed hardwood forests, although their populations are small and have 

been consistently treated since the early 1990s. However, it is critical to continue to be vigilant 

about controlling broom species given their long-lived seed bank and extensive cover in our 

region. 

 

Climate Change Considerations 

Current regional vegetation transition models indicate that mixed hardwood forests may 

decline in response to rising temperatures (Ackerly et al. 2015). It is difficult to predict whether 

the species mélange of mixed hardwood forests will help contribute to its cumulative resiliency 

or make it more susceptible. Species that may decline under climate change include California 

bay laurel and tanoaks; however, knobcone pine forests may be favored under future climate 

conditions (Ackerly et al. 2015). 

 

Our hypotheses about the potential responses to projected long-term climate trends and 

annual and seasonal variability are below. The current distribution of vegetation relative to 

climate-hydrology gradients on the preserve is an indicator of populations that may be capable 

of thriving in an increasingly arid environment. A summary of climate considerations for this 

habitat type are provided below (Ackerly et al. 2015, Micheli et al. 2016). 

 

 Mixed hardwood forest is predicted to decline under increasingly warmer climates 

 Douglas-fir encroachment into mixed hardwood forest may decrease if conifers become 

stressed under future climates  

 Suitable conditions for Douglas-fir are predicted to decrease across Sonoma County, but 

is not necessarily expected to disappear from Pepperwood 

 Increased tree mortality due to drought or other climate stressors would lead to 

increased fuel loading and community composition shifts 

 Knobcone pine may expand with increasing temperatures, particularly if precipitation 

also increases 
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 Knobcone pine is dependent on fire for seed germination, and may respond positively to 

increased fire frequencies or the introduction of prescribed burning 

 The future of California bay laurel is uncertain, as it may respond positively to increased 

winter temperatures, but is sensitive to increasing CWD 

 Conifers within mixed hardwoods may experience additional mortality due to drought 

stress and invasion by bark beetles and the fungal pathogens they spread  

 Forest fuels may become drier, exacerbating the risk of fire and possibly increasing the 

risk of devastating canopy fires 

 Invasive Scotch and French broom may be favored under future climate conditions in 

mixed hardwood forests 

 

Hardwood species that tend to occupy lower CWD zones may be stressed under future climate 

conditions. The mixed hardwood areas of the preserve with the highest recent CWD levels are 

the northern edges of Garrison Canyon, Pitts Canyon, and the northwestern border of Rogers 

Canyon. These areas should be targeted for monitoring because they are where mixed 

hardwood forest is most likely to be pushed out of its range (Figure 1.2). 
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Figure 1.2. Historic, current, and future projected climatic water deficit in Pepperwood’s mixed 

hardwood forests 

Source:  2014 California BCM 

 
 

The 270-meter BCM data reveal that historical and recent 30-year averages of annual CWD 

values in mixed hardwood forests range from about 600–800 mm per year, or 24–32 inches per 

year, and are projected to reach a range of 765–1000 mm per year, or 30–40 inches per year, 

by the end of the century under a hot, low rainfall scenario (Figure 1.2). This level of increase in 

CWD exceeds historic range of variability for the preserve. 

 

Knobcone pine may be a potential “climate winner,” meaning that suitable climates for this 

species, based on its current distributions, may be expanding in our region. A small number of 

knobcone pines occur or have occurred in mixed hardwood forest at Pepperwood at Garrison 

Canyon, uphill of the cattle guard east of the Bechtel House, along the road to Skovie Basin, 

Devil's Kitchen, the middle ridge of Redwood Canyon, the ridge between Redwood and Weimar 
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Canyons, Weimar Canyon, the flat south of Weimar Canyon, the northeast corner of the 

preserve, and east of the Dwight Center parking lot. 

 

California bay laurel, a common mixed hardwood forest species, is considered “climate stable,” 

meaning that climate change may have a neutral impact on the availability of suitable 

conditions. Based on visual tracking, we hypothesize that it is likely that this species is currently 

establishing greater presence in many forest types across the preserve. While climate model 

projections suggest California bay laurel may respond positively to increased winter 

temperatures, it may prove sensitive to increasing CWD over time. 

 

Ponderosa pine is rare at Pepperwood, with fewer than 10 known trees and saplings. Typically 

found at higher (cooler) elevations than those at the preserve, a warmer climate will most likely 

be detrimental to this species. Monitoring this peripheral population might reveal important 

things about its response to climate change. 

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Below are current major knowledge gaps about mixed hardwood forests as 

identified by Pepperwood staff. This is not a complete list, but is meant to inventory the largest 

or most problematic information gaps. These gaps have been revealed, and may also be filled, 

through the adaptive management process. 

 

 Does prescribed burning and/or tree thinning support species diversity in mixed 

hardwood forests? 

 Are there secondary pests or diseases that may be introduced from large tanoak die-offs 

that could threaten mixed hardwood forests at Pepperwood? 

 What is(are) the mechanism(s) that may favor regional knobcone pine forest expansion 

and mixed hardwood forest declines under climate change? 

 Will species composition in mixed hardwood forests also change with future climate? 

 What will be the rate of community transition under climate change? 

 

Targeted research and monitoring, in particular results derived from UC Berkeley’s long-term 

forest monitoring plots, will help address these knowledge gaps and will be incorporated into 

the adaptive process moving forward. 
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2. Oak Forest Habitat Management 
 

 

Resource Values of Oak Forests 

The oak tree may be the quintessential symbol of the northern California landscape. Oak 

savannahs, woodlands, and forests (hereafter referred to collectively as oak forests) have the 

richest wildlife species abundance of any habitat in California, with 330 species of birds, 

mammals, reptiles, and amphibians utilizing oaks at some stage of their life (Barrett 1979, 

Verner 1979, Block and Morrison 1998). Oak forests are able to sustain such abundant wildlife 

primarily because they produce copious amounts of nutritious acorns (Koenig 1990, McShea 

and Schwede 1993, Ostfeld et al. 1996, McShea 2000). 

 

Oak forest complexity, including variable age classes, patch sizes, canopy openings, snags, rocky 

outcrops, and woody debris supports high levels of wildlife diversity. Oaks provide abundant 

tree cavities for shelter and nesting (Purcell 1996), and standing dead trees or snags are 

important habitat for numerous wildlife species including arboreal salamanders (Aneides 

lugubris), acorn wood peckers (Melanerpes formicivorus), and other birds and bats. Logs and 

branches on the ground provide shelter for numerous species such as lizards, snakes, and 

ground nesting birds, and are consumed and decomposed by innumerable invertebrates and 

fungi, providing soil nutrients. Many wildlife species prey on these wood-consuming 

invertebrates, including salamanders, reptiles, rodents, and birds. Furthermore, oak trees can 

help stabilize stream banks to prevent erosion and provide canopy cover that reduces water 

temperature, protecting native fisheries. 

 

Diverse oak understories harbor a great variety of shrubby plants and largely perennial native 

herbs. Over 2,000 species of native California plants are found in oak forests, 130 of which are 

listed as rare, threatened, or endangered (Tinnin and Fiusti 1996). Low regeneration rates have 

been seen in several California oak species over the last century (White 1966, Griffin 1971, 

1976). The problem is not with acorn production or viability, but rather the inability of seedlings 

to survive to become young trees (Borchert 1990). Prior to European settlement, Native 

Americans set fires in oak forests for a variety of reasons, including helping increase acorn 

harvest (Biswell 1989, McCarthy 1993), which may also have aided oak regeneration. 

Conversely, Steller's jays (Cyanocitta stelleri), California scrub-jays (Aphelocoma californica) and 

western grey squirrels (Sciurus griseus subsp. griseus) do not retrieve all cached acorns and thus 

act as dispersers of oaks across the landscape (Zack et al. 2005). 

 

Although the vegetation transition between oak forest and grassland is important for wildlife, it 

is often subject to Douglas-fir (Pseudotsuga menziesii var. menziesii) and coyote brush 
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(Baccharis pilularis subsp. consanguinea) incursion. Conifer encroachment has been recognized 

as a significant and immediate threat to oak forests in Sonoma County and north along the 

coastal areas of Oregon and Washington (Cocking et al. 2014). Douglas-fir seedlings growing 

under oaks eventually pierce through and top the oak canopy, leading to oak mortality and 

conversion to a Douglas-fir forest with little to no understory vegetation or diversity (Barnhart 

et al. 1996). This transition is exacerbated by limiting fire on the landscape, as low-intensity 

fires kill Douglas-fir seedlings and saplings, but typically do not damage oaks (McCreary 2004). 

 

Only two-thirds of California’s original oak forests remain (about 7 million acres). Of those, only 

about 4 percent have protected status (Thomas 1996). The downward trend continues today 

with the loss of trees to urbanization and to agriculture such as vineyard development (Tobin 

1999, Larson 1999). Declines in natural regeneration in some species and the impacts of the 

sudden oak death (SOD) pathogen (Phytophthora ramorum) are also putting oaks in peril. As 

described further on in this section, climate change is expected to variably impact different oak 

species, which range widely in habitat and environmental preferences. Oregon oaks (Quercus 

garryana var. garryana) are likely to be Pepperwood’s most susceptible oak under future 

climate scenarios, but as a whole, oaks may increase relative to coniferous trees under hotter, 

drier climates (McIntyre et al. 2014). 

 

Oak Forests of Pepperwood 

Oak forests are the most abundant vegetation type at the preserve, occupying about 918 acres, 

or 43 percent of the land. This landscape habitat receives high conservation status in 

Pepperwood management planning given their critical wildlife value and the loss of oak forests 

on a large scale across California. The oak forest community here includes both evergreen and 

deciduous oaks, small shrub oaks, huge trees, oaks that grow in the hottest and driest habitats, 

and oaks that stand in water for months at Turtle Pond. Oak communities range from dense 

forests to open woodlands and savannahs and consist of predominantly coast live oaks 

(Quercus agrifolia var. agrifolia) on south facing slopes; blue oak (Quercus douglasii) savannahs; 

stands of Oregon oaks with a California fescue (Festuca californica) understory; leather oaks 

(Quercus durata var. durata) on serpentine soil; as well as smaller populations of black oak 

(Quercus kelloggii), valley oak (Quercus lobata), scrub oak (Quercus berberidifolia), and interior 

live oak (Quercus wislizeni) dotted across the landscape.  
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Interestingly, there are many species of oaks that hybridize at Pepperwood including crosses 

between blue and Oregon oak (Q. x eplingii), black and coast live oak (Q. x chasei), scrub and 

Oregon oak (Q. x howellii), and leather oak with either blue or Oregon oak (Q. x subconvexa). 

 

Vegetation alliances in Sawyer et al. (2009) included in the oak forest plant community at 

Pepperwood are:  

 

 Quercus agrifolia Woodland Alliance (coast live oak woodland) 

 Quercus douglasii Woodland Alliance (blue oak woodland)  

 Quercus garryana Woodland Alliance (Oregon white oak woodland) 

 Quercus kelloggii Forest Alliance (California black oak forest)  

 Quercus lobata Woodland Alliance (valley oak woodland)  

 Quercus (agrifolia, douglasii, garryana, kelloggii, lobata, wislizeni) Forest Alliance (mixed 

oak forest) 

 

Oak forests occupy a wide range of climatic water deficit (CWD) values at Pepperwood, 

including habitats with some of highest CWD levels on the preserve (Figure 2.1). Excluding 

leather oaks, which inhabit serpentine chaparral, there are six different types of oak forest on 

the preserve that have different distributions within the preserve’s available CWD (see Figures 

2.1.c–h below).  
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Figures 2.1.a–h. Distribution of climatic water deficit (CWD) values at Pepperwood by: a) 

vegetation community, b) oak forests, and c–h) oak forest subcommunities at Pepperwood 

relative to current CWD values 

Source:  10m BCM mean CWD 1981–2010 

2.1.a. Distribution of CWD at Pepperwood by vegetation community 

See Appendix D Climate and Hydrology for a detailed description 

 
2.1.b. All oak forest vegetation communities combined 

 
2.1.c. Blue oak forest 
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2.1.d. Black oak forest 

 
2.1.e. Valley oak forest 

 
2.1.f. Mixed oak forest 

 
2.1.g. Oregon oak forest 
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2.1.h. Coast live oak forest 

 
 

Monitoring 

Areas where Douglas-fir has been mechanically removed from oak forests are mapped in GIS. 

These areas are also visually inspected each year to coordinate hand removal of new Douglas-

fir seedlings. The annual Pepperwood Breeding Bird Survey has taken place at points adjacent 

and within oak forests since 2007. In 2012, we also installed five wildlife cameras at permanent 

stations in oak forests. 

 

Oak forests are being monitored as part of a long-term forest monitoring project established in 

2013 (Ackerly et al. 2013). The purpose of this project is to monitor the direct and indirect 

impacts of climatic heterogeneity and 21st century climate change on native California oak 

forests. The primary objectives of this project are to examine oak forest vegetation community 

structure and composition across fine-scale topographic gradients, provide a baseline for 

testing hypotheses and modeling forest dynamics in response to climate change, and create an 

infrastructure for future projects. 

 

In 2013, fifty 20 x 20-meter plots were established across the preserve. Plot locations were 

selected based on two priorities: 1) stratification across the topographic gradients of the 

preserve, and 2) an even sampling across deciduous and evergreen oak forests. Within each 

plot all established individuals of canopy-reaching woody species that are >50 cm tall have been 

permanently tagged, identified, mapped and measured. All seedlings (<10 cm tall) and juveniles 

(10–50 cm tall) were identified to species and counted in each plot. In a subset of the plots, we 

have performed surveys of herbaceous plants in spring 2016, and established one-hectare 

survey areas surrounding the main plots in which large trees (>20 diameter at breast height) are 

tagged to assess potential seed input into the plots. A re-survey of all tagged individuals for 

growth, mortality, and transition between size classes is scheduled for fall 2018, and a re-survey 

of seedling and juveniles is scheduled for spring 2019. 
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Fine-scale environmental data is also quantified in each plot with micrometeorological 

monitoring stations recording temperature and relative humidity. Soil moisture measurements 

have been recorded for all plots in early May of each year since 2013. In 2015 the first 

components of a wireless mesh network were installed, with real time air and soil temperature, 

leaf wetness, and soil moisture measurements (for six plots), available via an internet portal. 

 

Across the 50 plots, we have recorded 25 woody species. Diversity of each plot ranges from 3–

13 species, and across all plots seven dominant species contribute 98% of total basal area: coast 

live oak, Douglas-fir, Oregon oak, blue oak, black oak, madrone (Arbutus menziesii), and 

California bay laurel (Umbellularia californica) (in descending order). Community analyses 

shows that woody tree composition is sensitive to variation in topographically-driven 

differences in water balance parameters, and recruitment (seedlings and juveniles) is correlated 

with an interaction between climate heterogeneity and seed rain from local adults of each 

species (Oldfather et al. 2016).  

 

Management Objectives and Supporting Activities 

The long-term sustainability of all of the Pepperwood’s oak forest habitats is a primary goal of 

preserve managers. A forest management plan for Pepperwood (Euphrat 2016) was completed 

in the spring of 2016 and was adopted by CALFIRE’s Vegetation Management Program. The plan 

emphasizes the need to address the incursion of Douglas-fir into oak forests, thinning of dense 

forest stands, creation of shaded fuel brakes, improvement of forest roads to meet 100-year 

flood standards, utilization of prescribed fire to promote forest health and fire mitigation, and 

development of a well in the north end of the preserve as a water source for the Pepperwood 

cattle herd. Table 2.1 below provides additional details about these activities and their related 

adaptive management goals. 
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Table 2.1. Oak forest management and monitoring summary 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Protect individual oak 

trees from root zone 

disturbance 

 

1.1 Current: Routinely inspect oak 

trees adjacent to buildings, 

residences, parking lots, and roads for 

signs of stress and manage them 

accordingly 

1.1 Current: Occasional 

inspections around 

infrastructure by Preserve 

Manager 

2d 

2. Control the 

transmission of SOD to 

coast live oaks and 

black oaks that are 

adjacent to buildings 

and houses 

2.1 Current: Routinely inspect 

buildings and residences for California 

bay laurel encroachment on 

neighboring coast live and black oaks; 

remove bay trees growing directly 

under oak canopies when necessary 

2.1 Current: Occasional 

inspections around 

infrastructure by Preserve 

Manager 

3d, 6a 

3. Reduce fuel 

accumulation from 

tanoak trees that have 

died from SOD 

3.1 Current: Routinely fell diseased 

tanoaks and lop and scatter debris to 

reduce ladder fuels 

3.1 Current: Continue to 

monitor tanoak mortality 

as described in the 

Pepperwood forest 

management plan (Euphrat 

2016) 

2d, 3d 

4. Prevent the spread of 

invasive animals and 

pathogens 

 

4.1 Current: Prevent the spread of 

invasive animals and pathogens by 

prohibiting the importation and 

exportation of firewood, unless 

approved by the Preserve Manager 

4.1 Potential: Monitor for 

goldspotted oak borer 

(Agrilus coxalis) infestation 

3b, 3c 

5. Manage Douglas-fir 

encroachment into oak 

forests 

5.1 Current: Continue the Douglas-fir 

mapping and removal program 

5.1 Current: Mapping of 

treatment areas; resurveys 

to guide hand removal 

activities following initial 

clearing 

1a, 1b, 2d, 2f, 

3a 

5.2 December 2017: Investigate the 

utility of using Douglas-fir to create 

biochar 

N/A 

6. Support oak species 

regeneration 

6.1 Current: Regularly analyze long-

term forest plot data to quantify 

regeneration success or failure 

6.1 Current: Long-term 

forest plot monitoring 

 

6.1 Potential: Additional 

monitoring of Oregon oak 

recruitment 
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Table 2.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

6. Support oak species 

regeneration 

 

 

6.2 December 2016: Conduct an oak 

forest prescribed burn to enhance oak 

recruitment 

 

6.2 Current: Analyze long-

term forest plot data to 

quantify regeneration 

success or failure 

 

6.2 December 2017: 

Incorporate a formal oak 

forest prescribed burn 

monitoring program in the 

prescribed fire 

management plan 

1a, 1b, 2d, 2f, 

3a 

6.3 December 2017: Incorporate goals 

to promote oak seedling survival in 

the prescribed fire management plan 

6.3 Current: Long-term 

forest plot monitoring 

 

6.3 Potential: Measure 

seedling survival; 

additional photopoint 

monitoring 

6.4 Current: Refrain from grazing in 
oak woodlands that have not been 
previously grazed 
 
6.4 December 2018: Consider 
incorporating oak forest grazing and 
oak seedling survival management as 
part of the Conservation Grazing Plan 
for Pepperwood Preserve (Gillogly et 
al. 2016) 

6.4 Current: Long-term 
forest plot monitoring 
 
6.4 Potential: Add 
exclosures or develop 
grazing treatment plan 
with controls in oak forests 
and measure seedling 
survival; additional 
photopoint monitoring 

7. Promote oak 

understory species 

diversity and 

abundance 

7.1 Current: Minimize impacts to 

understory vegetation in all 

management activities such as fuel 

reduction projects, prescribed burns, 

grazing prescriptions, road 

improvements, and trail building 

projects 

7.1 Current: None 1a, 1b, 2d, 3a 

7.2 Current: Manage encroachment by 
Douglas-firs (see 5.1 above) and other 
invasive plants 

7.2 Current: See 5.1 above 
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Table 2.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

7. Promote oak 
understory species 
diversity and 
abundance 

7.3 December 2019: Implement 
herbaceous understory and oak 
recruitment study in the climate-
variable Blue Oak Ridge region (See 
6.2 and 6.3 above) 

7.3 Current: Investigate the 

climate space covered by 

long-term forest 

monitoring plots on Blue 

Oak Ridge; identify gaps 

 

7.3 Potential: Expand 
seedling monitoring to 
better understand 
recruitment of multiple oak 
species 

1a, 1b, 2d, 3a 

8. Promote diversity in 

oak forest structure 

(i.e., enhance oak 

regeneration and 

support of multiple age 

classes)  

 

8.1 Current: Intentionally leave 

standing dead trees and woody debris 

to create a diversity of habitat 

structure when conducting oak forest 

management activities (and taking 

into account fuel load management); 

prohibit firewood gathering, unless 

approved by the Preserve Manager 

 

8.1 December 2018: Investigate the 

appropriateness and methods to 

increase oak forest structure 

8.1 Current: None 1a, 1b, 2d 

*1a-habitat diversity; 1b-species diversity; 2d-promoting native vegetation; 2f-beneficial 

disturbances; 3a-control invasive plants; 3b-control invasive animals; 3c-new species; 3d-

infectious disease; 6a-buildings. See Overarching Adaptive Management Goals, page 3, for a full 

description of these goals.  

 

Management Discussion 

Oak Regeneration  

Large numbers of coast live, blue, and Oregon oak seedlings have been monitored through 50 

long-term research plots established in 2013 by the Ackerly lab, UC Berkeley (Ackerly et al. 

2013). While coast live oak shows successful regeneration across all size classifications, blue oak 

and Oregon oak have very low sapling numbers (Oldfather et al. 2016). Although this may 

indicate poor survival through the sapling stage, more temporal data is needed to confirm this 

assessment. 
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Rare and Locally Uncommon Species in Oak Forests  

The rare Napa false indigo (Amorpha californica var. napensis) (California Native Plant Society 

Rank 1B) can be found in the understory of cool, often north-facing oak forests (see Appendix B 

Rare and Threatened Plants of Pepperwood). This rare shrub is the host plant to the California 

dogface butterfly (Zerene eurydice), our state butterfly. Black salamanders (Aneides 

flavipunctatus subsp. flavipunctatus) also rely on oak forest and grassland habitats, and 

northern western pond turtles (Actinemys marmorata subsp. marmorata) nest and overwinter 

in oak forests and mixed hardwood forests (Reese and Welsh 1997). 

 

Douglas-fir Encroachment into Oak Forests 

In response to fire suppression, Douglas-fir is encroaching into Pepperwood's oak forests, often 

killing the oak trees and understory shrubs and herbs while increasing catastrophic fire risk. This 

condition was documented by research conducted at long-term forest monitoring plots. Of the 

50 forest plots evaluated, 14 were associated with Douglas-fir thickets and had more than 

1,000 Douglas-fir trees per acre, with extremes of just over 6,000 per acre (Ackerly et al. 2013).  

 

Douglas-fir removal areas are delineated by the Preserve Manager, in consultation with a 

registered forester, and mapped in GIS. All Douglas-firs up to 14 inches in diameter at breast 

height (DBH) are removed. Some trees 10 to 16 inches DBH are girdled to avoid damage to 

surrounding vegetation and to provide important standing dead tree habitat (snags). California 

bay laurels up to six inches DBH are also removed to thin the forest and help prevent the 

spread of Sudden Oak Death. All felled trees are limbed and cut into six-foot or smaller sections 

and left where they fall. After the initial clearing, volunteers regularly visit these sites to remove 

Douglas-fir saplings that were missed or became established after clearing. As of December 

2016, 430 acres of Douglas-fir incursion had been treated at Pepperwood.  

 

Invasive Species in Oak Forests  

Invasive plants in oak forests include French broom (Genista monspessulana), Scotch broom 

(Cytisus scoparius), Italian thistle (Carduus pycnocephalus), hedge mustard (Sisymbrium 

officinale), Klamath weed (Hypericum perforatum), oblong spurge (Euphorbia oblongata), 

barbed goatgrass (Aegilops triuncialis), and Himalayan blackberry (Rubus armeniacus) (see 

Appendix C Invasive Plants). 

 

Pests in Oak Forests  

The sudden oak death (SOD) pathogen Phytophthora ramorum is responsible for significant oak 

mortality in coastal California (Rizzo et al. 2002). Even though SOD is believed to be widespread 

at Pepperwood it has resulted in little mortality compared to cooler, more coastal landscapes. 

SOD has killed hundreds of tanoaks in Redwood Canyon and on the eastern side of Grouse Hill, 
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and an estimated 20 coast live oaks throughout the preserve have died since 2001. To date, the 

only SOD control measure undertaken has been the removal of California bay laurel trees (a 

primary host plant of SOD) near coast live oak trees close to buildings and homes that would be 

a threat to life or property if they die. 

 

Crown rot (Phytophthora spp.), heart rot fungus (e.g., Fistulina spp.), and oak root rot 

(Armillaria mellea) can also be found in the oaks of Pepperwood but these are considered 

normal infestations and are not managed. 

 

Goldspotted oak borer (Agrilus coxalis) is a wood-boring beetle of concern but has not moved 

north of San Luis Obispo as of the publication of this document. 

 

Native mistletoe (Phoradendron serotinum subsp. tomentosum) is found on many oak trees, but 

is not considered a significant landscape-scale threat. Mistletoe is hemiparasitic, meaning it can 

produce its own food via photosynthesis, but pulls water and minerals from the host tree. The 

majority of damage from mistletoe occurs if it grows into large enough masses that the weight 

breaks off limbs, leaving open wounds for secondary infection. Mistletoe is an important food 

plant for wintering resident birds. 

 

Individual Oak Tree Protection 

Most Pepperwood management activities in oak forests are carried out on a landscape scale, 

but there are some important considerations for individual trees. Protecting the root zone is 

paramount, including limiting disturbance under drip lines, soil compaction, grade changes, 

limiting dry season watering, providing good drainage, and avoiding trenching.  

 

Managing Oak Regeneration 

A large volume of literature documents management issues relating to oak regeneration, 

largely focusing on the role of grazing and fire. Pepperwood utilizes cattle grazing as a tool to 

accomplish established conservation goals in grassland ecosystems (see Habitat-specific 

Management Strategies Section 5 Grassland Habitat Management). Grazing of grasses in oak 

forests can similarly create conditions that favor native plants, improve soil health, and increase 

wildlife habitat value. Our observations indicate that short duration grazing does not result in 

significant consumption of oak seedlings. This hypothesis will be tested in future monitoring 

efforts. 

 

Prescribed fire can eliminate competition from annual grasses and improve conditions for oak 

recruitment. The use of prescribed fire to manage oak forests can aid in the control of Douglas-

fir and also encourage oak regeneration. Vegetation management in oak forests can reduce fuel 
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loads to prevent catastrophic fires and keep carbon sequestered in the trees. Pepperwood is 

currently working with CALFIRE and the Stephens Fire Science Laboratory at UC Berkeley to 

initiate a prescribed burn and monitoring program for oak forests, with an initial prescribed 

burn scheduled for fall 2017. 

 

Climate Change Considerations  

The discussion below considers potential responses of Pepperwood's diverse array of oak 

forests to projected long-term climate trends, as well as to changes to annual and seasonal 

variability. Hypotheses presented here will be evaluated in the process of our long-term 

monitoring and adaptive management. In particular, we look at the contemporary distribution 

of vegetation resources relative to the preserve’s current climate-hydrology gradients. This 

analysis allows us to identify susceptible oak woodlands potentially at the edge of their climate 

suitability threshold, as well as those that might be capable of thriving in an increasingly arid 

environment punctuated by more frequent extremes in rainfall, drought, and fire.  
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Figure 2.2. Historic, current, and future projected climatic water deficit in Pepperwood’s oak 

forests 

Source:  2014 California BCM

 
 

The 270-meter BCM data reveal that historical and recent 30-year averages of annual CWD 

values in oak forests range from about 600–860 mm per year, or 24–34 inches per year, and are 

projected to reach a range of 765–1020 mm per year, or 30–40 inches per year, by the end of 

the century under a hot, low rainfall scenario (Figure 2.2). This level of increase in CWD exceeds 

historic range of variability for the preserve. 

 

Likely Climate “Losers”: Low CWD Oak Forests  

Pepperwood lies the southern range limit of Oregon oak, a species that may undergo a 

significant range shift as the local climate changes. Broad climate and vegetation projections for 

the Southern Mayacamas CLN landscape unit show Oregon oak as a “climate loser,” predicting 

a decline in suitable habitat for this species (Ackerly et al. 2015). Some Oregon oak populations 

are already failing to recruit in this landscape unit, and their saplings are sparse relative to other 
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species in Pepperwood's long-term forest monitoring plots (Oldfather et al. 2016). Low 

recruitment has also been observed in blue oak forests. 

 

Oregon oak forests that have the highest CWD values are considered already at the edge of 

their climate suitability, and may be stressed or disappear first. However, if these populations 

are adapted to high CWD values they may have a relatively greater chance of surviving under a 

hot, dry future and therefore may be good seed sources for facilitated migration to refugia 

sites. Mapped Oregon oaks patches with high CWD and relatively high variability include Strebel 

Homestead, Telegraph Hill, and Shriver Canyon. The patch in Skovie Basin also has high CWD 

but has been relatively stable year-to-year. It is unclear what the differences in interspecies 

competition and survival may be in these two types of high CWD Oregon oak forest (see circles 

on Figure 2.3 below). 

 

The most likely refugia for Oregon oaks at Pepperwood will be areas with relatively low and 

stable CWD, and where a seed source is present. Such areas include portions of Horse Hill, 

Three Tree Hill, Shriver Canyon, and Blue Oak Ridge. If future conditions resemble hot, dry 

projections the Oregon oak envelope may exist only on the preserve's least drought-stressed 

localities (Appendix D Climate and Hydrology, Figure D.22). Facilitated migration into these 

locations could buffer populations against extirpation or inbreeding by isolated individuals. 

 

Likely Climate “Winners”: High CWD Oak Forests, Coast Live Oaks, Blue Oaks, and Hybrids 

Pepperwood lies in the northern portions of the coast live oak range, which spans coastal and 

montane habitats as far south as Baja California. Coast live oak forests currently dominate high 

CWD oak forest sites at Pepperwood, but are also present in high numbers at lower CWD areas 

within mixed oak forest communities. Despite the adaptations of individuals at high CWD sites, 

in a severely hot, dry future, these areas may become the first to display stress or mortality as 

climate exceeds the trees’ biological thresholds.  

 

High CWD but stable sites where coast live oaks occur at Pepperwood include parts of Horse 

Hill, Skovie Basin, and Rogers Canyon (Figure 2.3). Live oaks at Horse Hill may encroach into 

adjacent areas to where Oregon oaks do not survive. Facilitated dispersal of coast live oak into 

dying Oregon oak forests may assist ecological transition, but may not be necessary at the scale 

of the preserve. A better understanding of the movement of oak acorns by birds and mammals 

may shed light on this question. 

 

Pepperwood lies at the western range limit of blue oak, which is a species that may see drastic 

shifts in its range as climate shifts. Blue oak communities with high and variable CWD at 

Pepperwood include Blue Oak Ridge, Hendley Flat, Martin Creek Middle, and Telegraph Hill 



Oak Forests – Pepperwood Adaptive Management Plan 

 

 

 

104 

(Figure 2.3). In these areas, blue oak may become more dominant and expand into surrounding 

areas. These same communities may, on the other hand, be stressed or experience mortality if 

regional climate shifts exceed their biological thresholds. 

 

Blue Oak Ridge is a low CWD blue oak forest that is relatively stable. Interestingly, this region 

has a mélange of stable low CWD and variable high CWD in close proximity. The understory 

herbaceous species responses and oak seedling recruitment in this region make it a promising 

future research site. Exploring the coverage of these features through the existing long-term 

forest monitoring plots is an important next step. 

 

Some of the oak hybrids may expand their ranges under future climate conditions, such as black 

x coast live oak (Q. x chasei), scrub x Oregon oak (Q. x howellii), leather x Oregon oak (Q. x 

subconvexa), and particularly blue x Oregon oak (Q. x eplingii) (S. Barnhart pers. comm. 2016). 

Further research into oak hybrid genetics, distributions and climate thresholds would help 

detect actual range shifts and identify the potential for range expansion under future climate. 
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Figure 2.3. Potential oak forest monitoring groups as determined by comparing the average and 

standard deviation of climatic water deficit 

See Appendix D Climate and Hydrology, Figure D.27 
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Climate Change: Long-term Trends and Increases in Interannual Variability 

Current regional vegetation transition models indicate that there may be shifts in oak habitat 

suitability and abundance of certain oak species in response to rising temperatures (Ackerly et 

al. 2015). 

 

 More arid conditions may cause declines in Oregon oak communities, particularly under 

higher winter temperatures and increasing CWD 

 Some Oregon oak populations in the Southern Mayacamas CLN landscape unit are 

already not regenerating, and recruitment is expected to decrease in the future 

 The future of blue oak is uncertain and it may either decline or expand under hot 

scenarios 

 Canyon oaks do best where CWD is low and winters are mildly warm 

 Valley oaks are expected to be relatively stable, but with some declines occurring in 

response to higher CWD 

 Coast live oak is relatively stable and may increase in our region; however, they may be 

sensitive to increased rainfall and warmer summers, potentially limiting their expansion 

 Changes in climate patterns may cause shifts in oak phenology 

 Oak tree mortality may be exacerbated in areas with increased fuels and fire hazard risk 

as a result of conifer invasion 

 Forest fuels will become drier, exacerbating the risk of fire including canopy or crown 

fires, which are devastating to oaks 

 Pathogen abundance and host susceptibility interactions are complex and likely to 

manifest in various ways both during droughts (e.g., lowered defenses against pests, or 

decreased abundance of thermally sensitive pathogens) as well as during extreme wet 

conditions (e.g., increases in fungal pathogens and rots) 

 The SOD pathogen (Phytophthora ramorum) is moisture dependent, and with an upper 

thermal limit near 25 degrees Celsius (Venette and Cohen 2006), may not thrive at 

Pepperwood in a hot, dry future 

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Below are current major knowledge gaps about oak forests as identified by 

Pepperwood staff. This is not a complete list, but is meant to inventory the largest or most 

problematic information gaps. These gaps have been revealed, and may also be filled, through 

the adaptive management process. 
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 Species specific biology, climatic thresholds, and interspecific interactions (e.g., 

competitors, mutualists) 

 Natural history knowledge (e.g., historic or current conditions, distributions) 

 Management activity records 

 What is the status of oak recruitment at Pepperwood (especially Oregon oak)? How can 

management improve recruitment?  

 What is the optimum grazing prescription in oak forest habitats? How might grazing 

impact oak species regeneration and recruitment or the abundance of understory 

species such as California fescue? Is California fescue a favorable forage? 

 How does prescribed fire impact acorn production and understory vegetation? Is 

prescribed fire an effective control method for Douglas-fir encroachment? What fire 

interval is necessary to control Douglas-fir encroachment? 

 How will climate change affect oak species distribution across the landscape? How will it 

affect understory species? 

 What is the feasibility and utility of creating biochar from small Douglas-fir trees? 

 How dependent is the SOD pathogen on moisture, and will it decrease in a drier future? 

 

Additional research and monitoring to address these knowledge gaps will be incorporated into 

the adaptive process moving forward. 
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3. Redwood Forest Habitat Management 
 

 

Resource Values of Redwood Forests 

Pacific coast redwood (Sequoia sempervirens) is one of northern California’s most iconic 

species. They are one of the world’s fastest-growing conifers, with the earth’s tallest tree 

residing in Redwood National Park. Redwoods typically inhabit locations with relatively 

moderate year-round temperatures and are adapted to occasional fires, which help recycle 

nutrients, thin stump sprouts, and may also encourage seedling recruitment. Recent research 

has focused on the biodiversity of the redwood forest floor, as well as on the dynamic 

ecosystems found in the redwood canopy (Save the Redwoods League 2016).  

 

California’s redwood forests were severely impacted by timber harvest from the 1850s to the 

1950s. As a result, the Save the Redwoods League reports that just 5 percent of old growth 

redwoods remain today. Second growth redwood forests are often poorly managed, with high 

tree stem densities and an unmanaged undergrowth that lead to severe fire danger. Redwoods 

are considered highly sensitive to climate conditions and are threatened by future predicted 

changes. In particular, redwoods are dependent upon summer fog in Mediterranean 

environments such as ours, yet the future of fog in this region is uncertain.  

 

Redwood Forests of Pepperwood 

Pepperwood’s redwood forests have high conservation value given their small footprint on the 

preserve, high species diversity, and potential to have unique genotypes as a result of being on 

the eastern-most periphery of their range. Their limited distribution on the preserve (13 acres 

or about 0.5 percent of the land), is presumably due to summer aridity and a lack of other 

redwood-amenable conditions such as adequate moisture, low wind, and high fog frequencies. 

Pepperwood’s redwood trees are found on steep north- and east-facing slopes where they 

form pockets of deep shade that are blanketed with an array of associated herb species.  

 

The preserve’s redwood forests suffered a fate similar to others as the population of California 

grew. “All but a few gnarled redwoods at Pepperwood were felled between 1880 and 1930 as 

part of the local microeconomy. They were cut and split for fence posts, rails, grape stakes, and 

lumber and sold to the families who grew grapes in the preserve’s uplands. Wood from these 

trees rarely went further than ten miles. The trail used to haul lumber up from Redwood 

Canyon to Hill 1524 is still traceable through the canyon, and grape stakes may still be seen in 

the meadows between High Hill and Hill 1524 where zinfandel once grew” (DeNevers 2013). 
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Except for occasional isolated stands along the eastern preserve boundary in Devil’s Kitchen 

and Grouse Hill, the only significant stand of redwood forest at Pepperwood is at Redwood 

Canyon. Tanoak (Notholithocarpus densiflorus var. densiflorus) and California nutmeg (Torreya 

californica) occur in this enclave, as does trail plant (Adenocaulon bicolor), whipplea (Whipplea 

modesta), and western sword fern (Polystichum munitum). Mortality of tanoaks due to the 

sudden oak death pathogen (Phytophthora ramorum) is quite high in proximity to our 

redwoods, with hundreds of trees dying from the disease (see Habitat-specific Management 

Strategies Section 1 Mixed Hardwood Forest Habitat Management for tanoak management 

details). 

  

Vegetation alliances in Sawyer et al. (2009) included in the redwood forest plant community at 

Pepperwood are limited to the Sequoia sempervirens Forest Alliance (redwood forest). 

 

Monitoring 

The Pepperwood summer TeenNat internship program mapped the majority of individual 

redwood trees growing on Grouse Hill in 2013, documenting diameter at breast height, stump 

sprout counts and average heights, and evidence of fire and mortality. Starting in 2014, the 

program used the Save the Redwoods League’s monitoring protocol to collect annual data on 

western sword fern populations—an important indicator of redwood community health. The 

TeenNat program also collects annual observational data on herbaceous and animal species 

found in redwood forests during the month of July.  

 

A woody vegetation monitoring plot was established in Redwood Canyon in 2015 by 

Pepperwood biologists and the California Native Plant Society using a modified long-term forest 

monitoring plot protocol (Ackerly et al. 2013). Species composition, seedling and sapling 

abundance, and tree girth will be monitored every six years in concert with Pepperwood’s 50 

long-term forest monitoring plots. The 2015 monitoring results were incorporated into the 

Sonoma County Veg Map program’s classification system for the county (Klein et al. 2015a, 

2015b). 

 

Management Objectives and Supporting Activities 

Current redwood forest management activities focus on invasive plant removal and long-term 

monitoring. Table 3.1 below provides additional details about these activities and their related 

adaptive management goals. 
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Table 3.1. Redwood forest management and monitoring summary 

Management 

Objective 
Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Promote 
redwood forest 
understory species 
diversity and 
abundance 

1.1 Current:  Minimize potentially 

negative impacts to understory 

vegetation in all management 

activities including fuel reduction 

projects, prescribed burns, grazing 

and infrastructure projects 

1.1 Current: Monitor climate-

sensitive redwood understory 

using Save the Redwoods League 

protocol for sword fern 

monitoring; continue collaboration 

with CNPS to monitor redwood 

cayon plot 

1a, 1b, 2d 

2. Manage fuel 

loads associated 

with redwood forest 

2.1 Current: Continue removing 

Douglas-fir (Pseudotsuga menziesii 

var. menziesii) thickets on an annual 

basis 

2.1 Current: Mapping of Douglas-

fir treatment areas; resurveys to 

guide Douglas-fir hand removal 

activities following initial clearing 

1a, 1b, 2d, 2f 

2.2 December 2017: Initiate dead 

tanoak management including 

felling, lopping, and scattering dead 

tanoaks to encourage 

decomposition and reduce fire 

hazards 

2.2 Current: Visual inspection and 

photo monitoring 

 

2.2 Potential: Map and monitor 

dead tanoak management 

locations to document treatment 

and recovery of these areas 

3. Manage invasive 

plants growing 

within redwood 

forests 

3.1 Current: Invasive species 

management following early 

detection rapid response protocols 

3.1 Current: Collect data on 

invasive plant removal activities 

(date, location, area, percent 

cover, phenology) 

2d, 3a 

*1a-habitat diversity; 1b-species diversity; 2d-promoting native vegetation; 2f-beneficial 

disturbances; 3a-control invasive plants. See Overarching Adaptive Management Goals, page 3, 

for a full description of the numbered goals referenced above. 

 

Management Discussion 

Animals  

Turret spiders (Antrodiaetus riversi) are found at Redwood Canyon, which is also the summer 

home of the red-breasted nuthatch (Sitta canadensis). Turkey vultures (Cathartes aura) have 

been documented using burnt out redwood “goose pens” as nesting sites. The perennial pools 

in Redwood Creek and the thick duff layer of the redwood forest floor also provide habitat for 

the Pacific giant salamander (Dicamptodon ensatus).  

 

Rare and Uncommon Species 

The rare shrub Napa false indigo (Amorpha californica var. napensis) occurs in Redwood 

Canyon. Redwood lily (Lilium rubescens) has been found in Weimar Canyon, but may also occur 

https://en.wikipedia.org/wiki/Antrodiaetus_riversi
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in Redwood Canyon. California nutmeg (Torreya californica) is uncommon at Pepperwood, with 

a few trees occurring in Redwood Canyon. The slopes lining Redwood Creek in Redwood 

Canyon are also home to an uncommon hybrid between western sword fern and sword fern 

(Polystichum munitum x californicum). Recent (2015) evidence of scratched and shredded 

redwood bark suggests that tree-dwelling Douglas' squirrels (Tamiasciurus douglasii) may be 

living here. 

 

Invasive Species 

Invasive plants that are controlled in Pepperwood’s redwood forests include Scotch broom 

(Cytisus scoparius), Himalayan blackberry (Rubus armeniacus), and Klamath weed (Hypericum 

perforatum). 

 

Climate Change Considerations  

Current regional vegetation transition models indicate that redwood forests may decline in 

response to rising temperatures. Vegetation projections for the Southern Mayacamas CLN 

landscape unit indicate redwoods may be a “climate loser,” as they are subject to losses of 

suitable climate conditions (Ackerly et al. 2015).  

 

Figure 3.1 to the right shows a 

cumulative exceedance 

probability curve for Russian 

River redwoods developed by 

Flint et al. (2013). The blue-

yellow-red color coding of the 

curve shows where trees are 

occupying low to high CWD 

locations in the landscape, 

respectively.  

 

Figure 3.2 below shows that 

Pepperwood’s redwood forests 

occupy climatic water deficit 

(CWD) values ranging from 575 to 1000 mm/year. Approximately half of these forests are in 

areas characterized by CWDs of 800 mm/year and above, clearly putting them near the upper 

limit of their water deficit tolerance. Figure 3.3 below shows how future climate change 

scenarios may affect the CWD in the area where Pepperwood’s redwood forest is found.  

Figure 3.1. Climatic water deficit (CWD) values associated with 

Russian River redwoods (Flint et al. 2013) 
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Figures 3.2.a–b. Distribution of climatic water deficit (CWD) values at Pepperwood by: a) 

vegetation community and b) redwood forest at Pepperwood relative to current CWD values 

Source:  10m BCM mean CWD 1981–2010 

3.2.a. Distribution of CWD at Pepperwood by vegetation community 

See Appendix D Climate and Hydrology for a detailed description 

 
 

3.2.b. Redwood forest 
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Figure 3.3. Historic, current, and future projected climatic water deficit in Pepperwood’s 

redwood forests 

Source:  2014 California BCM

 
 

The 270-meter BCM data reveal that historical and recent 30-year averages of annual CWD 

values in redwood forests range from about 735–760 mm per year, or 29–30 inches per year, 

and are projected to reach a range of 900–910 mm per year, or 35 inches per year, by the end 

of the century under a hot, low rainfall scenario (Figure 3.3). This level of increase in CWD 

exceeds historic range of variability for the preserve. 

 

While Pepperwood’s redwood forests are not actively managed, their position at the edge of 

their climatic range makes them a very important system to monitor as the climate changes. 

We will continue to make redwood forests a focus for the TeenNat internship monitoring 

program, which is conducted using Save the Redwoods League protocols as described above. 
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Key factors under consideration relative to climate change include the following. 

 

 Redwoods have high daily moisture requirements, and so could be directly impacted by 

extended droughts and increasing CWD  

 Redwoods are adapted to occasional fire, and under ideal conditions fire in redwood 

forests recycles nutrients, thins stump sprouts, and may encourage redwood seedling 

recruitment 

 Increased fire risk could be problematic if fuel loads are high and fires burn too hot 

causing tree mortality  

 Long-lived tree species (>1000 years), such as redwoods, may be adapted to significant 

interannual variability, which may lend them resilience 

 Western sword ferns play the role of early indicators of drought stress in redwood 

forests, shrinking in size or abundance during droughts prior to measurable impacts or 

mortality in redwood trees 

 Fog alleviates summer drought stress, and is critical to redwood survival during hot 

summer months, but it is not known how will fog change under future climate change 

conditions 

 

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Below are current major knowledge gaps about redwood forests as identified by 

Pepperwood staff. This is not a complete list, but is meant to inventory the largest or most 

problematic information gaps. These gaps have been revealed, and may also be filled, through 

the adaptive management process. 

 

 What is(are) the mechanism(s) that will drive redwood forests to decline within our 

region under climate change? 

 Will species composition in redwood forests change with future climate? If so, what will 

the rate of community transition be? 

 Are prescribed burns and/or tree thinning management tools that can be applied in 

redwood forests to control fuel loads, encourage regeneration, and support species 

diversity? 

 Are there secondary pests or diseases that may be introduced from large die-offs of 

tanoak that could threaten redwood forests at Pepperwood? 
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 How do the redwood populations and communities found growing in different ecotypes 

vary (e.g., cool, wet areas [Redwood Canyon] versus drier, more exposed areas [Devil’s 

Kitchen, Grouse Hill])? 

 

Additional research and monitoring to address these knowledge gaps will be incorporated into 

the adaptive process moving forward. 
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4. Douglas-fir Forest Habitat Management 
 

 

Resource Values of Douglas-fir Forests 

Douglas-fir (Pseudotsuga menziesii var. menziesii) has one of the broadest ranges of any North 

American conifer, occurring under a wide variety of climatic conditions along most of 

California’s mountain ranges. Douglas-fir forests provide important habitats for nesting birds 

and a wide range of mammals including black-tailed deer (Odocoileus hemionus subsp. 

columbianus), which often graze on the saplings. Small mammals such as white-footed deer 

mice (Peromyscus maniculatus), voles (Microtus sp.), chipmunks (Tamias sp.), and shrews 

(Sorex sp.) consume large quantities of seeds—with a single deer mouse devouring as many as 

350 Douglas-fir seeds in a single night (Burns and Honkala 1990). Seeds are also eaten by bird 

species including red crossbills (Loxia curvirostra), juncos (Junco hyemalis), varied thrush 

(Ixoreus naevius), and song sparrows (Melospiza melodia). Over 60 species of insects are 

indigenous to Douglas-fir cones alone, but only a few damage a significant proportion of the 

seed crop. 

 

Adaptive patterns of genetic variation occur among Douglas-fir populations within local regions, 

and evidence exists for "aspect races" in the variety menziesii. A study from Oregon found that 

seedlings from seed collected on more xeric southern slopes grow more slowly, set buds earlier, 

and form larger roots in relation to shoots than seedlings grown from seeds collected on 

adjacent north-facing slopes. These characteristics are consistent with adaptation to the 

shorter growing seasons and drier soil conditions generally found on south-facing slopes, and 

may enable the south-facing seedlings to survive better under drought stress (Hermann and 

Lavender 1968). 

 

Douglas-fir Forests of Pepperwood 

Douglas-fir forest covers 350 acres at Pepperwood, about 12 percent of the land, including a 

few impressive old growth stands. This vegetation community occurs primarily on north-facing 

slopes, but sometimes continues around hills to east- and west-facing slopes and ridgetops. The 

shrubby understory is sparse in mature Douglas-fir forests, such as those found at Grouse Hill, 

between Redwood and Weimar Canyons, in Piney Canyon, east of Murry’s Gate, on the 

northern ridge of Rogers Canyon, and in Garrison Canyon.  

 

Douglas-fir is well adapted to germinating and growing in shade, and can form dense thickets 

that often spread into other vegetation types, especially mixed hardwood and oak forests. 

Forests nearest to mature Douglas-fir trees are particularly at risk, as the majority of seeds fall 

within 100 meters of a seed tree or stand edge (Dick 1955). Without wildfire or mechanical 
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removal these fast-growing trees form dense stands that eventually penetrate the oak canopy, 

shade out the oaks, and convert the oak woodland to a Douglas-fir forest. Pepperwood 

manages Douglas-fir to maintain oak woodlands, as described in the Oak Forest Habitat 

Management Strategy Section 2. 

 

Vegetation alliances in Sawyer et al. (2009) included in the Douglas-fir forest plant community 

at Pepperwood are limited to the Pseudotsuga menziesii Forest Alliance (Douglas-fir forest). 

 

Monitoring  

Douglas-fir forests are being monitored as part of long-term forest monitoring project 

established in 2013 (Ackerly et al. 2013). Plant phenology monitoring in the Douglas-fir forest 

northeast of the Dwight Center has also been ongoing since 2013. Annual breeding bird surveys 

have been conducted at points adjacent to, and within, Douglas-fir forests since 2007. Three 

wildlife cameras were also installed at permanent stations near Douglas-fir forests in 2012.  

 

Management Objectives and Supporting Activities 

Pepperwood favors maintaining the current extent of Douglas-fir forests; however, as described 

above, we are observing a trend of this species invading oak woodlands and converting them to 

Douglas-fir forests. Please see the Oak Forest Habitat Management Section 2 and the forest 

management plan for Pepperwood (Euphrat 2016) for more detail on how the preserve is 

managing Douglas-fir encroachment.  

 

Some Douglas-fir forests have high stem counts per acre, and so thinning or prescribed fire may 

effectively reduce seedling densities. These management techniques can also encourage fire-

following and fire-dependent plant species, reduce pathogens, facilitate nutrient cycling, and 

reduce fuel loads. Table 4.1 below summarizes these and other management activities, and 

their related adaptive management goals. 

 

Table 4.1. Douglas-fir forest management and monitoring summary 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Control Douglas-fir 

encroachment into oak 

forests 

1.1 Current: Continue the 

Douglas-fir mapping and 

removal program (see Oak 

Forest Habitat Management 

[Section 2] and the forest 

management plan for 

Pepperwood [Euphrat 2016]) 

1.1 Current: Mapping and 

photo monitoring of treatment 

areas; resurveys to guide hand 

removal activities following 

initial clearing 

1a, 1b, 2d, 2f, 

3a 
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Table 4.1. Continued 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

2. Promote Douglas-fir 

understory species 

diversity and 

abundance 

2.1 Current: Minimize 

potentially negative impacts to 

understory vegetation in all 

management activities 

including fuel reduction 

projects, prescribed burns, 

grazing and infrastructure 

projects 

2.1 Current: None 1a, 1b, 2d 

2.2 December 2017: Include 

Douglas-fir forests in the 

prescribed burn plan to 

promote species diversity and 

understory growth 

 

2.2 Potential: Investigate the 

feasibility and effectiveness of 

thinning stands to promote 

understory species versus 

prescribed burning 

2.2 Current: None 

 

2.2 Potential: Additional photo 

monitoring  

3. Reduce fuel 

accumulation that has 

resulted from fire 

suppression 

3.1 Current: Map areas with 

high tree density and identify 

priority fuel treatment areas as 

recommended in the forest 

management plan for 

Pepperwood (Euphrat 2016) 

 

3.1 December 2019: As part of 

the prescribed burn plan 

create shaded fuel breaks in 

Douglas-fir forests 

 

3.1 Potential: Investigate the 

feasibility and effectiveness of 

thinning stands versus 

prescribed burning 

3.1 Current: Mapping and 

photo monitoring of treatment 

areas; resurveys to guide hand 

removal activities following 

initial clearing 

 

3.1 December 2025: Monitor 

shaded fuel break locations 

every five years to maintain 

function and ensure ongoing 

comprehensive fuels 

management 

 

3.1 Potential: Map Douglas-fir 

forest tree densities to identify 

areas that require thinning to 

promote Douglas-fir forest 

health 

2d, 2f 
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*1a-habitat diversity; 1b-species diversity; 2d-promoting native vegetation; 2f-beneficial 

disturbances; 3a-control invasive plants. See Overarching Adaptive Management Goals, page 3, 

for a full description of the numbered goals referenced above. 

Management Discussion 

Vegetation Management 

Douglas-fir forests at Pepperwood are managed to optimize diversity in tree stem counts per 

acre; provide canopy openings, downed trees and woody debris, and snags; and support 

species diversity. This includes managing invasive plants such as Scotch broom (Cytisus 

scoparius), Himalayan blackberry (Rubus armeniacus), and Klamath weed (Hypericum 

perforatum). Mapping Douglas-fir forest tree densities will identify areas that require thinning 

to promote Douglas-fir forest health. Density treatment options will include mechanical 

thinning and prescribed fire, described in Pepperwood's forest management plan (Euphrat 

2016).  

 

Rare and Uncommon Plant Species  

California nutmeg (Torreya californica) is uncommon at Pepperwood, occurring in mature 

Douglas-fir forest, including at the top of Grouse Hill. Other locally uncommon plants found in 

Douglas-fir forest include coral root (Corallorhiza sp.) and rattlesnake orchid (Goodyera 

pubescens). 

 

Animals  

Great horned owls (Bubo virginianus) and northern spotted owls (Strix occidentalis subsp. 

caurina) are found in Douglas-fir forests. A long-occupied golden eagle (Aquila chrysaetos) nest 

is located in a large, broken-topped Douglas-fir. Pileated woodpeckers (Hylatomus pileatus), 

Douglas' squirrels (Tamiasciurus douglasii), black bear (Ursus americanus), and North American 

porcupine (Erethizon dorsatum) also inhabit these forests. 

 

Invasive Animal Species  

Barred owls (Strix varia), a non-native and potentially invasive species in California, have yet to 

be detected at Pepperwood, but one may have been captured by our wildlife camera on a 

neighboring property. Barred owls have the same diet and habitat as the threatened northern 

spotted owl, and are potential resource competitors.  

 

Climate Change Considerations 

The discussion below considers potential responses of Pepperwood's Douglas-fir forests to 

projected long-term climate trends and changes to annual and seasonal variability. Hypotheses 

presented here will be evaluated in the process of our long-term monitoring and adaptive 
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management. In particular, we look at the contemporary distribution of vegetation resources 

relative to climate-hydrology gradients on the preserve. This analysis allows us to identify 

susceptible populations, as well as potentially well-adapted populations capable of thriving in 

an increasingly arid environment punctuated by more frequent extremes in rainfall, drought, 

and fire.  

 

Current regional vegetation transition models indicate that Douglas-fir forests may decline in 

response to rising temperatures. Vegetation projections for the Southern Mayacamas CLN 

landscape unit indicate Douglas-firs may be a “climate loser,” as they are subject to losses of 

suitable climate conditions (Ackerly et al. 2015). 

 

Douglas-fir forests span the range of climatic water deficit (CWD) values that occur at 

Pepperwood (Figure 4.1). 

 

Figures 4.1.a–b. Distribution of climatic water deficit (CWD) values at Pepperwood by: a) 

vegetation community and b) Douglas-fir forest at Pepperwood relative to current CWD values 

Source:  10m BCM mean CWD 1981–2010 

4.1.a. Distribution of CWD at Pepperwood by vegetation community 

See Appendix D Climate and Hydrology for a detailed description 
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4.1.b. Douglas-fir forest 

 
 

Areas with Douglas-fir forest that have the highest CWD values may be stressed or disappear 

first, such as in Garrison Canyon and Weimar East (Figure 4.2). However, if these populations 

are adapted to high CWD values they may have a relatively greater chance of surviving under a 

hot, dry future. A portion of Garrison Canyon has high CWD for Douglas-firs and is relatively 

stable year-to-year (Figure 4.3), making it a target monitoring location for detecting the effects 

of climate change on Douglas-fir. On the other hand, Douglas-fir Hill adjacent to the Dwight 

Center has variable high CWD. It is unclear what the differences in interspecies competition and 

survival may be in these two types of high CWD Douglas-fir forests.  

 

The most likely refugia for Douglas-firs at Pepperwood will be areas with relatively low and 

stable CWD, and where a seed source is present. Such areas include portions of Garrison 

Canyon, Weimar East, and the northernmost boundary of Blue Oak Ridge (Figures 4.2 and 4.3). 
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Figure 4.2. Historic, current, and future projected climatic water deficit in Pepperwood’s 

Douglas-fir forests 

Source:  2014 California BCM

 
 

The 270-meter BCM data reveal that historical and recent 30-year averages of annual CWD 

values in Douglas-fir forests range from about 750–860 mm per year, or 30–34 inches per year, 

and are projected to reach a range of 830–1010 mm per year, or 33–40 inches per year, by the 

end of the century under a hot, low rainfall scenario (Figure 4.2). This level of increase in CWD 

exceeds historic range of variability for the preserve.  
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Figure 4.3. Potential Douglas-fir forest monitoring locations categorized by comparing the 

average and standard deviation of climatic water deficit 

See Appendix D Climate and Hydrology, Figure D.27 
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Key factors under consideration relative to climate change include the following. 

 

 Douglas-fir forest is predicted to decline under increasingly warmer climates 

 Douglas-fir is predicted to decrease across Sonoma County, but is not necessarily 

expected to disappear from Pepperwood 

 Moisture requirements are moderate to high for Douglas-fir, and so extended droughts 

and increasing CWD could directly impact their populations 

 Increased tree mortality due to drought or other climate stressors would lead to 

increased fuel loading and community composition shifts 

 Forest fuels may become drier, exacerbating the risk of fire and possibly increasing the 

risk of devastating canopy fires 

 Changes in climate patterns may cause shifts in Douglas-fir forest species phenology 

 Pathogen abundance and host susceptibility interactions are complex and likely to 

manifest in various ways both during droughts (e.g., lowered defenses against pests, or 

decreased abundance of thermally sensitive pathogens) as well as during extreme wet 

conditions (e.g., increases in fungal pathogens and rots) 

 Invasive plants may be favored under future climate conditions, posing an additional 

threat to Douglas-fir communities 

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Below are current major knowledge gaps about Douglas-fir forests as identified 

by Pepperwood staff. This is not a complete list, but is meant to inventory the largest or most 

problematic information gaps. These gaps have been revealed, and may also be filled, through 

the adaptive management process. 

 

 What is(are) the mechanism(s) that will drive Douglas-fir forests to decline within our 

region under climate change? 

 Will species composition in Douglas-fir forests change with future climate? If so, what 

will the rate of community transition be? 

 What are the biological and climate thresholds that favor or disadvantage Douglas-fir 

forest species? 

 How will climate change affect interspecific interactions (e.g., competitors, mutualists) 

in Douglas-fir forest? 

 How do the Douglas-fir populations and communities found growing in different 

ecotypes vary? 
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 Will Douglas-fir encroachment into oak woodlands and mixed hardwood forest plant 

communities be slowed or stopped by climate change? 

 

Additional research and monitoring to address these knowledge gaps will be incorporated into 

the adaptive process moving forward. 
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5. Grasslands Habitat Management 
 

 

Resource Values of Grasslands  

Grasslands are some of the most economically and ecologically important habitats in California. 

These diverse plant communities provide numerous ecological functions that benefit humans 

and the natural environment, including food, fiber, and biochemical medicine; ecological 

services such as pollination, seed dispersal, climate, air quality, and erosion regulation; and 

nutrient and water cycling, habitat creation, and soil formation and retention (Millenium 

Ecosystem Assessment 2005). Temperate grasslands also contribute substantially to the storage 

of soil carbon and are recognized as significant contributors to the global carbon cycling process 

(Fischlin et al. 2007, Bertin 2008). Perennial grasses and soil organic matter both contribute to 

facilitating soil water infiltration (Curtis et al. 2015), and also play a critical role in infiltration 

and recharge of shallow aquifers.  

 

Grasslands provide important wildlife habitat for many species of birds, reptiles, amphibians, 

rodents, and invertebrates. Grasslands form important ecotones where they connect with 

other habitat types providing foraging zones for animals that find refuge in adjacent shrublands 

or forests. California grasslands are home to 24 threatened or endangered vertebrate and 

invertebrate species (Jantz et al. 2007). Invertebrates are one of the most diverse and abundant 

groups in grassland ecosystems, and are essential herbivores, pollinators, predators, 

parasitoids, and decomposers in these systems (Samways 2005). 

 

California’s grasslands evolved with episodic intense disturbances, including grazing by the 

megafauna of the Pleistocene era, and later, pronghorn antelope (Antilocapra americana) and 

tule elk (Cervus canadensis subsp. nannodes). Under pressure from predators, mammals moved 

across the landscape in large herds (Edwards 1992, 2004) but are thought to have been present 

in the region year round (C. McKay pers. comm. 2015). Prior to European contact, Native 

Americans used fire, cultivation, and pruning to manage vegetation for textiles, food, and 

wildlife habitat, creating another disturbance regime that impacted plant evolution and 

distribution (Anderson 2005). Native burning occurred about four times per decade, but some 

sites were burned on an annual or as-needed basis (B. Benson and C. McKay pers. comm. 2015). 

 

Human development, industrial agriculture, the loss of native forbs and perennial grasses, and 

the encroachment of woody species have made native grasslands one of the most endangered 

ecosystems in the state (Noss and Peters 1995, Cameron et al. 2014). European settlers brought 

large numbers of domestic stock animals, and along with them, the seeds of non-native plants. 

Severe overgrazing, drought, and invasive plants transformed the predominately perennial 



Grasslands – Pepperwood Adaptive Management Plan 

 

 

 

127 

grass and annual forb landscape into annual grassland dominated by non-native annual species 

(Bartolome et al. 2014). Phytolith evidence suggests that forbs dominated Central Valley 

grasslands, with a higher relative percentage of perennial bunch grasses in the California Coast 

Ranges and coastal prairie grasslands (Evett and Bartolome 2013). The exact historic forb and 

grass composition of Pepperwood’s grasslands are not known, but are thought to have been a 

rich mix of both types of plants (Evett et al. 2013). The degradation of grasslands by overgrazing 

has left many conservationists skeptical of using grazing as a land management tool (Fleischner 

1994). However, rangeland research and practical experience has demonstrated that properly 

managed animal disturbance can have a positive impact on grasslands, as well as some native 

fauna (Barry 2011, Bartolome et al. 2014). 

 

Both native and non-native woody shrubs and trees can invade California grassland habitat. 

Without control measures such as burning, cutting, pulling, and grazing, woody species such as 

coyote brush (Baccharis pilularis subsp. consanguinea) and Douglas-fir (Pseudotsuga menziesii 

var. menziesii) can alter biomass productivity, fuel structure, carbon storage, animal habitat, 

and microclimate, ultimately leading to a vegetation type conversion (D’Antonio et al. 2007). 

The widespread conversion of perennial to annual grasslands may facilitate rainfall runoff, 

stream channelization, and flooding. The numerous ecological benefits of grasslands described 

earlier have lead Pepperwood to implement management practices to prevent succession of 

grasslands to other vegetation types. 

 

Grasslands of Pepperwood 

The preserve’s grasslands cover about 900 acres, roughly 30 percent of the land, on all aspects 

and slopes, and elevations ranging from 186 to 1,560 feet. These habitats are a mosaic of 

annual non-native grasses, dense stands of the invasive perennial Harding grass (Phalaris 

aquatica), native perennial bunch grasses, serpentine grassland, wet meadows, and oak 

savannahs—all interspersed with varying densities and compositions of forbs. Of the 73 grass 

species found at Pepperwood, 34 are native to Sonoma County (DeNevers 2013); however, 

grasslands are the most heavily invaded plant habitat on the preserve. A historical ecology 

study has demonstrated a 10 percent net loss in grassland acreage at Pepperwood due to 

woody species encroachment (e.g., Douglas-fir, coyote brush) since 1942 (Dawson 2008). Evett 

and Bartolome (2009) investigated plant phytoliths, or silica bodies found in the soil of the 

grasslands at Pepperwood, and determined that a majority of these grasslands have existed 

here for millennia.  

 

Pepperwood’s grasslands are its most heavily invaded ecosystem, and thus the focal point for 

the majority of invasive plant management. During European settlement, California's native 
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grassland species severely declined due to overgrazing, drought, and the simultaneous 

introduction of invasive plants. Yellow starthistle (Centaurea solstitialis) increased across the US 

in the 1970s and was widespread in California by 1981 (Maddox et al. 1985). The deeper roots 

and late season phenology of aggressive invasive plants like yellow starthistle have increased 

seasonal grassland dryness (Enloe et al. 2004). Barbed goatgrass (Aegilops triuncialis) is another 

species of particular concern, as it forms a persistent monoculture that has the potential to 

displace the vast majority of other vegetation in our grasslands, including on serpentine soils 

(see Appendix C Invasive Plants). 

 

Plant Communities 

Common native perennial grasses include purple needlegrass (Stipa pulchra), blue wild rye 

(Elymus glaucus), California oatgrass (Danthonia californica), meadow barley (Hordeum 

brachyantherum), and slender wheat grass (Elymus trachycaulus subsp. trachycaulus). 

California fescue (Festuca californica) is dominant under Oregon oak (Quercus garryana var. 

garryana) stands. Common non-native annual grasses include soft chess (Bromus hordeaceus), 

Italian rye grass (Festuca perennis), wild oats (Avena barbata), and medusahead (Elymus caput-

medusae). The non-native perennial Harding grass (Phalaris aquatica) is common throughout 

the grasslands and is often found growing in wet drainages. Pepperwood grasslands support 

more species of Trifolium (clovers) than any other genus. The preserve boasts a total of 23 

Trifolium taxa, 12 of which are native species (DeNevers 2013).  

 

Serpentine grasslands at Pepperwood offer refugia for many native grasses and wildflowers, 

some of which are endemic to these toxic soils. Native perennial grasses found growing on 

serpentine include squirreltail (Elymus elymoides var. elymoides) and one-sided bluegrass (Poa 

secunda subsp. secunda). A native annual fescue (Festuca microstachys) occurs in serpentine as 

well as in areas with depauperate soils. Likewise the thin soils at rocky outcrops contain native 

forbs not found in other areas. 

 

Vegetation alliances (Sawyer et al. 2009) and provisional vegetation alliances (Halbur et al. 

2013) included in the grassland plant community at Pepperwood are: 

 

 Avena (barbata, fatua) Semi-Natural Herbaceous Stands (wild oats grasslands)  

 Elymus glaucus Herbaceous Alliance (blue wild rye meadows)  

 Danthonia californica Herbaceous Alliance (California oat grass prairie)  

 Cynosurus echinatus Semi-Natural Herbaceous Stands (annual dogtail grasslands)  

 Stipa pulchra Herbaceous Alliance (purple needle grass grassland)  

 Phalaris aquatica Semi-Natural Herbaceous Stands (Harding grass swards)  
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 Annual Non-native Grassland Provisional Alliance  

 Medusahead (Elymus caput-medusae) Grassland Provisional Alliance  

 

Wildlife 

Pepperwood’s grassland wildlife monitoring data indicates abundant populations of mammals 

such as black-tailed deer, bobcat (Lynx rufus subsp. californicus), brush rabbits (Sylvilagus 

bachmani), jack rabbits (Lepus californicus subsp. californicus), striped skunk (Mephitis mephitis 

subsp. occidentalis), opossum (Didelphis virginiana), coyote (Canis latrans subsp. ochropus), and 

wild pigs (Sus scrofa). It is noteworthy that the North American badger (Taxidea taxus), a 

grassland dependent mammal, was observed on the preserve in 2011 for the first time in 

recent history. Our grasslands support populations of the locally rare, grassland-dependent 

grasshopper sparrow (Ammodramus savannarum) as well as fall visiting burrowing owl (Athene 

cunicularia) and lapland longspur (Calcarius lapponicus), both confirmed most recently in Fall 

2016. 

 

The western meadow lark (Sturnella neglecta) and western bluebird (Sialia mexicana) are 

common in grasslands, as are California king (Lampropeltis getula), gopher (Pituophis catenifer), 

and garter snakes (Thamnophis elegans). Grassland-dwelling voles and mice are important prey 

for mammals such as badgers and coyotes, as well as raptors like white-tailed kites (Elanus 

leucurus) and northern harriers (Circus cyaneus). Threatened species associated with grasslands 

at Pepperwood include the foothill yellow-legged frog (Rana boylii), northern harrier, and 

burrowing owl. 

 

Monitoring  

Monitoring the impacts of management actions is essential to understand how they affect the 

preserve’s biological resources, and will allow us to evaluate the success of our management 

practices. Current monitoring projects include the following. 

 

Grassland Monitoring Transects 

Initiated in 2011, the annual Grassland Monitoring Project assesses 31, 55-meter transects that 

capture the diversity of grassland habitat, aspects, and soil types at the preserve. This project 

documents grassland species cover, composition, richness, dry matter (thatch and litter) cover 

and depth, and biomass production, and helps detect plant species transitions or movements 

over time. 
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Breeding Bird Surveys  

Initiated in 2007, the annual Pepperwood Breeding Bird Survey is conducted three times during 

the April to June breeding season. Two of the four monitoring transects have significant 

grassland habitat. 

 

Wildlife Picture Index Project 

The Wildlife Picture Index Project utilizes motion-activated cameras, three of which are in 

grasslands, to assess the occupancy of small to large mammals at the preserve and to detect 

changes in relative abundance and diversity over time. 

 

Management Objectives and Supporting Activities 

Key grassland management objectives and activities the preserve is undertaking to meet these 

objectives are summarized in Table 5.1 below.  

 

Table 5.1. Grasslands management and monitoring summary  

Management Objective Management Activity Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Reintroduce or 

simulate disturbances 

that were historic drivers 

of maintaining a healthy 

grassland community; 

prevent succession of 

grasslands to other 

vegetation types, such as 

forest or shrubland 

1.1 Grazing 1a, 1b, 2a, 

2b, 2c, 2d, 2f 1.1 Current: Continue 

implementing conservation 

grazing strategies until at least 

2023 (10 years), or until 

deemed unsustainable for 

ecological, hydrological, or 

financial reasons 

 

1.1 Current: Review rangeland 

monitoring data each 

December (see the 

Conservation Grazing Plan for 

Pepperwood Preserve [Gillogly 

et al. 2016]) 

 

1.1 Potential: Review financial, 

ecological and hydrological 

sustainability of grazing 

program on a biannual basis; 

ensure failsafe plan to 

financially achieve 10-year goal 

if necessary 

1.2 Fire 

1.2 Current: Conduct 

prescribed burns in invaded 

grasslands 

 

1.2 December 2017: 

Incorporate grasslands into 

the prescribe fire plan 

1.2 Current: Vegetation pre- 

and post-burn monitoring; 

native plant restoration 

following prescribed burning 

using best practices 
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Table 5.1. Continued 

Management Objective Management Activity Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Reintroduce or 

simulate disturbances 

that were historic 

drivers of maintaining a 

healthy grassland 

community; prevent 

succession of 

grasslands to other 

vegetation types, such 

as forest or shrubland 

1.3 Planning 1a, 1b, 2a, 

2b, 2c, 2d, 2f 1.3a February 2017: Explore 

Native American traditional 

cultivation practices with the 

Pepperwood Native Adisory 

Council; capture oral traditional 

history of grasslands and 

management; develop 

recommendations for 

implementation  

N/A 

1.3b December 2018: 

Investigate alternative 

disturbance methods and 

regimes for grasslands including 

woody shrub invasion control 

N/A 

2. Maintain diverse 

physical structure of 

grasslands across the 

preserve throughout all 

seasons 

2.1 Current: Create structural 

diversity (plant height and 

density) by temporarily 

excluding up to 10 percent of 

grasslands from grazing 

disturbance in a given year with 

mobile fences, in addition to 

permanent exclosures (see the 

Conservation Grazing Plan for 

Pepperwood Preserve [Gillogly 

et al. 2016]) 

2.1 Current: Map grazed versus 

ungrazed areas; visually inspect 

structural diversity 
 

2.1 Potential: Conduct photo 

monitoring to catalog 

structural conditions on an 

ordinal scale; investigate use of 

residual dry matter (RDM) as 

an additional monitoring 

metric; investigate proportion 

of grasslands excluded from 

grazing and length of rest 

period to improve structural 

diversity 

1a, 1b, 2d 
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Table 5.1. Continued 

Management Objective Management Activity Monitoring Activities 

Adaptive 

Management 

Goals Met* 

2. Maintain diverse 

physical structure of 

grasslands across the 

preserve throughout all 

seasons 

2.2 Current: Vary grazing herd 

density and duration based on 

visual biomass estimates to 

achieve varied biomass (500 

to 2,000 pounds/acre) (see 

the Conservation Grazing Plan 

for Pepperwood Preserve 

[Gillogly et al. 2016]) 

2.2 Current: Record herd 

location, herd size, and date 

range occupied per cell 

enclosure; review grazing 

monitoring data annually in 

December and incorporate into 

timing for the following year 
 

2.2 Potential: Record visual 

biomass estimates in some 

percentage of cell enclosures; 

calibrate biomass estimates 

among cattle managers by 

linking measured biomass to 

visual observations 

1a, 1b, 2d 

2.3 Current: Allow for 

adequate plant recovery; vary 

the grazing pattern across the 

preserve seasonally to avoid 

grazing the same area during 

the same season in back-to-

back years (see the 

Conservation Grazing Plan for 

Pepperwood Preserve [Gillogly 

et al. 2016]) 

2.3 Current: Record herd 

location, herd size and date 

range occupied per cell 

enclosure; in December 

annually analyze geographic 

data on herd movements to 

monitor rest periods 

3. Promote native 

perennial grasslands, soil 

health, and watershed 

function 

3.1 Current: Annually assess 

soil and grassland community 

health in December by 

reviewing rangeland 

monitoring data; incorporate 

the findings into the 

management strategies 

planned for the following year 

 

3.1 March 2017: Expand 

permanent grazing exclosure 

locations to include areas 

adjacent to long-term 

grassland monitoring 

transects 

3.1 Current: Grassland, grazing, 

soil, and streamflow 

monitoring; continue 

monitoring soil organic matter, 

carbon storage and water 

infiltration every three to five 

years in grazed and ungrazed 

sites 

 

3.1 Potential: Monitor 

grassland vegetation and soils 

in and adjacent to permanent 

20m x 20m exclosures every 

three to five years 

1a, 1b, 2a, 

2b, 2c, 2d, 

2e, 2f 
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Table 5.1. Continued 

Management Objective Management Activity Monitoring Activities 

Adaptive 

Management 

Goals Met* 

3. Promote native 

perennial grasslands, soil 

health, and watershed 

function 

3.2 Current: Continue native 

grass and forb propagation 

program; utilize locally 

sourced seed/stock to plant at 

least 5,000 native perennial 

grass plants annually 

 

3.2 December 2018: Develop 

a grassland restoration plan 

for increasing the distribution 

and abundance of native 

grasses; revisit the plan every 

three years; maintain 

abundance of native perennial 

grasses over the long term 

3.2 Current: Document the 

number and location of 

restoration plantings 

 

3.2 Potential: Conduct seeding 

and propagation experiments; 

consider using 

hydromechanical obliteration 

to prepare planting sites; track 

restoration planting projects 

over time and their success 

rates 

1a, 1b, 2a, 

2b, 2c, 2d, 

2e, 2f 

3.3 December 2025: Assess 

whether objectives are 

accomplished for improving 

grassland and soil health, and 

watershed function 

3.3 Current: Rangeland 

monitoring projects such as 

grassland community, 

hydrology, soil, and breeding 

bird monitoring 

4. Promote native forb 

cover and species 

richness 

See 2.3 above: Vary the 

grazing pattern across the 

preserve seasonally 

See 2.3 above 1a, 1b, 2d 

See 3.1 above: Annually 

assess grassland community 

health in December 

See 3.1 above 

4.1 Current: Use native forb 

species in grassland 

restoration and planting 

practices; include native forb 

seed in prescribed grassland 

fire restoration seed mixes 

(see 1.2 above) 

 

4.1 December 2018: Develop 

a grassland restoration plan 

for increasing the distribution 

and abundance of native 

grasses and incorporate forb 

species 

4.1 Current: Prescribed fire 

restoration forb seeding 

monitoring 
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Table 5.1. Continued 

Management Objective Management Activity Monitoring Activities 

Adaptive 

Management 

Goals Met* 

5. Promote serpentine 

grasslands 

See 2.3 above: Vary the 

grazing pattern across the 

preserve seasonally 

See 2.3 above 1a, 1b, 2d 

See 3.1 above: Assess 

serpentine grassland 

community health each 

December 

See 3.1 above 

5.1 Current: Control invasion 

of serpentine grasslands by 

non-native invasive plants (see 

Appendix C Invasive Plants) 

5.1 Current: Visual 

observations, Grassland 

Monitoring Project 

 

5.1 December 2019: Develop a 

nitrogen deposition monitoring 

program for serpentine 

grasslands 

6. Promote vernal pool 

and seep habitat within 

the grasslands 

6.1 Current: Avoid grazing 

vernal pools and seeps when 

wet to prevent disturbing 

these habitats during sensitive 

seasons (e.g., amphibian 

reproductive periods) 

 

6.1 Potential: Investigate 

optimal timing for grazing 

vernal pools and seep to 

manage invasive weeds 

6.1 Current: Regularly discuss 

herd movement into new areas 

and visit field sites to identify 

sensitive wet locations to avoid 

 

6.1 Spring 2017: Spring and 

seep inventory and mapping 

project 

 

6.1 Potential: Monitor riparian 

and aquatic habitats 

1a, 1b, 2d 

6.2 December 2017: Develop 

a management and 

monitoring plan for invasive 

wetland plants (e.g., velvet 

grass [Holcus lanatus], 

pennyroyal [Mentha 

pulegium], waxy mannagrass 

[Glyceria declinata]) (see 

Appendix C Invasive Plants) 

N/A 
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Table 5.1. Continued 

Management Objective Management Activity Monitoring Activities 

Adaptive 

Management 

Goals Met* 

7. Promote rare and 

locally uncommon 

grassland plant species 

See Management Objectives 

3 and 4 above, and the 

Appendix B Rare and 

Threatened Plants of 

Pepperwood 

N/A 1b 

8. Promote rare and 

locally uncommon 

grassland animal species 

8.1 December 2018: 

Incorporate ground nesting 

bird management and 

monitoring into the 

Conservation Grazing Plan for 

Pepperwood Preserve (Gillogly 

et al. 2016) and grassland 

restoration plan 

8.1 Current: Annual 

Pepperwood Breeding Bird 

Surveys 

 

8.1 Potential: Photo 

monitoring to catalog plant 

structural diversity in grazing 

enclosures during nesting 

season; walk areas with ground 

nesting birds prior to moving 

cattle into the area to establish 

buffers around discovered 

nests 

1b 

8.2 December 2018: Assess 

the feasibility and 

appropriateness of conducting 

a burrowing owl habitat 

creation and introduction; 

Incorporate related goals and 

activities into the grassland 

restoration plan 

N/A 

8.3 December 2019: 

Incorporate North American 

badger habitat management 

and monitoring into the 

grassland restoration plan 

N/A 

9. Control invasive non-

native plants in 

grasslands 

See 1.2 above: Conduct 

prescribed burning to control 

invasive plants 

See 1.2 above 1a, 1b, 2a, 

2b, 2d, 3a 
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Table 5.1. Continued 

Management Objective Management Activity Monitoring Activities 

Adaptive 

Management 

Goals Met* 

9. Control invasive non-

native plants in 

grasslands 

9.1 Current: Continue existing 

invasive plant management 

activities (see Appendix C 

Invasive Plants) 

9.1 Current: Visual 

observations; grassland 

monitoring transects; 

documentation of weed 

management area treated, 

treatment method, etc. 

 

9.1 Potential: Explore potential 

to implement increasingly 

specific treatments of invasive 

non-native plants and woody 

shrubs using grazing; identify 

areas that can be mowed with 

a tractor or weed whip to 

control invasives such as yellow 

starthistle 

1a, 1b, 2a, 

2b, 2d, 3a 

10. Control invasive 

animals in grasslands 

10.1 Current: Continue 

existing invasive animal 

hunting program  

10.1 Current: Monitor 

occupancy rates of invasive 

mammals and birds through 

the Wildlife Picture Index 

Project; visual observations; 

document wild turkey and pig 

occurrence and removal; 

monitor ponds for bullfrogs 

1a, 1b, 3b, 3d 

11. Utilize locally sourced 

seed/stock in restoration 

projects 

11.1 Current: Continue 

collecting native perennial 

grass seed from Pepperwood 

for restoration projects (see 

3.2 above); when purchasing 

seed use local ecotypes, 

preferably from Sonoma 

County; continue expanding 

seed and propagule 

collections to include native 

forbs 

11.1 Current: Document on-

site seed source locations 

 

11.1 Potential: Track where 

seed is collected and planted, 

and the success rate of 

planting to determine if there 

are local ecotype effects 

1c 
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Table 5.1. Continued 

Management Objective Management Activity Monitoring Activities 

Adaptive 

Management 

Goals Met* 

12. Reduce erosion in 

grasslands and control 

sedimentation into creeks 

12.1 Current: Continue 

improving and maintaining 

preserve road system (see 

Introduction: Setting and 

Drivers, Section 2, 

Infrastructure and 

Development Restrictions) 

12.1 Current: Visual 

observations, photo 

monitoring 

1b, 2a 

N/A 12.2 Potential: Field survey to 

identify headcuts and other 

problematic erosion areas to 

determine appropriate 

treatments; incorporate 

proposed treatments into the 

grassland restoration plan; 

consider using LiDAR products 

to inform this process 

13. Incorporate climate 

change into our grassland 

management program 

N/A 13.1 March 2017: Incorporate 

climate data into the grassland 

monitoring project design by 

representing the range of 

CWD, Tmin, Solar radiation, 

etc., that grasslands occupy 

(see Figure 5); establish 

exclosures adjacent to 

grassland monitoring transects 

to tease apart the effects of 

climate versus management on 

grasslands 

 

13.1 Potential: Investigate the 

association of grassland under 

different AET regimes 

1a, 1b, 2a, 2c, 

3a, 3b, 3c, 3d, 

5 

*1a-habitat diversity; 1b-species diversity; 2a-water cycle; 2b-soil health; 2c-nutrient cycles; 2d-

promote native vegetation; 2e-landscape connectivity; 2f-beneficial disturbance; 3a-control 

invasive plants; 3b-control invasive animals; 3c-new species; 3d-infectious diseases; 5-protect 

resources. See Overarching Adaptive Management Goals, page 3, for a full description of these 

goals. 
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Management Discussion 

Historical Grazing 

Grazing is a tool many land managers use to improve soil health, reduce thatch cover, combat 

invasive plants, increase native species diversity, and restore historical impacts of native fauna.  

Historical grassland management at Pepperwood has been driven by its history of ranching and 

farming. Survey crew notes from 1858 describe grazing domestic animals on the ridgetops near 

Three Tree Hill. Vineyard row mounds can still be detected along some ridgetops near the 

Strebel Homestead, Three Tree Hill, Goodman Homestead, and Hendley Flat. Old Sonoma 

County maps also show the barn meadow as agricultural land (Thompson 1877). 

 

Pepperwood’s long history of using cattle grazing as a grassland management tool may be the 

reason for the existing species richness and prolific cover of native perennial grasses at the 

preserve. The Bechtel family had cattle at Pepperwood from the 1950s to 1979, when they 

donated the land to the California Academy of Sciences. The Academy continued to use cattle 

as a seasonal management tool to create disturbance in the grasslands, reducing thatch levels 

and the occurrence of invasive plants such as Harding grass. Average herd size was 150 animals 

with a range of 80 to 300 head. Cattle were brought on the land from November to February 

and removed by the end of May. They were rotated among five pastures, typically visiting each 

pasture twice during the season. Decisions about stocking rate, grazing season, and pasture 

rotations were made by the Preserve Manager in consultation with the herd owner.  

 

While this grazing program (prior to 2013) was an important tool to increase grassland health, it 

also had some significant shortcomings. Most notably, the program applied the same timing 

and duration year after year, which tends to exacerbate the negative impacts grazing can have 

on grassland health. Additionally, animal impacts and density cannot be maximized or highly 

controlled with large pasture, open-range grazing. For example, stocking rates can be modified 

for entire pastures, but cannot be controlled for specific locations within those pastures that 

may require more or less disturbance to maximize grassland health. Lastly, the traditional 

grazing contractor may be more invested in putting weight on their animals than promoting 

healthy ecosystems. To address these issues, Pepperwood transitioned to an experimental 

conservation grazing strategy in 2013.  

 

Cattle managers are using electric fencing and portable water systems to maximize their ability 

to control animal density and duration based on different grassland types and changing 

environmental conditions. The Pepperwood Conservation Grazing Program intends to 

demonstrate that by using high-density, short duration grazing with adequate periods of forage 

recovery, rangeland managers can make progress towards conservation goals. See the 



Grasslands – Pepperwood Adaptive Management Plan 

 

 

 

139 

Conservation Grazing Plan for Pepperwood Preserve (2016) for grazing goals and objectives, 

herd management strategies, and targeted impacts. 

 

Conservation Grazing  

Conservation grazing objectives include minimizing bare ground; trampling of standing biomass 

and thatch to encourage decomposition; minimizing soil compaction; manipulating seasonal 

timing to promote diversity of animal impacts; controlling animal impact on wetlands, creeks, 

and springs; creating variable grassland structure; reducing woody shrub invasions; and 

promoting animal health. 

 

In February 2013, Pepperwood partnered with Holistic Ag to use cattle to replicate the 

disturbances historically produced by native herding animals. This grazing approach allows 

maximum versatility with respect to herd stocking rates, density, duration, timing, and rest. 

Electric fencing and portable water systems are used to control livestock density and duration 

on varying grassland types in response to soil conditions, weather, topography, season, and 

animal performance. The goal of the program is to demonstrate that by using high-density, 

short duration grazing and adequate periods of recovery, rangeland managers can make 

progress towards grassland conservation goals (Gillogly et al. 2016).  

 

Some paddocks are left ungrazed (or lightly grazed) to increase grassland structural diversity 

and to provide for observational comparisons with neighboring grazed paddocks. This approach 

creates variation in grassland structure, utilizing biomass and/or residual dry matter (RDM) 

estimates as a measure of that variation. Additionally, a mosaic of biomass or RDM levels may 

promote plant richness and vigor under varied weather and climatic conditions. High-density 

grazing during flowering and seed set can have a significant negative impact on the annual 

reproductive success of grasses and forbs, which is negated by varying the seasonal timing of 

grazing a particular pasture. The short duration of high-density grazing allows for a grazed plant 

to fully recover prior to being grazed again.  

 

The Conservation Grazing Plan for Pepperwood Preserve (Gillogly et al. 2016) outlines this 

approach in greater detail. 

 

Conservation Grazing Implementation Monitoring 

Soil health is monitored using protocols developed by Point Blue Conservation Science (Porzig 

et al. 2015). Water infiltration, bulk density, and soil carbon are measured at three- to five-year 

intervals. Monitoring locations are established at a subset of grassland transect monitoring 

sites.  
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Grazing spatial data (enclosure fence lines), stocking rates, and enclosure move in/out dates are 

recorded throughout the year using Google Earth and exported to Geographic Information 

System (GIS). To date, nine ungrazed 20 x 20-meter exclosures have been established within 

larger grazed pastures. Additional ungrazed and permanently fenced transects will be 

established adjacent to a subset of existing grassland monitoring transects by April 2017. Real-

time visual observations and photo documentation of biomass or RDM will help to gage optimal 

animal impact. 

 

Prescribed Burning  

Most grassland ecologists and managers agree that fire is an important, if not essential 

component of native California grasslands (Reiner 2007). Fire is an attractive management tool 

because it emulates a natural disturbance and can be applied at a scale relevant to 

conservation goals. Prescribed fires can reduce thatch, modify grassland structure, control non-

native plants, and preserve grasslands by reducing invasion by woody species while promoting 

fire-adapted native plants.  

 

Pepperwood is developing a prescribed fire management plan that includes two small 

experimental burns—one in grasslands, conducted June 2016, and one in a hardwood forest, 

possibly in the fall of 2017. The grassland burn was timed to have the greatest impact on the 

invasive, non-native medusahead grass. After the burn, the site was divided into an area for 

planting native grasses from plugs, and two native grass and forb re-seeding areas using 1) 

broadcast seeding and 2) plowing lightly with a harrow before broadcast seeding and following 

with the smooth harrow side after seeding. Monitoring consists of 55-meter transects in each 

of the three treatment areas that will be surveyed before and after the burn and following the 

restoration, as well as four transects in un-restored areas as a control. 

 

Invasive Plant Management 

Pepperwood manages invasive plants to enhance native plant populations, improve habitat for 

wildlife, and support healthy watersheds. Our ultimate goal is the elimination or control of 

invasive plant populations. Although primarily focused on grassland plants, 35 different species 

make up the core of Pepperwood’s invasive plant management activities. The program utilizes 

GIS mapping; year-round monitoring; and the documentation of treatment methods including 

herbicide applications, manual removal, flaming, and early detection and prevention measures. 

Multiple small-scale projects have tested invasive plant management approaches and 

restoration methodologies by applying various control treatments to target invasive grass 

populations.  
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Harding grass (Phalaris aquatica), an invasive perennial, is widespread at Pepperwood as a 

result of broadcast seeding after the 1964 Hanley Fire. Treatments for Harding grass have 

included: 1) hand removal, 2) chemical treatment, 3) burning small plots, and 4) sheet 

mulching, all of which were followed by planting native grass starts. Hand removal is highly 

labor intensive but effective. Chemical treatment, using glyphosate, was over 80 percent 

effective at killing Harding grass “clumps,” but required a second treatment on plants not killed 

outright. Burning using a flamer during wet months was seldom effective at killing well 

established “clumps,” but was effective on individual plants. A sheet mulching experiment in 

2013 demonstrated total control of Harding grass, but was very labor and resource intensive. 

 

Medusahead (Elymus caput-medusae) treatments include high-density animal (cattle) impact 

and treating sites by flaming or prescribed fire before planting native grasses. High-density 

grazing was very successful in treating a predominantly medusahead grassland near Turtle 

Pond. Late spring timing appears essential, as that is when the plant is flowering (April–July). 

The removal of plants and thatch through grazing revealed multiple purple needlegrass plants 

that were able to capitalize on the canopy opening and thrive with renewed vigor. Likewise, 

timing is essential in using flaming and prescribed fire to control medusahead, with best results 

when it is applied during seed development in late May and early June. 

 

Barbed goatgrass (Aegilops triuncialis) sites are visited regularly starting in March to determine 

maturity and visibility, at which point cover is estimated and all material is hand pulled. Sites 

were mapped and measured in 2015, as well as flagged along their perimeter to facilitate early 

identification and to monitor changes in size. A within-patch experimental approach was 

employed in the early growing season 2015 and 2016 to compare the success of flaming to 

hand pulling. Flaming took the same level of effort when barbed goatgrass cover was thin, but 

was no more effective, and possibly less so, than hand pulling. 

 

Rush skeleton weed (Chondrilla juncea) is treated with the herbicide Transline as early as 

possible in the growing season combined with clipping and bagging bolting vegetation. Locating 

individual plants becomes easier as grasses start to brown, usually in May, and spraying may 

need to be repeated during the summer. This species has such a rapid life cycle that it may 

require year-round monitoring and treatment. 

 

Yellow starthistle (Centaurea solstitialis) is treated each June using the herbicide Transline, 

applied manually using backpack sprayers. Hand pulling is used to remove individual plants 

missed during the herbicide treatment and in sensitive areas where Transline is not 

appropriate. Occasionally we alter herbicide chemicals to address the issue of developing 

resistance to Transline. 
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Other management tools under consideration but not widely used include mowing, tarping, 

and hydromechanical obliteration. 

 

Native Plant Propagation and Restoration 

Pepperwood has been actively seeding or planting native plugs and monitoring their success as 

part of an integrated grassland restoration strategy. In 2015, an on-site greenhouse and 

shadehouse was constructed to increase native plant propagation capacity. 

 

Native perennial grass seed is collected annually, propagated on site, and planted in select 

grassland habitats to increase the abundance and cover of native grasses. Upwards of 15,000 

plants are planted each year using mostly volunteer labor. Grass species that are propagated 

through seed collection include: purple needlegrass, California fescue, blue wild rye, meadow 

barley, slender wheat grass, and California oatgrass. Areas that have been previously planted 

include the barn meadow, along disturbed roadways throughout the preserve, in the 

demonstration garden, adjacent to the Dwight Center, and in a seven-acre prescribed burn site 

south of Three Tree Hill. Future restoration sites include prescribed burn areas, roadside 

erosion control locations, a small wet meadow adjacent to the barn meadow, reclamation of 

construction sites near the Dwight Center, and a road cut in serpentine chaparral. 

 

Most of the preserve’s native grass restoration has been concentrated around the Dwight 

Center and at road improvement sites. Hydroseeding California meadow barley (Hordeum 

brachyantherum subsp. californicum) was successful in some areas following ground surface 

disturbance from Dwight Center construction activities. An additional 30,000 purple 

needlegrass, California fescue, and blue wild rye starts were also successfully established 

around the Dwight Center. 

 

Invasive Animal Control 

Though not abundant, non-native animals at Pepperwood such as feral pigs, wild turkeys 

(Meleagris gallopavo) and European starlings (Sturnus vulgaris) can have significant ecological 

impacts. Pigs and turkeys are controlled by the volunteer hunting program, overseen by the 

Preserve Manager. While hunting will never eliminate targeted species, it kills individuals, and 

more importantly forces the animals to move across the landscape and not settle into a 

particular location. European starlings are not currently managed. This topic is more fully 

addressed in Appendix A Wildlife Species Lists.  
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Grassland Management Goals 

Table 5.1 summarizes the management objectives and activities that help us achieve the 

following grassland management goals: 

 

Reintroduce or simulate disturbances that were historic drivers of maintaining a healthy 

grassland community 

Historic disturbances that maintained healthy grassland communities include: prescribed burns, 

grazing, browsing and foraging animals, and Native American cultivation practices.  

 

Prevent succession of grasslands to other vegetation types, such as forest or shrubland (i.e., 

keep 900 acres of grassland as grassland) 

Without disturbance, grassland communities shift into shrubland and forests due to woody 

plant species invasion. Utilizing disturbance tools such as high-density grazing, mechanical 

removal, or fire keeps common woody plant invaders such as coyote brush and Douglas-fir 

from encroaching into grassland communities. 

 

Maintain diverse physical structure of grasslands across the preserve throughout all seasons 

To support a diverse array of plants and wildlife, we manage for an assortment of vegetation 

heights and densities (i.e., physical structure) by varying grazing timing, density, duration, rest 

period, and by installing permanent grazing exclosures. We assess structural diversity in 

grasslands by visually monitoring biomass throughout the year.  

 

Promote native perennial grasslands, soil health and watershed function 

Native perennial grasslands are rich in species diversity and were likely a dominant grassland 

community in the California Coast Ranges prior to European settlement. The roots of perennial 

grass species facilitate water infiltration by penetrating the soil to depths upwards of three 

meters. Improving conditions for native perennial grasses (e.g., reducing thatch cover, 

increasing soil organic matter, and reducing competition with non-native species) requires the 

promotion of soil health and may ultimately lead to improved watershed function. 

 

Promote native forb cover and species richness 

Forb species contribute to the overall biodiversity of grasslands at Pepperwood, and are used as 

a food source for pollinators and granivores, provide ecosystem services such as fixing nitrogen 

into soil, and draw visitors to Pepperwood to admire their beauty. Trampling and herbivory 

caused by high-density grazing during the forbs’ flowering period may have a negative impact 

on reproductive output and seed set, potentially resulting in a loss of forb cover and richness in 

subsequent years. Monitoring such potential impacts is key to informing our management 

practices. 
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Promote vernal pool and seep habitat within the grasslands 

Aquatic habitats in upland areas of the preserve exist as isolated islands with unique floral and 

faunal assemblages. In Pepperwood's grasslands, they are mostly ephemeral, although many 

springs have perennial surface water. These sites are extraordinarily productive and active 

during wet periods, providing critical food and water resources that support the local 

ecosystem. Standing vegetation at water sources is serves as a substrate for metamorphosing 

insects and is utilized as cover from predation by amphibians and juvenile northern western 

pond turtles (Actinemys marmorata subsp. marmorata). Standing vegetation and thatch may 

also prevent rapid desiccation of rearing pools during annual drying. 

 

Control invasive, non-native plants  

Invasive plants increase competition for resources with native species. Some species degrade 

habitat quality for wildlife and can be detrimental to domestic grazers. Non-native annual 

grasses have less water infiltration potential and sequester less carbon than native perennial 

grasses.  

 

Control invasive, non-native animals  

Non-native animals compete with native species for resources, prey on native species and can 

spread infectious diseases. American bullfrogs (Lithobates catesbeianus) are voracious 

predators and inhabit wetlands within our grasslands (see Preserve-wide Management 

Strategies Section 4). Wild pigs are an unnatural disturbance in California grassland habitats and 

harbor diseases such as Brucellosis, tularemia, and pseudorabies. 

 

Utilize locally sourced seed/stock in restoration projects  

Locally sourced seed stock has genotypes that are adapted to local conditions, which can 

improve the outcome of restorations projects. Climate change may necessitate modifying this 

objective to utilize genotypes and/or species better adapted to new conditions.    

 

Reduce erosion in grasslands and control sedimentation into creeks 

Sediment runoff from poorly managed grazing areas and roads can significantly impair the 

quality of salmon and trout streams. In a healthy stream, young salmon and trout hatch and 

hide in the spaces between cobbles and stones to avoid predation and forage for food. The area 

of the stream where flowing water extends down into the gravel is also extremely important for 

aquatic invertebrates, which supply most of the food for the young salmonids. Fine sediment 

clogs the spaces between streambed gravel, destroying this key habitat.  
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Climate Change Considerations  

The discussion below considers potential responses of Pepperwood's grasslands to projected 

long-term climate trends as well as changes to annual and seasonal variability. Hypotheses 

presented here will be evaluated in the process of our long-term monitoring and adaptive 

management. In particular, we look at the contemporary distribution of vegetation resources 

relative to climate-hydrology gradients on the preserve today. This analysis allows us to identify 

susceptible populations, as well as potentially well-adapted populations capable of thriving in 

an increasingly arid environment punctuated by more frequent extremes in rainfall, drought, 

and fire.  

 

Grasslands occur in many different climates, and current regional models of vegetation 

transitions due to climate change are relatively inconclusive regarding whether grasslands may 

expand or contract in response to rising temperatures (Ackerly et al. 2015). Individual grassland 

species may be losers or winners under climate change, but such projections are currently a 

knowledge gap.  

 

Grasslands span the range of climatic water deficit (CWD) values that occur at Pepperwood 

with the exception of locations characterized by the highest CWD levels on the preserve (Figure 

5.1, up to >1175 mm CWD).  
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Figures 5.1.a–b. Distribution of climatic water deficit (CWD) values at Pepperwood by: a) 

vegetation community and b) grassland at Pepperwood relative to current CWD values 

Source:  10m BCM mean CWD 1981–2010 

5.1.a. Distribution of CWD at Pepperwood by vegetation community 

See Appendix D Climate and Hydrology for a detailed description 

 
 

5.1.b. Grassland 

 
 

Across the preserve's grasslands, CWD is particularly high along Martin Creek in the 

northwestern arm (726–750 mm historically, 901–975 mm projected), and at the preserve 

entrance (826–850 mm historically, 976–1,050 mm projected) where there are serpentine 

grassland communities that are especially rich with forb species (Figure 5.2). In general, the 

ridgetop grasslands at the center of the preserve (e.g., at Three Tree Hill) occur at higher 

elevations and have a relatively lower 30-year mean CWD than the rest of the preserve. This 

area is rich with native bunchgrasses including purple needlegrass, blue wild rye, California 
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oatgrass, red fescue (Festuca rubra), squirreltail (Elymus elymoides var. elymoides), and Idaho 

fescue (Festuca idahoensis). 

 

Figure 5.2. Historic, current, and future projected climatic water deficit in Pepperwood’s 

grasslands 

Source:  2014 California BCM

 
 

The 270-meter BCM data reveal that historical and recent 30-year averages of annual CWD 

values in grasslands range from about 600–850 mm per year, or 24–33 inches per year, and are 

projected to reach a range of 765–1005 mm per year, or 30–40 inches per year, by the end of 

the century under a hot, low rainfall scenario (Figure 5.2). This level of increase in CWD exceeds 

historic range of variability for the preserve. 

 

Even though we characterize CWD in grasslands at Pepperwood, we hypothesize that actual 

evapotranspiration (AET) may be a better indicator of change than CWD for grasslands because 

species senesce prior to the end-of-season dry conditions which are not considered for the 
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CWD model (S. Weiss pers. comm. 2015). We will investigate the association of grassland under 

different AET regimes. 

 

Grassland Monitoring Project 

We analyzed the percentage of grassland monitoring transects that lie within different CWD 

ranges, aspect, topographic position index, slope, minimum temperature (Tmin), and solar 

radiation (SolRad) (Figure 5.3). Generally we found that the transects represent the topography 

and climate of Pepperwood's grasslands with the exception of high CWD regions (e.g., Martin 

Creek in the northwestern arm [Figure 5.2]), where more transects will be established before 

the 2017 sampling season). 

 

Figures 5.3.a–f. Climate analysis of grassland monitoring (GLM) transects as compared to 

grasslands as a whole at Pepperwood  

 

5.3.a. Percentage of GLM transects and grasslands at Pepperwood by climatic water deficit 

(CWD) 

 
 

5.3.b. Percentage of GLM transects and grasslands at Pepperwood by aspect  
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5.3.c. Percentage of GLM transects and grasslands at Pepperwood by Topographic position 

index 

 

5.3.d. Percentage of GLM transects and grasslands at Pepperwood by percent slope 

 

5.3.e. Percentage of GLM transects and grasslands at Pepperwood by minimum temperature 
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5.3.f. Percentage of GLM transects and grasslands at Pepperwood by solar radiation 

 

 

Interannual Variability 

Precipitation variability influences grassland forb production, with increased drought conditions 

possibly favoring non-native invasive plants such as storksbill (Erodium botrys) or yellow 

starthistle. On the other hand, wet springs tend to favor coyote brush, as evidenced by our 

Grassland Monitoring Project and photo monitoring data. 

 

Grasslands may have lower productivity (i.e., decrease in AET) and diversity under increased 

drought conditions. During the first couple years of the 2012–2015 drought, Pepperwood staff 

observed an increase in non-native forb abundance and diversity. This was followed in spring 

2014 with a decline in forb abundance and diversity. In spring 2016, a rebound of forbs was 

observed in response to increased rainfall and soil moisture availability. Many species that had 

not been present in previous years were seen in abundance, such as dwarf owl's clover 

(Triphysaria pusilla) and parentucellia (Parentucellia villosa). Others that had relatively low 

abundance in drought years, but exhibited dense displays in spring 2016 include bird's-eye gilia 

(Gilia tricolor) on serpentine outcrops, Monterey centaury (Zeltnera muehlenbergii), Jepson's 

leptosiphon (Leptosiphon jepsonii), rattlesnake grass (Briza maxima), and narrow-leaved clover 

(Trifolium angustifolium), to name a few. In 2016 we also observed a reduction in native 

perennial grass cover in many of our native grassland monitoring transects compared to the 

previous years. Whether this can be attributed to the drought or our grazing practices cannot 

be determined. 

 

Decreases in overall AET may enable drought-tolerant perennial native bunchgrasses, such as 

purple needlegrass or Idaho fescue to increase in abundance. Their deep root system allows 

them to tap into groundwater reserves unavailable to shallow-rooted, non-native annual 

grasses and forb species, giving them a competitive advantage. On the other hand, California 

oatgrass tends to occur in deeper, wetter soil conditions and may be negatively affected by 
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increases in CWD and reductions in AET. The complex responses of grassland species to 

changes in AET and CWD may be captured by our annual Grassland Monitoring Project, which 

documents biomass (e.g., productivity or changes in AET) and abundance (e.g., species 

composition, ocular cover estimates). 

 

Seasonal Variability 

Shifts in seasonal rainfall may impact plant phenology. Spring seasons that start and dry down 

early tend to reduce the reproductive output of grasses, especially native perennial 

bunchgrasses (see the grazing and drought discussion below). The reduction of grass seed 

production has implications across the food chain, affecting seed-foraging animals such as 

birds, rodents, and ants, which in turn affects their predators. Early springs also produce poor 

summer forage quality for browsing deer or grazing cattle. 

 

Changes in seasonal timing can also cause phenological shifts that uncouple complex 

relationships between host plants and animals that rely on them for food, shelter, or 

reproduction. A graduate student from UC Berkeley is studying the effect of aspect on grassland 

species phenology by comparing north- and south-facing slopes at Pepperwood. 

 

Groundwater Recharge 

Grasslands are critical to hydrologic function, turning a greater proportion of water inputs into 

groundwater recharge than any other vegetation type. The relative differences in recharge 

among vegetation types are more pronounced in drier climates (Kim and Jackson 2012) and 

therefore the recharge value of grasslands can be expected to increase in a hotter drier 

California future. 

 

Habitat Suitability for Invasive Plants with Climate Change 

CalWeedMapper (California Invasive Plant Council 2016) is an online tool to look at potential 

increased risk of invasives resulting from climate change. None of the 19 out of 35 invasive 

plants managed at Pepperwood are predicted to undergo widespread expansion in habitat 

suitability by the year 2050, and in 14 of the 19 modeled species the suitability remains 

unchanged through 2050.  

 

Out of the 35 invasive plant species considered in this management plan, 24 occur in 

grasslands. Specifically, common teasel (Dipsacus fullonum) is projected to have moderate 

expansion in suitable habitat and blessed milk thistle (Silybum marianum) is projected to have a 

small expansion. Rush skeleton weed may undergo a widespread reduction in habitat suitability 

in Pepperwood's vicinity, whereas stinkwort (Dittrichia graveolens) and oblong spurge 

(Euphorbia oblongata) may undergo moderate and small reductions, respectively. 
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 How Did the Grazing Program Need to Adapt to Drought? 

The 2012–2015 drought facilitated changes in the cattle grazing program. Low rainfall reduced 

forage production, limiting the stocking rate. Low rainfall in late spring specifically, led to early 

senescing of annual grass forage, which led to lower herd density and/or more frequent moves 

between enclosures. Spring 2014 saw normal grass flowering, but extremely low purple needle 

grass seed production. The herd relied heavily on native grasses for nourishment during the dry 

season, cropping them close to the ground. Those same grasses exploded to life in December 

2014 with very little prior rain, demonstrating their ability to pull moisture from deep 

underground. 

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Here we list major knowledge gaps regarding our grasslands that have been 

identified by Pepperwood staff to date. This is not a complete list, but is meant to inventory the 

largest or most problematic gaps in knowledge. These gaps are revealed, and may also be filled, 

through the adaptive management process. 

 

 Do grasslands have specific climate thresholds? 

 What soil types, mycorrhizal associations, and soil microbes are associated with 

different grassland types?  

 What is the role of microbes in soil health and nutrient cycling? 

 What are the grassland structural requirements for different wildlife species? 

 Historically, what portion of our grasslands were forbs versus native perennial grasses?  

 What species lie dormant in the seedbank and how do they differentially respond to 

management treatments? 

 Moving forward, how is the new optimum different than historic conditions? 

 How can prescribed fire be utilized to meet grassland management goals? 

 What is the ideal fire interval? 

 Are current management actions increasing non-native forb cover? 

 If so, how can we modify our management to reverse this trend? 

 How can we discern climate, invasion, and management effects? 

 When is it beneficial to graze springs and seeps? 

 How effective is our Conservation Grazing Program at meeting conservation targets? 

 Native perennial grasses are good for hydrologic function, but are our management 

activities increasing their cover? 

 Where have we planted native grasses over the years, and how many? What has 

survival been? 
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 Are current grazing practices impacting native grass cover? 

 Will prescribed burning impact native grass cover? 

 

Additional research and monitoring to address these knowledge gaps will be incorporated into 

the adaptive process moving forward. 

 

Grassland Research at Pepperwood 

Below we list grassland research projects at Pepperwood and their findings. 

 

Research Findings 

Carlson (2011) Effects of grazing on native plant abundance and diversity in a California 

grassland invaded by Phalaris aquatica 

Comparisons of grazed and ungrazed sites found that grazing reduced the cover and 

fitness of Harding grass but had no significant effect on native and non-native cover or 

diversity. However, grazing did significantly increase non-native forb cover. Average 

differences in native and non-native cover and diversity were insignificant for the study 

system as a whole, but there were large differences at some sites. 

 

Dawson (2008) Historical baseline study of the grassy ridges at Pepperwood Preserve 

Historical evidence since the beginning of the historical record in 1858 confirms the 

existence of large, open, grassy areas centered on the ridgetops at Pepperwood 

Preserve. The evidence also suggests that the size of the grassy areas has declined about 

10 percent since 1942, and by some additional amount since the mid-19th century. 

 

Evett and Bartolome (2009) Phytolith analysis of grassland soils at Pepperwood Preserve.  

Phytolith evidence strongly supports and extends the conclusions of the concurrent 

historical ecology study at the Pepperwood Preserve (Dawson 2008): the areas of open 

grassland seen today have been persistent features of the landscape for a minimum of 

several centuries and probably for millennia. 

 

Shade (2010) Differences in population differentiation between an outcrossing and selfing 

species (Lupinus bicolor and L. nanus) 

This study demonstrated that selfing populations can maintain higher population 

differentiation than outcrossing populations even at distances large enough to impede 

pollinator mediated gene flow. It also showed that the link between population 

differentiation and geographic distance may be weaker than previously thought, 
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suggesting that habitat type and population size might have a greater effect on local 

adaptation than distance among sites. 

 

Maron et al. (2014) Staged invasions across disparate grasslands: effects of seed 

provenance, consumers and disturbance on productivity and species richness 

Diversity of the grassland sites is limited by the availability of seeds. Adding seeds to 

grasslands increased species richness (number of species) by 30 percent. The number of 

newly recruited plant species was similar for native and non-native plant species, it 

generally increased due to soil disturbance, but recruitment success of new species was 

not significantly affected by rodent exclosures. However, the results also revealed that 

rodent herbivores have significant negative effects on establishment of individual plant 

species, which affects plant community composition. Rodent herbivory drastically 

reduces biomass in these grasslands. 

 

Recent and Current Visiting Scholar Projects 

 Farrer (University of California, Berkeley) Dispersal vectors and risk assessment of 

noxious weed spread: medusahead invasion in California rangelands.  

 

 Halliday (University of North Carolina Chapel Hill) Patterns of foliar parasite diversity in 

California grasslands. 

 

 Larios (University of Montana) Assessing Trade-Offs Between Small Mammal 

Granivory/Herbivory and Competitive Interactions On Plant Community Structure: A 

Functional Approach. 

 

 Olliff-Yang (University of California, Berkeley) Restoring phenology? An assessment of 

phenology dynamics in two native lupines used commonly in restoration. 

 

 Schneider (University Of California, Santa Barbara) Project Baseline: a collection of seeds 

that will be the ancestors in future resurrection studies and are stored using best 

practices to preserve viability and genetic diversity. 
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6. Chaparral Habitat Management 
 

 

Resource Values of Chaparral 

Chaparral is characterized by dense stands of shrubs three to 15 feet tall, and can be found on 

hot, south-facing slopes and hillsides characterized by heavy clay or thin, rocky soils. This 

vegetation community is often the final climax community on slopes that have poor soil 

nutrients and other restricting environmental conditions. However, woody shrubs are regularly 

the first colonizers to establish in disturbed areas, especially after a fire (Ornduff et al. 2003, 

Keeley and Davis 2007). 

 

Chaparral shrubs usually grow close together, with branches intricately intertwined, making 

human passage difficult or impossible. Wildlife such as black-tailed deer (Odocoileus hemionus 

subsp. columbianus), wild pigs (Sus scrofa), coyotes (Canis latrans), gray fox (Urocyon 

cinereoargenteus), dusky-footed woodrats (Neotoma cinerea), brush rabbits (Sylvilagus 

bachmani), and birds move through chaparral with ease however, making this an important 

vegetation community for animal forage and shelter. In some instances, mature stands of 

chaparral also provide habitat for unique fungus and lichen species, and may serve as a shaded 

seedbed for chaparral successors—oak woodlands and Douglas-fir (Pseudotsuga menziesii) 

forests. Groundcover is generally sparse in chaparral though, perhaps due to shading, chemical 

inhibition, and/or competition for water (Ornduff et al. 2003). Most climate models show 

possible increases in chaparral in the future, potentially making it one of the more resilient 

vegetation types at Pepperwood. 

 

Fire Ecology of Chaparral 

Chaparral is highly adapted to fire, with species of shrubs and herbs that are characterized as:  

 

 Obligate seeders - such as ceanothus (Ceanothus spp.) and manzanita (Arctostaphylos 

spp.) that recruit from seeds after a fire 

 Facultative seeders - like chamise (Adenostoma fasciculatum var. fasciculatum) and 

manzanita that also sprout from their base 

 Obligate resprouters - like scrub oaks (Quercus berberidifolia) and toyon (Heteromeles 

arbutifolia) that only grow from their base 

 Fire-dependent - as with Ceanothus species that require heat or smoke to trigger 

germination 

 Fire-followers - abundant forbs that appear the first year or two after a fire like false-

lupine (Thermopsis macrophyllum), Cobb Mountain lupine (Lupinus sericatus) and 

narrow-anthered brodiaea (Brodiaea leptandra) 
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 Opportunistic annuals - wildflowers that are abundant the second year after a fire and 

persist in canopy gaps between fires 

 

Historic regional chaparral fire regimes are widely variable (Keeley and Davis 2007) with an 

estimated return interval of 20–70 years (Keeley et al. 1989, Minnich 1995). Chaparral fires 

typically burn hot in the canopy (Keeley and Davis 2007) and occur during hot, dry months 

(June–August) and in the fall when fuel and soil moisture is low (September–November) 

(Beyers and Wakeman 1997). Chaparral's response to burning has been shown to be dependent 

upon post-fire climate conditions. With increased aridity, drought, and fire risk in our region, 

resprouting chaparral shrubs could suffer greater post-fire mortality (Pratt et al. 2014). 

 

The complexity of chaparral fire ecology is captured in Beyers and Wakeman's (1997) 

description of burn season effects in northern and central California, where studies suggest 

that: "Wet season (winter or early spring) burns could result in low germination of heat-

requiring seeds, reduced germination of charate-stimulated seeds, and reasonably abundant 

resprouting of shrubs. Sprouters such as chamise and scrub oak would increase in the plant 

community compared to obligate seeders such as ceanothus species. Postfire spring wildflower 

displays would be reduced. On the other hand, late spring or early summer fires, burning over 

dry surface soil, could result in reduced survival of chamise and other sprouting shrubs, but 

plentiful seed germination. This might produce a shift in plant community dominance from 

chamise to obligate-seeding shrubs. Compared to high intensity summer or fall fires, moderate 

intensity late spring fires could produce more herbaceous seed germination because less soil 

would be heated to very high temperatures, possibly resulting in abundant postfire spring 

wildflowers. Very high intensity fall fires could result in lower shrub sprouting percentage than 

cooler winter fires." 

 

Chaparral of Pepperwood 

Pepperwood hosts approximately 215 acres of chaparral vegetation, about 7 percent of the 

land, some of which is composed nearly pure stands of eight to 15-foot-tall manzanita. In other 

areas the cover is a mix of manzanita, chamise, buck-brush (Ceanothus cuneatus var. cuneatus), 

and sticky monkeyflower (Mimulus aurantiacus var. aurantiacus). Excellent mature chaparral 

can be seen on the Manzanita Trail in Garrison Canyon which is a region of the preserve that 

did not burn in the 1964 Hanley fire (see the Recent Chaparral Fire History section below).  

 

Pepperwood also harbors serpentine chaparral—a type of chaparral that is specially adapted to 

the geochemical qualities of serpentine soils. The preserve’s serpentine chaparral is restricted 

to the area between the preserve entrance and the Dwight Center. Dominant shrubs in 
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Pepperwood’s serpentine chaparral are leather oak (Quercus durata var. durata), chamise, and 

toyon. The rare plants Jepson's leptosiphon (Leptosiphon jepsonii) and Mt. St. Helena morning 

glory (Calystegia collina subsp. oxyphylla) can both be found in serpentine chaparral areas, but 

are also in grasslands throughout the preserve (see Appendix B Rare and Threatened Plants). 

False lupine (Thermopsis macrophylla) was documented in 1981 in the serpentine chaparral 

south of the barn meadow, but has not been seen since. Locally uncommon plants at 

Pepperwood include Congdon's monkeyflower (Mimulus congdonii). 

 

Invasive plant species found in chaparral include, but are not limited to: yellow starthistle 

(Centauria solstitialis), barbed goatgrass (Aegilops triuncialis), French broom (Genista 

monspessulana), and Klamath weed (Hypericum perforatum) (see Appendix C Invasive Plants).  

While Douglas-fir (Pseudotsuga menziesii var. menziesii) is a native plant, it is essentially 

invasive in chaparral settings. 

 

Vegetation alliances (Sawyer et al. 2009) and provisional vegetation alliances (Halbur et al. 

2013) included in the serpentine and chaparral community at Pepperwood are: 

 

 Quercus durata Shrubland Alliance (leather oak chaparral) 

 Adenostoma fasciculatum Shrubland Alliance (chamise chaparral) 

 Baccharis pilularis Shrubland Alliance (coyote brush scrub) 

 Ceanothus cuneatus Shrubland Alliance (wedge leaf ceanothus chaparral, buck-brush 

chaparral) 

 Mixed Manzanita Chaparral Provisional Alliance 

 Mixed Chaparral Provisional Alliance 

 

Monitoring 

The annual Pepperwood Breeding Bird Survey has taken place at points adjacent and within 

chaparral since 2007. In 2012 and 2013 we also searched for birds in the serpentine chaparral 

at the preserve entrance. Since 2012, we have had two wildlife cameras located at permanent 

stations and multiple cameras regularly moved throughout chaparral. We have also been 

monitoring plant phenology in the serpentine chaparral between the Dwight Center and barn 

since 2013. 

 

Management Objectives and Supporting Activities 

Chaparral management is focused on invasive species management, Douglas-fir removal, and 

road and trail maintenance activities. Table 6.1 below summarizes key chaparral management 

and monitoring objectives and activities, and related adaptive management goals. 
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Table 6.1. Chaparral management and monitoring summary 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Manage invasive species 

in chaparral, especially 

serpentine chaparral areas 

1.1 Current: Regularly conduct 

invasive species control 

activities, including Douglas-fir 

removal 

1.1 Current: Visual observation 1a, 1b, 2d, 3a 

2. Avoid development of 

infrastructure (e.g., trails, 

roads) through chaparral 

communities to prevent 

fragmentation and risk of 

invasion, unless absolutely 

necessary 

2.1 Current: Review proposed 

infrastructure development 

activities 

N/A 2e, 3a, 4a 

3. Promote chaparral 

species diversity and 

abundance 

3.1 December 2017: 

Incorporate chaparral  

management in the prescribed 

fire management plan (e.g., 

shaded fuel breaks adjacent to 

chaparral zones) 

N/A 1a, 1b, 2d, 2f 

N/A 3.2 December 2020: Improve 

vegetation map and chaparral 

baseline condition 

documentation 

 

3.2 Potential: Map and monitor 

potential expansion of chaparral 

preserve-wide every ten years; 

install soil moisture probes in 

chaparral habitats 
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Table 6.1. Chaparral management and monitoring summary 

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

3. Promote chaparral 
species diversity and 
abundance 

N/A 3.3 December 2021: Develop a 

chaparral monitoring plan that 

incorporates climate data 

 

3.3 Potential: Monitor 

communities at a five-year 

interval using a quick rapid 

assessment (or similar) protocol; 

explore the necessity and 

feasibility of managing 

encroachment of chaparral into 

at-risk communities 

1a, 1b, 2d, 2f 

*1a-habitat diversity; 1b-species diversity; 2c-nutrient cycles; 2d-promoting native vegetation; 

2e-landscape connectivity; 2f-beneficial disturbances; 3a-control invasive plants; 4a-education 

and recreation impacts. See Overarching Adaptive Management Goals, page 3, for a full 

description of these goals. 

 

Management Discussion 

Recent Chaparral Fire History 

Most of the chaparral at Pepperwood burned in the 1964 Hanley Fire and the 1965 Pacific Gas 

& Electric Fire (see Introduction: Setting and Drivers, 2. Setting, Land Use History), with the 

exception of Garrison Canyon where we find mature manzanita and mixed chaparral (Map E.9 

Fire Footprints of Pepperwood). The most recent chaparral fire (August 2001) burned 

approximately two acres near the preserve’s entrance. 

 

Chaparral Fire and Fuels Management 

Fire is inevitable in chaparral. Our best management strategy may be to prepare for potentially 

greater fire frequency and intensity under the future climate change scenarios. Management 

tools such as prescribed burning and mastication (physical chipping of woody plants) are 

regularly used for fuel reduction and are increasingly being studied; however, their long-term 

effects are still not well understood, and results can sometimes be contradictory. As managers, 

we can explore ways to prevent extreme fire events from spreading beyond the chaparral edge, 

ridgetops, and where vegetation communities shift (e.g., providing a shaded fuel break by 

removing ladder fuels that occur along the edge of chaparral habitat). 
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Chaparral responses to fire and fuels management is complex. Below are research findings that 

may inform our chaparral management. 

 

Fire Seasonality 

 Burning during the wet season kills the seed bank (Le Fer and Parker 2005) 

 No seasonal influence was detected on post-burn plant community composition in 

Southern California chaparral (Beyers and Wakeman 1997) 

 Fall burning promotes buck-brush while spring and winter fires do not (Wilkin et al. 

2015) 

 Ten years following fire treatment, shrub cover was similar among plots that were 

burned during different seasons and had 5 percent less cover than the control (Wilkin et 

al. 2015) 

 

Fire Frequency 

 Burning too frequently shifts chaparral to non-native annual grassland and reduces 

biodiversity (Keeley 2002, Syphard et al. 2006) 

 Fire disturbance (especially in fall months) decreases shrub cover for long periods, 

thereby increasing non-native plant and grass abundance, but to a lesser degree than 

mastication (Wilkin et al. 2015) 

 Seed banks of some fire dependent species could die off if the fire-free duration is 

greater than a century (Keeley 1991, Keeley et al. 2005), but others (e.g., Ceanothus 

species) may have seed that survive for centuries (Zavitkovski and Newton 1968) 

 Some mature stands of chaparral that do not have a recorded fire event (>100 years) 

are stable and are not exhibiting signs of dying or converting to different vegetation 

types (Keeley and Davis 2007) 

 

Mastication 

 Non-native annual grasses and forbs and noxious weeds were much more likely to occur 

ten years later in masticated areas rather than burn areas (Wilkin et al. 2015) 

 Ten years following mastication, shrub cover was about 12 percent less than the control 

(Wilkin et al. 2015) 

 Mastication reduces shrub cover for longer periods than fire, increases non-native plant 

and grass abundance, but also increases preferred deer browse (Wilkin et al. 2015) 

 

Animals 

Chaparral provides year-round shelter, food, and nectar sources for animals. Birds including 

California and spotted towhees (Melozone crissalis and Pipilo maculatus, respectively), 



Chaparral – Pepperwood Adaptive Management Plan 

 

 

 

161 

California quail (Callipepla californica), blue-gray gnatcatchers (Polioptila caerulea), Bewick's 

wren (Thryomanes bewickii), and several others regularly use chaparral for habitat and as a 

food source. Wrentits (Chamaea fasciata) use chaparral habitat exclusively, and lazuli buntings 

(Passerina amoena) will often use chaparral a few years following fire. Black-tailed deer often 

seek shelter in chaparral, and have been caught on Pepperwood wildlife cameras nursing their 

young in small open patches, sometimes seeking shelter in these areas for days at a time. 

Chaparral is also home to black-tailed jackrabbits (Lepus californicus subsp. californicus) and 

bush rabbits (Sylvilagus bachmani). Western toads (Anaxyrus boreas) are often spotted on wet 

roads at night adjacent to the serpentine chaparral at the preserve’s entrance. 

 

Climate Change Considerations  

The discussion below considers potential responses of Pepperwood's chaparral to projected 

long-term climate trends as well as changes to annual and seasonal variability. Hypotheses 

presented here will be evaluated in the process of our long-term monitoring and adaptive 

management. In particular, we look at the contemporary distribution of vegetation resources 

relative to climate-hydrology gradients on the preserve. This analysis allows us to identify 

susceptible populations, as well as potentially well-adapted populations capable of thriving in 

an increasingly arid environment punctuated by more frequent extremes in rainfall, drought, 

and fire.  

 

Climate Change: Long-term Trends and Increases in Interannual Variability 

Current regional models of vegetation transitions due to climate change indicate that chamise 

chaparral may expand in response to rising temperatures (Ackerly et al. 2015). 

 

 Chamise chaparral—along with non-sprouting species of Ceanothus or manzanita—

tends to dominate the most arid sites with little soil moisture (Keeley and Davis 2007) 

 Increasing winter minimum temperatures may lift distribution restrictions for chamise, 

which is not as tolerant to lower January temperatures as buck-brush (Keeley and Davis 

2007) 

 Chaparral species diversity may be reduced over time if chamise chaparral becomes 

more dominant across the landscape 

 Climate change may alter our definition of "weedy" species to include chaparral species 

that expand and displace other vegetation communities 

 Chaparral communities are adapted to high climatic water deficits (CWDs) and may not 

be greatly affected by prolonged drought periods unless there is a potentially negative 

effect on essential soil microbes and mycorrhizal fungi 
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 Chaparral communities could be threatened by a high fire frequency or if they burn 

during the growing season 

 The combination of prolonged drought following fire could negatively impact the 

regeneration of chaparral shrubs (Pratt et al. 2014) 

 Shifts in seasonal rainfall and temperatures may alter plant phenology and flowering 

periods, in turn affecting pollination, gene flow, and reproductive success—especially if 

pollination and fruit distribution by animals is impacted 

 Summer fog may alleviate some seasonal drought effects in chaparral 

 Leaves of chamise plants monitored through the Pepperwood Phenology Project (USA 

National Phenology Network 2016) have been observed growing immediately following 

a wet summer fog event. If the seasonality of fog is shifted, or if the number of fog days 

in a season decline, chaparral plants may not get sufficient late season water to thrive. 

 Invasive plants may be favored under the future climate, which could be exacerbated by 

increased fire frequency and intensity, posing an additional threat to chaparral 

communities 

 

Chaparral CWD Distribution and Potential Expansion 

Chaparral occupies the preserve's highest CWD regions (Figure 6.1). As such, chaparral may 

respond to CWD increases better than low CWD communities such as Oregon oak woodlands. 

Sites with relatively low but variable CWD are more likely to be occupied by high CWD-tolerant 

species (e.g., chamise) than low but stable CWD sites, although possibly at low numbers. High 

CWD-tolerant species that do occur in these areas may increase in abundance in the near term. 

These communities may be resilient to composition changes in response to increasing CWD 

because they have established under relatively higher levels of stochasticity compared to 

communities in stable low CWD sites. 

 

Sites on the preserve with the lowest CWD and stable CWD are not currently occupied by 

chaparral, but may see expansion of chaparral into them as CWD increases over time. Chaparral 

regions with the lowest and most stable CWD include Weimar East and Devil's Kitchen (Figure 

6.2). High CWD species that already exist in these areas may become more abundant in the 

near term, making these unique locations to monitor biological response to increased CWD. 

Leather oak chaparral at the preserve entrance currently has the highest CWD of all chaparral 

at Pepperwood making it another good community to monitor (Figure 6.2). 

 

Regions of the preserve that are consistently high in CWD (low standard deviation), are very 

likely to be dominated by high CWD-preferring species and may be the analog communities 

that survive and become dominant under future climates. Chaparral areas with high, stable 
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CWD include Garrison Canyon, Rogers Canyon and Horse Hill. Areas surrounding these locations 

can be monitored for the encroachment of high CWD-tolerant species. Depending on their 

CWD thresholds, these high CWD-tolerant species may already be experiencing stress if 

currently at the upper end of their CWD limits. If pushed beyond their biological thresholds 

under future climate, these places may not support the vegetation communities currently 

present within Sonoma County, and may convert to vegetation such as semi-desert scrub (e.g., 

Artemisia sp.) (Ackerly et al. 2015). We may see locally or regionally novel communities emerge 

in these localities. 

 

Figures 6.1.a–b. Distribution of climatic water deficit (CWD) values at Pepperwood by: a) 

vegetation community and b) chaparral at Pepperwood relative to current CWD values 

Source:  10m BCM mean CWD 1981–2010 

6.1.a. Distribution of CWD at Pepperwood by vegetation community 

See Appendix D Climate and Hydrology for a detailed description 

 
 

6.1.b. Chaparral 
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Figure 6.2. Historic, current, and future projected climatic water deficit in Pepperwood’s 

chaparral habitats 

Source:  2014 California BCM

 

The 270-meter BCM data reveal that historical and recent 30-year averages of annual CWD 

values in chaparral range from about 745–860 mm per year, or 29–34 inches per year, and are 

projected to reach a range of 860–1020 mm per year, or 34–40 inches per year, by the end of 

the century under a hot, low rainfall scenario (Figure 6.2). This level of increase in CWD exceeds 

historic range of variability for the preserve. 

 

Knowledge Gaps and Uncertainties 

Knowledge gaps are considered a major threat to biodiversity (Community Foundation Sonoma 

County 2010). Below are current major knowledge gaps about mixed hardwood forests as 

identified by Pepperwood staff. This is not a complete list, but is meant to inventory the largest 

or most problematic information gaps. These gaps have been revealed, and may also be filled, 

through the adaptive management process. 
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 What is(are) the mechanism(s) that will drive chaparral to expand within our region 

under climate change? 

 What is the rate of community transition and/or chaparral expansion? 

 What is the source of chaparral expansion (e.g., seed bank, existing understory plants, 

recruitment from neighboring areas)? 

 How will chaparral species composition shift in response to climate change? 

 Will chaparral displace other cool climate-adapted plant communities as the local 

climate becomes more arid? 

 What is the threshold for managing chaparral encroachment into novel areas or 

different communities, such as cool north-facing slopes? 

 Will chaparral species be considered "weedy" and managed thus under future climates? 

 What is the optimal combination of prescribed fire frequency and season to maintain 

diversity in coastal mountain chaparral while preventing conversion to non-native 

annual grassland and noxious weed invasion? 

 How does prescribed burning impact chaparral wildlife? 

 What is the optimal way to manage Douglas-fir encroachment into serpentine 

chaparral? 

 What is the impact of grazing on chaparral that adjoins grasslands? 

 How will nitrogen deposition alter serpentine chaparral communities? 

 

Additional research and monitoring to address these knowledge gaps will be incorporated into 

the adaptive process moving forward. 
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7. Wetland, Riparian, and Aquatic Habitat Management 
 

 

Resource Values of Wetland, Riparian, and Aquatic Habitats 

Wetlands are areas where water either covers the soil, or is present at or near the surface of for 

at least some part of the year, including during the growing season. Wetlands fall into two 

general categories: coastal (tidal) and inland (non-tidal). Within those two categories, wetlands 

vary widely due to regional and local differences in soils, topography, climate, hydrology, water 

chemistry, vegetation, and other factors such as human disturbance. Inland wetlands are 

commonly found on river and stream floodplains (e.g., riparian zones), in isolated depressions 

(e.g., bogs, freshwater marshes, and vernal pools), along margins of lakes and ponds, and other 

low-lying areas where groundwater meets the soil surface or precipitation allows for soil 

saturation (USGS 1996). 

 

Water saturation primarily determines the nature of the soil and types of plant and animal 

communities living in wetlands. The US Fish and Wildlife Service developed a definition of 

wetlands that emphasize three key characteristics:  

 

1) Hydrology - the degree of flooding or soil saturation such that the substrate is saturated 

or covered by shallow water at some time during the growing season 

2) Vegetation - the presence of plants that are adapted to grow in water, or in a substrate 

that is occasionally oxygen deficient due to water saturation (hydrophytes) 

3) Soils - the substrate is saturated for long enough during the growing season to create 

oxygen-deficient conditions in the upper levels, which commonly includes the majority 

of the root zone (hydric soils) (Cowardin et al. 1979, USGS 1996). 

 

California's wetlands have significant economic and environmental value, including maintaining 

water quality, attenuating floods and erosion, preventing saltwater intrusion, and creating 

wildlife habitat. An estimated 90 percent of threatened species in California spend some 

portion of their lifecycle in wetland, riparian, or aquatic habitats. However, the state has lost 

over 90 percent of its original wetlands, primarily due to conversion to agriculture. Wetland 

protection is identified as a goal of the California Environmental Quality Act of 1970, and is also 

provided for under section 404 of the Clean Water Act. 

 

Wetland, Riparian, and Aquatic Habitats at Pepperwood 

The majority of Pepperwood’s land functions as the headwaters for five Russian River sub-

basins that supply water to downstream portions of the watershed, supporting critical cold-

water fisheries and providing important groundwater and surface water supplies. The majority 
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of Pepperwood’s wetland, riparian, and aquatic habitats are saturated during the winter rainy 

season and in early spring, but may dry out by the end of the summer. 

 

Wetland, riparian, and aquatic habitats at the preserve include perennial springs, ephemeral 

stream channels with occasional perennial pools, upland vernal pools, freshwater marshes, one 

natural seasonal pond (Turtle Pond), and four human-enhanced seasonal ponds (Figure 7.1, 

Map E.4 Watersheds, Wetland, Riparian, and Aquatic Habitats of Pepperwood). There are 33 

documented perennial springs at Pepperwood, at least five of which are large-volume springs. 

The majority of the springs are in the southern part of the preserve, and make up the upper 

portion of the Mark West Creek watershed (Appendix D Climate and Hydrology, Table D.1). The 

four largest wet meadows are located at the Goodman Homestead, Rogers Spring, Skovie Basin, 

and Upper Skovie Marsh (DeNevers 2013, Map E.6 Vegetation Communities of Pepperwood).  

 

Riparian habitats occupy the transitional zone between aquatic and terrestrial ecosystems and 

include specialized vegetation that thrives adjacent to aquatic habitats (George et al. 2013). 

Pepperwood's riparian habitats include seeps, springs, swales, small wetlands, stream channels, 

and their associated vegetation. The linear nature of streams makes them a vital connector 

among many different habitat types, and allows them to support the exchange of energy and 

materials among these sites (George et al. 2013). Riparian zones are particularly important for 

the preserve’s bird populations, and may also provide critical breeding and rearing habitat for 

amphibians and some reptiles. 

 

Figure 7.1. The different types of aquatic and riparian habitats found at Pepperwood 

Source: United States Geological Survey 1996 

 

 

 

 

 

 

 

 

The impacts of historical land and water uses have largely shaped the current state of 

Pepperwood’s water-associated habitats. Some of the preserve's aquatic habitats were created 

or modified by humans, including three ponds created by European settlers during the late 19th 

or early 20th century (Map E.4 Watersheds, Wetland, Riparian, and Aquatic Habitats of 

Pepperwood). Grazing has likely impacted the preserve’s aquatic and riparian habitats in 

various ways since European colonization. During the period of early Spanish settlement, our 
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region was severely overgrazed by sheep. We hypothesize this resulted in a catastrophic loss of 

native vegetation, the introduction of invasive European grasses, and significant erosion in both 

pastures and in ephemeral stream channels. 

 

Human population growth and development in the 20th century modified wetlands and 

channelized streams in reaches and floodplains downstream of Pepperwood, and also likely led 

to hydrological shifts on the preserve. Stream channels have been lowered due to increased 

runoff and grazing damage has caused additional erosion incised creek beds move up the 

channel into the streams’ headwaters. For a more detailed discussion of Pepperwood’s 

hydrology, please refer to Appendix D Climate and Hydrology. 

 

Wetland, Riparian, and Aquatic Vegetation at Pepperwood 

Wetland, riparian, and aquatic habitats support a large part of the plant diversity at 

Pepperwood. Truly riparian vegetation is uncommon at Pepperwood, most likely due to the 

ephemeral nature of our creeks and streams. Trees that occasionally occur in our riparian 

habitats include white alder (Alnus rhombifolia), Fremont cottonwood (Populus fremontii subsp. 

fremontii), red willow (Salix laevigata), arroyo willow (Salix lasiolepis), and Oregon ash (Fraxinus 

latifolia).  

 

The preserve’s ponds and vernal wetlands support a diversity of emergent vegetation including 

nine species of rushes (Juncus spp.), 12 species of sedges (Carex spp., Cyperus spp., Eleocharis 

spp., Scirpus microcarpus), rice-field water nymph (Najas guadalupensis), water-plantain 

(Alisma triviale), western mannagrass (Glyceria x occidentalis), and the rare Lobb's aquatic 

buttercup (Ranunculus aquatilis) (see Appendix B Rare and Threatened Plants). 

 

Many wildflowers can be found growing in seeps and springs such as seep spring monkeyflower 

(Mimulus guttatus), watercress (Nasturtium officinale), yellow cress (Rorippa curvisiliqua), and  

hedge-nettle (Stachys albens and S. stricta). A few springs also support duckweed (Lemna 

minor), horsetail (Equisetum spp.), and giant chain fern (Woodwardia fimbriata). 

 

Invasive plant species that occur in our wetlands and ponds include waxy mannagrass (Glyceria 

declinata), pennyroyal (Mentha pulegium), and rabbitfoot grass (Polypogon monspeliensis) (see 

Appendix C Invasive Plants). 
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Monitoring  

Streamflow 

Streamflow has been continuously monitored in Rogers Creek (aka Horse Hill Creek, USGS) 

since 2012, with hourly depth and temperature measurements recorded by an automated 

pressure transducer and data logger. Due to the dynamic nature of this study reach, the 

transducer was buried during a storm in 2013, manually retrieved in the fall of 2014, and buried 

again in December 2014. In the fall of 2015, a second transducer was installed just upstream of 

the original where deposition may be less likely. Streamflow monitoring was expanded into 

Martin Creek in 2016. 

 

During the winter of 2015, we began monitoring the onset and cessation of streamflow on 

three small headwater drainages using paired temperature sensors (Thermochron iButtons) 

placed in the deepest part of the channel (thalweg) and on the channel banks. An additional 25 

sites will be added in the near future. The goal is to link flow onset and cessation to 

precipitation and soil moisture measurements at our weather stations and vegetation 

monitoring plots. Water is detected by differences in the diurnal swing of temperature between 

the two sensors. This approach provides an indirect measure of the efficacy of land 

management techniques aimed at increasing the infiltration and soil moisture holding capacity, 

particularly in grassland drainages.  

 

Pond Hydrology 

The depth and water quality at Turtle Pond has been monitored by volunteers on a biweekly 

basis from September 2011–2016. Monitoring includes water clarity, temperature, depth, and 

water chemistry (since May 2012), and the occasional documented observation of living 

organisms including northern western pond turtles (Actinemys marmorata subsp. marmorata) 

(see below). Staff gauges were added to Shawn’s Pond and the largest of the Double Ponds in 

2015. 

 

Wildlife 

Pepperwood’s Breeding Bird Survey has been conducted each spring across multiple habitat 

types on the preserve, including riparian areas. The analysis of this data with respect to habitat 

type or proximity to riparian zones could reveal which birds occupy these areas of the preserve 

and how populations may be changing over time. 

 

In October 2015, a ruler was attached to the floating log frequented by turtles in Turtle Pond to 

allow for closer estimation of size classes as part of ongoing pond monitoring. 
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In 2016 we began planning and seeking funding for a long-term amphibian monitoring program, 

the protocols for which would be based on, and build upon, the (now discontinued) USGS North 

American Amphibian Monitoring Project. We will also evaluate protocols that enable us to 

contribute data to ongoing amphibian research databases at a low cost of entry such the 

FrogWatch citizen science initiatives. 

 

Riparian Restoration  

A 2015 assessment of ephemeral creeks by the Sonoma Resource Conservation District (SRCD) 

identified headcuts and evaluated potential restoration techniques. A Santa Rosa Junior College 

internship project used the SRCD survey to locate and install check dams at headcuts south of 

Three Tree Hill. 

 

Management Objectives and Supporting Activities 

Current aquatic habitat management activities focus on controlling invasive species and 

minimizing impacts under wet conditions and during amphibian breeding season. Table 7.1 

below provides additional details about these activities and their related adaptive management 

goals. 

 

Table 7.1. Wetland, riparian, and aquatic habitats management and monitoring summary table  

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Promote and protect 

diversity at the community, 

species, and genetic scales 

 

1.1 Current: Minimize potentially 

negative impacts to aquatic and 

riparian habitats in all management 

activities including fuel reduction 

projects, prescribed burns, grazing 

and infrastructure projects 

1.1 Current: Visual 

inspection 

 

1.1 Potential: Consider 

pre- and post-treatment 

or project, or regular 

monitoring of aquatic 

and riparian habitats 

1a, 1b, 1c, 2d, 2f 

1.2 Current: Avoid grazing and other 

disturbances during amphibian 

breeding season, larval, and 

metamorphic life stages 

1.2 Current: Visual 

inspection 

 

1.2 Potential: Consider 

pre- and post-treatment 

or project, or regular 

monitoring of aquatic 

and riparian habitats 
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Table 7.1. Continued  

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

1. Promote and protect 

diversity at the community, 

species, and genetic scales 

 

1.3 Current: Create periodic 
disturbances via short-term grazing 
exposure in wetlands and seasonal 
ponds 

1.3 Current: Visual 

inspection 

 

1.2 Potential: Consider 

pre- and post-treatment 

or project, or regular 

monitoring of aquatic 

and riparian habitats 

1a, 1b, 1c, 2d, 

2f 

1.4 Current: Minimize disturbance or 

trampling of amphibian breeding, 

eggs, larvae, and metamorphosis at 

wetlands and ponds by preserve 

visitors. Staff monitor and manage 

visitor impact during hikes, etc. 

 

1.4 Potential: Include information on 

amphibians during visitor 

orientations and hikes that occur in 

the breeding season 

N/A 

2. Promote and protect key 

ecosystem functions and 

services 

 

2.1 Current: Increase soil carbon 

through conservation grazing and 

native grass restoration to improve 

water infiltration 

2.1 Current: Weather 

station combined with 

streamflow 

observations 

1b, 2a, 2b, 2c, 

2d, 2f 

3. Reduce threats posed by 

invasions of invasive species 

(See Appendix C Invasive 

Plants for details) 

 

3.1 Current: Control invasive species 

including bullfrogs, feral pigs, and 

invasive plants 

3.1 Current: Anecdotal 

assessment of invasive 

species populations 

based on field 

observations 

 

3.1 March 2017: Build a 

database of invasive 

bullfrog removal 

 

3.1 Potential: Consider 

regular monitoring of 

aquatic and riparian 

habitats for invasive 

species 

1b, 2d, 3a, 3b 
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Table 7.1. Continued  

Management Objective Management Activities Monitoring Activities 

Adaptive 

Management 

Goals Met* 

4. Maintain and enhance 

water quantity and quality 

by minimizing negative 

impacts of infrastructure 

and human access 

4.1 Current: Minimize impacts to 

riparian vegetation in all 

management activities (see 1.1 

above) 

4.1 Current: Visual 

inspection 

 

4.1 Potential: Consider 

pre- and post-treatment 

or project, or regular 

monitoring of aquatic and 

riparian habitats 

2a, 2b, 2d, 3d, 

4a, 4b, 6c, 6d 

4.2 Current: Prevent pathogen 

contamination of wetlands and 

aquatic habitats 

 

4.2 Potential: Provide shoe and 

equipment washout stations for all 

visitors; include information on the 

importance of preventing aquatic 

disease spread during visitor 

orientations and hikes 

4.2 Current: Require all 

staff and visiting scholars 

to clean their equipment 

prior to entering wetlands 

and aquatic habitats 

4.3 Current: Minimize erosion into 

waterways and wetlands through 

road and trail best practices and 

culvert maintenance; apply for 

EQIP funding for road 

improvements 

4.3 Current: Visual 

inspection 

 

4.3 December 2020: 

Develop an erosion and 

sediment monitoring 

plant 

4.4 Current: Minimize groundwater 

use in dry summer months 

 

4.4 Potential: Identify strategies to 

minimize water use 

4.4 Current: Main and 

Garrison Canyon well 

monitoring 

 

4.4 Potential: Monitor 

Dwight Center and 

Bechtel House water use; 

monitor cattle water use 

from wells including the 

well at Hill 1524 
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Table 7.1. Continued  

Management Objective 
Management 

Activities 
Monitoring Activities 

Adaptive 

Management 

Goals Met* 

4. Maintain and enhance 

water quantity and quality 

by minimizing negative 

impacts of infrastructure 

and human access 

4.5 December 2018: 

Assess whether 

bacteria is a water 

quality issue 

4.5 Current: Monitor well water 

quality 

 

4.5 Potential: Monitor water quality of 

creeks and springs, such as during first 

flush; target monitoring for creeks that 

have documented elevated bacterial 

counts downstream (off site) 

2a, 2b, 2d, 3d, 

4a, 4b, 6c, 6d 

* 1a-habitat diversity; 1b-species diversity; 1c-genetic diversity; 2a-water cycle; 2b-soil health; 

2c-nutrient cycles; 2d-promoting native vegetation; 2f-beneficial disturbances; 3a-control 

invasive plants; 3b-control invasive animals; 3d-infectious disease; 4a-education and recreation 

impacts; 4b-research impacts; 6c-roads and trails; 6d-utilities; See Overarching Adaptive 

Management Goals, page 3, for a full description of these goals.  

 

Management Discussion 

Target Species  

Threatened species that occur in aquatic habitats include northern western pond turtles, 

foothill yellow-legged frogs (Rana boylii), and California giant salamanders (Dicamptodon 

ensatus). The majority of our management focuses on controlling invasive species (e.g., 

American bullfrogs [Lithobates catesbeianus]) that prey on target species or degrade their 

habitats. 

 

Invasive Species Control 

Invasive species managed in aquatic habitats at Pepperwood include American bullfrog, feral 

pigs (Sus scrofa), Himalayan blackberry (Rubus armeniacus), periwinkle (Vinca major), and to a 

lesser degree pennyroyal (Mentha pulegium) and curly dock (Rumex crispus). 

 

Bullfrog management has included at least two seasons in the mid-1990s when water was 

pumped from Double Ponds to fully eliminate bullfrog breeding potential. Bullfrogs were first 

confirmed in Turtle Pond 2011, and in Redwood Pond in 2014. Staff have routinely removed 

young bullfrogs by hand in early summer since these infestations were first identified. 

 

Feral pigs are highly attracted to springs, where they root, wallow, and cause severe 

disturbance. Pigs at Pepperwood have been hunted on a continual basis since the 1980s. 

Possibly as a result of this hunting pressure, resident pig populations declined through the 
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1980s and 1990s, and remain low today despite regional abundance. From 1980 to today, 358 

pigs have been culled, and exclusion fencing has also been added to protect some springs.  

 

Invasive vegetation management efforts have not been as intensive in wetland and aquatic 

habitats as they have in open grasslands and oak woodlands at Pepperwood, except for some 

limited efforts to remove blackberry. Between 2011 and 2014, pennyroyal and curly dock were 

pulled at the vernal pool near Double Ponds. Sow (Sonchus asper), blessed milk (Silybum 

marianum) and bull (Cirsium vulgare) thistle have been pulled annually from most wetlands and 

marsh habitats. 

 

Invasive species of concern that are not currently managed in aquatic habitats include barred 

owls (Strix varia), which are suspected to occur at Pepperwood but have not been confirmed. 

First detected in Sonoma County in 1998 (Dark et al. 1998), this eastern species preys on 

stream-dwelling organisms. Velvet grass (Holcus lanatus) is not currently controlled, but may 

dominate aquatic habits once it becomes established. 

 

Creating Periodic Grazing Disturbance 

Prior to European settlement, large elk herds would have periodically browsed wetland and 

riparian plants, creating episodic disturbances that may have had multiple benefits. These 

ecosystems would have also been exposed to more frequent natural and prescribed fires. 

Today we use cattle in grassland habitats, and to a limited extent, in adjacent riparian and 

wetland habitats. The decision to use this technique was based on emerging consensus that 

preventing any disturbance—particularly when compounded with nitrogen deposition and 

noxious, invasive plants—can actually degrade overall biological value. More research and 

monitoring is needed to fully understand the ecological impacts of different grazing regimes on 

aquatic systems. 

 

There is no single prescription for using grazing in riparian habitat management, but research 

has identified some best practices. Controlling the timing of grazing, reducing the duration of 

time livestock spend in riparian habitats, utilizing permanent or temporary exclosures, and 

reducing intensities during sensitive seasons (e.g., breeding season) are all recommended 

tactics. The beneficial effect of grazing on plant productivity is actually likely to be more 

pronounced and more coupled with management practices in wet or mesic habitats, rather 

than dry grasslands where abiotic factors primarily drive resource limitation (George et al. 

2013). 

 

From the 1970s through 2012, cattle grazed in an open range fashion at Pepperwood most 

years during the wet season. The cattle spent long periods in the stream channel of Martin 
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Creek, where they may have preferentially selected riparian and wetland forage and caused 

some stream bank erosion. In 2013, Pepperwood began a highly controlled method of 

conservation grazing, which has allowed for dry season grazing, and for the exclusion of cattle 

from wet habitats that would otherwise be disproportionally impacted due to cattle 

preferences and behaviors. When these habitats are grazed now, it is for a relatively short 

duration and at times when amphibian species in particular are presumed less prevalent, such 

as during the dry season. Browsed woody riparian vegetation, including willows, had previously 

declined but have made a conspicuous recovery since the initiation of these conservation 

grazing methods. 

 

Water Quality Considerations 

Brooks Creek and Lower and Upper Franz Creeks all flow into the Geyserville Hydrologic Sub 

Area of the Russian River, which is impaired by high bacteria counts (EPA 303d list Clean Water 

Act). According to a study in our region (UC Davis Rangeland Watershed Laboratory 2011), 

moderately and heavily sheep-grazed oak woodland watersheds, having 1000 lbs/acre residual 

dry matter (RDM) and 500 lbs/acres RDM, respectively had higher E. coli and fecal coliform 

bacteria counts than did watersheds not grazed since 1955. 

 

We suspect that our past and current grazing regimes have not had large impacts on stream 

bacteria levels, however advancing our RDM monitoring from visual estimation towards formal 

measurement and documentation would allow us to predict whether grazing intensity likely 

results in a chronic increase in bacteria. An alternative to measuring RDM is to directly test for 

bacteria in collaboration with agencies already engaged in water quality monitoring in our local 

watersheds. 

 

Emerging Pathogens 

Threats to regional amphibian biodiversity now include emerging pathogens. For example, 

while North America is the global biodiversity hotspot for salamanders, populations are 

currently threatened by the potential arrival of a new, salamander-specific chytrid fungus 

(Batrachochytrium salamandrivorans, or BSal), the spread of which is accelerated by the 

international pet trade. A related pathogen (Batrachochytrium dendrobatidis, or Bd) is thought 

to have arrived in the County of Sonoma in the late 1950s (Sette et al. 2015) and is known to 

have driven the decline and extinction of multiple species of amphibians globally (Stuart et al. 

2004). Researchers from the US Geological Survey and San Francisco State University have 

collected and analyzed swab samples from salamanders at Pepperwood for both pathogens. 

Unsuprisingly, no animals were found to be infected in the pre-screening for BSal but Bd was 

detected in 2 of 6 adult newts in 2016 (B. Halstead pers. comm. 2016). Management for chytrid 

fungus requires the decontamination of surfaces like shoes, waders, aquatic tools, etc., or the 
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prevention of potentially contaminated surfaces from coming in contact with aquatic habitats 

at Pepperwood. 

 

Climate Change Considerations  

Wetland, aquatic, and riparian species may well be some of the most vulnerable resources on 

the preserve—particularly those that rely on near-saturated conditions to support their entire 

lifecycle. The seasonal nature of Pepperwood’s wetlands means that plants and animals using 

these habitats already experience relatively extreme conditions in the winter versus the 

summer. However, it is not known what might comprise the “tipping point” that pushes them 

beyond their biological tolerances for variability. 

 

Increased rainfall variability may create greater extremes for wetland, riparian, and aquatic 

habitats. Climate change will increase local temperatures, which in turn increase rates of 

evapotranspiration, resulting in a trend of increasing annual soil water deficits and increased 

aridity across the preserve. The magnitude of these deficits are projected to range from about 

3–6 inches per year of water by the end of the century compared to historic conditions. 

 

More intense and/or frequent winter storms could increase stream erosion and potentially 

periodically wipe out aquatic habitats through flood scour and erosional deposition. Depending 

on the lifecycle of the species, amphibians, reptiles, or downstream fish may lose individuals or 

habitat to storm-induced erosion. How much damage occurs will be in part a function of how 

healthy our riparian vegetation remains, as it helps to strengthen and protect stream banks. 

 

Springs are the only perennial water sources on the preserve, providing precious year-round 

baseflow in the alluvial deposits that make up our streambeds and vegetated soils. While this 

water may not be fully visible during the dry summer months, it is critical for organisms living in 

this tenuously saturated zone. Future climate scenarios indicate increased water deficits by 

summer’s end, an indication of increasing drought stress on plants. Some futures also suggest 

the possibility of an extended summer season if the rainy season is comprised of fewer storms. 

This may stress obligate wetland plant species like rushes and sedges found on the preserve. 

 

Climate change is likely to impact the timing and duration of wet conditions in wetland habitats, 

which in turn drives the phenology of water-dependent species. Large streamflows may be of 

shorter duration, and the dry season may see reduced baseflow compared to historic 

conditions. For ponds, while maximum depths may occur as a result of winter season rainfall, 

the timing and magnitude may be more variable. With rising temperatures and increasing rates 

of evapotranspiration, all climate futures promise a more rapid “dry out” cycle, whereby pond 
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levels drop at a faster rate than they have historically. This will directly drive the lifecycle of 

associated plants and animals, with an example being the classic “rings” of vernal pool 

vegetation which track vertical water level transitions. When combined with nitrogen 

deposition and the spread of invasive plants, these drying trends may cause wetland vegetation 

types to shift to upland or non-native species. 

 

Fire frequency and intensity may increase in the future as a result of climate change (see 

Introduction Section 3, Drivers of Change, Figure 3.4). Fire can cause severely impact water 

quality, particularly post-fire flooding, which can cause smothering debris flows and rapid 

changes in aquatic habitats (Bixby et al. 2015). Stream-dwelling organisms are especially 

susceptible to post-fire impacts, as debris flows and floods can scour substrate, removing most 

organisms and severely degrading their habitat (Gresswell 1999). As conditions become more 

arid in our region, riparian vegetation may die back if environmental thresholds are exceeded, 

increasing the amount of dead or dying woody fuel along riparian areas. This may increase fire 

frequency and intensity in riparian areas where the native vegetation may not be adapted to 

fire. 

 

Knowledge Gaps and Uncertainties 

Here we list major knowledge gaps that have been identified by Pepperwood staff to date. This 

list is not complete, but is meant to inventory the largest or most problematic gaps in 

knowledge. These gaps are revealed, and may also be filled, through the adaptive management 

process. 

 

 What are the impacts of riparian management practices in ephemeral streams? 

 Does late season (summer) grazing negatively impact woody riparian vegetation? If so, 

to what degree do grazing exclosures protect riparian vegetation? Are there other best 

management practices we can use to protect riparian vegetation? 

 How much of the bacteria in the headwaters of Pepperwood is attributable to grazing? 

Can modifying our grazing strategy reduce bacterial growth in our creeks? 

 What are the impacts of grazing ephemeral wetland habitat occasionally during the wet 

season? 

 

Additional research and monitoring to address these knowledge gaps will be incorporated into 

the adaptive process moving forward. 
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Appendix A. Wildlife Species Lists 
 

 

Table A.1. Amphibians of Pepperwood 

Caudata – Salamanders 

Dicamptodontidae - Giant Salamanders 

California giant salamander (Dicamptodon ensatus) 

Plethodontidae - Lungless Salamanders 

yellow-eyed ensatina (Ensatina eschscholtzii subsp. xanthoptica) 

Oregon ensatina (Ensatina eschscholtzii subsp. oregonensis) 

California slender salamander (Batrachoseps attenuatus) 

arboreal salamander (Aneides lugubris) 

black salamander (Aneides flavipunctatus subsup. flavipunctatus) 

Salamandridae – Newts 

rough-skinned newt (Taricha granulose) 

California newt (Taricha torosa) 

red-bellied newt (Taricha rivularis) 

Anura – Frogs 

Bufonidae - True Toads 

western toad (Anaxyrus boreas) 

Hylidae - Treefrogs and their allies 

pacific chorus frog (Pseudacris regilla) 

Ranidae - True Frogs 

foothill yellow-legged frog (Rana boylii) 

American bullfrog (Lithobates catesbeianus) 

 

Table A.2. Arachnids of Pepperwood 

Source: iNaturalist 

Antrodiaetidae Salticidae 

California turret spider (Antrodiaetus riversi)  Johnson jumper (Phidippus johnsoni)  

Araneidae Theridiidae 

yellow garden spider (Argiope aurantia)  western black widow (Latrodectus hesperus)  

Dysderidae Thomisidae 

woodlouse spider (Dysdera crocata)  goldenrod crab spider (Misumena vatia)  

Ixodidae green crab spider (Diaea livens) 

American dog tick (Dermacentor variabilis)  Vaejovidae 

western blacklegged tick (Ixodes pacificus)  western forest scorpion (Uroctonus mordax)  

Nemesiidae  

false tarantula (Calisoga longitarsis)   

 

  

http://www.inaturalist.org/taxa/67709-Antrodiaetus-riversi
http://www.inaturalist.org/taxa/58421-Phidippus-johnsoni
http://www.inaturalist.org/taxa/67707-Argiope-aurantia
http://www.inaturalist.org/taxa/47382-Latrodectus-hesperus
http://www.inaturalist.org/taxa/68912-Dysdera-crocata
http://www.inaturalist.org/taxa/55746-Misumena-vatia
http://www.inaturalist.org/taxa/318466-Diaea-livens
http://www.inaturalist.org/taxa/52155-Dermacentor-variabilis
http://www.inaturalist.org/taxa/60599-Ixodes-pacificus
http://www.inaturalist.org/taxa/52576-Uroctonus-mordax
http://www.inaturalist.org/taxa/50989-Calisoga-longitarsis
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Table A.3. Birds of Pepperwood 
CE = climate endangered and CT = climate threatened (National Audubon Society 2015); SSC = species of 

special concern (CDFW 2016a) 

Accipitridae - Hawks, Kites, Eagles, and Allies Caprimulgidae - Goat Suckers 

bald eagle (Haliaeetus leucocephalus)
CE, SSC

 common nighthawk (Chordeiles minor) 

Cooper's hawk (Accipiter cooperii)
SSC 

common poorwill (Phalaenoptilus nuttallii)
CE

 

golden eagle (Aquila chrysaetos)
CE, SSC

 Cardinalidae - Cardinals, Saltators, and Allies 

northern goshawk (Accipiter gentiles)
SSC 

black-headed grosbeak (Pheucticus melanocephalus)
CT

 

northern harrier (Circus cyaneus)
CE, SSC

 lazuli bunting (Passerina amoena) 

osprey (Pandion haliaetus)
CE, SSC

 Cathartidae - New World Vultures 

red-shouldered hawk (Buteo lineatus) turkey vulture (Cathartes aura) 

red-tailed hawk (Buteo jamaicensis) Certhiidae - Creepers 

sharp-shinned hawk (Accipiter striatus)
SSC 

brown creeper (Certhia americana)
CE

 

white-tailed kite (Elanus leucurus)
CT, SSC

 Charadriidae - Lapwings and Plovers 

Aegithalidae - Long-tailed Tits and Bushtits killdeer (Charadrius vociferous) 

bushtit (Psaltriparus minimus) Columbidae - Pigeons and Doves 

Alaudidae - Larks band-tailed pigeon (Patagioenas fasciata)
CT

 

horned lark (Eremophila alpestris)
SSC 

mourning dove (Zenaida macroura) 

Alcedinidae - Kingfishers rock pigeon (Columba livia) 

belted kingfisher (Ceryle alcyon) Corvidae - Crows and Jays 

Anatidae - Ducks, Geese, and Swans American crow (Corvus brachyrhynchos) 

cackling goose (Branta hutchinsii)
SSC 

California scrub-jay (Aphelocoma californica) 

Canada goose (Branta canadensis) common raven (Corvus corax)
CT

 

canvasback (Aythya valisineria)
SSC 

Steller's jay (Cyanocitta stelleri) 

mallard (Anas platyrhynchos)
CE

 Emberizidae – American Sparrows 

ruddy duck (Oxyura jamaicensis) black-chinned sparrow (Spizella atrogularis)
CT, SSC

 

wood duck (Aix sponsa)
CT

 California towhee (Melozone crissalis) 

Apodidae – Swifts chipping sparrow (Spizella passerine)
SSC 

Vaux's swift (Chaetura vauxi)
CE, SSC

 field sparrow (Spizella pusilla) 

white-throated swift (Aeronautes saxatalis)
CT

 fox sparrow (Passerella iliaca) 

Ardeidae - Herons, Bitterns, and Allies golden-crowned sparrow (Zonotrichia atricapilla) 

great blue heron (Ardea herodias)
SSC 

grasshopper sparrow (Ammodramus savannarum)
SSC 

great egret (Ardea alba)
SSC 

lark sparrow (Chondestes grammacus)
SSC 

green heron (Butorides virescens) Oregon junco (Junco hyemalis) 

Bombycillidae - Waxwings rufous-crowned sparrow (Aimophila ruficeps)
CT

 

cedar waxwing (Bombycilla cedrorum) savannah sparrow (Passerculus sandwichensis) 

Calcariidae - Longspurs song sparrow (Melospiza melodia) 

lapland longspur (Calcarius lapponicus) spotted towhee (Pipilo maculates) 

 
vesper sparrow (Pooecetes gramineus)

CT
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Table A.3. Continued 

Emberizidae – American Sparrows (continued) Odontophoridae - New World Quail 

white-crowned sparrow (Zonotrichia leucophrys) California quail (Callipepla californica) 

white-throated sparrow (Zonotrichia albicollis) mountain quail (Oreortyx pictus)
CT

 

Falconidae - Caracaras and Falcons Paridae - Chickadees and Titmice  

American kestrel (Falco sparverius)
CT

 chestnut-backed chickadee (Poecile rufescens) 

merlin (Falco columbarius)
CE, SSC

 oak titmouse (Baeolophus inornatus)
SSC 

peregrine falcon (Falco peregrinus)
CT, SSC

 Parulidae - Wood-Warblers 

prairie falcon (Falco mexicanus)
CE, SSC

 black-throated gray warbler (Dendroica nigrescens)
CT

 

Fringillidae - Fringilline and Cardueline Finches and Allies hermit warbler (Dendroica occidentalis)
CE, SSC

 

American goldfinch (Carduelis tristis) orange-crowned warbler (Vermivora celata) 

house finch (Carpodacus mexicanus)
CT

 Townsend's warbler (Dendroica townsendi)
CT

 

Lawrence's goldfinch (Carduelis lawrencei)
CT, SSC

 Wilson's warbler (Wilsonia pusilla)
CT

 

lesser goldfinch (Carduelis psaltria) yellow warbler (Dendroica petechia)
SSC 

pine siskin (Carduelis pinus)
CT

 yellow-rumped warbler (Dendroica coronate) 

purple finch (Carpodacus purpureus)
CT

 Passeridae - Old World Sparrows 

red crossbill (Loxia curvirostra)
CE

 house sparrow (Passer domesticus) 

Hirundinidae - Swallows Pelecanidae - Pelicans 

barn swallow (Hirundo rustica) American white pelican (Pelecanus erythrorhynchos)
CE, SSC

 

cliff swallow (Petrochelidon pyrrhonota) Phalacrocoracidae - Cormorants 

northern rough-winged swallow (Stelgidopteryx serripennis) double-crested cormorant (Phalacrocorax auritus)
CT, SSC

 

tree swallow (Tachycineta bicolor)
CT

 Phasianidae- Partridges, Grouse, Turkeys, Old World Quail 

violet-green swallow (Tachycineta thalassina)
CT

 wild turkey (Meleagris gallopavo) 

Icteridae - Blackbirds ring-necked pheasant (Phasianus colchicus) 

Brewer's blackbird (Euphagus cyanocephalus)
CT

 Picidae - Woodpeckers and Allies 

brown-headed cowbird (Molothrus ater) acorn woodpecker (Melanerpes formicivorus) 

Bullock's oriole (Icterus bullockii)
CT

 downy woodpecker (Picoides pubescens) 

hooded oriole (Icterus cucullatus)
CT 

hairy woodpecker (Picoides villosus)
CT

 

red-winged blackbird (Agelaius phoeniceus) Lewis's woodpecker (Melanerpes lewis)
CT

 

western meadowlark (Sturnella neglecta) northern flicker (Colaptes auratus) 

Laniidae - Shrikes Nuttall's woodpecker (Picoides nuttallii)
SSC 

loggerhead shrike (Lanius ludovicianus)
SSC 

pileated woodpecker (Dryocopus pileatus) 

Laridae - Skuas, Gulls, Terns, and Skimmers red-breasted sapsucker (Sphyrapicus ruber)
CT

 

caspian tern (Sterna caspia)
CT, SSC

 yellow-bellied sapsucker (Sphyrapicus varius) 

Mimidae - Mockingbirds and Thrashers Podicipedidae - Grebes 

California thrasher (Toxostoma redivivum) pied-billed grebe (Podilymbus podiceps) 

northern mockingbird (Mimus polyglottos) Rallidae - Rails, Gallinules, and Coots 

Motacillidae - Wagtails and Pipits American coot (Fulica americana) 

American pipit (Anthus rubescens)
CT

  



Appendix A. Wildlife Species Lists – Pepperwood Adaptive Management Plan 

 

 

 

196 

Table A.3. Continued 

 

  

Regulidae - Kinglets Troglodytidae - Wrens 

golden-crowned kinglet (Regulus satrapa)
CT

 Bewick's wren (Thryomanes bewickii) 

ruby-crowned kinglet (Regulus calendula) house wren (Troglodytes aedon) 

Scolopacidae - Sandpipers, Phalaropes, and Allies pacific wren (Troglodytes pacificus)
CT

 

Wilson’s snipe (Gallinago gallinago) rock wren (Salpinctes obsoletus) 

Sittidae - Nuthatches Turdidae - Thrushes 

pygmy nuthatch (Sitta pygmaea)
CE

 American robin (Turdus migratorius) 

red-breasted nuthatch (Sitta canadensi)
CT

 hermit thrush (Catharus guttatus)
CT

 

white-breasted nuthatch (Sitta carolinensis)
CT

 Swainson's thrush (Catharus ustulatus) 

Strigidae - Typical Owls varied thrush (Ixoreus naevius)
CE 

burrowing owl (Athene cunicularia)
CE, SSC 

western bluebird (Sialia mexicana)
CT

 

great horned owl (Bubo virginianus) Tyrannidae - Tyrant Flycatchers 

long-eared owl (Asio otus)
CE, SSC

 ash-throated flycatcher (Myiarchus cinerascens) 

northern pygmy-owl (Glaucidium gnoma)
CE

 black phoebe (Sayornis nigricans) 

northern saw-whet owl (Aegolius acadicus)
CE

 olive-sided flycatcher (Contopus cooperi)
SSC 

northern spotted owl (Stryx occidentalis caurina)
SSC

 pacific-slope flycatcher (Empidonax difficilis)
CT

 

western screech-owl (Megascops kennicottii)
CT 

Say's phoebe (Sayornis saya) 

Sturnidae - Starlings western kingbird (Tyrannus verticalis) 

European starling (Sturnus vulgaris) western wood-pewee (Contopus sordidulus)
CE

 

Sylviidae - Old World Warblers and Gnatcatchers willow flycatcher (Empidonax traillii)
CT, SSC 

blue-gray gnatcatcher (Polioptila caerulea) Tytonidae - Barn Owls 

Thraupidae - Tanagers barn owl (Tyto alba)
CT

 

western tanager (Piranga ludoviciana)
CT

 Vireonidae - Vireos 

Timaliidae - Babblers Cassin’s vireo (Vireo cassinii) 

wrentit (Chamaea fasciata) Hutton's vireo (Vireo huttoni)
CE

 

Trochilidae - Hummingbirds warbling vireo (Vireo gilvus) 

Allen's hummingbird (Selasphorus sasin)
CE, SSC

  

Anna's hummingbird (Calypte anna) 
 

calliope hummingbird (Selasphorus calliope)
CT 

 

rufous hummingbird (Selasphorus rufus)
CE, SSC
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Table A.4. Insects of Pepperwood 

Source: iNaturalist, AntWeb 

Coleoptera - Beetles Formicidae - continued 

Chrysomelidae Solenopsis molesta 

cobalt milkweed beetle (Chrysochus cobaltinus) Stigmatomma pallipes 

Coccinellidae Tapinoma sessile 

California lady beetle (Coccinella californica) Temnothorax caguatan 

seven-spotted ladybird (Coccinella septempunctata) Temnothorax nevadensis 

convergent lady beetle (Hippodamia convergens) Veromessor andrei 

Scarabaeidae Lepidoptera - Moths and Butterflies 

ten-lined June beetle (Polyphylla decemlineata) Adelidae 

Carabidae three-striped longhorn (Adela trigrapha) 

ground beetle (Promecognathys crassus) Hesperiidae 

ground beetle (Promecognathus laevissumus) propertius duskywing (Erynnis propertius) 

Hemiptera - Bugs northern cloudywing (Thorybes pylades) 

Largidae Lycaenidae 

bordered plant bug (Largus californicus) brown elfin (Callophrys augustinus) 

Hymenoptera - Wasps, Bees, and Ants acmon blue (Plebejus acmon) 

Apidae striped hairstreak (Satyrium liparops) 

honey bee (Apis mellifera) Nymphalidae 

carpenter bee (Xylocopa tabaniformis) California sister (Adelpha californica) 

Vespidae common wood nymph (Cercyonis pegala) 

European paper wasp (Polistes dominula) California ringlet (Coenonympha tullia california) 

western yellowjacket (Vespula pensylvanica) monarch butterfly (Danaus plexippus) 

Formicidae variable checkerspot (Euphydryas chalcedona) 

Aphaenogaster occidentalis common buckeye (Junonia coenia) 

Brachymyrmex depilis mourning cloak (Nymphalis antiopa) 

Camponotus quercicola Papilionidae 

Camponotus semitestaceus pale swallowtail (Papilio eurymedon) 

Camponotus vicinus western tiger swallowtail (Papilio rutulus) 

Crematogaster coarctata anise swallowtail (Papilio zelicaon) 

Formica moki Pieridae 

Formica subpolita California dogface (Colias eurydice) 

Hypoponera sp. orange sulphur (Colias eurytheme) 

Linepithema humile Saturniidae 

Liometopum luctuosum polyphemus moth (Antheraea polyphemus) 

Liometopum occidentale ceanothus silk moth (Hyalophora euryalus) 

Monomorium ergatogyna Sphingidae 

Pheidole californica wild cherry sphinx moth (Sphinx drupiferarum) 

Prenolepis imparis  
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Table A.4. Continued 

Mantodea - Mantids 

Mantidae 

European mantis (Mantis religiosa) 

Megaloptera - Stoneflies and Fish Flies 

Corydalidae 

gray fish fly (Neohermes californicus) 

Odonata - Dragon and Damsel Flies 

Aeshnidae 

common green darner (Anax junius) 

Cordulegastridae 

pacific spiketail (Cordulegaster dorsalis) 

Libellulidae 

western pondhawk (Erythemis collocata) 

black saddlebags (Tramea lacerata) 

Orthoptera - Crickets, Grasshoppers, and Allies 

Stenopelmatidae 

Jerusalem cricket (Stenopelmatus fuscus) 
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Table A.5. Mammals of Pepperwood 

Artiodactyla - Even-toed Ungulates 

black-tailed deer (Odocoileus hemionus subsp. columbianus) 

pig (Sus scrofa) 

Carnivora - Carnivores 

black bear (Ursus americanus) 

bobcat (Lynx rufus subsp. californicus) 

coyote (Canis latrans subsp. ochropus) 

gray fox (Urocyon cinereoargenteus subsp. townsendii) 

long-tailed weasel (Mustela frenata) 

mink (Mustela vison subsp. aestuarina) 

mountain lion (Puma concolor subsp. californica) 

North American badger (Taxidea taxus) 

raccoon (Procyon lotor subsp. psora) 

ringtail (Bassariscus astutus subsp. raptor) 

river otter (Lontra canadensis subsp. pacifica) 

striped skunk (Mephitis mephitis subsp. occidentalis) 

western spotted skunk (Spirogale gracilis) 

Chiroptera - Bats 

big brown bat (Eptesicus fuscus subsp. bernardinus) 

California myotis (Myotis californicus subsp. caurinus) 

fringed myotis (Myotis thysanodes) 

pallid bat (Antrozous pallidus subsp. pacificus) 

Didelphimorphia - Marsupials 

opossum (Didelphis virginiana) 

Euliptophyla - Hedgehogs, Moles, and Allies 

Trowbridge's shrew (Sorex trowbridgii subsp. montereyensis) 

vagrant shrew mole (Sorex vagrans subsp. sonomae, Scapanus or Neurotrichus) 

Lagomorpha - Rabbits and Hares 

black-tailed jackrabbit (Lepus californicus subsp. californicus) 

brush Rabbit (Sylvilagus bachmani) 

Rodentia - Rodents 

Botta's pocket gopher (Thomomys bottae subsp. bottae) 

brush mouse (Peromyscus boylii) 

California meadow mouse (Microtus californicus subsp. eximus) 

chipmunk (Tamias sp.) 

deer mouse (Peromyscus maniculatus subsp. gambelii) 

Douglas squirrel (Tamiasciurus douglasii) 

dusky-footed wood rat (Neotoma fuscipes subsp. fuscipes) 

ground squirrel (Spermophilus sp.) 

pinyon mouse (Peromyscus truei subsp. gilberti) 

porcupine (Erethizon dorsatum) 

western gray squirrel (Sciurus griseus subsp. griseus) 

western harvest mouse (Reithrodontomys megafotis subsp. longicaudis) 
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Table A.6. Reptiles of Pepperwood 

Serpentes - Snakes 

Boidae - Boas 

northern rubber boa (Charina bottae) 

Colubridae - Colubrid Snakes 

aquatic garter snake (Thamnophis atratus) 

California kingsnake (Lampropeltis getula subsp. californiae) 

California nightsnake (Hypsiglena ochrorhyncha subsp. nuchalata) 

California red-sided garter snake (Thamnophis sirtalis subsp. infernalis) 

gopher snake (Pituophis catenifer)  

racer (Coluber constrictor) 

ring-necked snake (Diadophis punctatus) 

sharp-tailed snake (Contia tenuis) 

western terrestrial garter snake (Thamnophis elegans) 

Viperidae - Vipers 

northern Pacific rattlesnake (Crotalus oreganus subsp. oreganus) 

Squamata - Lizards 

Anguidae - Anguid Lizards 

northern alligator lizard (Elgaria coerulea) 

southern alligator lizard (Elgaria multicarinata) 

Phrynosomatidae - Spiny and Short-horned Lizards 

western fence lizard (Sceloporus occidentalis) 

Scincidae - Skinks 

western skink (Plestiodon skiltonianus) 

Testudines - Turtles 

Emydidae - Pond Turtles 

northern western pond turtle (Actinemys marmorata subsp. marmorata) 
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Appendix B. Rare and Threatened Plants 
 

 

Table B.1. Rare plant occurrence and management 

Priority was based on rare plant ranking, risk of threats and relative abundance at Pepperwood. "Seed Banked" refers to whether a 

rare plant species has seed stored at the Santa Ana Botanical Garden as of March 2016, but does not include seed collected from 

Pepperwood since we have not initiated a seed bank collection program.  

 

Priority Binomial 

Common 

Name 

CNPS 

Rank 

State 

Rank 

Global 

Rank 

Seed 

Banked Threats Habitat 

Known Location(s) 

at Pepperwood 

HIGH 

Amorpha 

californica var. 

napensis 

Napa false 

indigo 
1B.2 S2 G4T2 Yes 

Development, habitat 

alteration
CNPS

; 

overgrazing, fire 

suppression* 

Chaparral
JE

; broadleafed 

upland forest (openings), 

chaparral, cismontane 

woodland
CNPS

 

North-facing oak 

woodland slopes, 

Horse Hill, Redwood 

Canyon 

HIGH 
Brodiaea 

leptandra 

narrow-

anthered 

brodiaea 

1B.2 S3? G3? No 

Development, foot 

traffic, and 

collecting
CNPS

; possibly 

threatened by road 

maintenance and non-

native plants
CNPS

; fire 

suppression, shading 

by Douglas-fir and 

California bay* 

Open mixed-evergreen 

forest, chaparral, gravelly 

soil, 40–1220 meters
JE

; 

volcanic, broadleafed 

upland forest, chaparral, 

cismontane woodland, 

lower montane coniferous 

forest, valley and foothill 

grassland
CNPS

 

Possibly common at 

Pepperwood; 

locations 

undocumented 

HIGH 
Ceanothus 

divergens 

Calistoga 

ceanothus 
1B.2 S2 G2 No 

Habitat alteration, fire 

suppression
CNPS

; 

possibly competition 

for light* 

Volcanic slopes, chaparral, 

pine/oak woodland, 150–

950 meters
JE

; chaparral 

(serpentinite or volcanic, 

rocky)
CNPS

 

Chaparral, northeast 

corner of 

Pepperwood 

(Weimar east) on 

volcanic ash deposit; 

just a few plants 

documented by Peter 

Warner in 2009 
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Priority Binomial 

Common 

Name 

CNPS 

Rank 

State 

Rank 

Global 

Rank 

Seed 

Banked Threats Habitat 

Known Location(s) 

at Pepperwood 

HIGH 

Hemizonia 

congesta 

subsp. 

congesta 

congested-

headed 

hayfield 

tarplant 

1B.2 S1S2 G5T1T2 No 

Agriculture, 

development, road 

construction
CNPS

 

Grassy sites, marsh edges, 

< 100 meters
JE

; sometimes 

roadsides, Valley and 

foothill grassland
CNPS

 

One plant collected 

in 1986 on 

serpentine; need to 

confirm still present 

on site 

HIGH 
Leptosiphon 

jepsonii 

Jepson’s 

leptosiphon 
1B.2 S2 G2 No 

Habitat conversion, 

non-native plants
CNPS

 

Open or partially shaded 

grassy slopes; < 500 

meters
JE

; usually volcanic, 

chaparral, cismontane 

woodland
CNPS

 

Widely distributed 

across preserve; 

especially dominant 

in serpentine 

grasslands 

HIGH 
Lupinus 

sericatus 

Cobb 

Mountain 

lupine 

1B.2 S2 G2 No 

Habitat alteration, 

logging, road 

maintenance or 

widening, 

herbicides
CNPS

; fire 

suppression* 

Open wooded slopes, 

500–1500 meters
JE

; 

broadleafed upland 

forest, chaparral, 

cismontane woodland, 

lower montane coniferous 

forest
CNPS

 

One plant 

documented “below 

the Allotropa” in 

Devil’s Kitchen 

(DeNevers 2013); 

Peter Warner did not 

find this species 

during the 2009 rare 

plant survey; might 

have been observed 

on neighboring 

property to the south 

of the preserve 

entrance 

MED 
Lilium 

rubescens 
redwood lily 4.2 S3 G3 No 

Urbanization, 

horticultural collecting, 

logging, road 

construction and 

maintenance, non-

native plants, and 

grazingCNPS; increasingly 

rare in southern portion 

of rangeCNPS. 

Dry soils in chaparral, gaps in 

conifer forest, 30–1800 

metersJE; sometimes 

serpentinite, sometimes 

roadsides, broadleafed 

upland forest, chaparral, 

lower montane coniferous 

forest, North Coast 

coniferous forest, upper 

montane coniferousCNPS 

Weimar Canyon 

below Weimar Falls, 

Devil’s Kitchen 
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Priority Binomial 

Common 

Name 

CNPS 

Rank 

State 

Rank 

Global 

Rank 

Seed 

Banked Threats Habitat 

Known Location(s) 

at Pepperwood 

MED 
Monardella 

viridis 

green 

monardella 
4.3 S4 G4 No 

Potentially threatened 

by development, 

hybridizes with M. 

villosa subsp. 

villosa
CNPS

; fire 

suppression* 

Chaparral, oak woodland, 

conifer forest, also 

serpentine, 150–800 

meters
JE

; broadleafed 

upland forest, chaparral, 

cismontane woodland
CNPS

 

Grouse Hill, chaparral 

near Dwight Center 

MED 
Ranunculus 

lobbii 

Lobb’s aquatic 

buttercup 
4.2 S3 G4 No 

Urbanization, habitat 

alteration, agriculture, 

and development
CNPS

; 

invasive plants, 

drought* 

Ponds, < 500 meters
JE

; 

mesic, cismontane 

woodland, North Coast 

coniferous forest, valley 

and foothill grassland, 

vernal pools
CNPS

 

Vernal pools of Three 

Tree Hill, Double 

Ponds, above Double 

Ponds Spring, 

Weimar Pond 

MED 
Viburnum 

ellipticum 

oval-leaved 

viburnum 
2B.3 S3 G5 No Habitat alteration

CNPS
 

Chaparral, yellow-pine 

forest, generally north-

facing slopes, 300–1400 

meters
JE

; chaparral, 

cismontane woodland, 

lower montane coniferous 

forest
CNPS

 

Garrison Canyon, 

Shriver Canyon, Pitt’s 

Canyon 

LOW 

Calystegia 

collina subsp. 

oxyphylla 

Mt. St. Helena 

morning-glory 
4.2 S3 G4T3 No 

Road maintenance
CNPS

; 

fire suppression, 

encroaching trees and 

shrubs, livestock 

grazing* 

Open grassy or rocky places 

or in open oak/pine 

woodland, often serpentine, 

< 600 metersJE; serpentinite, 

chaparral, lower montane 

coniferous forest, valley and 

foothill grasslandCNPS 

Serpentine grassland 

and serpentine 

chaparral, Barn area, 

Pepperwood 

entrance, Three Tree 

Hill, Telegraph Hill 

LOW 
Harmonia 

nutans 

nodding 

harmonia 
4.3 S3 G3 No Development

CNPS
 

Rocky, generally volcanic, 

open or disturbed sites in 

chaparral and woodland, 

100–1000 metersJE; rocky or 

gravelly, volcanic, chaparral, 

cismontane woodlandCNPS 

Serpentine soils 
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Priority Binomial 

Common 

Name 

CNPS 

Rank 

State 

Rank 

Global 

Rank 

Seed 

Banked Threats Habitat 

Known Location(s) 

at Pepperwood 

LOW 
Lomatium 

repostum 

Napa 

biscuitroot 
4.3 S3 G3 No 

Possibly threatened by 

development, 

agriculture, and road 

maintenance
CNPS

; fire 

suppression, 

encroachment of 

Douglas-fir and 

California bay, litter 

accumulation* 

Pine/oak woodland, 

chaparral, generally 

serpentine, 100–800 

meters
JE

; serpentinite, 

chaparral, cismontane 

woodland
CNPS

 

Along road to Grouse 

Hill; has not been 

seen in many years 

LOW 
Thermopsis 

macrophylla 
false-lupine 1B.3 S1 G1 Yes 

Fire suppression, non-

native plants, 

recreational activities, 

and road 

maintenance
CNPS

 

Sandstone, chparral, 

1000-1400 meters
JE

; 

Chaparral (sandy, granitic, 

disturbed areas)
CNPS

 

Observed south of red 

barn in serpentine 

(2003) and one patch of 

plants near an old 

homestead site by 

Rogers Canyon; need to 

confirm species ID due 

to occurring outside 

species’ rangeJE 

WATCH 

FOR 

Calandrinia 

breweri 

Brewer’s 

calandrinia 
4.2 S34 G4 No Fire suppression* 

Sandy to loamy soil, 

disturbed sites, burns, < 

1200 meters
JE

 

Fire following annual, 

common on Chalk 

Mountain after 1996 

burn; might be 

abundant after fire on 

Pepperwood – not 

confirmed present on 

site 

* = Warner 2009;   
JE

 = Jepson eFlora (Jepson Flora Project (eds.) 2013. Jepson eFlora, http://ucjeps.berkeley.edu/IJM.html, accessed on Mar 07 2016); 
CNPS

 = CNPS rare plant inventory (CNPS, Rare Plant Program. 2015. Inventory of Rare and Endangered Plants (online edition, v8-02). California Native Plant 

Society, Sacramento, CA. Website http://www.rareplants.cnps.org [accessed 07 March 2016].) 

Seed bank collections 

http://www.rsabg.org/seed-conservation?catid=155:articles&id=256:seed-conservation-program-collections 
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Table B.2. Rare plants and lichens that may occur at Pepperwood - Mark West Quad & eight quads surrounding Mark West 
Source: CNPS, Rare Plant Program. 2015. Inventory of Rare and Endangered Plants (online edition, v8-02). California Native Plant Society, Sacramento, CA. 

Website http://www.rareplants.cnps.org [accessed 07 March 2016]. 

Rare Plants - Mark West Quad 

Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Anomobryum julaceum slender silver moss 4.2 S2 G4G5 moss 

Damp rock and soil on outcrops, usually on roadcuts, 

broadleafed upland forest, lower montane coniferous 

forest, North Coast coniferous forest
CNPS

 

Astragalus claranus Clara Hunt's milk-vetch 1B.1 S1 G1 annual herb 

Open grassy areas, thin clay soil, 100–200 meters
JE

; 

serpentinite or volcanic, rocky, clay, chaparral (openings), 

cismontane woodland, valley and foothill grassland
CNPS

 

Ceanothus confusus Rincon Ridge ceanothus 1B.1 S1 G1 

perennial 

evergreen 

shrub 

Volcanic slopes, chaparral, pine/oak woodland, 75–1100 

meters
JE

; volcanic or serpentinite, closed-cone coniferous 

forest, chaparral, cismontane woodland
CNPS

 

Centromadia parryi 

subsp. parryi 
pappose tarplant 1B.2 S1 G3T1 annual herb 

Grassland, coastal salt marshes, alkaline springs, seeps, < 

400 meters
JE

; often alkaline, chaparral, coastal prairie, 

meadows and seeps, marshes and swamps (coastal salt), 

valley and foothill grassland (vernally mesic)
CNPS

 

Erigeron biolettii streamside daisy 3 S3? G3? 
perennial 

herb 

Dry slopes, rocks, ledges along rivers, < 1100 meters
JE

; 

rocky, mesic, broadleafed upland forest, cismontane 

woodland, North Coast coniferous forest
CNPS

 

Gratiola heterosepala 
Boggs Lake hedge-

hyssop 
1B.2 S2 G2 annual herb 

Shallow water, margins of vernal pools, < 1600 meters
JE

; 

clay, marshes and swamps (lake margins), vernal pools
CNPS

 

Micropus amphibolus Mt. Diablo cottonweed 3.2 S3S4 G3G4 annual herb 

Openings on slopes, ridges, shallow soils, sedimentary or 

volcanic rocks, 40–900 meters
JE

; rocky, broadleafed 

upland forest, chaparral, cismontane woodland, valley 

and foothill grassland
CNPS

 

Microseris paludosa marsh microseris 1B.2 S2 G2 
perennial 

herb 

Moist grassland, open woodland, < 300 meters
JE

; closed-

cone coniferous forest, cismontane woodland, coastal 

scrub, valley and foothill grassland
CNPS
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Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Navarretia 

leucocephala subsp. 

bakeri 

Baker's navarretia 1B.1 S2 G4T2 annual herb 

Vernal pools, < 1700 meters
JE

; mesic, cismontane 

woodland, lower montane coniferous forest, meadows 

and seeps, valley and foothill grassland, vernal pools
CNPS

 

Navarretia 

leucocephala subsp. 

plieantha 

many-flowered 

navarretia 
1B.2 S1 G4T1 annual herb 

Vernal pools, 800–1100 meters
JE

; vernal pools (volcanic 

ash flow)
CNPS

 

 

Rare Plants - Eight Quads Surrounding Mark West 

Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Allium peninsulare var. 

franciscanum 
Franciscan onion 1B.2 S1 G5T1 

perennial 

bulbiferous 

herb 

Dry hillsides, < 300 meters
JE

; clay, volcanic, often 

serpentinite, cismontane woodland, valley and foothill 

grassland
CNPS

 

Alopecurus aequalis 

var. sonomensis 
Sonoma alopecurus 1B.1 S1 G5T1Q 

perennial 

herb 

Freshwater marshes, riparian scrub, 5–365 meters
JE

; 

marshes and swamps (freshwater), riparian scrub
CNPS

 

Amsinckia lunaris 
bent-flowered 

fiddleneck 
1B.2 S2? G2? annual herb 

Gravelly slopes, grassland, openings in woodland, often 

serpentine, (5)50–800 meters
JE

; coastal bluff scrub, 

cismontane woodland, valley and foothill grassland
CNPS

 

Antirrhinum virga twig-like snapdragon 4.3 S3S4 G3G4 
perennial 

herb 

Openings in chaparral, rocky areas, often on serpentine; 

200–2000 meters
JE

; Rocky, openings, often serpentinite, 

chaparral, lower montane coniferous forest
CNPS

 

Arctostaphylos bakeri 

subsp. bakeri 
Baker's manzanita 1B.1 S2 G2T2 

perennial 

evergreen 

shrub 

Serpentine chaparral near coast, 75–300 meters
JE

; often 

serpentinite, broadleafed upland forest, chaparral
CNPS

 

Arctostaphylos 

canescens subsp. 

sonomensis 

Sonoma canescent 

manzanita 
1B.2 S2 G3G4T2 

perennial 

evergreen 

shrub 

Chaparral, open forests, 60–1700 meters
JE
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Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Arctostaphylos 

manzanita subsp. 

elegans 

Konocti manzanita 1B.3 S3 G5T3 

perennial 

evergreen 

shrub 

Woodland, chaparral, conifer forest, generally volcanic 

soils, 220–1850 meters
JE

; volcanic, chaparral, cismontane 

woodland, lower montane coniferous forest
CNPS

 

Arctostaphylos 

stanfordiana subsp. 

decumbens 

Rincon Ridge manzanita 1B.1 S1 G3T1 

perennial 

evergreen 

shrub 

Chaparral, 100 meters
JE

; chaparral (rhyolitic), cismontane 

woodland
CNPS

 

Asclepias solanoana serpentine milkweed 4.2 S3 G3 
perennial 

herb 

Serpentine outcrops, 700–1600 meters
JE

; serpentinite, 

chaparral, cismontane woodland, Lower montane 

coniferous forest
CNPS

 

Astragalus breweri Brewer's milk-vetch 4.2 S3 G3 annual herb 

Open slopes, grassy areas, on serpentine or not, < 950 

meters
JE

; Often serpentinite, volcanic, chaparral, 

cismontane woodland, meadows and seeps, valley and 

foothill grassland (open, often gravelly)
CNPS

 

Astragalus clevelandii Cleveland's milk-vetch 4.3 S4 G4 
perennial 

herb 

Moist serpentine areas, 100–1500 meters
JE

; serpentinite 

seeps, chaparral, cismontane woodland, riparian 

forest
CNPS

 

Astragalus rattanii var. 

jepsonianus 
Jepson's milk-vetch 1B.2 S3 G4T3 annual herb 

Often on serpentine soil, 150–700 meters
JE

; often 

serpentinite, chaparral, cismontane woodland, valley and 

foothill grassland
CNPS

 

Balsamorhiza 

macrolepis 
big-scale balsamroot 1B.2 S2 G2 

perennial 

herb 

Open grassy or rocky slopes, valleys, generally <= 1400 

meters
JE

; sometimes serpentinite, chaparral, cismontane 

woodland, valley and foothill grassland
CNPS

 

Calamagrostis 

bolanderi 
Bolander's reed grass 4.2 S4 G4 

perennial 

rhizomatous 

herb 

Peatland, marshes, wet meadows in forest, coastal scrub 

and prairie, < 500 meters
JE

; mesic, bogs and fens, 

broadleafed upland forest, closed-cone coniferous forest, 

coastal scrub, meadows and seeps (mesic), marshes and 

swamps (freshwater), North Coast coniferous forest
CNPS
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Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Calamagrostis stricta 

subsp. inexpansa 
slipstem reed grass 2B.1 S2? G3Q 

perennial 

rhizomatous 

herb 

Slopes, meadows, coastal marshes, < 3400 meters
JE

; 

coastal scrub (mesic), marshes and swamps 

(freshwater)
CNPS

 

Calamagrostis ophitidis serpentine reed grass 4.3 S3 G3 
perennial 

herb 

Meadows, seeps, grassland, chaparral, forest, generally 

on serpentine soils, < 1065 meters
JE

; serpentinite, rocky, 

chaparral (open, often north-facing slopes), lower 

montane coniferous forest, meadows and seeps, valley 

and foothill grassland
CNPS

 

Calochortus uniflorus pink star-tulip 4.2 S3 G4 

perennial 

bulbiferous 

herb 

Moist meadows, < 500 meters
JE

; coastal prairie, coastal 

scrub, meadows and seeps, North Coast coniferous 

forest
CNPS

 

Calyptridium 

quadripetalum 
four-petaled pussypaws 4.3 S4 G4 annual herb 

Sandy or gravelly areas, generally serpentine, 400–2000 

meters
JE

; sandy or gravelly, usually serpentinite, 

chaparral, lower montane coniferous forest
CNPS

 

Campanula californica swamp harebell 1B.2 S3 G3 

perennial 

rhizomatous 

herb 

Marshy areas, ± 5–400 meters
JE

; mesic, bogs and fens, 

closed-cone coniferous forest, coastal prairie, meadows 

and seeps, marshes and swamps (freshwater), North 

Coast coniferous forest
CNPS

 

Castilleja ambigua var. 

ambigua 
johnny-nip 4.2 S4 G4T5 

annual herb 

(hemiparasit

ic) 

Coastal bluffs, grassland, < 500 meters
JE

; coastal bluff 

scrub, coastal prairie, coastal scrub, marshes and swamps, 

valley and foothill grassland, vernal pools margins
CNPS

 

Ceanothus foliosus var. 

vineatus 
Vine Hill ceanothus 1B.1 S1 G3T1 

perennial 

evergreen 

shrub 

Rocky slopes, flats, chaparral, woodland, mixed-evergreen 

forest, < 300 meters
JE

; chaparral
CNPS

 

Ceanothus gloriosus 

var. exaltatus 
glory brush 4.3 S4 G4T4 

perennial 

evergreen 

shrub 

Sandy or rocky substrates, < 500 meters
JE

; chaparral
CNPS
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Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Ceanothus purpureus holly-leaved ceanothus 1B.2 S2 G2 

perennial 

evergreen 

shrub 

Volcanic substrates, slopes, chaparral, 145–670 meters
JE

; 

volcanic, rocky, chaparral, cismontane woodland
CNPS

 

Ceanothus sonomensis Sonoma ceanothus 1B.2 S2 G2 

perennial 

evergreen 

shrub 

Serpentine or volcanic substrates, chaparral, 140–600 

meters
JE

; chaparral (sandy, serpentinite or volcanic)
CNPS

 

Cryptantha dissita serpentine cryptantha 1B.2 S2 G2 annual herb 

Serpentine, rocky outcrops, gravelly slopes, chaparral, 

foothill woodland, 150–900 meters
JE

; chaparral 

(serpentinite)
CNPS

 

Cuscuta obtusiflora var. 

glandulosa 
Peruvian dodder 2B.2 SH G5T4T5 

annual vine 

(parasitic) 

On herbs including Alternanthera, Dalea, Lythrum, 

Polygonum, Xanthium, ± < 500 meters
JE

; marshes and 

swamps (freshwater)
CNPS

 

Cypripedium montanum mountain lady's-slipper 4.2 S4 G4 

perennial 

rhizomatous 

herb 

Moist areas, dry slopes, mixed-evergreen or conifer 

forest, 200–2200 meters
JE

; broadleafed upland forest, 

cismontane woodland, lower montane coniferous forest, 

North Coast coniferous forest
CNPS

 

Downingia pusilla dwarf downingia 2B.2 S2 GU annual herb 

Vernal pools, roadside ditches, < ± 150 meters (488 

meters, Inner North Coast Ranges)
JE

; Valley and foothill 

grassland (mesic), vernal pools
CNPS

 

Erigeron greenei 
Greene's narrow-leaved 

daisy 
1B.2 S2 G2 

perennial 

herb 

Generally on serpentine, sometimes rocky alluvium, 

chaparral, woodland, conifer forest, (100) 500–1600 

meters
JE

; chaparral (serpentinite or volcanic)
CNPS

 

Erigeron serpentinus serpentine daisy 1B.3 S2 G2 
perennial 

herb 

Serpentine scrub, 400–600 meters
JE

; chaparral 

(serpentinite, seeps)
CNPS

 

Eriogonum nervulosum 
Snow Mountain 

buckwheat 
1B.2 S2 G2 

perennial 

rhizomatous 

herb 

Serpentine, 400–2100 meters
JE

; chaparral 

(serpentinite)
CNPS

 

Eryngium constancei 
Loch Lomond button-

celery 
1B.1 S1 G1 

annual / 

perennial 

herb 

Vernal pools, ± 800 meters
JE

; vernal pools
CNPS
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Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Erythronium helenae St. Helena fawn lily 4.2 S3 G3 

perennial 

bulbiferous 

herb 

Dry woodland, on serpentine, 300–1200 meters
JE

; 

volcanic or serpentinite, chaparral, cismontane woodland, 

lower montane coniferous forest, valley and foothill 

grassland
CNPS

 

Hesperolinon 

bicarpellatum 

two-carpellate western 

flax 
1B.2 S3 G3 annual herb 

Serpentine, chaparral, 60–1000 meters
JE

; chaparral 

(serpentinite)
CNPS

 

Horkelia tenuiloba thin-lobed horkelia 1B.2 S2 G2 
perennial 

herb 

Sandy soils, open chaparral, 50–500 meters
JE

; mesic 

openings, sandy, broadleafed upland forest, chaparral, 

valley and foothill grassland
CNPS

 

Hosackia gracilis harlequin lotus 4.2 S3 G4 

perennial 

rhizomatous 

herb 

In water, springy areas, shores, meadows, roadside 

ditches, < 700 meters
JE

; wetlands, roadsides, broadleafed 

upland forest, coastal bluff scrub, closed-cone coniferous 

forest, cismontane woodland, coastal prairie, coastal 

scrub, meadows and seeps, marshes and swamps, North 

Coast coniferous forest, valley and foothill grassland
CNPS

 

Layia septentrionalis Colusa layia 1B.2 S2 G2 annual herb 

Serpentine or sandy soils, 100–900 meters
JE

; sandy, 

serpentinite, chaparral, cismontane woodland, valley and 

foothill grassland
CNPS

 

Leptosiphon acicularis bristly leptosiphon 4.2 S3 G3 annual herb 

Grassy areas, woodland, chaparral, < 700 meters
JE

; 

chaparral, cismontane woodland, coastal prairie, valley 

and foothill grassland
CNPS

 

Lessingia hololeuca woolly-headed lessingia 3 S3 G3 annual herb 

Coastal scrub, chaparral, grassland, roadsides, 

occasionally on serpentine or alkali soil, 10–600 meters
JE

; 

clay, serpentinite, broadleafed upland forest, coastal 

scrub, lower montane coniferous forest, valley and 

foothill grassland
CNPS

 

Navarretia cotulifolia cotula navarretia 4.2 S4 G4 annual herb 
Heavy soils, < 500 meters

JE
; adobe, chaparral, cismontane 

woodland, valley and foothill grassland
CNPS
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Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Orobanche valida 

subsp. howellii 
Howell's broomrape 4.3 S4 G4T4 

perennial 

herb 

(parasitic) 

Volcanic and serpentine slopes, open chaparral, on 

Garrya, 200–1700 meters
JE

; chaparral (serpentinite or 

volcanic)
CNPS

 

Sidalcea hickmanii 

subsp. napensis 
Napa checkerbloom 1B.1 S1 G3T1 

perennial 

herb 

Chamise chaparral, rocky rhyolitic volcanic soil, 450–500 

meters
JE

; rhyolitic, chaparral
CNPS

 

Streptanthus hesperidis green jewel-flower 1B.2 S2 G2 annual herb 

Serpentine barrens, associated openings in chaparral/oak 

woodland, cypress woodland, 250–600 meters
JE

; 

serpentinite, rocky, chaparral (openings), cismontane 

woodland
CNPS

 

Streptanthus morrisonii 
Three Peaks jewel-

flower 
1B.2 S2 G2T2 

perennial 

herb 

Serpentine barrens, chaparral, cypress/knobcone-pine 

woodland, 150–1100 meters
JE

; chaparral 

(serpentinite)
CNPS

 

 

Rare Lichens 

Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Calicium adspersum 
spiral-spored guilded-

head pin lichen 
2B.2 S1? G3G4 

crustose 

lichen 

(epiphytic) 

Often restricted to bark of conifers over 200 years old; 

lower montane coniferous forest, North Coast coniferous 

forest
CNPS

 

Ramalina thrausta angel’s hair lichen 2B.1 S2? G5 

fruticose 

lichen 

(epiphytic) 

On dead twigs and other lichens; North Coast coniferous 

forest; potentially threatened by pollution; found on red 

alder, Douglas-fir, Oregon oak, and salmonberry; in 

Sonoma County it grows on and among dangling mats of 

Ramalina menziesii and Usnea spp.
CNPS

 

Texosporium sancti-

jacobi 
woven-spored lichen 3 S1 G3 

crustose 

lichen 

(terricolous) 

On soil, small mammal pellets, dead twigs, and on 

Selaginella spp.; chaparral (openings)
CNPS
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Binomial Common Name 
CNPS 

Rank 

State 

Rank 

Global 

Rank 
Lifeform Habitat 

Thamnolia vermicularis whiteworm lichen 2B.1 S1 G3G5 

fruticose 

lichen 

(terricolous) 

On rocks derived from sandstone; chaparral, valley and 

foothill grassland; threatened by foot traffic
CNPS

 

Usnea longissima 
Methuselah’s beard 

lichen 
4.2 S4 G4 

fruticose 

lichen 

(epiphytic) 

On tree branches; usually on old growth hardwoods and 

conifers; broadleaf upland forest, North Coast coniferous 

forest; threatened by development, road maintenance, 

and logging
CNPS

 

 
JE

 = Jepson eFlora 

Jepson Flora Project (eds.) 2013. Jepson eFlora, http://ucjeps.berkeley.edu/IJM.html, accessed on Mar 07 2016 
CNPS

 = CNPS rare plant inventory 

CNPS, Rare Plant Program. 2015. Inventory of Rare and Endangered Plants (online edition, v8-02). California Native Plant Society, Sacramento, CA. 

Website http://www.rareplants.cnps.org [accessed 07 March 2016].
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Appendix C. Invasive Plants 
 

 

The Pepperwood flora includes many non-native invasive and noxious weeds which are listed 

here in accordance with The Jepson Manual, Second Edition (Baldwin et al. 2012). Invasive taxa 

are primarily from the California Invasive Plant Inventory Database developed by the California 

Invasive Plant Council (Cal-IPC). Noxious weeds are indicated by a dagger symbol (†) and are 

from listings by the California Department of Food and Agriculture. 

 

Table C.1. Pepperwood flora excerpt: invasive and noxious species 

Scientific Name Common Name(s) 

Aegilops triuncialis
†
 barbed goatgrass 

Ailanthus altissima
†
 tree of heaven 

Allium vineale
†
 onion, garlic 

Avena barbata slender wild oat 

Avena fatua wild oat 

Bellardia trixago Mediterranean linseed 

Brachypodium distachyon false brome 

Brassica nigra black mustard 

Brassica rapa turnip, field mustard 

Briza maxima rattlesnake grass, large quaking grass 

Bromus diandrus ripgut grass 

Bromus hordeaceus soft chess 

Bromus madritensis subsp. rubens red brome 

Carduus acanthoides subsp. acanthoides
†
 plumeless thistle 

Carduus pycnocephalus subsp. pycnocephalus
†
 Italian thistle 

Carthamus lanatus
†
 woolly distaff thistle 

Centaurea melitensis
†
 tocalote 

Centaurea solstitialis
†
 yellow starthistle 

Chondrilla juncea
†
 skeleton weed 

Cirsium arvense
†
 Canada thistle 

Cirsium vulgare
†
 bull thistle 

Convolvulus arvensis
†
 bindweed, orchard morning-glory 

Cotoneaster pannosus silverleaf cotoneaster 

Cotula coronopifolia brass-buttons 

Cynodon dactylon bermuda grass 

Cynosurus echinatus bristly dogtail grass 

Cytisus scoparius
†
 scotch broom 

Dactylis glomerata orchard grass 

Dipsacus fullonum wild teasel 

Dittrichia graveolens stinkwort 
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Table C.1. Continued 

Scientific Name Common Name(s) 

Echium plantagineum salvation Jane 

Elymus caput-medusae
†
 medusahead 

Erodium cicutarium redstem filaree 

Eucalyptus globulus blue gum 

Euphorbia oblongata
†
 spurge 

Festuca arundinacea tall fescue 

Festuca perennis rye grass 

Ficus carica fig 

Foeniculum vulgare fennel 

Genista monspessulana
†
 French broom 

Geranium dissectum cranesbill, geranium 

Glyceria declinata
†
 low mannagrass 

Hedera helix English ivy 

Helminthotheca echioides prickly ox tongue 

Holcus lanatus velvet grass 

Hordeum marinum subsp. gussoneanum Mediterranean barley 

Hordeum murinum subsp. leporinum hare barley 

Hypericum perforatum subsp. perforatum
†
 klamath weed 

Hypochaeris glabra smooth cat’s ear 

Hypochaeris radicata hairy cat’s ear 

Lepidium campestre peppergrass, peppercress 

Lepidium draba
†
 heart-podded hoary cress 

Lythrum hyssopifolia loosestrife 

Marrubium vulgare horehound 

Medicago polymorpha California bur-clover 

Mentha pulegium pennyroyal 

Myosotis latifolia broadleaved forget-me-not 

Olea europaea olive 

Onopordum illyricum
†
 Illyrian thistle 

Oxalis pes-capre bermuda buttercup 

Parentucellia viscosa parentucellia 

Phalaris aquatica harding grass 

Plantago lanceolata English plantain 

Poa pratensis subsp. pratensis Kentucky blue grass 

Polypogon monspeliensis rabbitfoot grass 

Prunus cerasifera cherry plum 

Raphanus sativus radish 

Rubus armeniacus Himalaya blackberry 

Rumex acetosella sheep sorrel 

Rumex crispus curly dock 

Silybum marianum blessed milk thistle 
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Table C.1. Continued 

Scientific Name Common Name(s) 

Torilis arvensis tall sock destroyer 

Tribulus terrestris
†
 caltrop, puncture vine 

Trifolium hirtum rose clover 

Verbascum thapsus woolly mullein 

Vinca major greater periwinkle 
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Table C.2. Ranking of invasive plant treatment priorities 

  External Expert Ranking                        
(as of February 2015) 

Internal Ranking     

  Potential Impact Feasibililty     

Species 
Cal-IPC 
Ranking 

CDFA 
Noxious 

Weed 

Local 
Invasiveness 

(5 = high) 

Potential Negative 
Ecological Impacts 

(may distribute extra 
points) 

Abundance 
(5 = low) 

Treatment Effort 
for Current 
Distribution            

(5 = easy, low cost) 

Feasibility 
Subtotal (10 = 
most feasible) 

2015 
Pepperwood 
Cumulative 

Score 

French broom                               
(Genista monspessulana) 

high C 5 5 4 4 8 18 

stinkwort                     
(Dittrichia graveolens) 

moderate not listed 5 3 4 5 9 17 

rush skeleton weed 
(Chondrilla juncea) 

moderate A 5 4 5 3 8 17 

black mustard            
(Brassica nigra) 

moderate not listed 4 1 5 5 10 15 

hedge mustard            
(Sisybrum officinale) 

not listed not listed 4 1 5 5 10 15 

oblong spurge          
(Euphorbia oblongata) 

limited B 5 
 

5 5 10 15 

barbed goatgrass         
(Aegilops triuncialis) 

high B 5 4 4 2 6 15 

everlasting pea, sweet pea        
(Lathyrus latifolius) 

not listed not listed 4 
 

5 5 10 14 

puncturevine               
(Tribulus terrestris) 

not listed C 3 1 5 5 10 14 

common forget-me-not            
(Myosotis latifolia) 

limited not listed 3 
 

5 5 10 13 

common mullein    
(Verbascum thapsus) 

limited not listed 3 
 

5 5 10 13 

dog fennel (Anthemis cotula) not listed not listed 3 
 

5 5 10 13 

annual yellow sweet clover      
(Melilotus indicus) 

not listed not listed 3 
 

5 5 10 13 

common teasel           
(Dipsacus fullonum) 

moderate not listed 3 1 5 4 9 13 

chichory (Chicorium intybus) not listed not listed 4 3 4 2 6 13 
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Table C.2. Continued 

  External Expert Ranking                        
(as of February 2015) 

Internal Ranking     

  Potential Impact Feasibililty     

Species 
Cal-IPC 
Ranking 

CDFA 
Noxious 

Weed 

Local 
Invasiveness 

(5 = high) 

Potential Negative 
Ecological Impacts 

(may distribute extra 
points) 

Abundance 
(5 = low) 

Treatment Effort 
for Current 
Distribution            

(5 = easy, low cost) 

Feasibility 
Subtotal (10 = 
most feasible) 

2015 
Pepperwood 
Cumulative 

Score 

yellow starthistle       
(Centauria soltistialis) 

high B 5 4 3 1 4 13 

fennel (Foeniculum vulgare) high not listed 4 -1 5 4 9 12 

periwinkle (Vinca major) moderate not listed 3 
 

5 4 9 12 

Bermudagrass             
(Cynodon dactylon) 

moderate not listed 4 
 

5 3 8 12 

giant reed (Arundo donax) high B 1 
 

5 5 10 11 

bull thistle (Cirsium vulgare) moderate not listed 3 
 

4 4 8 11 

rosy sandcrocus          
(Romulea rosea var. australis) 

not listed not listed 5 3 2 1 3 11 

century plant (Agave sp.) not listed not listed 1 
 

5 4 9 10 

blessed milk thistle                       
(Silybum marianum) 

limited not listed 3 -1 4 4 8 10 

Armenian blackberry      
(Rubus armeniacus) 

high not listed 4 
 

4 2 6 10 

bristly oxtongue             
(Helminthotheca echioides) 

limited not listed 4 1 3 2 5 10 

medusahead                    
(Elymus caput-medusae) 

high C 5 3 1 1 2 10 

Italian thistle                
(Carduus pycnocephalus) 

limited C 2 
 

3 3 6 8 

annual or purple false brome 
(Brachypodium disitachion) 

moderate not listed 5 
 

2 1 3 8 

yellow salsify         
(Tragopogon porrifolius) 

not listed not listed 2 
 

4 1 5 7 

Harding grass                
(Phalaris aquatica) 

moderate not listed 5 
 

1 1 2 7 
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The CalWeedMapper model is based on an ensemble of 17 global circulation models under the A2, or 

unmitigated emissions scenario. The climate baseline derived from average PRISM data for 1970–2009 

were pulled for invasive plant species based on their known range. By comparing baseline to 

projections categories, locations are deemed as either suitable, expanded suitability, or reduced 

suitability for each of the modeled species. From CalWeedMapper, the percentage of pixels in each 

category in the Mark West USGS quad were estimated to the nearest 5 percent for species managed at 

Pepperwood. Percentages were used to characterize the regional trend in our quad maps either 

unchanged, small, moderate, or widespread expansion or reduction.  

 

Table C.3. Projected change in invasive plant habitat suitability at Pepperwood  

Source: California Invasive Plants Council Weed mapper tool: http://calweedmapper.cal-ipc.org/maps/ 

 

Pepperwood 2015 

Priority Ranks 

CalWeedMapper Suitability Range Predicted Change 

from 2010–2050 (as a percent of USGS quadrangle) 

Invasive Species 

Priority 

Rank 

Management 

Feasibility 

Rank 

Change in 

Habitat 

Suitability 

Percent 

Suitable 

Percent 

Expanded 

Percent 

Reduced 

French broom  

(Genista monspessulana) 
18 8 unchanged 100 0 0 

rush skeleton weed 

(Chondrilla juncea) 
17 8 

widespread 

reduction 
10 <1 90 

stinkwort  

(Dittrichia graveolens) 
17 9 

moderate 

reduction 
75 0 25 

barbed goatgrass  

(Aegilops triuncialis) 
15 6 unchanged 100 0 0 

oblong spurge  

(Euphorbia oblongata) 
15 10 small reduction 95 0 5 

yellow starthistle  

(Centauria solstitialis) 
13 4 unchanged 100 0 0 

common teasel  

(Dipsacus fullonum) 
13 9 

moderate 

expansion 
80 20 0 

common forget-me-not 

(Myosotis latifolia) 
13 10 unchanged 100 0 0 

fennel  

(Foeniculum vulgare) 
12 9 unchanged 100 0 0 

periwinkle  

(Vinca major) 
12 9 unchanged 100 0 0 

bull thistle  

(Cirsium vulgare) 
11 8 unchanged 100 0 0 

giant reed  

(Arundo donax) 
11 10 unchanged 100 0 0 
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Table C.3. Continued 

 

Pepperwood 2015 

Priority Ranks 

CalWeedMapper Suitability Range Predicted Change 

from 2010–2050 (as a percent of USGS quadrangle) 

Invasive Species 

Priority 

Rank 

Management 

Feasibility 

Rank 

Change in 

Habitat 

Suitability 

Percent 

Suitable 

Percent 

Expanded 

Percent 

Reduced 

bristly oxtongue 

(Helminthotheca echioides) 
10 5 unchanged 100 <1 0 

blessed milk thistle  

(Silybum marianum) 
10 8 small expansion 95 5 0 

annual or purple false brome 

(Brachypodium disitachion) 
8 3 unchanged 100 0 0 

tree-of-heaven (Ailanthus 

altissima) watchlisted 
0 NA unchanged 100 0 0 

English ivy  

(Hedera helix) 
Not ranked Not ranked unchanged 100 0 0 

Algerian ivy  

(Hedera canariensis) 
Not ranked Not ranked unchanged 100 0 0 
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Appendix D. Climate and Hydrology 
 

 

Climate and Hydrology Monitoring 

Sonoma County has become increasingly warm over the last century, reflecting trends seen for the 

planet as a whole during this same time. Trends in Sonoma County’s climate can be derived from the 

Westmap tool of the PRISM Climate Mapping Program, per below (County 097 is Sonoma County) 

(Daly et al. 2008). Measured impacts of climate change for 1981–2010 show an average increase of 

approximately 1°F in summer temperatures and 1.5°F in winter temperatures compared to the last 30 

years (Cornwall et al. 2015). Precipitation in our region displays an extremely high level of variability 

(Figure D.1.c).  

 

Figures D.1.a–c. Sonoma County annual climate variables (1895–2015): a) maximum temperature, b) 

minimum temperature, and c) precipitation 

Source: WestMap (http://cefa.dri.edu/Westmap) 

 

D.1.a. Maximum temperature Sonoma County (1895–2015) 
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D.1.b. Minimum temperature Sonoma County (1895–2015) 

 
 

D.1.c. Precipitation Sonoma County (1895–2015) 

 
 

Pepperwood's own weather monitoring program began in 2010, thanks in large part to a skilled and 

dedicated steward, Dave Andersen, as well as technical assistance from the USGS. As these data 

accumulate, we are gaining insights into the landscape’s hydrological responses. Weather and 

hydrology monitoring is thus a key element of Pepperwood's Sentinel Site project (see Map E.10 

Sentinel Site Monitoring), a long-term monitoring framework designed to measure the major physical 

drivers of the ecology on the preserve and the ecosystem’s responses. The Sentinel Site monitoring 

approach provides a model that can be expanded into a multi-site network for monitoring the baseline 

of ecology and climate in our region and beyond.  
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At Pepperwood, the Sentinel Site currently features over 100 climate and hydrology sensors, a network 

of weather stations, and monitoring of every form of water as it moves through the landscape 

(precipitation, fog water inputs, soil moisture, spring flow, and streamflow). Biological measurements 

of forest composition, grassland composition, plant phenology, wildlife occupancy, and other biological 

metrics complement these weather and hydrology components.  

 

We have observed increased temperatures every year for the past five years, with the greatest 

increase observed in local winter minimum temperatures (Figure D.2.a). Distributed temperature 

measurements over the preserve, combined with a cold air pooling model, indicate that temperatures 

vary by up to 10°F across the preserve, compared to our primary weather station (Map E.11. Modeled 

Winter Minimum Temperatures). Precipitation varies widely from year to year, with 2011 slightly 

exceeding the long-term average at 43 inches of rainfall, while the 2012–2015 years of severe drought 

featured on the order of half the average annual rainfall (Figure D.2.c). 

 

Figures D.2.a–c. Pepperwood weather station data: a) maximum temperature, b) minimum 

temperature, and c) cumulative precipitation 

  

D.2.a. Monthly maximum temperature (2010–2015) 
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D.2.b. Monthly minimum temperature (2010–2015) 

 
D.2.c. Cumulative precipitation (2010–2015) 

 
 

To complement traditional weather station data (e.g., precipitation, temperature, humidity, wind 

speed and direction), hydrology data collected in five to 60-minute intervals at the Sentinel Site include 

soil water content, soil water potential, stream depth, water temperature, precipitation, and leaf 

wetness at multiple locations. One of the most valuable measurements at Pepperwood's Sentinel Site 

has turned out to be our soil water potential data (A. Flint pers. comm. 2014). This data was utilized to 

calibrate state-wide models for drought impacts to forests and to inform reservoir operations during 

the recent drought by the Sonoma County Water Agency (McIntyre et al. 2014).  

 

Additional hydrology metrics include stream morphology and flow in the Rogers Creek tributary of 

Mark West Springs. For the 2014 to 2016 seasons, additional rain gages have been placed at 17 sites 

distributed across the preserve that are paired with vegetation monitoring. Pepperwood volunteers 

have also recorded Turtle Pond water levels and water quality since 2010. Summer fog has been 

monitored by a combination of sensor technology and manual techniques in conjunction with visiting 

scholars since 2012. 
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Figure D.3. Pepperwood streamflow and soil water content data 

 
 

As of 2016, there are 33 documented springs at Pepperwood, many of which are considered to be 

perennial and are important water sources for both wildlife and humans (Map E.4 Watersheds, 

Wetland, Riparian, and Aquatic Habitats of Pepperwood). Flow rates of our springs are poorly 

understood but at the Bechtel Spring, a developed perennial spring near the Bechtel House, flow rates 

ranged from 0.51 to 1.19 gallons per minute in February and December of 1994, respectively. In 2015 

we began monitoring spring water quality (Table D.1) and sensor-based Sentinel Site spring mapping 

and monitoring is scheduled to commence in Spring 2017.  

 

Planned monitoring includes equipping one to two perennial springs with inline flow meters and data 

loggers using existing pipe infrastructure. Groundwater quality monitoring is an important aspect of 

groundwater management (CDWR 2013) and the infiltration of nitrates into groundwater may be a 

symptom of high levels of aerial nitrogen deposition due to air pollution (S. Weiss pers. comm. 2015). 

The samples below outline the results of spring water quality monitoring to date. 
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Table D.1. Nitrate levels found in spring water monitoring samples 

Date Collected Sample # Spring Location Name Nitrate as N mg/L 

12/3/2015 #1 Front Pasture spring 1.3 

12/3/2015 #2 Goodman fenced 03 1.2 

12/3/2015 #3 Weimar, Oregon Oaks Hill spring <0.4 

12/3/2015 #4 Bechtel sentinel 1.2 

1995–1998 Reference Devil’s Canyon San Bernardino Mts. 1.0 

10/9/2015 S Clara Co. Tulare Cave 5.0 

10/9/2015 S Clara Co. VTA1 spring 2.9 

10/9/2015 S Clara Co. Badger Falls - stream 500m down 1.3 

10/9/2015 S Clara Co. UTC1 spring - serp grassland 3.6 

 

A primary application of this spring water quality monitoring is to understand the impact of aerial 

deposition of nitrogen pollution, primarily derived from automobiles, at Pepperwood. The 

determinants of spring nitrate levels include deposition levels, ecosystem type, recharge and runoff. A 

simple multiplication of estimated deposition and recharge (15–20 kg-N ha-1 yr-1 x 630 mm/yr) 

produces nitrate-N at 2.4–3.2 ppm, twice or more than currently measured in our springs (1.2 ppm). 

The difference between this estimate and measured values may be the result of ecosystem uptake and 

other nitrogen loss pathways. The vegetation composition of the spring catchments is important as 

mixed conifer/hardwood forests can take up much more nitrogen than grasslands. These preliminary 

results and analyses indicate that nitrogen deposition is well above the critical loads for Pepperwood’s 

ecosystems. Options to track this over time include adding a nitrogen deposition sensor to the Sentinel 

Site, and/or monitoring lichen, which is a sensitive bio-indicator of air pollution. 

 

California’s current drought (2011 through the start of 2016) is thought to be one of the most severe in 

1,500 years and may be a preview of conditions likely to become more frequent over the next century. 

This drought has caused severe vegetation stress and mortality across the state. Remote sensing has 

revealed that over 1 million hectares of forest, or 2.4 percent of California's total land mass, suffered a 

30 percent loss of canopy water (Asner et al. 2015), with lowest levels (<1.0 L/m2) in Southern 

California and the Sierra Nevada Foothills in August of 2015. Visiting scholars’ work comparing 

Pepperwood to sites further south suggests that the preserve was spared the worst of drought impacts 

observed state wide (Weitz and Ackerly 2015). In landscapes similar to Pepperwood (at the urban-

wildland interface and on slopes above forested drainages and river valleys) very low canopy water 

content values were observed, but mortality rates here were significantly lower than other regions in 

the state. 

 

Preserve Manager Michael Gillogly noted that native perennial grasses showed significant vigor and 

increased percent cover relative to non-native annual grasses during the drought. He observed 

diminished grassland productivity, but there was enough forage to support the cattle of our 
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Conservation Grazing Program. All springs retained some degree of flow, but amphibians (e.g., tree 

frogs, newts, toads) appeared to be negatively impacted by the extreme variation in pond water levels, 

which resulted in exposure of some egg masses. Declines in other species including voles, mice and 

jackrabbits, plus predators of small mammals, such as white tailed kites and northern harriers were 

also anecdotally observed. 

 

Prolonged drought has important implications on the susceptibility and sensitivity of plants to diseases. 

Assessments at Pepperwood and across California found that foliar disease in most trees increased as 

their exposure to soil water deficits intensified and that morphological changes due to drought stress 

were far more pronounced in Southern California where water deficits were the highest (Weitz and 

Ackerly 2015). Monitoring vegetation response to drought at Pepperwood, including the potential 

introduction of disease vectors, will be critical to adaptive management of the preserve in the future. 

 

Projected Climate and Hydrology Data 

Over the next century, climate change and mounting imbalances between freshwater supply and 

human consumption are expected to heavily impact the global hydrologic cycle (Jackson et al. 2001). 

Regionally, there is uncertainty whether precipitation may increase or decrease, but under all scenarios 

we expect more extremes in annual precipitation and more arid end of summer conditions (Cornwall 

et al. 2015). Management concerns include the risk of extreme heat events during summer, warmer 

winters with fewer freeze days, and both too much and not enough water in a future that may feature 

more frequent floods and droughts.  

 

Only recently have projected climate and hydrology data become available that can be applied to 

adaptive management plans at this scale. These advances are largely due to the efforts of the 

Terrestrial Biodiversity Climate Change Collaborative (TBC3) based at Pepperwood, which includes the 

USGS authors of a watershed model called the Basin Characterization Model (BCM), described below 

(climate.calcommons.org/dataset/2014-CA-BCM). The BCM model has in turn supported the 

development of potential vegetation transition models (Ackerly et al. 2015) and a climate and fire 

frequency model (Krawchuk and Moritz 2012). The TBC3 collaborative has now made this data 

available in a range of scales and formats for public use. 

 

We demonstrate publicly-available TBC3 data outputs below. These include products available via 

websites hosted via the Bay Area Open Space Council (BAOSC), the California Climate Commons, and 

TBC3. The most basic tool is the BAOSC “explorer tool,” providing 30-year averages as maps and time 

series (bayarelands.org). Higher resolution versions and additional BCM models are now also available 

via the TBC3 Climate Smart Watershed Analyst (http://geo.pointblue.org/watershed-

analyst/index.php) that allows managers and researchers to extract climate and hydrology data for 

subwatersheds in time steps as small as monthly units (http://climate.calcommons.org/tbc3/sf-ba-
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watershed-analyst). Climate Ready Vegetation Reports are available for the North Bay region by 

Conservation Lands Network landscape units at TBC3.org 

(http://www.pepperwoodpreserve.org/tbc3/our-work/vegetation-modeling/). 

 

In the final section of this appendix we showcase products derived from a 10-meter BCM TBC3 model 

developed for the preserve itself, which reveals how increasing the spatial resolution of models reveals 

the incredible diversity of climate and hydrology characteristics across our topographically diverse 

landscape. An option available to land managers is to develop a similarly high-resolution model for 

their own parcels to inform long-term management. 

 

Global Circulation Models Used for Analysis 

Table D.2 describes the crosswalk between model acronyms and short-hand names used throughout 

this document. A more detailed description of the Intergovernmental Panel on Climate Change (IPCC) 

source of these models is provided in Table D.3.  

 

Table D.2.  Climate model names, emissions scenarios and trends used in this report 

Model Name Emissions Scenario Climatic Trend 

CNRM rcp 8.5 warm, high rainfall 

CCSM4 rcp 8.5 warm, moderate rainfall 

MIROC esm rcp 8.5 hot, low rainfall 

GFDL sres B1 warm, low rainfall 

GFDL sres A2 hot, low rainfall 

PCM sres A2 hot, moderate rainfall 

rcp, representative concentration pathway, IPCC 5th assessment report 

sres, special report on emission scenarios, IPCC 4th assessment report 
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Table D.3.  Global Circulation Models used in the California Basin Characterization Model calculation of 

hydrologic response to future climate projections 

Originating Group(s) Country 
Model 

Abbreviation 

IPCC 
Assessment 

Report 

Emissions Scenario 
or Representative 

Concentration 
Pathway 

Downscaling 
Method 

National Center for 
Atmospheric Research 

USA CCSM_4 5 RCP 8.5 BCSD* 

Centre National de Recherches 
Météorologiques / Centre 
Européen de Recherche et 
Formation Avancée en Calcul 
Scientifique 

France CNRM-CM5 5 RCP 8.5 BCSD 

Center for Climate System 
Research (The University of 
Tokyo), National Institute for 
Environmental Studies, and 
Frontier Research Center for 
Global Change (JAMSTEC) 

Japan MIROC-ESM 5 RCP 4.5 BCSD 

Japan Agency for Marine-Earth 
Science and Technology, 
Atmosphere and Ocean 
Research Institute (The 
University of Tokyo), and 
National Institute for 
Environmental Studies 

Japan MIROC-ESM 5 RCP 6.0 BCSD 

Japan Agency for Marine-Earth 
Science and Technology, 
Atmosphere and Ocean 
Research Institute (The 
University of Tokyo), and 
National Institute for 
Environmental Studies 

Japan MIROC-ESM 5 RCP 8.5 BCSD 

US Dept. of Commerce / NOAA 
/ Geophysical Fluid Dynamics 
Laboratory 

USA GFDL 4 A2 CA** 

US Dept. of Commerce / NOAA 
/ Geophysical Fluid Dynamics 
Laboratory 

USA GFDL 4 B1 CA 

* Bias correction/spatial downscaling  (Wood et al. 2004) 

** Constructed analogues (Hidalgo et al. 2008) 
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USGS Basin Characterization Model  

In order to understand how climate may impact hydrology, and in particular the spatial variability of 

these impacts, we use the USGS’s BCM, which has been a critical component of the interdisciplinary 

toolbox for climate adaptation developed by TBC3.   

 

The BCM data products are derived by “downscaling” future global climate models peer-reviewed by 

the Intergovernmental Panel on Climate Change (IPCC) (Meehl et al. 2007, Taylor et al. 2012). The 

detailed methodology to “downscale” models to increase their spatial resolution can be found in the 

following articles: Flint and Flint 2012, 2014, Flint et al. 2013. The BCM essentially models the 

interactions of climate (rainfall and temperature) with empirically-measured landscape attributes 

including topography, soils, and underlying geology. It is a deterministic grid-based model that 

calculates the physical water balance for each 18-acre cell (270-meter resolution) in a given watershed 

in set time steps for the entire area.  

 

The 2014 California BCM available on-line estimates local watershed responses to climate change in 

monthly time steps. The BCM is thus capable of producing fine scale maps of climate trends as well as 

tabular time series data for a place of interest. For a detailed description of the BCM inputs, methods, 

and resulting datasets please see Flint and Flint (2014). 

 

The BCM’s direct outputs include potential changes in air temperature, precipitation (snow and 

rainfall), runoff, recharge, potential and actual evapotranspiration, and soil moisture storage. From 

these direct outputs, and with additional analysis, products can be derived that include climatic water 

deficit (CWD) and streamflow. By combining runoff and recharge values together managers can obtain 

an indicator of potential variability in water supply (surface water and groundwater combined). 

Streamflow estimates require an additional step of accumulating flow and calibrating it to historical 

gage records. Projected streamflow time series can be used to consider impacts on water supply, 

flooding risks, and aquatic and riparian resources (Micheli et al. 2016). 

 

The CWD projections estimate the combined effects of rainfall, temperature, energy loading, 

topography, and soil properties on soil water availability. Comparing projected CWD values to ranges 

of historic variability can provide indicators= of potential drought stress associated with climate 

change. As a result of the TBC3 initiative, CWD has also been determined to be an excellent indicator of 

forest health, species composition, and fire risk. Secondary models for estimating trends in native 

vegetation composition and fire risks use CWD as a critical input in combination with soils, land cover, 

and other landscape metrics.  

 

It is important to emphasize that BCM data products at a finer temporal resolution than the 30-year 

averages (such as decades, years, months, or days), do not generate predictions of precisely when 
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climatic events will occur, but rather provide a physically-based time series of conditions for each 

scenario that captures potential seasonal and annual variability underlying projected long-term trends. 

By comparing results from a range of models, statistics can be used to describe a potential range of 

outcomes, but currently it cannot be determined which outcome is more likely to occur.  

 

Navigating the necessarily probabilistic nature of climate data projections is perhaps one of the 

greatest challenges in applying these kinds of data products to real-world management issues. While 

managers wish we could simply provide the most likely outcome, we need to consider multiple 

scenarios for inland climate conditions due to the uncertainty in how climate change will impact 

rainfall in our region. Presently, all of the scenarios need to be considered as equally likely, which has 

been labeled a “scenario neutral” approach (Brown and Wilby 2012). This is why, moving forward, real-

time climate-hydrology-ecosystem monitoring, akin to the Sentinel Site at Pepperwood Preserve, will 

be critical to understanding how climate impacts will unfold in the North Bay region (Ackerly et al. 

2013, Micheli and DiPietro 2013). 

 

Table D.4. Downscaled climate model input and hydrologic model output variables used in the 

California BCM 

Variable Code 
Creation 
Method 

Units Equation/model Description 

Maximum air 
temperature 

tmx downscaled degree C Model input 
The maximum monthly temperature 
averaged annually 

Minimum air 
temperature 

tmn downscaled degree C Model input 
The minimum monthly temperature 
averaged annually 

Precipitation ppt downscaled mm Model input 
Total monthly precipitation (rain or 
snow) summed annually 

Potential 
evapotranspiration 

pet 

Modeled/ 
pre-
processing 
input for BCM 

mm 

Modeled* on an hourly basis 
from solar radiation that is 
modeled using topographic 
shading, corrected for 
cloudiness, and partitioned on 
the basis of vegetation cover 
to represent bare-soil 
evaporation and 
evapotranspiration due to 
vegetation 

Total amount of water that can 
evaporate from the ground surface 
or be transpired by plants summed 
annually 

Runoff run BCM mm 
Amount of water that exceeds 
total soil storage + rejected 
recharge 

Amount of water that becomes 
stream flow, summed annually 
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Table D.4. Continued 

Variable Code 
Creation 
Method 

Units Equation/model Description 

Recharge rch BCM mm 

Amount of water exceeding 
field capacity that enters 
bedrock, occurs at a rate 
determined by the hydraulic 
conductivity of the underlying 
materials, excess water 
(rejected recharge) is added 
to runoff 

Amount of water that penetrates 
below the root zone, summed 
annually 

Recharge rch BCM mm 

Amount of water exceeding 
field capacity that enters 
bedrock, occurs at a rate 
determined by the hydraulic 
conductivity of the underlying 
materials, excess water 
(rejected recharge) is added 
to runoff 

Amount of water that penetrates 
below the root zone, summed 
annually 

Climatic water deficit cwd BCM mm pet-aet 
Annual evaporative demand that 
exceeds available water, summed 
annually 

Actual 
evapotranspiration 

aet BCM mm 
pet calculated* when soil 
water content is above wilting 
point 

Amount of water that evaporates 
from the surface and is transpired by 
plants if the total amount of water is 
not limited, summed annually 

Sublimation subl BCM mm Calculated*, applied to pck 
Amount of snow lost to sublimation 
(snow to water vapor) summed 
annually 

Soil water storage stor BCM mm ppt + melt - aet - rch - run 
Average amount of water stored in 
the soil annually 

Snowfall snow BCM mm 
precipitation if air 
temperature below 1.5 
degrees C (calibrated) 

Amount of snow that fell summed 
annually 

Snowpack pck BCM mm 
Prior month pck + snow - subl 
-melt 

Amount of snow as a water 
equivalent that is accumulated per 
month summed annually (if divided 
by 12 would be average monthly 
snowpack) 

Snowmelt melt BCM mm Calculated*, applied to pck 
Amount of snow that melted 
summed annually (snow to liquid 
water) 

Excess water exc BCM mm ppt - pet 

Amount of water that remains in the 
system, assuming evapotranspiration 
consumes the maximum possible 
amount of water, summed annually 
for positive months only 

Source: Flint, L.E., A.L. Flint, and J.H. Thorne. 2013. California Basin Characterization Model: A Dataset of 
Historical and Future Hydrologic Response to Climate Change: U.S. Geological Survey Data Set, 
http://calcommons.org; http://cida.usgs.gov/climate/gdp. 
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Table D.5. Glossary of BCM terms 

AET: Actual Evapotranspiration (mm or in H2O per month or per year) 

AET is the amount of water transferred from the soil to the atmosphere through vegetation transpiration and 
direct surface evaporation. Decreased AET means less vegetation productivity. Increased AET means more 
vegetation productivity.  

CWD: Climatic Water Deficit (mm or in H2O per year) 

CWD is an integrated measure of seasonal water stress and aridity. It is the additional amount of water that could 
have been evaporated had it been freely available. It is calculated as a cumulative sum over the dry season. 
Increased CWD means higher water stress for vegetation, and greater risk of fire. Greatly increased CWD (50–100+ 
mm/year over 30 years) can lead to death of existing vegetation through drought stress. Decreased CWD means 
less water stress and potentially lower fire risk.  

PET: Potential Evapotranspiration (mm or in H2O per month or per year) 

PET is the amount of water that could be evaporated if it were freely available (or, provided an unlimited supply of 
water). Increased PET means higher evaporative demand. Decreased PET means less evaporative demand.  

DJF Tmin: Average Winter (December–February) daily minimum temperature °C or °F 

The average minimum temperature over the coldest months of the year (December–February). DJF Tmin is a prime 
determinant of frost and freeze frequency, and chilling hours for winter dormant plants.  

JJA Tmax: Average Summer (June–August) daily maximum temperature °C or °F 

The average summer maximum temperature in the three warmest months of the year (June–August). JJA Tmax is a 
prime determinant of heat wave extremes, and is an important contributor to PET and aridity. 

PPT: Precipitation (mm or in H2O per month or per year) 

PPT is the total annual precipitation in mm (25.4 mm = 1”). Increased PPT directly increases runoff, may increase 
recharge if distributed through the rainy season, and can ameliorate aridity if it falls in March–May (higher AET and 
lower CWD). Decreased PPT directly decreases runoff and recharge, and increases aridity (lower AET and higher 
CWD).   

Recharge: Recharge (mm or in H2O per month or per year) 

Recharge is water that percolates below the rooting zone and becomes groundwater for more than a month. 
Recharge is affected greatly by bedrock permeability and soil depth. Recharge is a precious resource. Recharge 
provides natural subsurface storage that is the source of stream baseflow in the dry season, and many Bay Area 
communities depend on well water. Conservation of high recharge areas is a high priority. Increases in recharge 
results in greater groundwater aquifer storage and maintenance of baseflow (stream flows during periods absent 
precipitation), especially during multi-year droughts. Decreases in recharge results in less groundwater storage and 
loss of baseflow, especially during multi-year droughts.  

Runoff: Runoff (mm or in H2O per month or per year) 

Runoff is the water that feeds surface water stream flow, and generally occurs during storms when the soil is fully 
saturated with water. Runoff occurs on shallower soils more rapidly than on deeper soils. 

 

 

Accessing Relevant Climate Data 

Obtaining and interpreting the site-specific climate data needed to make land management decisions 

at the parcel scale can be daunting. The section below demonstrates the utility of now readily available 

climate data products developed by TBC3. The primary difference between these tools is how many 

and which scenarios they feature. They also differ in whether they feature only long-term trends 

(represented by 30-year averages) or also provide access to simulated monthly and annual projected 

data distributions.  

 

The summary of climate change impacts for Pepperwood below utilizes both the Bay Area Open Space 

Council’s Conservation Lands explorer tool and TBC3’s watershed analyst tool available at the 
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California Climate Commons (links provided above). Differences between these two tools include that 

the explorer tool allows you to draw or upload a boundary around any area of interest and it provides 

only long-term trends for four models as both maps and tables. This is a good place to start getting a 

handle on the magnitude and direction of change for a large parcel or area of interest. 

 

The watershed analyst provides data at the scale of subwatersheds and does not include map data but 

rather comprehensive time series data for up to 14 scenarios. Thus we recommend starting with the 

explorer tool to get an overview of trends for a specific place of interest, and then diving into the 

watershed analyst if much more detailed scenarios are needed to understand the impacts of potential 

seasonal or annual variability at a watershed scale. We will also describe TBC3’s Climate Ready 

Projected Vegetation Model reports produced for the North Bay (Ackerly et al. 2015) that rely on this 

core data and are available for examining potential trends in vegetation cover at the scale of 

Conservation Lands Network landscape units (available at TBC3.org).  

 

Summary of Conservation Lands Network Explorer Climate Portfolio Report 

The Conservation Lands Network (CLN) Explorer Tool climate portfolio report provides information to 

practitioners considering conservation investments in acquisition or stewardship. It offers basic 

projections of long-term climate trends and allows users to input a boundary to derive parcel-specific 

results for four climate futures. The CLN report includes several historic, recent, and projected 

vulnerability metrics (Table D.6) as well as regional maps at coarse spatial and temporal scales (Figure 

D.4). Model outputs are provided at a 270-meter (18-acre) resolution and are reported in 30-year 

averages. 

 

The explorer tool map outputs for Pepperwood show that it has a relatively uniform maximum 

temperature distribution, characterized by only three zones including a cooler southern boundary and 

warmer eastern boundary. Minimum winter temperature is relatively uniform, with a hot patch in the 

center of the preserve, and a low patch in the northwest corner, which may be driven by cold air 

pooling. Climatic water deficit is more variable than temperature across the preserve, which reflects 

the impact of underlying variability in soils and geology. The center of the preserve, which is 

dominated by grassland vegetation, is estimated to be moister (have lower CWD) than the edges of 

preserve, and the eastern and southern sides are drier than the north and the center. 
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Table D.6. CLN Explorer Tool, Climate Portfolio Report, Pepperwood Boundary 

 
 

Thirty-year average temperatures are expected to increase through time under all scenarios, by 

approximately 4–8°F by the century’s end. It appears that winter minimum temperatures (Tmin) may 

increase to a greater degree than maximum summer temperatures (Tmax), suggesting that winter 

conditions may be the most significantly impacted by climate change. Precipitation is going to be more 

variable, with models projecting deviation from 30-year rainfall means on the order of both 20 percent 

more or 20 percent less rainfall. 

 

  

Model Period
Summer 

Tmax (F)

Summer 

Tmax 

Delta (F)

Winter 

Tmin (F)

Winter 

Tmin 

Delta (F)

Precip 

(in/yr)

Precip 

Delta 

(in/yr)

Precip 

Change (%)

CWD 

(in/yr)

CWD 

Delta 

(in/yr)

CWD 

Change 

(%)

Baseline 1951 - 1980 85.3 - 39.4 - 41.5 100 29.0 - 100

Recent 1981 - 2010 84.9 -0.4 40.5 1.1 41.2 -0.3 99 29.6 0.6 102

Low rainfall-BAU 2011 - 2039 87.6 2.3 41.9 2.5 41.3 -0.2 100 30.3 1.3 105

Low rainfall-MIT 2011 - 2039 87.4 2.2 42.4 3.1 44.2 2.6 106 31.3 2.3 108

High rainfall-BAU 2011 - 2039 86.7 1.4 40.5 1.1 41.8 0.2 101 29.4 0.4 102

High rainfall-MIT 2011 - 2039 86.5 1.3 41.4 2.0 50.7 9.2 122 29.9 0.9 104

Low rainfall-BAU 2040 - 2069 89.4 4.1 44.2 4.9 39.0 -2.5 94 32.5 3.5 113

Low rainfall-MIT 2040 - 2069 88.3 3.1 43.7 4.3 41.8 0.3 101 30.8 1.9 107

High rainfall-BAU
 2040 - 2069 87.8 2.5 42.1 2.7 43.1 1.5 104 30.9 1.9 107

High rainfall-MIT
 2040 - 2069 87.3 2.0 40.8 1.4 43.1 1.5 104 29.8 0.9 103

Low rainfall-BAU 2070 - 2099 91.6 6.3 47.1 7.7 32.6 -8.9 78 34.8 5.9 121

Low rainfall-MIT 2070 - 2099 89.2 4.0 44.1 4.7 35.4 -6.1 85 32.0 3.0 111

High rainfall-BAU
 2070 - 2099 89.8 4.5 44.4 5.0 45.4 3.9 109 32.2 3.2 111

High rainfall-MIT
 2070 - 2099 88.2 2.9 43.0 3.6 46.8 5.2 113 30.5 1.5 106
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Figures D.4.a–d. Climate Portfolio Report Maps, Pepperwood Boundary for recent (1981–2010): a) 

maximum temperature, b) minimum temperature, c) climatic water deficit, and d) actual 

evapotranspiration 

Source:  CLN Explorer Tool 

D.4.a.  Recent (1981–2010) maximum temperature (C) 

 
 

D.4.b.  Recent (1981–2010) minimum temperature (C) 
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D.4.c.  Recent (1981–2010) climatic water deficit (mm/yr) 

 
D.4.d.  Recent (1981–2010) actual evapotranspiration (mm/yr) 
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Figure D.5.  Projected change in climatic water deficit for Pepperwood (1981–2099) 270-meter 

resolution 

Source: 2014 California BCM 

 
 

Climatic water deficits—the difference between potential and actual evapotranspiration and an 

indicator of drought stress and environmental water demand—are projected to increase up to 20 

percent by the century’s end. For the business as usual scenarios, this translates to deficits of three to 

six inches/year, indicating that the current vegetation cover would need this amount of additional 

rainfall to remain in equilibrium. With increases (or deltas) in CWD occurring relatively consistently 

across the landscape, at this scale, the current pattern of spatial variability on the landscape is 

projected to persist (Figure D.5).  

 

Climate Smart Watershed Analyst: a new TBC3 offering via the California Climate Commons 

The Climate Smart Watershed Analyst is designed to provide climate change reports at the scale of 

small planning watersheds for land and water managers as well as other ecological practitioners. In 

contrast to the CLN explorer tool, which only features four scenarios, the Watershed Analyst features 
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14 climate projections that cover essentially the full range of IPCC climate projections (Weiss et al. 

2013). These results are expressed in metric rather than English units used elsewhere in this report. 

 

In addition, while the explorer tool only provides 30-year averages, the watershed analyst also 

provides additional data that simulates potential interannual, seasonal, and monthly variability. 

However, users should be cautioned that these are not predictions of time-based conditions, but rather 

simulations that demonstrate the potential temporal variability underlying projections of long-term 

change (see BCM discussion above). 

 

Pepperwood lies at the center of five planning watersheds (Brooks Creek, Lower Franz Creek, Mark 

West Springs, Porter Creek, and Upper Franz Creek). We selected the Mark West Springs watershed as 

a model for analysis because it encompasses the largest portion of Pepperwood. 

 

All climate outputs included in the watershed analyst demonstrate the variability in year-to-year and 

seasonal values that underlie 30-year averages. Understanding the magnitude of climate change 

relative to this current and projected variability can provide insight on the relative significance of 

different degrees of climate change, and can help managers define key watershed-specific thresholds. 

 

Unpacking 30-year Averages 

The products below are available via an interactive downloadable “watershed report” from the 

watershed analyst. The “box and whiskers” plots shown in Figure D.6 provide a statistical examination 

of historic versus projected conditions for a set of models that captures the full range of projected 

global climate conditions. Box and whisker plots show the 30-year average or median as a horizontal 

line within the box. The “inter-quartile range” spanning the 25th–75th percentiles is defined by the 

upper and lower box extents. The span defined by the extent of whiskers captures 1.5 times the inter-

quartile range (whiskers are the black vertical lines extending beyond boxes), and any displayed 

individual points beyond whiskers show outliers. By the end of the century, the plot shows that many 

30-year means for summer minimum and winter maximum exceed the 75th percentile of current 

conditions, suggesting a significant shift in conditions beyond the historic range of variability. 
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Figures D.6.a–b. Historic (1920–2010) and projected (2011–2099) a) maximum summer temperatures 

and b) minimum winter temperatures, Mark West Springs watershed, 30-year time steps 

Source:  TBC3 Watershed Analyst (www.geo.pointblue.org/watershedanalyst) 

D.6.a. Maximum summer temperature (C) Mark West Springs watershed, 30-year time steps 

 

D.6.b. Minimum winter temperature (C) Mark West Springs watershed, 30-year time steps 

 
 

Plotting a histogram that shows the frequency of annual values underlying these 30-year box and 

whisker plots can help the user to visualize potential increases in annual extreme years relative to 

baseline conditions (Figure D.7). The top three histogram plots in pink show the relative frequency of 

observed annual rainfall values and the central tendency of the distribution. The next three plots show 

all the annual rainfall values from 14 model projections. Comparing the historic to projected values 
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shows that modeled future climates include annual events that spread to both the left and right of the 

historical record, indicating unprecedented conditions in terms of both high and low rainfall years. 

 

Figure D.7. Annual Precipitation Histogram, Mark West Springs watershed, historical and projected 30-

year time steps 

Source:  TBC3 Watershed Analyst (www.geo.pointblue.org/watershedanalyst) 

 
 

Interannual Variability 

The watershed analyst also facilitates extraction of data in annual time steps in order to compare 

historic conditions to simulations of projected annual conditions (Figure D.8). Below we compare the 

historic record to three projected scenarios (all assuming “business as usual” emissions) that capture 

extreme high (in gray) and low rainfall (in red) scenarios and one moderate (in blue) rainfall scenario. 

The orange windows highlight the 30-year baseline (1951–1980) and what we term “end-of-century” 

conditions (2010–2099). These plots show the potential range of temperature and rainfall futures and 

response in terms of runoff, recharge, and climatic water deficit. For rainfall, we note that while the 

high and moderate rainfall scenarios both generate higher rainfall years, the moderate rainfall scenario 

also includes a significant number of years that fall well below the average and are comparable to the 

historic droughts of the 1970s. The low rainfall scenario creates almost no high rainfall years, and the 

vast majority of years fall well below the observed average value.  
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Figures D.8.a–e. Annual Time Series Plots (1920–2100), Mark West Springs watershed: a) maximum 

temperature, b) precipitation, c) runoff, d) recharge, and e) climatic water deficit; historical and three 

model projections (warm, moderate rainfall; hot, low rainfall; warm, high rainfall)  

Source:  TBC3 Watershed Analyst (www.geo.pointblue.org/watershedanalyst) 

D.8.a. Maximum monthly temperature (C) (1920–2100) Mark West Springs watershed 

 
D.8.b. Precipitation (1920–2100) Mark West Springs watershed  
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D.8.c. Runoff (1920–2100) Mark West Springs watershed 

 
D.8.d. Recharge (1920–2100) Mark West Springs watershed  
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D.8.e. Climatic water deficit (mm/yr) (1920–2100) Mark West Springs watershed 

 
 

For comparison to watershed analyst outputs, below we show results visualized using raw data 

available for download through the TBC3 Climate Smart Watershed Analyst.  

 

Figures D.9.a–c. Annual Time Series Plots (1920–2100), Mark West Springs Watershed: a) precipitation, 

b) runoff, and c) recharge; historical and three model projections (warm, moderate rainfall; hot, low 

rainfall; warm, high rainfall) 

Source:  TBC3 Climate Smart Watershed Analyst, downloaded raw monthly historical and projected data 

D.9.a. Precipitation (1920–2100) Mark West Springs Watershed 
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D.9.b. Runoff (1920–2100) Mark West Springs Watershed 

 
 

D.9.c. Recharge (1920–2100) Mark West Springs Watershed 

 
 

Impacts of Projected Change on the Seasonality of Climate and Hydrology  

By plotting monthly average values on one axes for historic versus projected conditions, we can 

examine potential trends in the seasonality of temperature and rainfall and related climate and 

hydrology variables. 

 

Figure D.10 below shows how potential maximum and minimum temperatures increase on average for 

each month of the year compared to historic conditions. Solid blue lines represent baseline average 

monthly minimum temperatures and solid red lines represent recent average maximum temperature. 

Average monthly values of maximum and minimum temperature are shown for three models for the 

period 2070–2099: warm, high rainfall (CNRM rcp 8.5 model in green); warm, moderate rainfall 

(CCSM4 rcp 8.5 model in dark blue); and hot, low rainfall (MIROC rcp 8.5 model in orange). These plots 

show that projected monthly temperatures in almost all cases exceed one standard deviation of 

change from the historic record. 
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Figures D.10.a–b. Historic (1951–1980) and projected (2070–2099): a) minimum and b) maximum 

monthly temperatures for the Mark West Springs Watershed 

Source:  TBC3 Watershed Analyst (www.geo.pointblue.org/watershedanalyst) 

D.10.a. Minimum monthly temperatures (C) Mark West Springs Watershed 

 

 
 

D.10.b. Maximum monthly temperatures (C) Mark West Springs Watershed 

 
 

 

In Figure D.11 below the watershed analyst provides a similar assessment for precipitation. The plot 

compares the three business as usual scenarios that span the range of high, moderate, and low rainfall 

with comparable warming. For the warm, moderate rainfall scenario (CCSM4_rcp85) the shape of the 



Appendix D. Climate & Hydrology – Pepperwood Adaptive Management Plan 

 

 

 

246 

seasonal water balance curve for the Mark West Springs watershed is more peaked than historic 

conditions, showing a greater concentration of rainfall during winter months compared to the baseline 

(1950–1981). Rainfall is greater but more concentrated into December through February. This sharper 

peak and shift in timing is not evident in the hot, dry scenario (Miroc_rcp85) or the hot, wet scenario 

(CNRM_rcp85).  

 

Figures D.11.a–c. Historic (1951–1980) and projected (2070–2099) 30-year averages for monthly a) 

precipitation, b) recharge, and c) climatic water deficit values, Mark West Springs watershed 

Source:  TBC3 Watershed Analyst (www.geo.pointblue.org/watershedanalyst) 

D.11.a. Precipitation 30-year averages, Mark West Springs watershed 
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D.11.b. Recharge 30-year averages, Mark West Springs watershed 

 

D.11.c. Climatic water deficit 30-year averages, Mark West Springs watershed 
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Figure D.12. Baseline and end of century seasonal water balance diagrams 

Source:  TBC3 Watershed Analyst (www.geo.pointblue.org/watershedanalyst) 
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Table D.7. Companion data tables for watershed analyst seasonal water balance diagrams 

Source:  TBC3 Watershed Analyst (www.geo.pointblue.org/watershedanalyst) 

 

 
 

Seasonal water diagrams combined with associated data tables can inform managers’ questions about 

factors like potential impacts on plant productivity (indicated by actual evapotranspiration [AET]), 

water availability, phenology, and drought stress timing and intensity. 

 

Regional Case Studies Available: Climate Ready North Bay 

Working in partnership with the Sonoma County Regional Climate Protection Authority and the North 

Bay Climate Adaptation Initiative, Pepperwood’s TBC3 developed customized climate vulnerability 

assessments with select natural resource agencies of California’s Sonoma, Marin, Napa and Mendocino 

Counties through Climate Ready North Bay, a public-private partnership funded by the California 

Coastal Conservancy’s Climate Ready Program (see Figure D.13 below, Micheli et al. 2016). Climate 

Ready North Bay products, including customized maps, graphs, and summary technical reports tailored 

to site-specific resource management challenges, can be used to inform local management planning 

efforts. The Climate Ready Vegetation Reports referenced in this report were developed by UC 

Berkeley’s Ackerly Lab as part of Climate Ready North Bay (see below). A full project summary and the 

Vegetation Reports are available for download at climate.calcommons.org/crnb/home. 
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Climate Ready Vegetation Reports 

Projected transitions in dominant vegetation types in 

response to future climates were modeled based on 

movement of the “climate envelopes” occupied by each 

vegetation type (Ackerly et al. 2015). The model projects 

the equilibrium response of vegetation in response to 

shifts in suitability for future climates, assuming 

vegetation maintains currently observed distributions in 

relation to climate gradients. The model does not aim to 

predict how long it will take for these changes to unfold 

(i.e., decades vs. centuries), or to represent mechanisms 

of change (Ackerly et al. 2015). Model results are 

summarized for the entire region and in selected 

“landscape units” (as defined by the Bay Area Open Space 

Council’s Conservation Lands Network), and are 

presented in companion North Bay Climate Ready 

Vegetation Reports. Figure D.14 below shows Sonoma 

County model outputs for 55 future scenarios stacked in 

order by magnitude of projected temperature change.  

 

  

Figure D.13: Map of North Bay Climate 

Ready study region, daily data domain 

(blue) monthly domain (blue plus yellow)  

Source:  Micheli et al. 2016 
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Figure D.14. Projected vegetation model outputs, Sonoma County, current conditions compared to 55 

future scenarios projected through 2100 

Source: TBC3 website (http://www.pepperwoodpreserve.org/tbc3/our-work/vegetation-modeling/)
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To help translate the model above to take-home messages managers can use for land management, 

outputs were summarized using “four square” plots that capture potential vegetation response to the 

four basic potential climate trajectories (warm, low rainfall; warm, high rainfall; hot, low rainfall; and 

hot, high rainfall). This allows broad categorization of trends in climate suitability for vegetation types 

as to their potential to expand, stay stable, or decline under future scenarios. These categories are 

termed climate “winners” and “losers” as a short-hand in used earlier sections of this Adaptive 

Management Plan. 

 

Figure D.15. Climate Ready Vegetation Report excerpt, Southern Mayacamas Conservation Lands 

Network landscape unit (includes Pepperwood boundary) 
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Climate Ready Fire Projections 

Climate Ready North Bay also tapped into a statewide fire model to assess the potential impacts of 

climate change on fire frequency (Krawchuk and Moritz 2012). Fire model outputs can be used to 

assess factors such as level of effort needed for fire response, benefits of fire mitigation through 

vegetation management, and potential change in fire ecology regime. 

 

The model uses data on recorded burning across the state, at a spatial resolution of 1080-meter 

landscapes and a temporal resolution of 30 years (1971–2000). It combines this with the BCM outputs 

(temperature, precipitation, potential evapotranspiration, actual evapotranspiration, and climatic 

water deficit) to determine how fire activity might change over time.  

 

Fire risk was modeled as the probability of burning occurring at least once within a given 30-year 

interval (2040–2069 and 2070–2099) or conversely, an estimated burn return interval. A metric of 

distance to human development is included in the model in order to estimate the additional influence 

of human access on fire risks (Krawchuk and Moritz 2012). In Figure D.16 and Table D.8 below, 

projections from a high rainfall (PCM) and a low rainfall (GFDL) model are compared. 

 

Figure D.16. Map of projected near-term and end-of-century fire return intervals for Pepperwood and 

environs, two future scenarios 

Source:  Krawchuk and Moritz 2012; 2014 CA BCM 
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Table D.8. Projected near-term and end-of-century fire return intervals for Pepperwood and environs, 

two future scenarios 

Source:  Krawchuk and Moritz 2012 

Period Model 

Average Predicted Fire 

Return Interval (years) 

Range of Projected Fire 

Return Intervals (years) 

Near Term  

(2010–2039) 

GDFL (warm, low rainfall) 109 110 – 116 

PCM (warm, high rainfall) 116 106 – 124 

End of Century 

(2070–2099) 

GDFL (warm, low rainfall)  90 82 – 98 

PCM (warm, high rainfall) 86 79 – 91 

 

North Bay Climate Ready Analogs for Future Conditions 

Climate analogs provide a tangible means of exploring what the ecological response to future climate 

may look like on the ground. Under moderate warming (including high and low rainfall variations) the 

climate analog for the Southern Mayacamas CLN landscape unit shifts towards conditions currently 

prevalent in the more southerly portions of the range. Under the higher warming scenarios, the future 

looks like current conditions in Los Angeles and San Bernardino counties. Climate analogs for North Bay 

CLN landscape units are included in TBC3’s Climate Ready Vegetation Reports. 

 

Figure D.17. Present day climate space analogs for end of century conditions projected for the Southern 

Mayacamas CLN landscape unit shown in blue in the inset 

Source:  Climate Ready North Bay Vegetation Report 
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High-resolution Basin Characterization Model Data for Pepperwood 

A high-resolution BCM (10-meter grid) for 1981–2010 conditions has been created for Pepperwood 

and our local environs. The following fine-scale maps demonstrate the spatial variation in 30-year 

average values for parameters across the preserve including CWD and actual evapotranspiration. The 

within-preserve heterogeneity is captured at the 10-meter BCM scale compared to the 270-meter 

scale, which is designed for landscape assessments. 

 

Figure D.18. Map of recent climatic water deficit 
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Figure D.19. Map of recent (1981–2010) actual evapotranspiration 
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Figure D.20. Map of variability of recent (1981–2010) climatic water deficit 
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Figure D.21. Map of high climatic water deficit regions of Pepperwood 
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Figure D.22. Map of sites with low climatic water deficit 
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Figure D.23. Map of where projected increases in climatic water deficit (CWD) (2070–2099) exceed the 

standard deviation of annual CWD values for 1981–2010 

 

 
The CCSM model (warm, moderate rainfall) projects an average CWD increase of 88 mm/year across 

the preserve, which exceeds the range of recent variability measured as the standard deviation of 

annual values for CWD from 1981–2010 in most locations. The white areas in Figure D.23 are below 

the range and the colored areas are above the range with the map legend showing the magnitude 

beyond 88 mm/year. 
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Figure D.24. Map of recent spread (standard deviation) of annual climatic water deficity (CWD) values, 

vizualized as a measure of millimeters SD is exceeded by projected end of century average CWD in the 

CCSM model 
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By the end of the century under the hot, low rainfall model (Miroc ESM), the average increase in CWD 

across the preserve is estimated at 169 mm/year, which exceeds all recent variability values (estimated 

as the standard deviation of annual values for CWD between 1981–2010) by the magnitude of values 

shown above in Figure D.24. By comparison, under a warm moderate rainfall scenario the projected 

average CWD for the preserve is within the recent variability in portions of the preserve, particularly on 

north-facing slopes (Figure D.23). 

 

Vegetation Community and CWD Distribution 

We can explore how vegetation communities are distributed among CWD ranges across the preserve 

by combining high-resolution 10-meter BCM data (mean 1981–2010 CWD) and the Pepperwood 

vegetation map. Figure D.25 below shows the percent of land cover at Pepperwood that is occupied by 

each vegetation community for that specific CWD range. For example, areas with low CWD of 401–425 

mm at Pepperwood are completely (100 percent) occupied by mixed hardwood forest, which tends to 

dominate lower CWD areas. On the other hand, areas with high CWD of 1351–1375 mm tend to be 

dominated by chaparral (~71 percent chaparral, ~28 percent oak forest, and ~1 percent mixed 

hardwood forest). 

 

Figure D.25. Relative proportion of vegetation community by climatic water deficit value 

 
 

Figure D.26 below shows the distribution of CWD values at Pepperwood by vegetation community. This 

chart differs from Figure D.25 above because it shows how much area (acres) is actually occupied by a 

vegetation community (versus the relative proportion). Even though areas with low CWD of 401–425 

are completely occupied by mixed hardwood forest, Figure D.26 illustrates that the total acreage at 

Pepperwood with this CWD range is relatively little. These low CWD areas that may serve as cool 

refugia in the future do not represent a large space. 
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Figure D.26. Distribution of climatic water deficit values at Pepperwood by vegetation community 

 
 

Applying High-resolution BCM Results to Adaptation Planning 

Figure D.27 below shows a schematic of how to use spatial climatic variation to plan management 

activities strategically. For example, warm-adapted genotypes could be collected in relatively high CWD 

patches. Restoration of heat-sensitive species could be prioritized in cool patches that have been 

historically stable. Seeds for restoration could be selectively collected during drought years to select 

for genotypes that are most adapted to drought. Invasive species may be more vulnerable to control 

during drought periods and/or in areas that are consistently hot. Monitoring vegetation communities 

that occur within each of the four classifications could provide insight into how communities respond 

to increasing temperatures and whether they are experiencing stress. 
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Figure D.27. Conceptual framework for summarizing potential adaptation strategies based on absolute 

value and historic variability of climatic water deficit 
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Appendix E. Map Plates 
 

 

Map E.1. Regions of Pepperwood 
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Map E.2. Geologic Units of Pepperwood 
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Map E.3a Geology of Pepperwood (McGlaughlin) with Springs 

 

 



Appendix E. Map Plates – Pepperwood Adaptive Management Plan 

 

 

 

268 

Map E.3b Geology of Pepperwood (McGlaughlin) Legend 
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Map E.4. Watersheds, Wetland, Riparian, and Aquatic Habitats of Pepperwood 
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Map E.5. Sub-Watersheds of Pepperwood 
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Map E.6. Vegetation Communities of Pepperwood 
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Map E.7. Infrastructure of Pepperwood 
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Map E.8. Pepperwood Water Infrastructure Detail 
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Map E.9. Fire Footprints of Pepperwood 
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Map E.10. Pepperwood Sentinel Site Monitoring 
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Map E.11. Modeled Winter Minimum Temperatures 

 


