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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 

/ƘŀƴƎŜ /ƻƭƭŀōƻǊŀǘƛǾŜΩǎ ό¢./оΩǎ) 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 CaliforniaΩǎ wild and working lands 

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

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

 

tŜǇǇŜǊǿƻƻŘΩǎ {ŜƴǘƛƴŜƭ {ƛǘŜ 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 

CaliforniaΩǎ 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 

¢Ƙƛǎ ƛƴǘǊƻŘǳŎǘƻǊȅ ǎŜŎǘƛƻƴ ŘŜǎŎǊƛōŜǎ tŜǇǇŜǊǿƻƻŘΩǎ ŀŘŀǇǘƛǾŜ ƳŀƴŀƎŜƳŜƴǘ ǇƭŀƴƴƛƴƎ ƎƻŀƭǎΣ 

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 5ς10°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 

ǇǊŜǎŜǊǾŜΩǎ 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 άƎǊŜŜƴέ practices for facilities and utilities 
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2. Setting 
 

Location 

tŜǇǇŜǊǿƻƻŘΩǎ оΣм17 acres are situated northeast of the city of Santa Rosa in the Southern 

Mayacamas Mountains of CaliŦƻǊƴƛŀΩǎ bƻǊǘƘern 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).  

 

{ƻƴƻƳŀ /ƻǳƴǘȅΩǎ Ƙŀōƛǘŀǘǎ 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. PepperwoodΩǎ 

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 ōƻǘƘ ŀ Ƙŀōƛǘŀǘ άŎƻǊǊƛŘƻǊέ όǾƛǘŀƭ ǘƻ ƳƛƎǊŀǘƛƻƴ ŀƴŘ ƳƻǾŜƳŜƴǘύ ŀƴŘ Ƙŀōƛǘŀǘ άŎƻǊŜέ 

(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 



Introduction ï Pepperwood Adaptive Management Plan 

 

 

 

6 

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 ǇǊŜǎŜǊǾŜΩǎ 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  

PepperwoodΩǎ 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 ǇǊŜǎŜǊǾŜΩǎ 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).  

 

¢ƘŜ ǇǊŜǎŜǊǾŜΩǎ 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 

tŜǇǇŜǊǿƻƻŘΩǎ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ ǎǘƻǊŜŘ 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 

tŜǇǇŜǊǿƻƻŘΩǎ Ǉƭŀƴǘǎ ǿŜǊŜ ƭƛǎǘŜŘ ƛƴ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ bŀǘƛǾŜ tƭŀƴǘ {ƻŎƛŜǘȅΩǎ LƴǾŜƴǘƻǊȅ ƻŦ wŀǊŜ ŀƴŘ 

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 carnivoresτ

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

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), ¢ǊƻǿōǊƛŘƎŜΩǎ ǎƘǊŜǿ (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 

tŜǇǇŜǊǿƻƻŘΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴŎƭǳŘŜǎ 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 

DŜȅǎŜǊǎΩ ƎŜƻǘƘŜǊƳŀƭ 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 ǇǊŜǎŜǊǾŜΩǎ 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 PepperwoodΩǎ ŎŀǊŜΣ the largest of whichτthe 9,400-square-

foot, LEED Gold Certified Dwight Centerτincludes 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 preserveΩǎ 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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άCƻǊŜǾŜǊ ²ƛƭŘέ ǎǘŀǘǳǎ ƛƴ ǇŜǊǇŜǘǳƛǘȅΣ ŀƴŘ ǘƘŜ ǇǊŜǎŜǊǾŜ ƛǎ ǎǳōƧŜŎǘ ǘƻ ŀƴƴǳŀƭ Academy-supervised 

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

to the ά9ŘǳŎŀǘƛƻƴŀƭ CŀŎƛƭƛǘƛŜǎ ½ƻƴŜέ (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 !ŎŀŘŜƳȅΩǎ 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 ǇǊŜǎŜǊǾŜΩǎ 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 

ƎǳƛŘŀƴŎŜ ŀƭƭƻǿǎ ǳǎ ǘƻ ǇƭŀŎŜ ǘƘŜ ǇǊŜǎŜǊǾŜΩǎ ŎǳǊǊŜƴǘ ƳŀƴŀƎŜƳŜƴǘ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ 

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, άbŜǾŜǊ ǘŀƪŜ ǿƛǘƘƻǳǘ 

ŀǎƪƛƴƎ ŀƴŘ ƴŜǾŜǊ ŀǎƪ ǿƛǘƘƻǳǘ ƎƛǾƛƴƎ ǘƘŀƴƪǎΦέ [ƛƪŜǿƛǎŜΣ ŀǘ ǘƘŜ ǎƻŎƛŜǘŀƭ ƭŜǾŜƭΣ ǘƘƛǎ ǎŀŎǊŜŘ 

relationship is acknowledged with elaborate ceremonies that celebrate seasonally important 

resources, such as ǘƘŜ ²ŀǇǇƻΩǎ ŀƴƴǳŀƭ ǎǘǊŀǿōŜǊǊȅ ŦŜǎǘƛǾŀƭ (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 speciesτCalifornia black oak (Quercus kelloggii), tanoak (Notholithocarpus 

densiflorus), and blue oak (Quercus douglasii)τwere 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: 1820ς1880  

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.  

 

¢ƘŜ ǊŜƎƛƻƴ ŀǊƻǳƴŘ tŜǇǇŜǊǿƻƻŘΩǎ ǾŀƭƭŜȅǎ ŀƴŘ ƭƻǿƭŀƴŘs were claimed by the Mexican 

ƎƻǾŜǊƴƳŜƴǘΩǎ [ŀƴŘ DǊŀƴǘ tǊƻƎǊŀƳΣ ǿƘƻǎŜ ƳŀǇǎ ŀƴŘ ŘŜǎŎǊƛǇǘƛƻƴǎ ƻŦ ƭƻŎŀƭ ǾŜƎŜǘŀǘƛƻƴ ƘŀǾŜ 

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 3,500ς5,000 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 

ƻŦ ǘƘŜ ŎƻǳƴǘȅΩǎ ǳǇƭŀƴŘ ǾŜƎŜǘŀǘƛƻƴ 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 

ŀǎ άŘƻǘǘŜŘ ǿƛǘƘ ƘƻǊǎŜǎ ŀƴŘ ŎŀǘǘƭŜέ (Tracy 1858). The productive native perennial grasses of the 

coastal valleys made them ideal for raising cattle and sheep ǘƻ ƳŜŜǘ ǘƘŜ ƎǊƻǿƛƴƎ ǇƻǇǳƭŀǘƛƻƴΩǎ 

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 ǘƘŜ ŀǊŜŀΩǎ 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: 1880ς1978  

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

ǘƘŜ ǊŜƎƛƻƴΩǎ ƘȅŘǊƻƭƻƎȅΣ ŦƭƻǊŀ, and fauna. As the population grew in the lowlands below 

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

ŘǊŀƛƴŜŘ ŀƴŘ ŘƛƪŜŘ ŀƴŘ ǎǘǊŜŀƳǎ ǿŜǊŜ ŎƘŀƴƴŜƭƛȊŜŘΦ άYƴƛŎƪ Ǉƻƛƴǘǎέ ƻǊ άƘŜŀŘ Ŏǳǘǎέ ŎŀǳǎŜŘ ōȅ 

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 

tŜǇǇŜǊǿƻƻŘΩǎ ƎǊŀǎǎȅ ǊƛŘƎŜǎΦ CŜƴŎƛƴƎ ŦƻǳƴŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇǊŜǎŜǊǾŜ ƛƴŘƛŎŀǘŜǎ ǎƘŜŜǇ ƻƴŎŜ 

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: 1979ς2005  

By 1979 {ƻƴƻƳŀ /ƻǳƴǘȅΩǎ ǇƻǇǳƭation 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, 1940ς2015  

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 ǘƘŜ ǇǊŜǎŜǊǾŜΩǎ 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 ŎƻƴǘƛƴǳŜŘ ŘǳǊƛƴƎ ǘƘŜ !ŎŀŘŜƳȅΩǎ ǘŜƴǳǊŜ, 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: 2005ςPresent  

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. PepperwoodΩǎ 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 tŜǇǇŜǊǿƻƻŘΩǎ 

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 

άōŀǎŜ ƭŜǾŜƭέ ƻŦ ǎǘǊŜŀƳǎ ƛƴ ƭƻŎŀƭ ǿŀǘŜǊǎƘŜŘǎ, 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 ǎǇŜŎƛŜǎΩ ŘŜŎƭƛƴŜǎΦ 

 

¶ 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 

ŎƻƛƴŎƛŘŜƴǘ ǿƛǘƘ ŀ άƎǊŜŜƴ ǊŜǾƻƭǳǘƛƻƴέ ŀƴŘ 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 9ς20+ 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 

1.2ς1.3 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 ŀƴŘ ƘȅŘǊƻŎŀǊōƻƴǎ ƛƴ ǘƘŜ {ŀƴǘŀ wƻǎŀ tƭŀƛƴ ǇǊƻǾƛŘŜ ƻȊƻƴŜ ǇǊŜŎǳǊǎƻǊǎΣ ŀƴŘ tŜǇǇŜǊǿƻƻŘΩǎ 

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 1951ς1980 (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 

άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎύ 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 10ς15-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, tŜǇǇŜǊǿƻƻŘΩǎ ǾŜƎŜǘŀǘƛƻƴ Ƴŀȅ ōŜ ƛƴ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ƳƻǊŜ ŘǊƻǳƎƘǘ-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 (2012ς2015) 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 ƻŦ tŜǇǇŜǊǿƻƻŘΩǎ 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). 

¢Ƙƛǎ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ ōȅ ǘƘŜ ŎŜƴǘǳǊȅΩǎ ŜƴŘΣ ŀǾŜǊŀƎŜ ǿŀǘŜǊ ŘŜŦƛŎƛǘǎ ŦƻǊ ǘƘŜ ǇǊŜǎŜǊǾŜ ŀǊŜ 

projected to rise 11ς23 percent compared to the 1951ς1980 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 tŜǇǇŜǊǿƻƻŘΩǎ water deficits when they are examined at finer scales. 

 

Figure 3.3. Projected change in climatic water deficit for Pepperwood, 1981ς2099, 270-meter 

resolution  

Source:  2014 California BCM

 


