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1. INTRODUCTION 
 
 
Background 
 
The Sierra Nevada, California’s iconic mountain landscape, is intimately linked to the history 
and heritage of the state as well as the nation.  The multiple and often competing resource values 
of the Sierra Nevada, ranging from biodiversity to recreation to timber harvest, are as dramatic as 
its image—scenic and spiritual, yet industrial and extractive; recreational and residential, yet 
wild and imperiled.  Now more than ever before, these values are increasingly threatened as a 
result of ownership patterns, coupled with conflicting management objectives, expanding 
residential development, and threat of catastrophic fires. 
 
Threats to resource values are particularly evident in the central Sierra Nevada, where the 
ownership pattern is a checkerboard of public and private lands (Figure 1).  This ownership 
pattern is a part of the rich history of the region when the United States government granted 
alternate square miles to the Central Pacific Railroad during the building of the transcontinental 
railroad in the 1860s.  Many private individuals and companies now own these land grants, 
which are interspersed in a checkerboard pattern with public land administered by the U.S. 
Forest Service. 
 
The checkerboard ownership pattern of the Sierra Nevada challenges the effectiveness of 
regional land management efforts.  To be effective, land management efforts should be 
implemented at a landscape scale, consistent with the scale at which ecosystem processes 
operate.  Currently, land management objectives and practices often differ on public and private 
lands with respect to land use, public access, road construction and maintenance, fuel and fire 
management, and vegetation restoration.  This results in fragmented habitats, irregular access for 
public recreation, and conflicts over timber harvest.  The growing human population and 
continued expansion of residential development in the central Sierra over the next 20 years will 
further diminish resource values and complicate sustainable resource management by altering 
land use patterns, fragmenting habitats, introducing nonnative species, degrading water quality, 
changing hydrological processes, and altering fire regimes. 
 
Sierra Checkerboard Initiative 
 
In recognition of these threats to the rich legacy of the Sierra Nevada, The Trust for Public Land 
(TPL) commissioned this Science Assessment to illustrate the resource values of the region and 
to initiate development of a vision—the Sierra Checkerboard Initiative—for a more sustainable 
landscape in the central Sierra.  TPL and its partners—the Sierra Nevada Forest Protection 
Campaign and California Wilderness Coalition—share a set of common goals, which reflect the 
varying interests of numerous public and private stakeholders, and wish to address issues of 
watershed protection, recreation and open space, wildlife and wilderness values, timber harvest,  
and development at a scale not previously undertaken in the region.  The goals of the Sierra 
Checkerboard Initiative are: 
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Figure 1—Public and private ownership patterns in the Sierra Checkerboard Initiative study 
area. 
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• Maintain and enhance natural resource condition and integrity; 

• Improve passive recreational opportunities; and 

• Support forest product management and fire management, in balance with species and 
ecosystem needs. 

 
Phase I of this initiative, the Science Assessment, is based on the belief that strategies for land 
conservation and management must rely on a sound scientific foundation.  The Science 
Assessment focuses on identifying areas of high resource values—biodiversity, mature forest 
connectivity, and passive recreation—as well as areas under threat by development, unnatural 
fire regimes, and management incompatible with conservation of mature forests.  Areas that 
support high resource values and are highly threatened will be considered as candidate areas for 
conservation in Phase II of the Sierra Checkerboard Initiative.  Section 6 (Next Steps) of this 
Science Assessment describes some considerations for designing conservation strategies in Phase 
II.  Section 6 also describes the timberlands in the study area and some of the management issues 
facing landowners in the forest product industry, as these issues will be integral to the success of 
the Sierra Checkerboard Initiative. 
 
In Phase II, TPL and its partners will develop land realignment and management strategies to 
maintain and enhance resource values in light of the threats they face.  Through coalitions with 
other nonprofit organizations, government agencies, landowners, and other stakeholders, TPL 
and its partners will develop funding and political strategies to implement the identified 
strategies.  In Phase III, TPL will work with its partners and supporters to implement the site-
specific conservation strategies developed during Phase II.  This will likely require public 
funding measures and, quite possibly, federal legislation.  TPL and its partners will work closely 
with federal, state, county, and local elected officials and other stakeholders on these issues. 
 
Objectives of the Science Assessment 
 
The Science Assessment provides a mechanism for developing and implementing comprehensive 
and collaborative strategies for resource protection in the Sierra Nevada.  The importance of 
these resources is evident in the large amount of attention and research the region has received 
since the early 1990s.  The five-part series—Majesty and Tragedy:  The Sierra in Peril by Tom 
Knudson of the Sacramento Bee—perhaps first raised the public’s consciousness about the 
complexities of environmental issues in the Sierra Nevada.  Various studies and planning 
initiatives have been conducted since then (Erman 1999), including the California Resources 
Agency’s summit, Sierra Now: A Vision for the Future (Environment Now 1992), Sierra 
Economic Summit led by business and industry representatives, Sierra Nevada Ecosystem 
Project (SNEP 1996), Sierra Nevada Forest Protection Campaign’s Conservation Strategy 
(SNFPC 1999), Sierra Nevada Forest Plan Amendment (USFS 2004), California Wilderness 
Coalition’s Guide to Wildlands Conservation in the Greater Sierra Nevada Bioregion (CWC 
2002), Pacific Rivers Council’s Conservation of Aquatic Diversity in the Sierra Nevada (PRC 
1998), and Sierra Nevada Ecoregional Plan developed by The Nature Conservancy (TNC 1999).  
The Science Assessment presented in this report represents a unique and independent approach 
that synthesizes information from these analyses and other available data for the region.  A panel 
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of Science Advisors, selected from various academic institutions, the National Park Service, and 
U.S. Forest Service, reviewed and advised on the data and approach used for the Science 
Assessment. 
 
The specific objectives of the Science Assessment are: 

• Identify areas that support attributes of high biodiversity, connectivity between mature 
forests, and potential for passive recreation. 

• Describe and measure major threats to these attributes. 

• Integrate and analyze the extensive amount of data available for the region using a 
systematic, transparent approach that allows logical conclusions to be made about the 
distribution of resource values and threats in the region.  

• Identify candidate areas for developing conservation and management strategies relating 
to enhancing biodiversity, mature forest connectivity, and passive recreation value. 

• Introduce concepts for developing integrated conservation strategies in future phases of 
the Sierra Checkerboard Initiative. 

 
The 1.53 million-acre study area for the Science Assessment is located in portions of El Dorado, 
Placer, Nevada, Sierra, and Yuba counties (Figure 1).  It is defined by the North Fork Yuba 
River watershed on the north, the South Fork American River on the south, the lower extent of 
mid-montane conifer (mixed conifer) communities on the west, and the crest of the Sierra 
Nevada plus eastside watershed subbasins sufficient to capture the checkerboard lands to the 
east. 
 
A product of the Science Assessment is a modeling tool that is discussed further in Section 4 
(Integrating and Assessing Information).  The tool allows us to explicitly define our conceptual 
model for assessing resource values and threats, integrate numerous disparate datasets describing 
the varied characteristics of the study area, and display the results of the assessment in a map 
format that is understandable.  The model provides TPL with a powerful and flexible tool for 
conducting the Science Assessment as well as for designing conservation solutions in Phase II of 
the Initiative. 
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2. RESOURCE VALUES IN THE  
SIERRA CHECKERBOARD REGION 

 
 
The study area for the Sierra Checkerboard Initiative represents a geographic sample of the 
myriad resource values in the Sierra Nevada.  This assessment focuses on a subset of these 
values—biodiversity, mature forest connectivity, and passive recreation.  Attributes of these 
values are summarized in this section to establish the context for the Science Assessment. 
 
Biodiversity 
 
The Sierra Nevada range was formed over the last 5 million years during a period of mountain 
building that occurred throughout California (Wakabayashi and Sawyer 2001).  The Sierra is a 
massive block of ancient granitic rock uplifted as a result of the enormous tectonic forces that 
shaped the landscape of the western U.S.  The range includes a diversity of localized geologic 
formations.  Formation of the Sierra was a profound event that dramatically altered topography, 
changed regional climate patterns, and produced local latitudinal and elevational gradients of 
temperature and precipitation (Stine 1996).  Lineages of ancestral species responded by evolving 
to fill niches created by these alterations.  Global climate change and extensive glaciation in the 
mountain peaks further drove the movement and evolution of Sierra flora and fauna.  Over the 
last 10,000 years, Native Americans actively managed Sierran habitats, using tools such as fire to 
meet their societal needs (Anderson and Moratto 1996).  The diversity of biological resources in 
the Sierra—its biodiversity—is a product of this long, dynamic history.  The attributes of Sierran 
biodiversity and the ecological and evolutionary processes that sustain them are a major focus of 
TPL’s Sierra Checkerboard Initiative. 
 
Biogeographic patterns 
 
Biogeography is the study of how plants and animals are distributed on earth and the factors that 
influence those distribution patterns.  The biogeography of the Sierra Nevada is a product of 
millennia of climatic, geologic, and evolutionary dynamics.  The result of this dynamic history is 
a biologically unique region, distinct from other regions of California and the world.  
Biogeographic patterns are often organized into hierarchical categories that become increasingly 
distinct at each finer level.  For example, the flora of the study area has been organized into a 
four-tiered hierarchy consisting of provinces (California Floristic Province), regions (Sierra 
Nevada), subregions (High Sierra Nevada), and districts (Northern High Sierra Nevada) 
(Hickman 1996). 
 
The California Floristic Province is one of the world’s 34 global biodiversity hotspots 
(Conservation International 2005).  Biodiversity hotspots are areas supporting high 
concentrations of species, particularly endemic species that are found nowhere else on Earth.  
Although these hotspots comprise less than 2.3% of the Earth's vegetated land surface, an 
estimated 50% of the world’s plant species and 42% of its animal species are endemic to these 
34 hotspots (Conservation International 2005).  Approximately 44% of plant and vertebrate 
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species of the California Floristic Province are endemic (Myers et al. 2000).  Within the 
California Floristic Province, the Sierra Nevada region is recognized as a center of plant 
endemism, supporting high numbers of both relict and newly evolved species (Raven and 
Axelrod 1995).  The Sierra supports over 50% of California’s flora and, for its size, is predicted 
to be the most floristically diverse area in North America (Shevock 1996).  Thus, the Sierra is a 
globally unique region, making its protection critically important. 
 
The High Sierra Nevada subregion supports mixed evergreen and coniferous forests, which 
grade into oak woodland communities at lower elevations of the west slope (Sierran Foothills 
subregion) and into sagebrush steppe on the east slope (Great Basin Province) (Rundel et al. 
1995, Young et al. 1995, Hickman 1996, Barbour and Minnich 2000).  The diverse vegetation 
communities in the study area can be grouped into oak woodlands, grasslands and meadows, 
riparian communities and wetlands (including marshes and fens), various shrub and chaparral 
communities, and a number of conifer communities (Figure 2).  Major forest and woodland 
communities, as defined by Barbour and Minnich (2000), tend to be distributed with respect to 
elevation, with forest types intermixing depending on topography, moisture, and substrate.  
Within the study area, mixed evergreen forests support canyon live oak (Quercus chrysolepis), 
black oak (Quercus kelloggii), and Douglas-fir (Pseudotsuga menziesii).  Mid-montane forests 
are dominated by ponderosa pine (Pinus ponderosa), white fir (Abies concolor), sugar pine 
(Pinus lambertina), and incense cedar (Calocedrus decurrens).  Upper montane forests are 
dominated by red fir (Abies magnifica) and lodgepole pine (Pinus contorta ssp. murrayana).  
Subalpine woodlands are comprised of white pine (Pinus monticola) and whitebark pine (Pinus 
albicaulis), while Sierran east-side forests are dominated by Jeffrey pine (Pinus jeffreyi).  The 
diversity of plant associations in the Sierra increases when considering locally unique groupings 
of species that vary geographically within the Sierra Nevada region (Walker 1992, Sawyer and 
Keeler-Wolf 1995). 
 
The vegetation associations in the Sierra provide habitat for a rich assortment of wildlife, 
including a variety of endemic species (Erman 1996, Graber 1996, Jennings 1996, Kimsey 1996, 
Moyle et al. 1996).  The Sierra Nevada supports approximately 401 terrestrial vertebrate species 
or 62% of the vertebrate species in California (Graber 1996).  However, the genetic diversity of 
Sierran flora and fauna can be overlooked by simply counting numbers of species (Rogers et al. 
1996).  An increasing body of research demonstrates significant regional genetic variation within 
Sierran taxa, variation that is the stuff of evolution (e.g., Tan and Wake 1995, Wake 1997, 
Rodriguez-Robles et al. 1999, Shaffer et al. 2000, Rodriguez-Robles et al. 2001, Jockusch and 
Wake 2002).  The genetic structure of Sierran biological resources is a product of the dynamics 
of the California landscape; in fact, the formation of the Sierra Nevada range is considered a 
driving force in the evolution of many taxa in California (Calsbeek et al. 2003). 
 
Watersheds and aquatic resources 
 
The water resources of the Sierra Nevada account for about 28% of California’s total runoff, 
provide an important part of the State’s developed water supply, and support a rich array of  
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Figure 2—Major groupings of vegetation communities in the Sierra Checkerboard Initiative 
study area. 
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aquatic habitat types and species (Kattelmann 1996, Moyle 1996).  The study area includes 
portions of the Yuba and American river watersheds and smaller portions of five other watershed 
basins (Figure 3).  Riparian corridors sustain a disproportionately high level of biodiversity 
relative to the area of the landscape they occupy (NRC 2002), supporting both productive habitat 
for diverse species and critical environmental processes (Naiman et al. 1993).  When other 
aquatic and wetland systems such as springs, peatlands, and fishless lakes and ponds are also 
considered, the cumulative biodiversity of aquatic and wetland systems in the study area is truly 
exceptional (Erman 1996, Moyle 1996). 
 
The water resources of the Sierra support most of the water used by California’s cities, 
agriculture, industry, and hydroelectric facilities (Kattelmann 1996).  As a result of the continued 
growth of these users, the resource values of Sierran aquatic and wetland habitats are 
increasingly threatened (Moyle 1996).  Land use changes, impoundments, and diversions alter 
riverine flow regimes (Poff et al. 1997) and water quality (Paul and Meyer 2001).  These, in turn, 
affect the structure of aquatic and riparian communities.  Non-riverine systems such as lakes, 
springs, and fens are also extremely sensitive to human impacts (Erman 1996, Jennings 1996, 
Moyle 1996).  Protecting the integrity of watersheds where natural environmental processes still 
function and restoring basins to enhance natural functions are critical to the conservation of 
aquatic resources and fundamental to the conservation objectives of the Sierra Checkerboard 
Initiative. 
 
Late-successional forests 
 
Succession refers to the normal process of change in the species and structural composition of 
plant communities as they age.  Early-successional forest communities first establish after 
creation of an opening in the forest; they are open in structure and dominated by herbs, shrubs, 
and young trees.  As a community ages into later successional stages, it becomes dominated by 
larger trees and a closed canopy.  Late-successional forests, which develop over hundreds of 
years, are characterized by large-diameter, old growth trees, snags, and down logs.  We use the 
term mature forests in this assessment to distinguish forest stands that are younger than true late-
successional forests, but possess characteristics (e.g., larger tree diameters and more closed 
canopies) that are important for species that rely on late-successional forests. 
 
Late-successional forests provide many important ecosystem functions that also benefit human 
society (Franklin and Fites-Kaufmann 1996).  The concern over the status of these forests was 
the impetus for the Congressional appropriation for the Sierra Nevada Ecosystem Project 
(SNEP), designed to assess the distribution and condition of late-successional/old-growth forests 
(LSOG) in the Sierra Nevada (SNEP 1996).  Elements of late-successional forest structure are 
important for wildlife habitat quality in the Sierra (Graber 1996) and are considered crucial for 
conservation in forests throughout the world (Lindenmayer and Franklin 2002).  Commercially 
important forest types in the Sierra Nevada, such as west-side mixed conifer (mid-montane 
forests) and Sierran east-side forests, appear to be particularly deficient in late-successional 
forest characteristics relative to their pre-settlement conditions (Franklin and Fites-Kaufmann 
1996).   
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Evidence suggests that the current distribution of late-successional forests in the Sierra Nevada is 
much less extensive than prior to western settlement (McKelvey and Johnston 1992, Franklin 
and Fites-Kaufmann 1996).  However, forest structure in the Sierra is a complex, fine-grained 
mosaic (Franklin and Fites-Kaufmann 1996), with a mix of tree sizes and structural 
characteristics within a single stand.  The overall distribution of late-successional forests in the 
study area is difficult to determine (Franklin and Fites-Kaufmann 1996, Langley 1996), as 
different approaches to quantifying their distribution yield varying results (Davis 1996).  The 
SNEP approach (Franklin and Fites-Kaufmann 1996), which mapped and ranked forests on 
public lands based on their relative contribution to LSOG functions, may be the most appropriate 
way to display late-successional forest function in the study area.  However, the relatively gross 
scale of the SNEP approach, and the lack of ranking on private lands, does not lend itself to the 
level of analysis for this Science Assessment (see Section 4). 
 
Based on the SNEP approach, the study area supports little forest area with very high 
contribution to LSOG function—2% of the study area, which is largely restricted to the 
Lavezzola Creek basin of the North Yuba River watershed (Figure 4).  The majority of the study 
area (68%) is comprised of forests with no contribution (none), very low contribution, or low 
contribution to LSOG function.  However, relatively significant forest areas with moderate 
(19%) and high (11%) contribution to LSOG function are scattered throughout the study area; 
these may serve as focal areas to manage for enhancing future late-successional functions. 
 
Special status resources 
 
The Sierra Nevada supports a variety of special status species, with over 250 vascular and non-
vascular plant species considered rare (Shevock 1996) and 69 vertebrate species listed or 
otherwise considered sensitive by state or federal government agencies (Graber 1996).  The 
California Natural Diversity Database (CNDDB 2005) and SBI (2004) record 98 taxa in the 
study area that are listed as threatened or endangered, are candidates for listing, or have global or 
state heritage rankings (Attachment 1).  This is likely an underestimate of the richness of rare 
species in the study area, because much of the study area has not been surveyed for special status 
species or the results of these surveys are not always recorded in publicly available databases. 
 
Due to its central location within the Sierra Nevada, the study area is geographically important 
for maintaining the long-term viability of many sensitive species.  For example, Beck and Gould 
(1992) present California spotted owl (Strix occidentalis occidentalis) survey data showing that 
the Tahoe and Eldorado National Forests supported 28% of the known pairs of this species in the 
Sierra Nevada between 1970 and 1991.  Thus, the study area, which lies at the heart of these two 
National Forests, supports a significant fraction of the Sierran population of this species.  Beck 
and Gould also identified two areas of concern for the California spotted owl within the study 
area, partially because of the checkerboard land ownership patterns which they consider to 
present habitat fragmentation risks for spotted owls. 
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Mature Forest Connectivity 
 
Conservationists are increasingly interested in conserving not only existing biological diversity 
but the process of evolution itself (Moritz 2002, Spector 2002).  Maintaining the connectivity of 
the Sierran landscape is thus an important regional conservation objective because species need 
large, interconnected landscapes to respond to environmental changes through evolutionary 
innovation.  Maintaining habitat connectivity is particularly important given the anticipated 
changes in environmental conditions and habitat distributions resulting from global climate 
changes.  Paleoecological data documenting prehistoric conditions indicate that biogeographic 
zonation in the Sierra Nevada has shifted along elevational gradients in response to warming and 
cooling trends (Woolfenden 1996).  For example, during prehistoric warming periods, the 
Sierran treeline migrated to higher elevations (Stine 1996, Woolfenden 1996).  Climate models 
are projecting warmer climates in the future, which may result in drying vegetation communities, 
increased frequency of severe fires, and elevational shifts in forest composition and structure 
(USGS 2005). 
 
Ensuring that organisms can disperse across the landscape is necessary for maintaining 
population dynamics and gene flow.  For example, the fisher (Martes pennanti) is present in the 
northern and southern Sierra Nevada but is absent from the mid-montane forests in the study 
area, presumably as a result of habitat modifications and heavy historic trapping (Zielinski et al. 
1995, Zielinski et al. 2000).  Thus, unless there is multi-generational dispersal of fishers through 
the study area, the northern and southern populations will remain genetically isolated from each 
other, exposing the southern population to a greater risk of extinction (Zielinski et al. in press).  
Because of the distances involved, establishing a healthy population of fishers in the study area is 
requisite to connecting the northern and southern populations.  Maintaining existing habitat 
connectivity within forest types and managing fragmented areas to improve connectivity are 
crucial for habitat specialists such as the fisher.   
 
Many wildlife species migrate seasonally between habitats or elevations in response to changing 
weather, so habitat connectivity across elevations is critical for facilitating these movements.  
Much of the late-successional mixed coniferous forests, lower elevation woodlands and shrub 
communities, stream and riparian habitats, and, potentially, more open, early-successional forests 
in the study area are vulnerable to alterations from exurban development, impoundments and 
water diversions, timber harvest, and fire suppression and catastrophic fire.  Therefore, dispersal 
of species that depend on these habitats may be compromised (Graber 1996).  These issues 
emphasize the need to manage habitats to support healthy populations and allow adequate 
dispersal of individual wildlife species at a landscape scale. 
 
Passive Recreation 
 
The Sierra Nevada’s scenic beauty is world-renowned, and recreation is a significant activity for 
residents and non-residents alike.  Recreation on public land alone accounts for 50-60 million 
recreational visitor days (RVDs) per year (Duane 1996a).  Recreation on private land has not 
been quantified, but is estimated at an additional 3-4 million RVDs per year (Duane 1996a).  The 
majority of recreation on public land occurs on land administered by the U.S. Forest Service, 
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which in the study area includes portions of the Tahoe National Forest, Eldorado National Forest, 
and Lake Tahoe Basin Management Unit (Figure 5).  As the populations of California and 
Nevada continue to grow, particularly in counties within and adjacent to the Sierra, the demand 
for recreation and the potential for conflict between recreation and other land uses are likely to 
increase (Duane 1996a). 
 
Passive recreational activities, such as camping, hiking, horseback riding, bicycling, and nature 
study, account for a large proportion of recreation in the Sierra (Duane 1996a).  Recreationists 
are generally seeking the outstanding natural features of the Sierra such as its lakes and streams, 
dramatic granitic landforms, old-growth forests, meadows, and roadless areas, which are 
embodied in designated areas of Wilderness, Wild and Scenic Rivers, and state parks, and which 
are accessible by trails such as the Pacific Crest Trail.  The demand for recreation in the study 
area is high because of the diversity of recreational opportunities, ski resorts, Lake Tahoe, and 
easy access from nearby population centers.  The combined annual RVDs of the Tahoe National 
Forest, Eldorado National Forest, and Lake Tahoe Basin Management Unit accounted for 34% of 
the total RVDs of the national forests in the Sierra between 1987 and 1993 (Duane 1996a).  The 
study area will continue to be important for meeting future recreational demand in the Sierra, 
which is anticipated to increase with population growth. 
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