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Chapter 5: Current and Projected Condition of 
Mid-Elevation Sierra Nevada Forests 
Malcolm P. North, Mark W. Schwartz, Brandon M. Collins, 
and John J. Keane1 

Introduction 
Most of the California spotted owl’s (Strix occidentalis occidentalis) habitat is 
concentrated in mid-elevation forests of the Sierra Nevada (see chapter 9 for 
a discussion of southern California spotted owls and their habitat), which are 
made up primarily of ponderosa pine (Pinus ponderosa Lawson & C. Lawson), 
mixed-conifer, white fir (Abies concolor (Gord. & Glend.) Lindl. ex Hildebr.), and 
mixed-evergreen forest types. These forests have undergone substantial change 
since the arrival of Europeans and are projected to dynamically respond to ongo-
ing factors affecting ecosystem conditions. In this chapter, we summarize some of 
the historical changes in mid-elevation forests that have most extensively altered 
ecosystem conditions. We also explore sources and spatial distribution of the more 
extant changes in forest condition. We then discuss likely trends in forest response 
to projected stressors, particularly climate change, drought, and fire. Finally, we 
examine recent research and resulting changes in management practices that might 
affect future forest conditions in an effort to increase ecosystem resilience. 

Forest Management 
Management practices, including fire suppression, over the past century have 
largely shaped current forest conditions in the Sierra Nevada. These conditions 
significantly vary with land ownership because owners have different incentives 
and constraints that influence their management practices. We examine the three 
main ownerships in the Sierra Nevada, their historical management practices, and 
current conditions of the different forests. 

Ownerships 
The U.S. Forest Service (USFS) is the largest steward of public lands in the Sierra 
Nevada. About 2.93 million ha (7.24 million ac; 47 percent of the 6.24 million ha 

1 Malcolm P. North is a research forest ecologist, Mark W. Schwartz is a professor in 
the Department of Environmental Science and Policy, University of California–Davis, 
Davis, CA 95616, Brandon Collins is a research scientist at the Center for Fire Research 
and Outreach, University of California Berkeley, Berkeley, CA 94598, John J. Keane 
is a research wildlife ecologist U.S. Department of Agriculture, Forest Service, Pacific 
Southwest Research Station, 1731 Research Park Dr., Davis, CA 95618. 
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[15.42 million ac]) in the Sierra Nevada bioregion are under USFS management 
(Davis and Stoms 1996). The USFS has a broad mandate of managing national 
forests for multiple use and providing sustainable ecosystem services (NFMA 
1976). About 2.34 million ha (5.77 million ac; about 37 percent) of conifer forests 
in the Sierra Nevada are in private ownership (Davis and Stoms 1996), and their 
management is governed by California’s Forest Practice Regulations, which pro-
motes “achiev[ing] a balance between growth and harvest over time consistent with 
the harvesting methods within the rules of the Board, maintain functional wildlife 
habitat…, retain or recruit late and diverse seral stage habitat components…, and 
maintain growing stock, genetic diversity, and soil productivity” (CA FPR Section 
897, USDA FS 2012). There are five national parks in the Sierra Nevada and south-
ern Cascades: Devil’s Postpile, Lassen, Sequoia and Kings Canyon, and Yosemite 
covering 696 000 ha (1.73 million ac). The National Park Service (NPS) serves as 
steward of these parks and is under a mandate to provide recreational opportunities 
for people, and to protect and showcase natural resources without exploitation. 

Historical Management Practices 
Until about 1990, similar management objectives and silvicultural prescriptions 
were used on both public and private lands (McKelvey and Johnston 1992). There-
fore, we combined our synopsis of management practices during this period for 
both ownerships. 

Early logging prior to 1900 occurred mainly near mining operations and associ-
ated communities at low elevations in the southern and central Sierra Nevada, with 
most logging occurring below national forest lands. Logging extended to mid and 
high elevations in the northern Sierra Nevada to support mining at higher elevations 
and lands adjacent to the Southern Pacific Railroad line (McKelvey and Johnston 
1992). The Lake Tahoe and Truckee River basins were exceptions to these general 
patterns as they were extensively logged to support the Comstock silver mines in 
western Nevada. Away from railroad lines, log removal was limited to wagons and 
short-haul skidding with animals and steam “donkeys.” Because of these transporta-
tion limitations, most logging consisted of high-grading of large and valuable trees. 
With improvements in transportation, timber harvest increased steadily after 1900, 
although it declined for about a decade during the Great Depression. Timber harvest 
in the Sierra Nevada peaked in the post-World War II years, and then stabilized 
generally ranging between about 1.3 and 1.7 million board feet (mmbf) (1960 through 
1990), with a short decline during the 1980s recession (McKelvey and Johnston 1992). 
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Prior to the 1980s, most silvicultural prescriptions were selection harvests of 
commercially valuable trees, leaving those with marginal value standing. Clearcut-
ting prescriptions were incorporated in the 1970s, and clearcuts accounted for most 
of the volume in the mid-1980s. In the late 1980s, most volume was harvested using 
salvage prescriptions, following mortality principally from fire and insect events. 
In general, similar harvest prescriptions tended to be implemented on public and 
private lands prior to 1990 (McKelvey and Johnston 1992). 

A legacy of management practices during this period is a reduction in “defect” 
trees (Bouldin 1999). Over many decades, stand improvement practices often 
involved removing “defects” such as trees with broken tops, missing limbs, rot and 
large cavities (see Walsh and North 2012 for examples). Such defect trees typically 
require many years to develop and thus decades of this practice have probably 
resulted in a significant decline in these structures often used by wildlife for nest-
ing, resting, and roosting habitat (Bull et al. 1997, Carey 2002, Carey et al. 1997, 
Cockle et al. 2011, Hunter and Bond 2001, Wiebe 2011). 

McKelvey and Johnston (1992) summarized four key changes in forest condi-
tions that occurred from 1850 through 1992: (1) the loss of old, large-diameter trees 
and associated large downed logs; (2) a shift in species composition toward shade-
tolerant, fire-sensitive tree species (i.e., from pines to fir and cedar); (3) increases in 
fuel loads associated with the mortality of small-diameter trees; and (4) the pres-
ence of fuel ladders that facilitate crown fire. Further, they indicated that manage-
ment direction identified in land management plans (LMPs) for Sierra Nevada 
national forests current at that time would likely not alleviate these concerns and 
trends in forest dynamics. The LMPs projected that national forest lands in the 
western Sierra Nevada would be converted to even-age systems using clearcut, seed 
tree, and shelterwood prescriptions at a rate of 91 600 ha (226,350 ac) per decade 
and that selection logging would occur on 32 000 ha (80,000 ac) per decade. This 
management direction provided no guarantees that old, large trees and their deriva-
tives (e.g., large snags and logs) would be maintained. Rather, it suggested large 
proportions of future forest would trend toward areas of even-aged plantations with 
stands of dense, smaller diameter trees (McKelvey and Johnston 1992). 

Forest Management Since 1990 
Concern for the conservation of California spotted owls began in the mid-1980s 
with awareness first raised over the status of the related subspecies, the northern 
spotted owl (Strix occidentalis caurina). With the adoption of the California spotted 
owl guidelines following the California spotted owl technical assessment (CASPO) 
in 1992 (Verner et al. 1992), national forest and private ownership management 
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practices significantly diverged in the mid-1990s. Timber harvest dramatically 
decreased on USFS lands. Overall, 83.4 percent of the timber volume harvested 
between 1994 and 2013 was generated from private lands with public lands contrib-
uting from 10 to 24 percent (fig. 5-1). 

National Forest System lands— 
About 490 000 ha (1.2 million ac) of treatments occurred on National Forest System 
(NFS) lands in the Sierra Nevada between 1990 and 2014 (table 5-1; see appendix p. 
155 for more detailed information). The number of treated acres has declined over 
time, from highs of 40 000 to 48 000 ha (100,000 to 120,000 ac) per year in 1990– 
1992 to a low of around 8000 ha (20,000 ac) per year in 2011–2013 (table 5-1, fig. 
5-2). The highest proportion of total treated acres from 1990 through 2014 occurred 
on the Lassen (113 966 ha [284,916 ac]) and Plumas National Forests (101 764 ha 
[254,411 ac]), with intermediate amounts on the Stanislaus (63 802 ha [159,804 ac]), 
Tahoe (62 683 ha [156,708 ac]), and Eldorado (58 098 ha [145,244 ac]) National 
Forests (fig. 5-3). 

Concurrent with a decline in the number of acres treated has been a change 
in the predominant silvicultural prescriptions used on NFS lands (table 5-1, fig. 
5-2). From 1990 through 1994, the predominant silvicultural prescriptions were 
sanitation and salvage cuts, followed by lower amounts of clearcuts and overstory 
removal. Adoption of CASPO guidelines in 1993 led to an increase in commercial 
thinning following CASPO guidelines that maintained all trees >30 in diameter at 
breast height (d.b.h.), maintained overstory canopy cover >40 percent, and removed 
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Figure 5-1—Annual timber volume harvested (thousand board feet [mmbf]) by year on public and private 
lands from counties in the Sierra Nevada 1994–2013. See text for further details. Source: Timber Yield 
Tax program, California State Board of Equalization. 
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Figure 5-2—Treatment acres accomplished on national forests in the Sierra Nevada by silvicultural 
prescription and year, 1990–2014. Source: Taken from USFS Forest Activities Tracking System 
courtesy of Joe Sherlock (Pacific Southwest Research Region silviculturist). 
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Figure 5-3—Treatment acres accomplished on national forests in the Sierra Nevada by silvicultural 
prescription and national forest, 1990–2014. LTBMU = Lake Tahoe Basin Management Unit. Source: 
Taken from USFS Forest Activities Tracking System courtesy of Joe Sherlock (Pacific Southwest 
Research Region silviculturist). 

small trees to an upper diameter limit. The proportion of sanitation cuts dropped in 
1999 as existing contracts established before CASPO were completed and CASPO 
prescriptions became the predominant silvicultural prescription. Commercial thin-
ning associated with CASPO guidelines, a focus on forest thinning to meet fuels 
reduction objectives, and postfire salvage logging have been the dominant prescrip-
tions on NFS lands in the Sierra Nevada between 1999 and 2014 (fig. 5-2). 

About 255 143 ha [665,357 ac] of silvicultural treatments occurred within the 
range of the California spotted owl in the Sierra Nevada (see appendix p. 155 for 
details), of which about 199 600 ha (299,000 ac; 45 percent) were treated from 2002 
through 2014 when NFS spatial data on treatments was complete (table 5-2, fig. 5-4). 
Sanitation cuts were the predominant silvicultural prescription used during 1990– 
1994. Commercial thin was the predominant prescription used during 1996–2013, 
followed by episodic salvage events and smaller amounts of clearcutting (table 5.2). 
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Figure 5-4—Treatment acres accomplished on national forest lands within the range of the Califor-
nia spotted owl in the Sierra Nevada by silvicultural prescription and national forest, 1990–2014. 
Sources: Taken from USFS Forest Activities Tracking System courtesy of Joe Sherlock (Pacific 
Southwest Research Region silviculturist); owl range from California Department of Fish and 
Wildlife. 
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Current USFS practices often focus on two metrics when implementing man-
agement treatments; maximum tree diameter removed (“diameter limits”) and 
residual canopy cover. Although trees up to 75 cm (30 in) d.b.h can be marked for 
removal, in many forests that have been previously thinned, the maximum diameter 
limit is set to a lower size because removing larger trees would drop the residual 
canopy cover below the target. Canopy cover is usually indirectly estimated using 
the Forest Vegetation Simulator or FVS model based upon the number, size, and 
species of the leave trees. As an indirect estimate, FVS assumes a certain amount of 
crown overlap (Crookston and Stage 1999) and does not account for spatial variabil-
ity in tree locations (Christopher and Goodburn 2008). Nor does the FVS-generated 
canopy cover target consider canopy closure patterns or distinguish between 
clumped or regular distributions, differences that appear to be important functional 
and structural attributes of fire-adapted forests (Churchill et al. 2013, Larson and 
Churchill 2012, Lydersen et al. 2013). 

Canopy cover targets are a featured objective in recent management guidance 
documents (e.g., Sierra Nevada Forest Plan Amendments of 2001 and 2004; USDA 
FS 2001, 2004) and are set to be no lower than an average of 40 percent in the larger 
“home range core area” (HRCA), and no lower than an average of 50 percent in the 
“protected activity center” (PAC). Treatment in owl PACs is intended to be limited 
(see the 2004 Sierra Nevada Forest Plan Amendment; USDA FS 2004), but canopy 
cover targets are still widely used when fuels reduction treatments are implemented 
within the HRCA on NFS lands. The cumulative area of PACs and HRCAs affects 
a fairly large proportion of a landscape. See chapter 3 for more details on these 
management designations and their detailed definitions. 

On national forests, some aspects of spotted owl habitat have likely improved 
since the 1992 release of the CASPO guidelines. Average tree diameter in many 
forests has increased because of growth and the removal of smaller trees in treated 
stands while retaining all trees >75 cm (30 in) d.b.h. In general, the amount of forest 
dominated by large trees is probably gradually increasing, although some studies 
suggest climate change or drought mortality may be disproportionately higher in 
larger than smaller trees (Lutz et al. 2009, van Mantgem et al. 2009). Likewise, 
forest growth increases canopy cover and, even in treated stands, cover is retained 
at 40 percent or greater. 

However, in three of the four owl demographic areas, populations are declin-
ing. It is uncertain to what degree some of this decline is due to legacy effects 
(e.g., loss of large tree and defect structure removal and reduction in canopy cover) 
before CASPO guidelines took hold after 1992. Compounding the uncertainty is 
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the increased role of high-severity wildfire in changing forest conditions. More owl 
habitat is now affected by wildfire than by mechanical treatment each year (North 
et al. 2012), and its effects on habitat conditions likely vary with severity and patch 
size effects of fire behavior. 

Private industrial forest lands— 
About 1.2 million ha (2.9 million ac) of silvicultural treatments were approved or 
completed on private industrial forestlands between 1990 and 2013 (table 5-3; see 
appendix p. 155 for detailed information). Of the majority of acres attributed with 
a specific silvicultural prescription, the predominant treatments were selection cuts 
(322 652 ha [806,630 ac]), shelterwood cuts (201 622 ha [504,054 ac]), commercial 
thins (114 460 ha [286,152 ac]), clearcuts (105 493 ha [263,733 ac]), and sanita-
tion salvage cuts (82 541 ha [206,352 ac]) across the 1990-2013 assessment period 
(table 5-3). The highest numbers of treated acres were recorded for Shasta, Lassen, 
Plumas and Tehama Counties (table 5-4). At least 403 876 ha (998,000 ac) of treat-
ment are recorded to have occurred within the range of the California spotted owl 
in the Sierra Nevada during 1997–2013 (table 5-5). 

On average, forests on private land are younger (71 years) than those on public 
land (104 to 115 years) (Stewart et al. 2016) and often lack the stand structural 
features associated with old forests such as “defect” trees and large snags and logs. 
Most commercial harvest is concentrated on the large ownerships predominantly 
in the southern Cascades and northern Sierra Nevada. Almost 60 percent of com-
mercial harvest on private lands comes from five northern California counties 
(Humboldt, Shasta, Siskiyou, Mendocino, and Plumas), and collectively, private 
ownership forests produce about 85 percent of California forests’ lumber, pulp and 
bioenergy products (Morgan et al. 2012). 

National parks— 
The NPS maintenance of mid-elevation forest conditions faces three challenges. 
A primary constraint to NPS resource management is that much of these parks 
is within federally designated wilderness areas, and mechanical manipulation is 
restricted in these areas. The NPS does not generally mechanically manipulate 
vegetation but will for human safety or park infrastructure. Hence, managing tree 
density can only be accomplished with fire; both prescribed fire and managed wild-
land fire. The NPS is further constrained by a limited capacity to deploy prescribed 
fire. Limited staffing and air quality restrictions generally result in a relatively small 
fraction of the national parks being treated with prescribed fire (North et al. 2012). 
The prescribed fire that has been deployed is typically limited to areas of high 
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human use (e.g., sequoia groves, Yosemite Valley). Consequently, the NPS uses 
wildfire to the extent possible to accomplish forest management objectives (van 
Wagtendonk and Lutz 2007). Managing to retain and restore resilient forest ecosys-
tems has been more aggressive on NPS lands than other areas because NPS policy 
enables wildfires in appropriate locations to run their course when feasible. 

There has been a recent untethering of the NPS resource stewardship from 
directives of striving for historical representation (USDI NPS 2012) with growing 
recognition that this is an unattainable and undesirable goal (USDI NPS 2012). In 
response, NPS has taken on management planning to build ecosystem resilience for 
coping with changing climates. “National Park Natural Condition Assessments” are 
designed to identify key indicators of natural condition (http://www.nature.nps.gov/ 
water/nrca/). “Resource Stewardship Strategies” (http://www.nature.nps.gov/water/ 
planning/resourcestewardshipstrategies.cfm) are attempts to plan for future man-
agement, including climate change (http://www.nps.gov/subjects/climatechange/ 
response.htm). Parks units are now compelled to consider climate change adaptation 
and how to manage for climate-resilient forests. This new management directive is 
likely to include incentives to foster forested ecosystems that are resilient to a range 
of future stressors. 

Current Status of Forests With Potential California Spotted 
Owl Habitat 
Focusing solely on lands included within the California wildlife habitat relations 
(CWHR)-defined California spotted owl range map for the Sierra Nevada, existing 
vegetation classification and mapping (EVEG) estimates that there are about 1.98 
million ha (4.9 million ac) of CWHR class 4M or greater habitat (4M, 4D, 5M, 5D, 
6) (>30 cm [12in] d.b.h., >40 percent canopy cover), with approximately 75, 7, and 
18 percent occurring on NFS, NPS, and private/other government (POG) lands, 
respectively (table 5-6). About 53 percent of the 4M and greater classes are classi-
fied as Sierra Nevada mixed conifer (SMC), with the majority of SMC occurring 
on NFS lands. About 1.2 million ha (2.9 million ac) of 4D and greater classes (4D, 
5D, 6) (>30 cm [12 in] d.b.h., >60 percent canopy cover) are estimated to be present, 
with 73, 9, and 18 percent distributed across NFS, NPS, and POG lands, respec-
tively (table 5-7). The 4D and greater class habitat is predominantly classified as 
white fir (53 percent). For CWHR class 5M and above (5M, 5D, 6) (>60 cm [24 in] 
d.b.h., >40 percent canopy cover), about 607 029 ha (1.5 million ac) are estimated 
with 80, 10, and 10 percent distributed on NFS, NPS, and POG lands, respectively 
(table 5-8). The 5M and above class is classified primarily as SMC (63 percent). 

http://www.nps.gov/subjects/climatechange
http://www.nature.nps.gov/water
http:http://www.nature.nps.gov
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Most acres of important California spotted owl habitat classes occur on NFS 
lands. Between about 133 547 and 166 326 ha (330,000 and 411,000 ac) of 4D and 
greater habitat is estimated to occur on the Sierra, Tahoe, Stanislaus, and Plumas 
National Forests, while between 65 155 and 112 503 ha (161,000 and 278,000 ac) 
are estimated to occur on the Eldorado, Sequoia, and Lassen National Forests 
(tables 5-6 to 5-8). The Inyo National Forest and Lake Tahoe Basin Management 
Unit support fewer habitat acres, as the Inyo overlaps minimally with the range of 
the California spotted owl in the Sierra Nevada, while habitat is generally limited to 
the western half of the Lake Tahoe basin. Although inferences about amounts and 
distributional patterns of California spotted owl habitat may be tempered given the 
uncertainty regarding the accuracy and consistency of the base vegetation maps, 
results highlight the importance of NFS lands for providing spotted owl habitat in 
the Sierra Nevada. About 73 to 80 percent of the CWHR habitat classes most often 
used by owls are estimated to currently occur on NFS lands. 

Historical Fire Effects on Mid-Elevation Forests 
Fire is a critical ecosystem process throughout Sierra Nevada mid-elevation forests. 
This is particularly the case for yellow and Jeffrey pine (P. jeffreyi Balf.) and mixed-
conifer forest types within the Sierra Nevada, where fire historically (i.e., pre-Euro-
American settlement) occurred frequently, with generally low- to moderate-severity 
effects (Skinner and Taylor 2006, van Wagtendonk and Fites-Kaufman 2006). 
Numerous studies demonstrate that this fire frequency (5 to 15 years) maintained 
low-density stands across much of the landscape, composed of primarily large, 
fire-resistant trees. Reconstructed conifer densities (trees >15 cm [6 in] d.b.h.) in 
these forest types ranged from 60 to 82 trees/ha (24 to 41 trees/ac) (Collins et al. 
2011; Scholl and Taylor 2010; Taylor 2004, 2010). Collins et al. (2011) estimated the 
average canopy cover for historical forest conditions was 22 percent, with a range 
of 8 to 37 percent. Interestingly, these canopy cover estimates are similar to those 
measured in a contemporary Jeffrey pine-mixed-conifer forest that has a more intact 
disturbance regime (i.e., no timber harvesting and limited fire suppression) in the 
Sierra San Pedro Martir, Baja, California (Stephens and Gill 2005). However, stand 
density, structure, and composition likely varied depending on topographic and 
edaphic conditions, as well as a result of the stochastic patchiness of fire effects. 

The preponderance of evidence in the scientific literature currently supports the 
notion that contemporary forests that have not been subject to recent forest manage-
ment (i.e., tree removal) are generally considerably denser than forests found prior 
to 100+ years of fire exclusion and selective logging. However, a few recent studies 
conducted in the Sierra Nevada challenge the prevailing understanding of historical 
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forest structure and fire patterns (see Baker 2014, Odion et al. 2014). They indicate 
that stand-replacing fire effects were a greater component of historical fire regimes 
than the predominant body of research suggests, and that resulting tree densities 
were greater than those reported in previous studies (e.g., Ansley and Battles 1998, 
Bouldin 1999, Collins et al. 2011, Knapp et al. 2013, McKelvey and Johnson 1992, 
North et al. 2007, Parson and Debenedetti 1979, Scholl and Taylor 2010, Taylor 
2004, Taylor et al. 2014, Vankat and Major 1978). Odion et al. (2014) used stand 
age estimates from Forest Inventory and Analysis data to infer past proportions of 
stand-replacing fire. From this they concluded that current “reference” conditions 
underrepresent early successional plant communities created by stand-replacing 
fire. Baker (2014) used historical tree data from land survey markers to reconstruct 
historical proportions and patch sizes of stand-replacing fire across large land-
scapes. He concluded that historical forests in the Sierra Nevada were generally 
much denser, hence supported much greater amounts of stand-replacing fire than 
other historical forest reconstructions have reported. The significance of his conclu-
sions, and their applicability to restoration of mixed-conifer forests in the Sierra 
Nevada, merit careful consideration and vetting through the scientific community 
to reconcile the foundation of the discrepancies with existing published literature. 
Concerns about the source of the observed discrepancies include: 

• Potential bias in plot/tree selections. Baker used General Land Office 
survey witness trees that have been shown to be biased toward trees that 
were less likely to be harvested—smaller trees or less commercially valu-
able species, hence higher likelihood that the trees would persist as mark-
ers for locating survey points (see Bouldin 2008, Manies and Mladenoff 
2000). Odion et al. 2014 only included plot data from wilderness areas and 
national parks, which in the Sierra Nevada tend to be in higher elevations, 
hence a greater proportion of upper montane forest types. Upper montane 
forests are associated with longer intervals between fire and greater propor-
tions of high-severity relative to the pine-mixed-conifer forests in the lower 
montane zone (Van de Water and Safford 2011). This limits the applicability 
of the study across the pine-mixed-conifer zone. 

• Limited density of tree samples. Baker (2014) relied on sampling densities 
that are less than 1 tree per (80 ac) 32.3 ha. 

• Misinterpretation of tree data. Odion et al. (2014) used composite stand-age 
estimates as evidence of postfire cohort initiation dates. These compos-
ite estimates have a high degree of error in capturing actual tree initiation 
dates, and as a result, are a poor representation of the time since last stand-
replacing disturbance (Stevens et al. 2016). 
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These limitations and others (see Fulé et al. 2013) call into question the robust-
ness of these studies and their applicability toward forest restoration efforts. 

Several studies have demonstrated a high degree of spatial complexity across 
historical landscapes, which consisted of early seral vegetation (e.g., dense conifer 
regeneration, shrubs) and denser mature forest stands (e.g., Beaty and Taylor 2001, 
Collins et al. 2015, Nagel and Taylor 2005, Stephens et al. 2015, Taylor 2000), 
within a matrix of generally low-density stands. This complexity was likely a 
product of differential fire effects and timing, including some stand-replacing fire, 
driven by variability in multiple factors: vegetation/fuels, topography, site produc-
tivity/moisture availability, and climate. Estimates of historical stand-replacing 
fire in mixed-conifer and yellow pine forests range from 5 to 10 percent of the area 
within a burn at any given time (Mallek et al. 2013), which was likely aggregated 
in small patches (usually <2 ha [5 ac]) distributed across the landscape (Collins and 
Stephens 2010, Show and Kotok 1924). Drainage bottoms associated with larger 
perennial streams may have experienced less frequent fire than more upslope 
locations and thus were able to sustain more consistently dense and multilayered 
canopies (Collins and Skinner 2014). Another attribute associated with frequent fire 
in these forests is a complex spatial pattern of trees, consisting of isolated individu-
als, multiple tree clumps, and openings (Churchill et al. 2013, Fry et al. 2014, Knapp 
et al. 2012, Lydersen et al. 2013). This complexity was also most likely driven by 
fine-scale patchiness in fire effects and was yet another source of heterogeneity in 
historical forest conditions (Show and Kotok 1924). 

Drivers of Forest Change 
Current and Projected Fire Effects 
Irrespective of any uncertainty about the historical role of fire in the Sierra Nevada, 
contemporary fire patterns in the Sierra Nevada differ from those that occurred 
historically. The differences are in both overall proportion and patch sizes of stand-
replacing fire, which are in many cases greater for contemporary fires (Mallek et al. 
2013; Stephens et al. 2013, 2014). The proportion of stand-replacing fires and burn 
patch sizes also have been increasing in the Sierra Nevada from 1984 through 2010 
(Miller et al. 2009, Miller and Safford 2012, Steel et al. 2015). These changes in 
fire characteristics are driven by (1) fire suppression, which tends to constrain fire 
occurrence to burning primarily under the most extreme fire weather conditions 
because these are the conditions when a small minority of fires escape initial sup-
pression efforts (Finney et al. 2011), allows an increase in surface and ladder fuels 
to accumulate, and fosters increased connectivity and homogeneity of vegetation 
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 patterns (Collins et al. 2011, Hessburg et al. 2005, Parsons and Debenedetti 1979, 
Taylor et al. 2014); and (2) climate change, which has and will increase the length 
of the dry season, which increases both the risk and scale for high-severity fires 
(Collins 2014, Westerling et al. 2011). Further, projected increases in temperature 
and decreases in snowpack for the Sierra Nevada (Safford et al. 2012) are likely to 
result not only in a continued increasing trend in both patch size and proportion of 
landscape with stand-replacing fire but also an increasing potential for repeated 
stand-replacing fire, which can lead to vegetation type conversion (Stephens et al. 
2013). Current trajectories of fire size and impact, along with predicted doubling of 
predicted future fire likelihoods, suggest a future in which proportions of stand-
replacing fire in the Sierra Nevada exceed levels interpreted from historical data, 
regardless of sources. 

Postfire Forest Management 
A recent assessment of land cover change in California demonstrated that fire now 
accounts for a greater proportion of live tree mortality or “loss” than any other 
activity (e.g., timber harvesting, development) (Sleeter et al. 2011). Recent research 
has also demonstrated an increasing proportion of stand-replacing fires and fire 
patch sizes since 1984 (Miller and Safford 2012, Miller et al. 2009), which has 
raised concerns about what type of forest, if any, will be reestablished following 
stand-replacing fire. Recent studies from the northern Sierra Nevada and southern 
Cascade Range found very low natural conifer regeneration in areas affected by 
stand-replacing fire up to 11 years following the burn (Collins and Roller 2013, 
Crotteau et al. 2013). The low conifer regeneration has been attributed mainly to the 
lack of direct mechanisms for seed persistence or dispersal into large stand-replac-
ing patches (Barton 2002, Goforth and Minnich 2008, Keeley 2012). This suggests 
that frequent fire intervals for high-intensity fires result in slow and uncertain 
reforestation of conifer forests, which is particularly evident for pine species (Col-
lins and Roller 2013). If the desired condition for mixed-conifer forests affected by 
stand-replacing fire is to have mixed-conifer forests return within several decades, 
then some management intervention may be necessary, particularly by planting pine 
species, to ensure greater future fire resilience. 

Harvest of fire-killed trees (salvage) commonly accompanies reforestation 
efforts in burned areas. Salvage can have a range of ecological effects depending on 
the extent of burn area harvested and the removal method (i.e., whole tree harvest, 
cut to length, etc.). Management objectives for salvage-harvesting include recover-
ing economic value of timber (Sessions et al. 2004), increasing personnel safety for 
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reforestation efforts, and reducing large woody surface fuel accumulation (Peterson 
et al. 2015, Ritchie et al. 2013, Zhang et al. 2008), which can increase fire resilience. 
Although salvage-harvesting generally achieves these objectives, it has fewer short-
term (<10 years) ecological benefits (Long et al. 2014, Peterson et al. 2009, Ritchie 
and Knapp 2014). In particular, there can be negative impacts on habitat, including 
the removal of snags, which also ultimately reduces coarse wood on the forest 
floor (Swanson et al. 2011). Over the long term (>30 years), the tradeoffs of salvage 
harvesting versus leaving fire-killed stands unaltered are less clear. A salvage- 
harvested and reforested area may return to mature conifer forest more quickly 
than an unaltered burned area, but could lead to a loss of habitat diversity over the 
landscape if large areas are planted using conventional techniques (i.e., equal spac-
ing among planted trees). 

However, stand-replacing fire facilitates development of alternate vegetation 
types (e.g., montane chaparral or California black oak forests [Quercus kelloggii 
Newberry]), which may be underrepresented in many contemporary landscapes 
(Cocking et al. 2012, 2014; Nagel and Taylor 2005). Spatial scale is a critical consid-
eration when balancing these tradeoffs. For example, if patches of stand-replacing 
fire are large (e.g., >200 ha [500 ac]) and left unaltered, the potential for coloniza-
tion by montane chaparral across the entire patch is high (Collins and Roller 2013, 
Conrad and Radosevich 1982, Crotteau et al. 2013, Goforth and Minnich 2008), 
resulting in a homogenization of landscape vegetation rather than increasing vegeta-
tion diversity. 

Climate Change 
General climate change model projections for the Sierra Nevada have temperatures 
increasing 3 to 6 °C (5.2 to 10.4 °F) during the 21st century (Cayan et al. 2013). 
Precipitation models differ, with some predicting increases and others decreases 
in net precipitation (Cayan et al. 2013). These models, however, mask consistent 
predictions of decreased winter snowpack and increased ecosystem moisture stress 
(Cayan et al. 2013), accompanied by an increase in the frequency of extreme cli-
matic events (droughts as well as flooding) (Gershunov et al. 2013). These climate 
change models consistently suggest that by the late 21st century, the Sierra Nevada 
will experience (1) a decreasing fraction of its annual precipitation as snow, and 
hence loss of snowpack; (2) increasing temperatures that will increase dry season 
soil moisture stress (climate water deficit [CWD]); (3) a higher fraction of annual 
precipitation in fewer storm events; (4) an increased frequency of drought, and (5) 
a lengthening of the fire season because of earlier onset and later ending of warm, 
dry conditions. 
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There are several ways to project the potential consequences of a changing 
climate on the distribution of Sierra Nevada vegetation types. One approach to 
projecting future ecosystem composition as a consequence of climate change is to 
project the future distribution of forest types. Ecosystem models, such as the MC1 
model (Lenihan et al. 2008), are used to project the distribution of ecosystems into 
the future. The results of these models suggest upward shifts in most vegetation 
types, loss of subalpine forests, and massive forest conversion from types that now 
dominate to those characteristic of warmer and drier environments. 

Another approach uses simple climatic envelope modeling to identify locations 
where current forest cover is projected to fall outside historical climatic parameters 
for that forest type (Schwartz unpublished data). These models also predict signifi-
cant reorganization of forested ecosystems during the next century as warmer and 
drier conditions prevail, driving upslope expansion of grassland, savannah, and 
shrub-dominated ecosystems. This approach identifies the climatic attributes that 
describe present occurrences of each ecosystem type, and then overlays climate 
projections for different periods into the future (e.g., 2040–2070) onto sites to 
identify when and where instances of an ecosystem type are projected to no longer 
be within a suitable climate space for that ecosystem. 

Changing climates are relevant to risk of fire, and all projections of future fire 
conditions that consider climate models predict a near doubling of fire likelihoods 
(e.g., Westerling et al. 2011). With fire extent, severity, and frequency already 
increasing in many places (Miller and Safford 2012, Miller et al. 2009), fire is 
likely to influence changes in forest cover types. Site type change from repeated 
high-severity fire is already occurring (Stephens et al. 2013). Future changes may 
be driven by voluntary recruitment or as an active adaptation strategy by planting 
different species in an effort to create more resilient forests. Vegetation models 
suggest that many portions of the mid-elevation conifer zone will be vulnerable to 
such changes. 

Upper montane forests will likely also undergo significant changes (North et 
al. 2016). Modeling of predicted conditions in the Lake Tahoe basin suggests that 
forested areas that would not have benefited greatly from fuels treatments in the 
20th century owing to low fire activity may need significant fuels treatments by the 
end of this century because of projected increase in fire activity (Loudermilk et 
al. 2013, 2014). Modeling also suggests that fire activity will increase significantly 
because of longer fire seasons that will allow more widespread fire ignitions from 
lightning (Yang et al. 2015). An analysis of trends in the upper elevation of burn 
areas over the past several decades suggests that wildfires may already be increas-
ing in frequency in upper montane forests (Schwartz et al. 2015). 
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Increasing frequency and intensity of drought result in increased tree stress and 
have been implicated in widespread increases in large tree mortality (Dolanc et al. 
2014, McIntyre et al. 2015, van Mantgem et al. 2009). Climate change projections of 
forest ecosystems (Lenihan et al. 2003), forest communities (Schwartz, unpublished 
report)  and tree species (McKenzie 2010) all suggest that existing mid-elevation 
coniferous forests are poised for conversion to other forest types over much of their 
current distribution, given drivers such as wildfire. Pests and pathogens as drivers 
of forest change may also be increasing (e.g., Smith et al. 2005). Collectively, these 
trends strongly suggest that, under current management practices, all mid-elevation 
coniferous forests are threatened with conversion to vegetation characteristic 
of warmer, drier, and more frequently burned types such as montane chaparral, 
mixed-hardwood forests, and even grasslands (Lenihan et al. 2008). 

Putting these predictions into context, however, requires understanding of the 
spatial resolution of climate projections. Projecting future climate is done using 
one or more “general circulation models” (GCMs) (IPCC 2013). Although the list 
of GCMs continues to grow (>15), each GCM is a complex multivariate simulation 
of future climate on a global scale (IPCC 2013). The global nature of these models 
is such that they might not capture local processes well, even after downscaling 
(Gershunov et al. 2013). Although multiple models provide the opportunity to 
estimate variance in outcomes, they are likely to underestimate the true uncertainty 
with respect to climate futures. The variation among interrelated and nonindepen-
dent global models does not allow capturing the range of variability that might be 
expected in future climates. Further, microscale variation projections (e.g., cold 
air drainages) are locally downscaled under the general assumption that current 
patterns of local variation will be the same in the future. Hence, cold air drain-
ages remain cold air drainages. Finally, we have a relatively poor understanding of 
forest soils in the Sierra Nevada and an equally poor understanding of the way that 
soils modify the extent to which changing climate will be expressed by changing 
forest composition, structure, and function. The consequence of this fine-scale 
uncertainty is that despite strong predictions of major forest changes in response 
to climate predictions at large spatial scales, there are likely to be refugia where 
cooler, moister forest types may persist. Identifying and conserving forests in these 
refugia might help provide long-term owl habitat even under accelerating changes 
in climate conditions. 

Projections of forest change suggest that under warmer and drier future climate 
scenarios, all Sierra Nevada forest types are at risk of conversion to some other 
plant community over the majority of their current distributions. This includes 
the mid-elevation coniferous forests upon which California spotted owls currently 
depend. Many currently forested regions of the Sierra Nevada are predicted to be 



134 

GENERAL TECHNICAL REPORT PSW-GTR-254

shrub or grassland dominated in the future. Models of late 21st century climate also 
suggest a future replete with unique combinations of species pools, climate, and 
disturbance regimes on the complex mixes of Sierra Nevada geologic substrates. 
The result is many regions may experience conditions that have no strict analogs 
in the past. This reduces our capacity to predict how they may respond. Forests in 
some geographic locations (e.g., drainage bottoms) may persist; others (e.g., south-
facing slopes) may undergo pronounced shifts in environmental conditions and thus 
be more likely to change in structure and composition. 

The forests of the Sierra Nevada are complex in composition, structure, and 
function. This complexity reflects wide variation in environmental conditions at 
both local and regional scales, rich floristic diversity, and a highly varied history of 
natural and human disturbances (Franklin and Fites-Kaufmann 1996). The role of 
geological and climatic diversity in creating this complex mosaic of vegetation is 
prominent. It is this very complexity that may provide an opportunity to ameliorate 
the potential for total conversion through forest management. 

Future Management of Mid-Elevation Forests 

If owl habitat has improved as a result of fire suppression, such improve-
ment may well be illusory and short-lived. Fire is inevitable in these forests, 
and the probability of catastrophic fire—certainly one of the greatest 
threats to owl habitat—increases as surface fuels and ladder fuels continue 
to accumulate. Overly dense stands are subject to extensive mortality from 
drought and insects, including loss of the most desirable large, old trees—a 
management policy characterized as ‘hands-off plus fire exclusion’ (allow 
forest succession to proceed uninterrupted by periodic natural disturbances) 
would likely lead to degraded and depauperate, rather than healthy and 
biologically diverse, ecosystems (Weatherspoon et al. 1992: 253). 

Currently, mid-elevation forests in the Sierra Nevada are prone to high-severity 
fire, drought stress and loss of large trees, and climatically driven vegetation 
changes. Hands-off management is likely to perpetuate the compromised resilience 
of mid-elevation forests. Active management that decreases fuel loads and stand 
density can help reduce wildfire severity, water competition, and slow vegeta-
tion change. These active management choices may also affect forest conditions, 
particularly in dense stands with high canopy cover, that have been associated 
with preferred spotted owl habitat. New management practices are needed that can 
accommodate the multitude of management objectives that include fuels reduc-
tion, forest resilience, and some high canopy cover forest conditions (McKelvey 



135 

The California Spotted Owl: Current State of Knowledge

and Weatherspoon 1992). Some studies have suggested this can be accomplished 
by increasing structural heterogeneity associated with ecosystem resilience in 
fire-dependent forests (Churchill et al. 2013, Lydersen and North 2012, North 
et al. 2009, Stephens and Gill 2005, Stephens et al. 2007). New management 
practices now attempt to realign forest conditions with their historical variability 
using existing stand structure (“what you’ve got to work with”) and topography to 
structure management actions. Topography is used because it is closely tied to two 
key processes that seem to strongly influence forest conditions: local productivity 
(associated with water availability) and fire regime. 

Creating Forest Heterogeneity 
Forest heterogeneity at the landscape level in the Sierra Nevada is strongly influ-
enced by water availability (Tague et al. 2009) as measured by CWD (the difference 
between potential and actual plant evapotranspiration). Stephenson (1998) first 
proposed that topographic differences in plant water availability (actual evaporative 
transpiration [AET) and CWD determined forest type and productivity. Subsequent 
modeling found general agreement between predicted and actual forest conditions 
in the southern Sierra Nevada using just AET and CWD (Miller and Urban 1999a, 
1999b). For example, fir-dominated forests are usually most abundant where water 
availability is high (such as on deep soils with their high water-holding capacities); 
whereas pine-dominated forests are most abundant where water availability is low 
(such as on shallow soils or in rain shadows) (Fites-Kaufman et al. 2007, Meyer 
et al. 2007, Stephenson 1998). Slope steepness and slope position (e.g., ridgetop, 
midslope, valley bottom) are also important factors, as they affect the reception and 
retention of both meteoric waters and water flowing above, within, and beneath the 
soil. Recent large-scale analysis of forests in Yosemite National Park using light 
detection and ranging found CWD to be the best predictor of forest conditions, 
including canopy cover (Kane et al. 2013, 2014, 2015a, 2015b). 

Although overstory forest patterns seem to be associated with CWD, under-
story conditions are strongly shaped by fire. Lydersen and North (2012) assessed 
a wide topographic distribution of forests with restored fire regimes. They found 
that fire history had the strongest influence on understory stand structure. Small-
tree density decreased and shrub cover increased with the increased fire severity 
and frequency that tend to occur on upper slope and ridgetop locations (Lydersen 
and North 2012). Consistent with other studies, they found that overstory forest 
conditions were associated with topographic differences in CWD (Lutz et al. 2010). 
The greatest densities of large, overstory trees, high total basal area and canopy 
cover, and an abundance of large snags and logs were in more mesic, productive 
sites such as lower slopes and riparian areas, which have lower CWD. This high 
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biomass forest structure existed in these topographic positions regardless of fire 
history. These findings suggest that CWD and fire intensity strongly influence 
forest overstory and understory conditions, respectively. Topography’s influence 
on these two factors appears to produce the heterogeneity characteristic of mon-
tane forest landscapes (Lydersen and North 2012, Taylor and Skinner 2003). It 
also provides a means to estimate which areas in the landscape had the high stem 
density and canopy closure conditions that might support species associated with 
these conditions (Taylor and Skinner 1998). Underwood et al. (2010) tested this idea 
using fisher and California spotted owl radiotelemetry locations. They found higher 
than expected use of topographic areas associated with higher productivity, forest 
biomass, and canopy cover such as found in canyon bottoms, lower slopes, and 
northeast aspect positions. 

Heterogeneity within frequent-fire forest types across the Western United 
States has recently been examined using a meta-analysis of historical forest struc-
ture (Larson and Churchill 2012). The within-stand structure has been character-
ized as containing three main conditions: individual trees, clumps of trees, and 
openings or gaps (ICO) (Abella and Denton 2009, Churchill et al. 2013, Larson and 
Churchill 2012, Larson et al. 2012, Sánchez Meador et al. 2011). In this pattern, 
openings may inhibit crown-fire spread under most (less than severe) weather con-
ditions (Agee et al. 2000, Agee and Skinner 2005, Stephens and Moghaddas 2005) 
and may be as effective as fuel breaks with regularly spaced trees with wide crown 
separations (Kennedy and Johnson 2014, Ritchie et al. 2007). The variable micro-
climate and vegetation conditions between the three conditions may also provide 
greater habitat diversity for both plants and animals (Roberts et al. 2015). Recent 
work in the Sierra Nevada using a rare stem map from 1929 has quantified an ICO 
pattern in mixed-conifer forest (Lydersen et al. 2013). This work provides measures 
of the relative proportions, sizes, and compositions of each of the three conditions, 
individual trees, clumps of trees, and openings within active-fire forests. Because 
stand conditions with an active fire regime vary with topography (Lydersen and 
North 2012) and different forest types, this single study with a small sample size 
might be used with caution until more research has been completed. 

The openings in an ICO pattern may also increase forest drought resilience. 
Models suggest that openings could increase soil moisture (Bales et al. 2011) 
because more snow reaches the forest floor, melting into the soil instead of being 
intercepted in tree crowns where some of the snow directly sublimates back into 
the atmosphere (Molotch et al. 2007). Although montane forests are adapted to 
annual drought stress characteristic of Mediterranean climates, periods of multiple, 
consecutive dry years can have major impacts (e.g., Guarin and Taylor 2005). For 
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example, there was substantial mortality of conifer trees in the San Bernardino 
Mountains after the drought of the late 1990s and early 2000s. In the absence of fre-
quent fire, increases in forest density result in greater competition for scarce water 
(Dolph et al. 1995, Innes 1992). A major concern is potential increases in older tree 
mortality because large trees are often more prone to drought-induced mortality 
(Allen et al. 2010). Some studies have found higher than expected mortality rates in 
large trees (Dolph et al. 1995, Lutz et al. 2009, Ritchie et al. 2008 Smith et al. 2005). 
Research has not yet been conducted about whether ICOs reduce drought stress in 
adjacent tree groups. However, current large-tree mortality rates (van Mantgem and 
Stephenson 2007, van Mantgem et al. 2009) suggest that a ”leave-it-alone” forest 
management policy that does not reduce stand density could contribute to the loss 
of old-growth trees (Fettig et al. 2008, 2010a, 2010b; Ritchie et al. 2008). 

There are many areas in the Sierra Nevada where mechanical treatment is 
currently infeasible (e.g., steep slopes, wilderness, roadless areas, etc.) (North et al. 
2015). An alternative is the use of managed fire, which is one of the most effective 
and efficient means of promoting forest resilience (Collins et al. 2009, North et al. 
2012). Although first-entry burns may actually increase fire hazard because of tree 
mortality and vigorous shrub regrowth (Schmidt et al. 2008, Skinner 2005), sub-
sequent low-intensity burns can often produce greater heterogeneity and are more 
effective at reducing surface fuels than mechanical treatments. However, using fire 
in forests that have imbedded human development has significant risks. These risks 
include potential impacts to people and property from smoke production, reduced 
recreation opportunities, inadequate personnel to conduct and monitor fires, 
liability for fire escapes, and risk-adverse policies and institutions. Many of the 
issues relating to fuel treatment intensity and fire use are inherently social in nature 
(McCaffrey and Olsen 2012). In the future, managed fire may be more widely used 
but will probably be relegated to more remote areas where potential effects on rural 
communities are greatly reduced. 

Chapter Summary 
The processes that influence the distribution and dynamics of forests in the Sierra 
Nevada occur across large landscapes and multiple land ownerships. Yet, public 
land agencies struggle to coordinate management strategies and actions across man-
agement units, as well as ownership boundaries. A regional strategy to manage for 
the long-term viability of mid-elevation coniferous forests that accounts for climate 
change and fire-resilient forest ecosystems would be an important and valuable step 
toward these desired outcomes. 
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The mid-elevation coniferous forests of the Sierra Nevada, in their entirety, are 
highly threatened with conversion to warmer, drier adapted vegetation types. The 
drivers of this forecasted change are the synergy of warming and drying climate, 
unsustainable and unprecedented densities of trees, ensuing drought-induced stress, 
and increasingly severe wildfires. Large fires such as the Rim Fire in 2013 (100 000 
ha [250,000 ac]) and the King Fire in 2014 (40 000 ha [100,000 ac]) have resulted in 
dead tree swaths (i.e., at or close to 100 percent mortality) of unprecedented size in 
the mid-elevation zone in just the past two years. Even larger fires have occurred in 
the Western United States in recent decades and are plausible for the Sierra Nevada. 
With climate change models predicting significant increases in fire probabilities 
(as much as double current probabilities) during this century, and increasing fuel 
loads, the prospect of large-scale, stand-replacing fire effects that affect significant 
portions of the lower and middle elevations of the Sierra Nevada over the next few 
decades is an increasing possibility. These conditions pose significant challenges 
to land managers because efforts to maintain current forest conditions are likely 
to fail. This represents a severe threat to sustaining old-growth habitat conditions 
associated with the spotted owl. 

Our survey of forest change from historical to current conditions, and discussion 
of drivers of change, suggest there are significant management challenges in main-
taining a well-connected network of closed-canopy mid-elevation conifer stands. 
We focus on five fundamental conclusions regarding the response of mid-elevation 
coniferous forests to contemporary and anticipated future drivers of change in the 
Sierra Nevada. First, based on our collective knowledge of pre-European forest 
structure and composition, the heterogeneity of historical forests likely provided a 
variety of conditions, including patches of forest vegetation that were suitable for 
species requiring high densities of large trees. However, the size and connectivity of 
high-density patches of medium to larger trees (i.e., 27 to 60 cm [11 to 24 in] d.b.h 
and >60 cm [24 in] d.b.h) in the Sierra Nevada under an active fire regime was likely 
much smaller than it is currently. These largely second-growth trees have grown and 
expanded on the landscape after most of the very large trees (i.e., >100 cm [40 in] 
d.b.h) were removed and fire suppression reduced young tree mortality. 

Second, changing climate and increasing severity of wildfires threaten to 
decrease the current extent and connectivity of mature, dense stands. Third, man-
agement decisions predicated on reducing proximate threats to ecosystems (e.g., 
large-scale stand-replacing fire) by reducing fuels and tree density will result in 
some decreases in the concentration of high-density, mature-tree patches. Current 
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management on NFS lands predominantly consists of protecting remaining high-
priority pockets of suitable habitat while reducing fuels over broader landscapes. 
These fuel treatments have been applied on only small portions of the landscape 
(North et al. 2012, 2015) and have been inadequate in preventing large patches of 
stand-replacing fire. In contrast, the strategic and careful reduction of continuous 
high fuel loads in portions of high-density, mature forests by mechanical thinning 
and prescribed fire may reduce the risk of stand-replacing fire and forest type 
conversion. This fuel reduction effort would sustain larger forested landscapes 
that include suitable nesting, roosting, and foraging habitat. Ecosystem response 
models to changing climates suggest that stand-replacing fire will result in conver-
sion of significant amounts of mid-elevation mixed-conifer forests to hardwood, 
scrub, and grassland vegetation. Based on modeling, conservation strategies for the 
fisher (Martes pennanti), another threatened species in the southern Sierra Nevada, 
project similar habitat loss because of climate- and disturbance-driven changes in 
forest conditions (Scheller et al. 2011, Spencer et al. 2010, Syphard et al. 2011). A 
calculated response to restore resiliency at a landscape scale is necessary to main-
tain a network of mature, closed-canopy coniferous forests in the Sierra Nevada. 

Fourth, owing to different management priorities on private lands and con-
straints on mechanical thinning in national parks, the opportunities for meaningful 
long-term ecosystem management experiments may be largely limited to lands 
managed by the USFS. Evaluation of forest-restoration approaches will depend 
upon actually using adaptive management strategies and incorporating scientific 
support needed to monitor management effectiveness and inform changes to 
improve success (Gutiérrez et al. 2015). Further, all federal land managers are 
faced with demanding management objectives (e.g., clean air, water provisioning 
to lowlands, minimizing human risk, maintaining species diversity and ecosystem 
integrity) such that ecosystem-driven objectives that reduce specific attention to 
any individual species are favored. 

Fifth, there is inadequate understanding of the degree to which California 
spotted owls would be affected by the predominant ecosystem-based approaches to 
managing for fire and adapting to climate change. A silvicultural strategy that cre-
ates a mosaic of different density patches (e.g., North et al. 2009) is currently viewed 
by some as the best opportunity to preserve some intact old-growth, legacy forests 
in the Sierra Nevada. An ecosystem-based forest restoration strategy that prioritizes 
resilience to fire and changing climates appears to offer a defensible approach to the 
dilemma that western coniferous forests face in the coming decades. 
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Appendix 5-1: Information on Source and Data Quality 
Issues for Timber Harvest Volume, Silvicultural 
Prescriptions, and Habitat Data 

Introduction 
Assessing past trends and current status of timber harvest volume, number of 
treated acres, and predominant silvicultural prescriptions used, and the distribution 
and amounts of important California spotted owl (Strix occidentalis occidentalis) 
habitat types across the Sierra Nevada are a fundamental component for evaluating 
conservation status. This appendix identifies the data sources for the information 
summarized in chapter 5 for the above metrics. As described in the following sec-
tions, each data set has strengths and limitations as to completeness or accuracy of 
the data that must be considered when drawing inferences. Nevertheless, these data 
provide the sole sources of currently available data that provide valuable insight and 
information on trends and status of forest management treatments and habitat status. 

Trends in Timber Volume Harvested From the Sierra Nevada: 
1994–2013 
Annual summaries of timber volume harvested from public and private lands by 
county in California are available from the California State Board of Equaliza-
tion, Timber Tax Program, 2014. Annual summaries are available for 1994–2013, 
consisting of nonspatial, tabular data reporting annual timber volume harvested in 
thousands of board feet by county. Counties were filtered to include only those that 
intersect any portion of the California spotted owl range in the Sierra Nevada as 
determined using the species distribution map maintained by the California Wild-
life Habitat Relationships Program, California Department of Fish and Wildlife. 
Because the timber volume data are nonspatial, some portion of the volume was 
harvested from county areas outside of the range of the California spotted owl. 

Patterns in Silvicultural Prescriptions on National Forest Lands: 
1990–2014 
Prior to 2002, forest management treatments on national forest lands were tracked 
using the Stand Record (SRF) system. The SRF was a nonspatial, tabular database 
that recorded acres treated by silvicultural prescription by U.S. Department of 
Agriculture Forest Service (USFS) management unit (national forest and ranger 
district). Beginning in 2002, the USFS switched to use of the Forest Activity C 
Tracking System (FACTS) system for recording forest management treatments 
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and activities. The FACTS is a spatial database that records the footprint of timber 
management activities as well as acres treated by silvicultural prescription by 
management unit. Efforts have been made to generate and incorporate spatial data 
for forest treatments conducted prior to 2002, but not all projects have been entered 
into the database, and some unquantified proportion of the total area treated prior 
to 2002 is not spatially mapped. Thus, available information on USFS treatments 
consists of a complete tabular, nonspatial summary of activities from 1990 through 
2014 by national forest and ranger district (though October 2014). Spatial data on 
treatment type, amount, and location are complete from 2002 through 2014. Spatial 
data are incomplete for 1990–2001 and include some unquantified proportion of the 
actual activities.1 The nonspatial data provides insight into the acres treated by silvi-
cultural prescription and trends in the use of different silvicultural prescriptions over 
time during 1990–2014 on national forests that intersect any portion of the range of 
the California spotted owl in the Sierra Nevada (Sequoia, Sierra, Stanislaus, Inyo, 
Eldorado, Tahoe, Plumas, and Lassen National Forests, and the Lake Tahoe Basin 
Management Unit). Treated acres on some national forests are located outside of the 
range of the spotted owl so not all treatments occurred within the range of the owl. 
Numbers reported consist of the number of acres accomplished. The spatial data 
provide opportunity to assess treatment acres and silvicultural prescriptions used 
within the range of the California spotted owl in the Sierra Nevada as determined 
by using the species distribution map maintained by the California Wildlife Habitat 
Relationships Program, California Department of Fish and Wildlife. However, the 
spatial data are incomplete for 1990–2002, and thus summaries based on the spatial 
data do not include all acres treated during the 1990–2002 period. 

Patterns in Silvicultural Prescriptions on Private Industrial Forest 
Lands: 1990–2013 
Information on acres treated by silvicultural method on private industrial timber-
land and nonindustrial private lands is available in the CALFIRE Forest Practice 
Database managed by the California Department of Forestry and Fire Protection. 
Nonspatial, tabular data are available to assess acres by silvicultural prescription by 
county for the 1990–2013 time period. Counties were filtered to include only those 
that intersect any portion of the California spotted owl range in the Sierra Nevada 
as determined using the species distribution map maintained by the California 

1 Sherlock, J. 2015. Personal communication. regional silviculturalist, USDA Forest 
Service, Pacific Southwest Research Region. 
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Wildlife Habitat Relationships Program, California Department of Fish and Wild-
life. Because the timber volume data are nonspatial, some portion of the volume 
was harvested from county areas outside of the range of the California spotted owl. 
Spatial data on private industrial forest land silvicultural treatments are available 
for the 1997–2013 period. This database includes all acres approved and completed 
for treatment under all timber harvest plans (THPs) approved beginning in 1997 
and extending through 2013. However, this database does not include acres that 
were approved in THPs prior to 1997, yet the actual on-the-ground projects were 
conducted after 1997. A review of the 1997–2013 database indicates that most 
treatments are completed 4 to 6 years after approval, but that many acres are not 
reported as completed until 6 to 12 years after approval. Thus, the spatial data 
include all acres approved/or completed for 1997–2013 THPs, but more acres were 
actually treated then are shown because of pre-1997 THP acres not being included 
in the database. 

Status and Trends in California Spotted Owl Habitat 
in the Sierra Nevada 
The only source of information on the current distribution and abundance of Cali-
fornia spotted owl habitat across the owl’s range in the Sierra Nevada is provided 
by the existing vegetation classification and mapping (EVEG) map maintained by 
the Remote Sensing Laboratory, Pacific Southwest Region, USFS. The EVEG map 
stiches together map products developed using different imagery and methods at the 
national forest and national park scale to provide a bioregional-scale map product of 
habitat across the Sierra Nevada. No formal accuracy assessments have been con-
ducted to validate the map across the bioregion or to resolve differences in habitat 
classifications resulting from different mapping approaches using different imagery 
at different spatial and temporal scales. Thus, inferences about habitat amounts and 
distributions should be tempered until formal accuracy assessments are completed 
to validate map accuracy and consistency across the Sierra Nevada. Nevertheless, 
these data provide the sole source of information on current amounts of California 
spotted owl habitat across the Sierra Nevada. 




