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FIGURE 21.29

Division of landscape into
polygons that vary in patch
pattern and contribution to
late successional forest
function.

or 5s) within large polygons that had low to medium ratings (1s to 3s) in terms of their contribution to late-successional forest conditions. Such occurrences provided the
possibility that important but small areas of high-quality
late-successional forest could be “lost” from view. As a result of these comments, additional analyses were conducted
to determine how many 3-ranked polygons that had significant patches (e.g., greater than 10 or 25% by area) of
higher-rated forest conditions and where they were located.
This information already existed in the database and was
ultimately utilized in development of alternative management scenarios (Franklin et al. 1996).
5. Final revision of the maps was conducted by SNEP team
members following these review processes. Individuals
with primary responsibility for this activity were Franklin
and Fites-Kaufmann.

PRODUCTS OF THE ASSESSMENT
Primary products of the assessment of late-successional and
old-growth (LS/OG) forest conditions in the Sierra Nevada
are maps showing the boundaries and ratings for the landscape units (LS/OG) polygons and a database providing information on the patch types and their characteristics for each
polygon. Both of these products are available in digitized form.
LS/OG maps have been produced for both individual management units and for the entire Sierra Nevada. Maps for the
major public land units (national forests and parks) have been
produced at the scale of 1/2"=1 mile and provide more detailed information on polygon boundaries. This information
has also been aggregated to produce generalized maps at the
scale of the entire Sierra Nevada. Two versions of these Sierrawide maps are reproduced as plates 21.2–21.6. Both versions
are based upon the Sierra-wide structural standard; plate 21.2
provides an overview of conditions throughout the Sierra Nevada while plates 21.3–21.6 provide a more detailed, enlarged
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Distribution of polygons on federal lands throughout the Sierra Nevada color-coded as to their degree of LS/OG structural complexity and contribution to late successional
forest function (rangewide structural standard).

P L AT E 2 1 . 3

Map of the northern section of the Sierra Nevada showing the distribution of polygons on federal lands color-coded as to
their degree of LS/OG structural complexity and late successional forest function (rangewide structural standard).

P L AT E 2 1 . 4

Map of the north-central section of the Sierra Nevada showing the distribution of polygons on federal lands color-coded as
to their degree of LS/OG structural complexity and late successional forest function (rangewide structural standard).

P L AT E 2 1 . 5

Map of the south-central section of the Sierra Nevada showing the distribution of polygons on federal lands color-coded as to
their degree of LS/OG structural complexity and late successional forest function (rangewide structural standard).

P L AT E 2 1 . 6

Map of the southern section of the Sierra Nevada showing the distribution of polygons on federal lands color-coded as to
their degree of LS/OG structural complexity and late successional forest function (rangewide structural standard).

647
Assessment of Late-Successional Forests of the Sierra Nevada

of Bureau of Land Management polygons reflects the highly
fragmented nature of public domain lands. Polygons are generally much larger on the eastern than on the western side of
the Sierra Nevada; this was expected since forest stand conditions tend to be much more uniform over large areas east of
the Sierra Nevada due to both topographic conditions and
management history; good examples are the Modoc National
Forest and northeastern halves of the Lassen and Plumas National Forests.

TABLE 21.2

Number and average size of polygons by administrative
unit.
Acres
Mapped

Number of
Polygons

Acres per
Polygon

774,929
2,108,445
1,454,149
340,306
1,602,733
1,474,914
1,185,689
1,409,418
957,588
1,127,435
1,041,264
105,400
863,025
751,592
133,907
23,857

179
302
219
26
140
214
209
148
281
152
38
33
179
280
412
49

4,329
6,982
6,640
13,089
11,448
6,892
5,673
9,523
3,408
7,417
27,402
3,194
4,821
2,684
325
487

15,354,652

2861

5,367

Administrative Unit
Eldorado NF
Inyo NF
Lassen NF
Lake Tahoe Basin MU
Modoc NF
Plumas NF
Sequoia NF
Sierra NF
Stanislaus NF
Tahoe NF
Toiyabe NF
Lassen Volcanic NP
Sequoia-Kings Canyon NP
Yosemite NP
Bureau of Land Management
California State Parks
All Units

L AT E - S U C C E S S I O N A L ,
I N C L U D I N G O L D - G ROW T H ,
CONDITIONS
This analysis of LS/OG conditions utilizes the database created in the LS/OG mapping and characterization exercise. Most
of the analysis is at the level of the polygons and only federal
lands and state parks are considered. The reader is reminded
that the scale of structural classes runs from 0 (no contribution
to late-successional forest function) to 5 (high level of forest
structural complexity and late-successional forest function).
The following analysis utilizes only the range-wide structural
ranking scheme in order to minimize the potential for misunderstandings with regards to the current extent of structurally
complex forest stands in the Sierra Nevada; concerns with regards to the series-normalized structural scale were noted in
the earlier section on mapping and polygon characterization.
Basic data for the LS/OG assessment are tabulated by structural class and forest type group in table 21.3.
Structural ratings provide the basis for judgments regarding the ability of a polygon to provide for types and levels of
late-successional forest functions. One example of such a forest function would be a polygon’s ability to provide habitat
for species which prefer or require LS/OG forest conditions,

view. A Sierra-wide map illustrating distribution of polygons
utilizing series-normalized ratings is provided in plate 21.7.
Databases include information for each polygon on the percentage of each major patch type and on tree composition,
structural conditions, disturbance history, level of fragmentation due to natural (e.g., rock outcrops) and human (e.g.,
clearcutting) causes, and other attributes recorded by the
mappers.
The polygon mapping and characterization exercise resulted in identification of 2,861 polygons with an average size
of 5,367 acres over the entire study area. Results appear to be
reasonably comparable across the management units in terms
of the size of polygon (table 21.2) with several caveats. Polygons are generally smaller on national and state park lands
than on national forest lands probably due to more detailed
knowledge of vegetative conditions. In contrast, the small size

TABLE 21.3

Percentage of polygons by major forest type group and late-successional forest ranking (rangewide structural standard) for all
national forest, national park, state park, and Bureau of Land Management lands.
Percent by Rank
Forest Type Group
Foothills Pine & Oak
Westside Mixed Conifer
White Fir
Red Fir
Jeffrey Pine
Subalpine
Eastside Pine
Eastside Mixed Conifer & White Fir
Pinyon & Juniper
Riparian Hardwood
All Forest Types

Total Acres Ranked

0

1

2

3

4

5

238,720
3,344,960
217,583
1,476,390
339,759
2,025,003
2,776,024
711,982
1,461,157
314,197

14
4
3
0
1
5
9
4
19
7

24
12
16
9
7
27
24
22
75
47

54
33
34
28
28
32
45
39
5
33

8
31
33
34
55
32
14
26
1
7

0
15
7
17
9
4
5
9
0
6

0
5
7
13
0
<0.5
2
0
0
0

12,905,775

5

20

32

28

10

4
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Distribution of polygons on federal lands throughout the Sierra Nevada color-coded as to major forest type group and degree of LS/OG structural complexity (seriesnormalized structural standard).
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such as the California spotted owl, pine marten, or fisher. Regulation of hydrogic regimes is another ecosystem function which
varies with both forest structure and composition. For example,
stands with high LS/OG structural ratings are likely to contribute less runoff during rain-on-snow flood events than forests on comparable sites but with lower structural ratings,
resulting in lower peak flood flows. This is because of several
processes, including patterns of snow interception and melt
and protection of snowpack within forest stands in old-growth
forests (Harr 1986, Harr, Coffin, and Cundy 1989).
The important findings with regards to LS/OG forest conditions in the Sierra Nevada are as follows:
There is relatively little high-quality late-successional forest remaining in the Sierra Nevada, particularly in the commercial forest
zones. Forests which have high levels of the structural complexity expected of fully functional LS/OG forests are not common. Only 14% of the polygons have a structural ranking of 4
or 5 in the current Sierran landscape (table 21.3).
Many more polygons—28% of the total—have a structural
ranking of 3. The large percentage of polygons with this ranking reflects several factors. In the case of the major commercial
types, polygons rated as structural class 3 represent several
different circumstances: 1) forests that have been selectively
logged at light to moderate levels; 2) productive forest sites on
which structurally complex, mature forests have regrown following earlier logging; or 3) naturally fragmented landscapes
in which structurally complex stands are interspersed with
nonforested areas. About half of the 3-ranked polygons have a
significant percentage of their acreage (>25%) in patches with
a structural rank of 4 or 5 (table 21.4); these are mostly polygons in productive Westside Mixed Conifer, White Fir, or Red
Fir forests.
Several of the major forest type groups do not have the
potential to produce stands structurally comparable to those
found on the most productive forest sites and therefore make
little contribution to highest ranked polygons although they
do contribute to the 3-ranked polygons (table 21.3). These include the Foothills Pine & Oak, Subalpine, and Piñon & Juniper type groups. Stands belonging to these forest types may
contain trees which are large or old or both and both the stands
and trees are important natural features of the Sierra Nevada

TABLE 21.4

Proportion of 3-ranked polygons with varying percentages of
included 4- and 5-ranked patches for several forest type
groups (rangewide structural standard).
Percentage of polygon
in 4- or 5-ranked patches
Forest Type Group

<5

5–25

25–50

>50

Westside Mixed-Conifer
Red Fir
Eastside Pine

59
48
60

9
20
23

18
13
12

14
19
5

even if they do not display the structural complexity characteristic of high-quality late-successional forest stands on more
productive sites. The low ratings for the Riparian Hardwood
type group in table 21.3 are not representative of structural
conditions found in this type; most riparian stands were actually included within polygons assigned to other types.
Commercially important forest types—such as the westside mixedconifer and eastside pine forests—are most deficient in high-quality
late-successional forest relative to their potential (table 21.3) and to
presettlement conditions. Among the commercial forest types
structurally complex forest stands are rarest in eastside ponderosa and Jeffrey pine forests; 78% of the Eastside Pine polygons have ratings of 0, 1, or 2 and less than 7% are rated at
structural class 4 or 5. About 14% of Westside Mixed Conifer
polygons are ranked as 4 or 5. Both type groups have been foci
for commercial forest harvest activities but differ in that the
Westside Mixed Conifer is well represented in national parks
while Eastside Pine is not; the significance of this is discussed
below.
There are several important factors contributing to the current condition of the Eastside Pine forests. Many of these stands
were logged very heavily between 1860 and 1900 to support
mining and railroad activities on the eastern slope of the Sierra Nevada—Comstock, Silver Mountain City, Bode, etc. Since
commercial forests were much less extensive than on the western slopes of the Sierra Nevada, these activities essentially
stripped many areas, such as the Lake Tahoe basin. Furthermore, most of the Eastside Pine stands are on gentle topography that is readily accessible to logging. Consequently, repeated
selective harvest has been widespread throughout eastside pine
forests for much of the last century.
The Westside Mixed Conifer type has also been subjected to
a long history of timber harvest utilizing both selection and
clearcut methods. Although 14% of the polygons assigned to
this type had structural rankings of 4 or 5, two-thirds of these
are found in national parks.
Among the forest types traditionally subject to significant
timber harvest, polygons assigned to the Red Fir type had the
highest proportions of structurally complex forest. Thirty percent of the Red Fir polygons had a structural ranking of 4 or 5
with another 34% in 3-ranked polygons (table 21.3). This probably reflects the less intensive history of logging in Red Fir
than in lower-elevation forest types.
Key structural features of late-successional forests—such as large
diameter trees, snags, and logs—are generally at low levels in the
forests of the Sierra Nevada. The low structural ratings for many
polygons reflects the widespread absence of key structural features of LS/OG forests, many of which are critical in providing for late-successional functions such as provision of habitat
for many elements of biological diversity (Graber 1996). A logical inference from both the rankings and the tabulated characterizations of the patches developed in the mapping exercise
is that large-diameter decadent trees and their derivatives—
large snags and logs—are generally absent or at greatly reduced
levels in accessible, unreserved forest areas throughout the Si-
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erra Nevada. This reflects the selective removal of the large
trees in past timber harvest programs as well as the removal of
snags and logs to reduce forest fuels due to wildfire concerns.
Snag removal programs have been underway on both public
and private lands for over 60 years and log reduction programs
have been underway for about half that period.
The inferences drawn from the SNEP LS/OG database are
consistent with those of McKelvey and Johnston (1992) who
compared current stand structure data from Westside Mixed
Conifer forests with data collected from sample plots on the
forest reserves at the beginning of the 20th century.
On the positive side, the forest cover of the Sierra Nevada is
relatively intact and most forest stands have sufficient structural
complexity to provide for at least low levels of late-successional forest function. Despite nearly 150 years of significant activity by
western man, there is still a high level of continuity in the forest landscapes (figures 21.26–21.28). Of course, there is substantial natural fragmentation of forests at higher elevations
(figure 21.13). However, high-contrast human fragmentation
due to settlement clearing, mining, logging, and other activities is relatively low, particularly in comparison with the highly
fragmented conditions on federal forestlands in Washington,
Oregon, and northwestern California. Differences between the
Sierran and Cascadian regions are clearly due to relatively recent introduction of modern clearcutting techniques on public
lands in the Sierra Nevada. Partial cutting has been the most
common harvest system on forestlands in the Sierra Nevada
up until the 1970s and some ranger districts initiated extensive clearcutting operations as recently as the early 1980s. In
contrast, dispersed patch clearcutting has been used almost
exclusively on federal timberlands in the Pacific Northwest
since the 1950s.
Other important factors contributing to the continuity of
forest cover in the Sierra Nevada are the significant recuperative ability of forests, especially on the productive mixedconifer sites, and active and successful reforestation programs
which converted many nonstocked and understocked lands
to fully stocked forest stands.
While forest continuity is high in the Sierra Nevada, as noted
above, the forest structure has been greatly simplified relative
to presettlement conditions so that these forests do not provide the same level of wildlife habitat and other ecological functions characteristic of high-quality LS/OG forests.
Nevertheless, the majority of forests do have sufficient structural complexity to provide for at least low to moderate levels
of LS/OG function. For example, about 75% of the forested
polygons have a structural ranking of at least 2 (table 21.3).
This rating indicates stand structural complexity comparable
to 1) a maturing forest stand in the Westside Mixed Conifer
zone which developed following clearcutting or 2) a stand
which has been subjected to intensive selective harvest of
larger-diameter trees. Forests of these types—with trees of at
least moderate diameter and moderate to high canopy coverage or forests with scattered large-diameter trees—are
widspread in the Sierra Nevada and provide at least some habi-

TABLE 21.5

Differences between adjacent national forests and national
parks in proportions of polygons with high rankings for latesuccessional forest function (rangewide structural standard).
Percentage of Polygons
Administrative Unit

3+4+5

4+5

Lassen National Forest
Lassen Volcanic National Park
Stanislaus and Sierra National Forests
Yosemite National Park
Sequoia National Forest
Sequoia–Kings Canyon National Park

31
64
33
54
24
38

5
35
9
22
9
18

All national forests
All national parks

32
50

9
21

All federal lands

34

11

tat and other ecosystem functions characteristic of late-successional forests.
High-quality late-successional forest areas (structural classes
4 and 5) do exist throughout the federal landbase. However,
there are significant differences in the amounts of such forest
among the federal management units (table 21.5).
National parks provide the major concentrations of high-quality
late-successional forests, especially at the landscape level, and, on a
percentage basis, have about twice as much highly-rated forest as
adjacent national forests (table 21.5). The major concentrations of
high-quality LS/OG forests associated with Yosemite, SequoiaKings Canyon, and Lassen Volcanic National Parks is apparent in plates 21.2, 21.3, and 21.4. When these properties are
compared with adjacent national forest lands the percentage
of structural class 4 and 5 is over twice as great on the national
park lands (table 21.5); similarly, the percentages of polygons
ranked as 3 or better is nearly twice as high on national park
lands. Timber harvest activities on the national forest lands
are almost certainly a major factor in these differences in structural complexity between adjacent national forests and parks.
The national park forests provide an important reference
point for presettlement levels of high-quality late-successional
forest in the Sierra Nevada. The percentage of polygons ranked
as structural classes 3, 4, and 5 found in national parks probably represents conditions that were general throughout the
Sierra Nevada in comparable forest types prior to initiation of
timber harvest and other modern human activities. There are
some factors that confound such an interpretation. For example,
it can be argued that fire control programs on national parks
have moved forests toward a more structurally complex state
(therefore reflecting an “unnatural” condition); i.e., an assertion that wildfire control has inflated the percentage of structurally complex forests. There are counter arguments, however.
For example, fire control programs have had as much effect on
national forest lands. More important is the fact that Sierran
stands subject to frequent to moderate fire regimes typically
display high levels of structural complexity. Hence, unless there
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was substantially more high-intensity stand-replacement fire
in the presettlement landscape then is currently believed, fire
control should not have significantly altered the collective percentage of polygons ranked as 3s, 4s, and 5s. Fire control could
have altered stand densities and shifted the average rating toward a higher value, however.
The distribution of national forest polygons with high-quality latesuccessional forest is not uniform; many high-ranked areas in the
northern and central Sierra Nevada are associated with major river
canyons. Many of the remaining high-quality LS/OG areas on
the Stanislaus, Eldorado, Tahoe, Plumas and Lassen National
Forests occur within the canyons of major river drainages along
the western edges of the national forests. Most remaining highquality LS/OG forest was expected to occur in more remote
locations within the center of the range. However, many steep
and relatively inaccessible canyons and canyon walls have escaped significant logging and contain good to excellent examples of structurally complex forest habitats. Polygons of this
type were mapped in the American, Feather, Yuba, Cosumnes,
Rubicon, Mokelumne, and Stanislaus River and the Mill and
Deer Creek drainages. Since such areas are often at the interface with rural and urban environments, wildfire is a major
concern if the high-quality LS/OG forest condition is to be
maintained.
Much of the highly-ranked late-successional forest on national
forest lands is unreserved and potentially available for harvest. About
half of the remaining structurally-complex forest on national
forest lands is unreserved, i.e., within the landbase potentially
available for harvest. For example, 46% of the Westside Mixed
Conifer polygons ranked as structural classes 4 and 5 are in
the “suitable” land class under current national forest plans
and therefore available for harvest. The comparable figure for
polygons assigned to the Red Fir type is 30% of the 4- and 5ranked polygons in the suitable landbase. Conversely, there is
very little high-quality Westside Mixed Conifer forest found
within congressionally reserved areas, such as Wilderness,
except for the national parks. The percentage of high-quality
LS/OG forests available for timber harvest would be less under the preferred alternative in the California spotted owl EIS
(USDA Forest Service Pacific Southwest Region 1995).
We conclude this section on results with some general observations on forest health in the Sierra Nevada. These are
based upon several sources of information including the LS/
OG database, current research by the second author, and observations and photographs made during evaluations of the
LS/OG maps, including extensive low-elevation flights over
the Sierra Nevada.
Forest health in the Sierra Nevada Range is generally good; problem areas are localized. Most forest stands in the Sierra Nevada
appear to be healthy; i.e., levels of mortality due to insects and
disease are at levels that are normal or near normal for natural
stands. Catastrophic mortality of trees in forest stands is found
in particular localities many of which are close to the margins
of the forested zones, i.e., near the lower elevation transitions
between forests and savannas or nonforested vegetation. This

is predictable since greater physiological stresses occur at such
locations during periods of drought such as was recently experienced. The ecotonal areas are also the sites where some of
the greatest shifts in stand density and composition have occurred as a result of fire suppression.
Forests along the eastern face and forest margins of the Sierra Nevada are the most common locale of stands which are
undergoing (or have already undergone) catastrophic mortality. Examples of such stands are found on portions of the Inyo,
Toiyabe, Plumas, and Lassen National Forests and in the Lake
Tahoe Basin Management Unit. In many of these stands the
bulk of the mortality has been in the white fir component (figure 21.30) although other species have also undergone significant mortality.
Many forests and woodlands along the western boundary
of the southern Sierra Nevada have also undergone high levels of mortality, particularly of pine trees. Air pollution is an
important factor in this part of the Sierra Nevada (Cahill et al.
1996) in addition to stresses associated with drought cycles.
Conditions of stand collapse are not widespread at this time,
however.

DISCUSSION OF FINDINGS AND
I M P L I C AT I O N S F O R
M A N AG E M E N T
Limitations in Local Application of Database
There are limitations in how the information from this assessment can be applied. Users need to recognize that the objective of the assessment is to provide information for use in
development and evaluation of policy scenarios at the scale of
entire Sierra Nevada, not as a basis for site specific projects.
Consequently, the databases need to be utilized with caution
in interpreting localized conditions. Databases and maps should
not be utilized for local management purposes without additional
ground-based measurements. Detailed on-the-ground examinations are important in assessing the appropriateness of polygon boundaries, patch characterizations, and overall rating of
forest structure and function from the standpoint of late-successional species and processes. The validation exercise (Langley 1996) confirms the appropriateness of the assessment at
the larger scale and identifies problems that may be encountered in trying to apply the assessment within local areas without further checking.
Individuals using the LS/OG database should note that
the analysis actually utilized a continuous scale of structural
complexity. This perspective is sometimes lost since polygons were assigned to one of six discreet grades (0 to 6). In
fact, polygon ratings were based on weighted averages which
provided gradations (such as rankings of 3.1, 4.2, etc.) but the
rankings were rounded to the nearest whole number on the
maps and in most analyses.
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Reviewers identified several problems with the continuous
structural scale and the use of a weighted average to calculate
overall ratings for large polygons. One of the greatest concerns
was the potential for small patches of structurally complex,
high-ranked LS/OG forest to get “lost” in polygons dominated
by forests with low structural rankings. Polygons with overall
late-successional rankings of 3 were particular problems because these polygons were numerous and many contained
patches of forest with structural ranks of 4 or 5. A subsequent
analysis of the 3-ranked polygons confirmed that this is a significant issue (table 21.4). For example, about 1/3 of the 3ranked Mixed Conifer polygons had more than 25% of their
area occupied by patches ranked 4 or 5. The LS/OG database
can, of course, be queried to identify polygons which contain
higher-ranked forest patches should subsequent users wish to
do so.

Presettlement Extent of Late-Successional
Forest Ecosytems
The original extent of high-quality LS/OG forests in the Sierra
Nevada and its relation to current forest conditions is an issue
of interest. It is our conclusion that the current extent of highquality LS/OG forest ecosystems in the Sierra Nevada is far
below levels that existed prior to western settlement. This comment is intended simply to put the current situation in a historical context, not to propose that these levels should be
recreated or are necessary to maintenance of late-successional
forest function in the Sierra Nevada.
Several lines-of-evidence support the conclusion that LS/
OG forests were once much more extensive. Descriptions of
forests in early surveys of forest reserves, such as those by
Leiberg (1902), Sudworth (1900), Fitch (1900a, 1900b), and
Marshall (1900), indicate that structurally-complex forests
dominated by large-diameter trees were very widespread except where stands had been affected by logging or catastrophic
fire. McKelvey and Johnston (1992) provide an excellent re–
view of this information, including an evaluation of human

FIGURE 21.30

Major forest health problems are currently located along the margins of the forested zones, particularly at the eastern ecotone
with the sagebrush and grasslands. Illustrated here is extensive mortality of white fir in a dense stand on the east slope of the
Sierra Nevada, Toiyabe National Forest.
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impacts between approximately the mid-19th century and the
present.
The widespread condition of structurally-complex LS/OG
forest ecosystems can also be inferred from the fire regime currently believed to have been characteristic of the presettlement
Sierra Nevada landscape. A regimen of frequent, light- to moderate-intensity fires would result in the dominance of structurally and compositionally heterogenous forests incorporating
the major structural features characteristic of high-quality LS/
OG forests: large-diameter pine trees, snags, and logs and areas with low overstory density (gaps) dominated by tree reproduction and shrub communities (figures 21.24, 21.25).
Structural simplification would generally occur only following more extensive, high-intensity fires, a circumstance currently believed to have been uncommon.
Current conditions in the national parks as identified in this
assessment provide a third basis for drawing inferences about
presettlement conditions (table 21.5). The estimate that 50% of
the national park landscape is in moderate- to high-quality
(structural ranks 3 through 5) LS/OG forest includes all polygons and not just those within the commercial forest types.
For polygons within the national parks identified only with
the five mid-elevation forest types, the percentages of various
structural ranks are:
Rank

All national forests
All national parks

3+4+5

4+5

42
82

13
55

Hence, current forests on productive sites in the national
parks are overwhelmingly dominated by structurally complex
conditions. Even assuming that densities and compositions
have increased in these forests as a result of fire control programs, it is still reasonable to infer that most of these forest
types were in stands of moderate to high structural complexity in presettlement times based upon the presumed fire regimes.
The collective inference from all lines of evidence is that
stands with moderate to high levels of LS/OG-related structural complexity occupied the majority of the commercial forestlands in the Sierra Nevada in presettlement times.

Maintaining High-Quality Late-Successional
Forest Ecosystems
The discussion in this section assumes that the maintenance of
structurally-complex, LS/OG forest ecosystems is an objective
of public policy in the Sierra Nevada and, further, that the intention is to maintain sufficient amounts of and linkages between LS/OG forests so as to provide a high probability of the
long-term persistence of viable LS/OG ecosystems and associated organisms. Such a policy has not been adopted but an
analysis of issues related to implementation of such a policy
was a part of the SNEP assignment. We further assume that
any LS/OG strategy will be integrated with other objectives

including maintenance of riparian and aquatic ecosystems and
activities to reduce risks of catastrophic events to acceptable
levels. The discussion is focused upon the major commercial
forest types of the Sierra Nevada (Mixed Conifer, Eastside Pine,
White Fir, and Red Fir); most Subalpine forests are already reserved and the Foothill Pine & Oak forests of the western slopes
and Piñon-Juniper woodlands of the eastside generally do not
provide structurally complex forests of the type found in the
densely forested zones.
The Working Group on Late-successional Conservation
Strategies (Franklin et al. 1996) has identified and discussed
issues associated with the development and evaluation of conservation strategies for late-successional forests in the Sierra
Nevada. We rely heavily upon their conclusions as a basis for
this discussion and refer the reader to their paper for more
complete information. Some of the key elements of an LS/OG
conservation strategy which they identify include: 1) retaining existing high-quality LS/OG forests; 2) providing for large,
contiguous blocks of LS/OG forests; 3) spatially explicit planning; 4) designating reserves where maintenance of high-quality LS/OG forests is the primary objective; 5) restoring fire as
an important component of management; and 6) restoring conditions in the matrix. Available information on LS/OG forest
ecosystems, processes, and organisms is an important limitation in devising conservation strategies resulting in more conservative approaches than might be necessary with a larger
information base.
If maintenance of high-quality LS/OG forest ecosystems is
adopted as a policy objective, the goals of that program need
to be defined and management programs initiated which will:
1) maintain existing high-quality LS/OG forests; 2) restore such
conditions where the existing LS/OG forests are insufficient
to achieve objectives; 3) restore fire as an important process in
maintaining and protecting LS/OG forest ecosystems; and 4)
restore structural complexity in the matrix.
If maintenance of high-quality LS/OG forests is adopted as
policy on federal forestlands in the Sierra Nevada further timber harvest within existing high-quality LS/OG forest areas
should be halted for at least an interim period of planning and
assessment. The desirability of maintaining existing high-quality LS/OG forests in the Sierra Nevada is based upon their
limited extent and a high level of uncertainty regarding our
ability to fully recreate comparable stands silviculturally
(Franklin et al. 1996).
The appropriate areal extent of high-quality LS/OG forests
needed to achieve specific purposes is not clear from existing
information. However, the current level of high-quality LS/
OG forests is far below levels that existed in the presettlement
landscape and as well as the natural range-of-variability. Hence,
restoration of LS/OG conditions in structurally simplified
stands is likely to be an important part of achieving desired
amounts of LS/OG forests in some localities, particularly where
levels are currently very low, such as in much of the Eastside
Pine type.
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Regardless of the acreage objective and of the management
strategy ultimately adopted for LS/OG forest ecosystems, the
interim reservation of existing high-quality LS/OG forests
from further timber harvest would maintain the largest set of
options out of a relatively small existing set.
Active management to restore low- to moderate-intensity
fire to existing and prospective LS/OG forest ecosystems is
the most important management action needed to restore more
natural conditions and reduce risks of loss to catastrophic disturbances, i.e., intense stand-replacement wildfires. Such programs are an essential element in a reserve-based conservation
strategy and must be carried out at sufficient scale and frequency to be effective. Passive or lassize faire approaches to
management may result in unacceptable losses of such forests.
Current prescribed and managed fire programs in the national
parks provide a model for active management of LS/OG forest ecosystems although the scale of the national park programs
may not be adequate to achieve objectives. It is probably not
possible (or, perhaps, desirable) to completely eliminate the
potential for stand replacement fire; rather the overall goal
should presumably be to reduce the probability of such fires
to levels that would allow some desired level of high-quality
LS/OG forest to be maintained in the Sierra Nevada over long
time periods.
Active management to reduce risks of catastrophic fire are
particularly critical at the interfaces between LS/OG forests
and suburban, rural, and recreational developments. The LS/
OG mapping identified a number of polygons which are outstanding examples of high-quality LS/OG forests at interfaces
with urban developments along the western boundaries of the
national forests. Some eastside forests, such as those in the Lake
Tahoe Basin, also exhibit this juxtaposition of forest and human development.
Planning for maintenance of LS/OG forest ecosystems
should be at larger spatial scales—i.e., scales of hundreds to
thousands of acres. One reason is to make fire management
programs practical. Activities such as the development of fuel
breaks cannot be designed and implemented at the level of
individual small patches. Planning at larger spatial scales is
also necessary to insure availability of the large contiguous
blocks of high-quality LS/OG forests which may be important to some LS/OG organisms and processes (Franklin et al.
1996).
Active management programs for maintenance of high-quality LS/OG forests need to recognize the near-natural processes,
structures, and populations which are a primary value of such
forests. Hence, treatment of identified high-quality LS/OG
areas should emphasize prescribed fire and minimize mechanical disturbances. Intensive management activities, such as creation of shaded fuel breaks, removal of small- to moderate-size
trees, and other fuel reduction activities should generally be
located in areas adjacent to the high-quality late-successional
forests rather than within them.
Larger management units, known as Areas of LateSuccessional Emphasis (ALSEs), are proposed as one zoned,

landscape-level approach to maintaining concentrations of
high-quality late-successional forest function. Using the ALSE
approach, landscape-level (multi-polygon) areas have been
identified for the western slopes of the Sierra Nevada using
existing high-ranked polygons (4s and 5s) as cores (figure
21.31). Management plans for the ALSEs recognize two primary zones: 1) LS/OG reserves covering 60 to 80% of the
ALSE within which prescribed burning and other less intrusive
management practices are utilized and 2) intensively managed areas where activities such as shaded fuel breaks and
“biomassing” can be carried out. Objectives in the intensively
managed areas would be to: a) reduce the potential for catastrophic fire within the core LS/OG stands, b) facilitate movement of organisms between the core stands, and, c) produce
forest products consistent with the first two provisions. Completely eliminating fire from the ALSEs is not a management
objective but reducing the potential for intense, stand-replacement wildfires is a management objective.
ALSE strategies are discussed further in chapters on the
SNEP policy analysis. A representative, well-distributed system of such areas for the western Sierra Nevada is illustrated
in plate 21.5. Except for the Lake Tahoe Basin and Sequoia National Forest) the eastern slopes of the Sierra Nevada are not
included because existing areas of high-quality LS/OG forests are insufficient to provide the core for a system of ALSEs.

Restoration of LS/OG Conditions in the Matrix
Late-successional management strategies for the Sierra Nevada must
also address restoration of structural complexity in the managed forests or matrix. Forests on both sides of the Sierra Nevada have
undergone significant structural simplification as a result of
timber harvest. This is particularly notable in dramatically reduced numbers (or complete absence) of large-diameter trees
and their derivatives (large snags and logs). High levels of
structural complexity are needed in the matrix to provide for
more of the functions of natural forests as outlined by Franklin
et al. 1996.
The importance of matrix-based strategies for conservation
of biological diversity are receiving increasing attention because of their importance in sustaining diversity, including
species and processes essential to the long-term productivity
of the matrix forest itself, and in improving overall landscape
connectivity for organisms (Franklin 1993, 1996, Franklin et al.
in press). Structural diversity within the matrix can provide
refugia which will sustain species immediately following harvest and allow displaced species to repopulate or inoculate
the area following stand recovery. Some of the processes and
species—such as the array of fungi which can form mycorrhizae with trees and other plans—are of significant direct
importance in maintaining the long-term productivity of the
site.
Silvicultural harvest systems which provide for retention and longterm maintenance of structures from the existing stand—including
large-diameter trees and their derivatives—would produce a struc-
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FIGURE 21.31

Distribution of proposed Areas of Late-Successional Forest Emphasis (ALSEs) in the Sierra Nevada.
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turally complex managed forest matrix. Various forms of partial
cutting can be designed to achieve the objective of maintaining structures at the time of harvest (Franklin et al. in press).
Structural goals, such as the numbers, minimum size, and distribution of large-diameter trees, should vary according to
management objectives for the stand. The importance of largediameter snags and logs, as well as large-diameter trees, must
be recognized as a part of the silvicultural design. Large-diameter trees and their derivatives fulfill many important ecosystem functions in addition to provision of wildlife habitat.
For example, large trees are most likely to survive major fires
to provide a legacy of live green trees in the postburn stand;
i.e., the large trees substantially improve fire resiliency in the
forest stands of which they are a part.
Silvicultural prescriptions for Sierra Nevada forests should
also incorporate tree species as well as structural objectives.
Where appropriate to site conditions, maintenance of a pine
component is an important ecological objective as they provide distinctive tree, snag, and log structures. Maintaining
and restoring sugar pine to mixed-conifer stands is of particular concern since this species once dominated the mixedconifer forests in many areas (see, e.g., Sudworth 1900) and
provides a unique structural resource. Sugar pine has been
preferentially harvested for nearly 150 years and is currently
subject to mortality from the introduced disease, white pine
blister rust. Fortunately there is increasing evidence that pines
can successfully reproduce under conditions of partial shade
(e.g., Oliver and Dolph 1992).
Two silvicultural prescriptions have been proposed for the
Sierra Nevada which will maintain or restore higher levels of
late-successional forest structures. Group selection is one of
these approaches. The scale of selected group that is often
proposed—1 to 2 acres—is larger than the scale of mosaic of
structural patches found in many natural mixed-conifer and
yellow pine stands, however. Moreover, some structural retention within the groups selected for harvest may be desirable to maintain certain features (such as very large decadent
trees and snags, for example) which could not be created in
adequate numbers within the selected rotation period. Another
approach would be to permanently reserve some groups or a
portion of the matrix from harvest in order to maintain those
structural features (Franklin et al. in press).
Silvicultural prescriptions which maintain or restore specific levels of structures—such as large diameter trees, snags,
and logs—have not yet been extensively developed and applied. The interim CASPO guidelines (Verner et al. 1992) are
a significant step toward demonstrating the practicality of prescriptions which maintain a high level of late-successional forest function while providing for significant timber harvest.
Simple diameter-limit guidelines are not adequate to achieve
long-term objectives, however; goals identifying the desired
density, size, species composition, and distribution of large trees
are needed along with multiple-entry prescriptions which systematically provide for replacements and insure that the large
snags and logs derived from these trees are retained on site.
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Guides to Structural Analysis and
Rating of Late-Successional
Forests

ber of large-diameter trees; coverage of overstory (OS) and intermediate (Int.) canopy levels; significant decadence in large
live trees (yes or no); levels of coarse woody debris; and disturbance history of the patch. Ranking columns refer to ranking of 1) current conditions by rangewide (column A) and
series-normalized (column C) standards and 2) maximum potential ranking (based on site productivity) by rangewide (column B) and series-normalized (column D) standards.

Examples for Westside Mixed Conifer, Red Fir, White Fir, and
Subalpine forest groups of the tables used for guides in ranking late-successional structural complexity for forest patches
and for crosswalking between the Sierra-wide and series-normalized structural standards. Patch codes are those used by
the U. S. Forest Service Pacific Southwest Region in timber
inventories and are provided only as a cross-reference to that
system. Major structural criteria utilized were: size and num-
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Forest Grouping: Mixed Conifer/Westside (WMC)
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Forest Grouping: Red Fir (RF)
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Forest Grouping: White Fir/Eastside (WF)
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Forest Grouping: Subalpine (Includes High Elevation Lodgepole Pine) (SA)
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