Chapter 13

Projected Trends in Owl Habitat

Kevin S. McKelvey and C. Phillip Weatherspoon

Here we attempt to synthesize many of the analyses pre-
sented in other chapters in this document, and to look ahead to
the future. As such, this chapter is necessarily more speculative
and conclusions expressed here should not be viewed as hard
and prescriptive. We hope, however, to highlight areas of con-
cern for future owl habitat, and for the hedth of the forest
ecosystem more generally. Finaly, we propose aternate forest
management methods that we believe have merit. We do not
consider the management methods described here to be an
exclusive set to be prescribed forestwide. Rather we view them
as potential experiments which, if effective, will alleviate many
of the shortcomings that we perceive in current management
systems as they relate to owl habitat. This report covers a wide
range of forest types and topographic regions. We will focus
almost exclusively on the Sierran mixed-conifer forest type, as
it contains an estimated 82 percent of the spotted owl sites in
the Sierra Nevada and 62 percent of al known Cdifornia
spotted owl sites.

The Forest, Past and Present

Vegetation Dynamics

Forests of the Siera Nevada have been impacted by
nonaborigina man over the last 150 years. The first maor
perturbation, on lands that now are managed by the Forest
Service (FS), was the grazing of millions of sheep (Chapter 11).
This grazing pressure and the fire patterns associated with its
promulgation impacted regeneration and the grass/forb commu-
nity. This pattern probably amplified a structure already main-
tained by freguent fires-one of open stands dominated by large,
old trees (Chapter 12). It also resulted in excellent seed beds for
tree regeneration by creating bare-soil conditions over much of
the forest (figs. 13A and 13B as examples; Chapter 11).

With removal of sheep and fire, stands experienced in-
growth of conifers, dominated by shade-tolerant species such as
white fir. Stands became dense, and a combination of logging
and natural attrition of the old forest led to a decline in the
number of large, old trees. Past logging activities that concen-
trated on removal of the large, valuable trees broke up the patchy
mosaic of the natural forest, and this too encouraged develop-
ment of dense regeneration patterns with very little horizontal
heterogeneity (figs. 11P-11S; Chapter 12). These developments,
particularly in Sierran mixed-conifer and ponderosa pine/hard-
wood forests, reduced large-diameter trees in many aress to a
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small, remnant population. This condition can be seen by com-
paring owl nest locations, which generaly are in larger, denser
stands in today's forest (color photos 5-9 to 5-16 as examples),
to forest conditions about 1900 (figs. 13A to 13D as examples).

These changes have not occurred to the same degree in the
red fir as they have in mixed-conifer and ponderosa pine types at
lower-elevations. The red fir type differs from the mixed-conifer
in several particulars, including in its natural disturbance regime.
Fires are less frequent, occurring at intervals of 40+ years (Tay-
lor and Halpern 1991) rather than the 5- to 30-year return periods
observed in mixed-conifer stands (Chapter 12). The forest con-
sists of blocks of various sizes, often with a high degree of
horizontal heterogeneity (color photos 5-1 to 5-6). In many areas
fire was the dominant disturbance factor responsible for this
mosaic (Pitcher 1987). In addition, windthrow created small
gaps, and red fir regeneration often established more or less
continuously between disturbance events (Taylor and Halpern
1991). This led to a complex horizontal pattern with the juxtapo-
sition of blocks of various ages and sizes. Removal of fire from
the red fir type has had less impact than in the Sierran mixed-conifer
type because of the longer mean fire interval. Many red fir stands
would not have burned in the twentieth century even if the
natural fire patterns were intact. Red fir also occurs in mostly
pure stands at higher elevations. On these sites, red fir appears to
be a sdf-perpetuating, climax species (Barbour and Woodward
1985, Taylor and Halpern 1991), and the successiona trend
toward more shadetolerant species that characterizes the
mixed-conifer zoneis not afactor.

Red fir was also not extensively logged until recent years.
Most logging of red fir in the Swain Mountain area, for instance,
occurred after 1960 (Chapter 7). Partial cutting has not broken
up the large-diameter groups and, in many places, the forest has
never been logged (color photos 5-1 to 5-6 as examples). The
pattern in red fir is more that observed in the Pacific North-
west-recent, often even-aged harvest intermingled with blocks
in reasonably pristine condition. In logged areas, regeneration
records maintained by the FS R5 show that survival of planted
seedlingsis low (Fiske pers. comm.; fig. 13E).

Fire Patterns

Fire patterns in the Sierran mixed-conifer zone have changed
radicaly in the twentieth century. The annua acreage burned
may have declined by two orders of magnitude when compared
with historic levels (Chapter 12). This, in turn, has led to histori-
cally unprecedented buildups in fuels and to stand structures that
are prone to crown fires (Chapter 12). Because of these condi-
tions, fires that escape initial suppression efforts-usualy those
occurring during extreme westher conditions-tend to become
large, stand-replacing events.
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Figure 13A--Sugar and ponderosa pine in Foresthill block showing size of timber and open character
of forest. Note extensive, branchless tree trunks and the absence of underbrush on the forest floor.

Date: --------mmmmmmmemmean 7 July 1911
Source: --------=--==--=--- Tahoe National Forest Historical Photo
Photographer: ---------- USDA Forest Service

Figure 13B--A woman and her dog following an old road through a stand of old-growth Jeffrey pines.

Date: -----—------m--mmm-- About 1920
Source:; -------======m==-- Lassen National Forest Historical Photo
Photographer: ---------- USDA Forest Service
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Figure 13C--Pure stand of cedar along Mill Creek above Morgan Springs.

About 1920
----Eldorado National Forest Historical Photo

USDA Forest Service
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Figure 13D--Near Strawberry, a virgin forest including sugar pine,
ponderosa pine, fir, and incense-cedar. Observe the downed, rotting

tree and open character of the forest floor.

Date: -—----—-----—----— About 1920
Source:; ---------=--=------ Stanislaus National Forest Historical
Photo

---------- USDA Forest Service
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Figure 13E-Regeneration survival in plantations, by species, based on
3-year postcut inventories. Survival rates were averaged over the years

1986-1991 (Fiske pers. comm.).

Owl Habitat in Current Forests

Spotted owls in the Sierra Nevada have used all of the dense
(>40 percent canopy closure) mixed-conifer stands at or greater
than expected levels for nesting (Chapter 5). The only stands
used significantly greater than expected, however, were dense
stands with large-diameter trees [>24 inches in diameter at
breast height (d.b.h.)] in the overstory. Within these stands, snag
densities were higher than in the general forest matrix, and the
average nest tree exceeded 40 inches in d.b.h. Most of the nest
trees appeared to be old-growth remnants of stands present at the
turn of the century (Chapter 5). These stands tend to be very
heavily stocked with trees in smaller diameter classes (color
photos 5-9 to 5-16, for example).

We have few data concerning nest stand selection in the red
fir type. The nests that we observed on our field trips were in
uncut blocks of timber (color photos 5-1 to 5-6, for example).

Future Trends

Human Population Trends

The human population in both the Sierra Nevada and south-
ern Cdifornia is growing rapidly (fig. 13F). Of particular con-
cern is population growth in the foothill regions of the mid-Sierra
Nevada. In these areas (Nevada, Placer, El Dorado, Amador,
Calavaras, and Tuolumne Counties), human populations have
increased by 50 percent over the last 10 years and are expected to
continue to grow at that rate through the year 2000. From 1980
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to 1990, they were among the top 10 Cadlifornia counties in
growth. By the year 2000, the combined population of these
counties is estimated to exceed 670 thousand (Rountree 1992).
A large proportion of this population will be living in widely
dispersed housing "in the pines." Impacts from this type of
development on spotted owl habitat are unknown. We do know,
however, that spotted owls currently occur in these foothill areas
and that this type of housing pattern makes management and
monitoring very difficult. Any resulting negative impacts on the
owls will bedifficult to detect and even more difficult to control.
While much of the population growth in southern California
is in the basins, towns in the San Bernardino Mountains, such as
Big Bear Lake, are expected to grow 50 percent by 2010 (Ruth
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Figure 13F-Human population trends in the Sierra Nevada and south-
ern California. Only counties containing spotted owls were included in
this analysis (data from Rountree 1992).

USDA Forest Service Gen. Tech. Rep. PSW-GTR-133. 1992.



pers. comm.). Impacts of increased population on the spotted
owl in southern Cdlifornia will most likely be more direct than
they are in the mid-Sierra Nevada. Because many owls in south-
ern California depend on narrow riparian/hardwood forests, pres-
sure on them will increase as waters are diverted to a variety of
human needs.

Fire Trends

As the human population increases, human-caused wild-
fires can also be expected to increase. The presence of so many
houses within the forest will shift the emphasis of fire suppres-
sion even further from one of saving forests to one of saving
property. Fuels will also continue to accumulate. Especialy as a
direct result of our current drought, recent bark beetle infesta-
tions will contribute a major pulse of new fuels over the next few
decades. The likely result is a gradual increase in the number and
acreage of large, stand-replacing wildfires.

Cutting Trends: Land Management
Plans

According to Land Management Plans (LMPs) collectively
for National Forests (NFs) of the Sierra Nevada, 65 percent of
the forested acres are classified as suitable and available for
timber production (USDA, FS 1986-1991b). If we exclude from
the forested base the acres that are physically unsuitable because
they cannot produce timber in commercial quantities, cannot be
successfully regenerated, or have unstable soils, 74 percent of
the lands that can potentially produce timber will be harvested in
some manner (table 13A). On many acres, harvest will be light.

Table 13A-Categorization of forested acreage from the Land Management
Plans.

Thousands of acres

National Physically  Suitableand Suitableand
Forest Forested unsuitable'  availabl€®  unavailable®
Lassen 825.1 0 596.3 228.8
Plumas 1,102.4 145.7 898.9 57.8
Tahoe 681.6 317 528.5 121.4
Eldorado 458.0 63.2 307.6 87.2
Stanislaus 784.6 308.3 328.5 147.8
Sierra 562.9 26.8 3289 207.2
Sequoia 679.0 40.0 345.0 294.0
All Forests 5,093.6 615.7 3,333.7 1,144.2

! Includes acreage not capable of producing commercial timber, in which
irreversible damage would be caused if timber were harvested, and that cannot
be regenerated in 5 years after harvest.

2 Includes lands capable of producing commercial timber that have not been
withdrawn from timber management, lands that can be regenerated within 5
years after logging, and lands that can be managed for timber production
without irreversible damage. Suitability here refers to areas that could
physically sustain timber yields over time, not necessarily spotted owl
suitability.

% Includes lands that are physically stitable but that have been withdrawn
from timber management for dedication to other uses (for example, Wilderness
Areas, Spotted Owl Habitat Areas, and so on).

USDA Forest Service Gen. Tech. Rep. PSW-GTR-133. 1992.

Seventy-two percent of the timber volume removed from these
lands will be taken through even-aged systems, the most com-
mon even-aged system being the clearcut (table 13B). Of the
528,474 acres of suitable timber land on the Tahoe NF, for
instance, 68 percent will be managed for even-aged silviculture
(24 percent long rotation, 44 percent short rotation) (USDA, FS
1990). On the Plumas NF, 52,000 acres are scheduled for
even-aged cutting per decade and 8,000 acres for selection cut-
ting methods (USDA, FS 1988b; table 13C).

Even-Aged Logging and Owl Habitat

Clearcuts, seed-tree, and shdterwood cutting methods all
have the same goa: produce even-aged stands. In this regard,
seed-tree and shelterwood systems can generally be thought of
as two-stage (sometimes three-stage) clearcuts. In nearly all of
these cutting systems, al of the original stand will be removed
before the new stand is scheduled to be cut.

Table 13B-Harvest volumes from the forest Land Management Plans.

Millions of board feet

National Seed tree/

Forest Clearcut shelterwood®  Other? ASQ?
Lassen4 40.6 235 319 96.0
Plumas 144.2 313 90.0 265.5
Tahoe 64.7 48.2 29.4 142.3
Eldorado 58.4 55.4 23.4 137.2
Stanislaus® 39 67.6 16.5 88.0
Sierra 255 325 30.0 88.0
Sequoia 64.8 3.1 29.1 97.0
All Forests 402.1 261.6 250.3 914.0

! Includes removal sales as well.

2 Includes all other sale types that enter into the cal culation of ASQ.
% Annual sale quantity.

* These data are given in cubic feet in the LMPs.

Table 13C--Number of acres scheduled for logging, annually, during the first
decade of draft and final Land Management Plans for Serran National Forests,
by prescription.

Acres per year

National Seed tree/

Forest Clearcut  shelterwood® Selection’ Intermediate®
Lassen 1,600 1,000 1,400 10,200
Plumas 4,000 1,200 800 16,286
Tahoe 2,046 1,657 162 3,500
Eldorado 2,084 1,836 948 2,700
Stanislaus 510 2,386 8,7284 1,500
Sierra 1,550 1,170 2,970 4,000
Sequoia 1,734 128 742 6,727
All Forests 13,524 9,377 15,750 44,913

! Includes acres of overstory removal.

2Both group- and individual-tree selection.

% Includes stand improvement, thinning, salvage, etc.

* This figure represents the acres to be examined rather than the acres to be treated.
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In terms of owl biology, the primary impact of traditional,
even-aged logging practices lies in the creation of simple stand
structures and, perhaps more importantly, the remova of all
large, old trees from vast areas of the forest. Even if silvicul-
tural prescriptions are modified so that snags and live culls are
left at the first cutting, no provision is made for a predictable
recruitment of replacement trees for these relics when they fall.
This, in turn, will lead to a loss of large-diameter, downed
woody materials. Log slash can create much small-diameter
woody debris, but it cannot replace the large logs. In an even-aged
system, these old-growth features can be recreated only by an
extreme extension of the rotation interval. Even if the rotation
were extended to 150 years, for instance, no trees would match
the average age of the forest at the turn of the century (Chapter
11). Decadent features in stands are functions of age, not just
d.b.h. (fig. 13G), and any animals that depend on decadent
features (cavities, broken-tops, snags), or the large woody de-
bris that they create, will simply drop out of these forests (see
Chapters 4, 5, and 10 for examples specific to the spotted owl
and its prey species). The rate of conversion to even-aged sys-
tems in the western Sierra Nevada is estimated by the LMPs to
be 229,000 acres per decade.

Even on lands set for seection logging (about 80,000 acres
per decade), we have no guarantee that harvest prescriptions
will leave many of the large, old trees. Idedly, stands managed
for individual-tree selection are harvested in a manner that
brings the diameter distribution in the stand into conformity
with an idedlized distribution characterized by a declining ex-
ponential function (in forestry referred to as an inverse "J).
The number of large trees within the stand is dictated by the
slope of this function (fig. 13H) and the specified intercept
representing the number of trees in the smallest diameter class
(or, dternatively, the designated diameter of the largest tree). In
selection systems, timber is removed from all diameter classes,
as required to maintain this diameter distribution. Little evi-
dence exists, however, that historic patterns of partia cutting
have followed classic singletree selection theory. "Selective"
harvest in the Sierra Nevada has, in the past, primarily targeted
the large trees. This system, sometimes called "pick and pluck,”

]

Figure 13G-Increasing decadence as a function of stand age, based on

data from Bingham and Sawyer (1992).
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Figure  13H-Theoretical, uneven-aged distributions. Uneven-aged
management allows for retention of very large trees. "Q" values of 1.2--
similar to those measured in owl nest stands---will leave two to three trees
per acre 40 inches in diameter at breast height on a site.

will not produce the simple structures that characterize even-aged
methods, but its effect on the presence of large, old trees is
similar. If the large trees are removed and no stocking control is
peformed on the smaler stems, replacement trees in these
diameter classes will be produced very slowly, if at al, and they
will consist primarily of the more shade-tolerant species. Even
with classical singletree sdection, a gradua loss of
shade-intolerant species would be likely.

A large proportion of the future forest, as projected by the
LMPs, will very probably be split between areas of even-aged
plantations and areas of dense, and increasingly small-
diameter stands.

A Different Paradigm

Two important questions that the FS needs to answer are
(1) What kind of forest structures does it want to create and
perpetuate? (2) Are the life history requirements of spotted owls
and other species associated with late-seral forest conditions met
by those forest structures? Fundamental to these questions is the
paradigm that guides NF timber management. Insights to this
paradigm can be gained by studying the LMPs produced by the
Sierran NFs. The LMPs are as much statements of goals, priori-
ties, and paradigms as they are implementation strategies. The
scheduling appendix for timber removal on Stanislaus NF, for
example, states these goals clearly:

A regulated forest should be regarded as an objective that
may never be fully attained... However, the concept of regulation as
an objective, is the tool used to control present harvest levels and
plan future harvests to assure sustained yield within reasonable
limits.

A forest consisting of wild and unmanaged stands with highly
variable stocking levels and age-class distribution is made to ap-
proach regulation through harvest and scheduling regeneration
over a period of time called the conversion period. During the
conversion period an attempt is made to meet three criteria:

1 Obtain the maximumyield of timber possible.
2. Provide for essentially a non fluctuating yield over the
conversion period.

USDA Forest Service Gen. Tech. Rep: PSW-GTR-133. 1992.



3. Provide a balance of age-classes and stocking levels capable
of producing the forest's full potential timber growth at the
end of the conversion period (USDA, FS 1991b, appendix D,
D-3).

This description closdy follows the idea of the "fully
regulated forest" as it is presented in forest management text
books (for example, Davis and Johnson 1987, chapter 14). By
this definition, the regulated forest differs in fundamental ways
from a wild forest, and the current status of the forest is seen as
being in a conversion period in which wild stands are brought
into regulated conditions through harvest and regeneration.
Redlly only one genera template is used to define a fully
regulated forest-the diameter distribution, forest wide, should
fit an "inverse J' distribution form, with optimized spacing
(Husch et a. 1982). This pattern can be achieved through a
series of large blocks (even-aged clearcutting), blocks smaller
than 2 acres (group sdlection), or on an individual tree basis
(individual-tree sdection). All three modds are generic, de-
rived from European forestry in the late 1800s (Davis and
Johnson 1987) and used for timber production in Europe, New
Zedland--and in the Sierra Nevada. The purpose of theclassic,
fully regulated forest, in any of its permutations, is to alow for
an even flow of wood products, not necessarily to mimic
natural stand conditions and processes:

The essential requirements of a fully regulated forest are that
age and size classes be represented in such proportion and be
consistently growing at such rates that an approximately equal
annual or periodic yield of products of desired sizes and quality
may be obtained in perpetuity. A progression of size and age
classes must exist such that an approximately equal volume and
size of harvestable trees are regularly available for cutting (Davis
and Johnson 1987, p. 540).

Most other LMPs share a single emphasis concerning their
paradigm for timber management. No certainty exists that eco-
system processes, whether they are the population dynamics of a
single species or the successional trends of a multi-species com-
plex, will be maintained in a fully regulated forest. The concept
of forest regulation has traditionally not been defined in these
terms, and the long-term ecological conseguences of the para-
digm are unknown.

Recent discussion has concerned a significant shift in the
basic forestry paradigm, from one that stresses the production
of commodities (or amenities) to one in which the mainte-
nance of ecosystem processes is the primary goa (Nationa
Research Council 1990). This new paradigm "..involves a
shift in management focus from sustaining yidds of compe-
ting resource outputs to sustaining ecosystems' (Kessler et al.
1992, p. 221). Toward this objective, the goal of management
activities is to maintain, protect, and, where necessary, to
create natural forest structures. Logging is practiced only to
the extent and in a manner that it does not impair ecologica
processes or environmental assets. This system does not guar-
antee an even flow of wood products from the forests. The
efficacy of silvicultural practices is evaluated by biological
rather than market-based criteria.

Under this paradigm, logging would be explicitly designed
to achieve or maintain ecological goals. These goals might, for
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instance, include remedial actions such as the generation, within
a topographically defined unit such as a drainage basin, of a
pattern of stand structures that mimic historical stand conditions.
Because those structures were very different from the stands that
presently exist, much manipulation of vegetation will need to
occur before the goal is achieved-and active management will
subsequently be needed to maintain it. A great deal of sophisti-
cated silviculture will be required. What represents a major
paradigm shift is that the silviculture will not be constrained by
the equal volume/equal entry area requirements that are defini-
tional to the concept of the fully regulated forest. This is not to
say that forest regulation and a sustainable yield of forest prod-
ucts are necessarily incompatible with ecosystem functioning.
Rather, it is a question of priorities: The new paradigm "...would
involve a view of forest lands-including soils, plants, animals,
minerals, climate, water, topography, and al of the ecologica
processes that link them together-as living systems that have
importance beyond traditional commodity and amenity uses'
(authors emphasis) (Kessler et al. 1992, p. 222).

Under this paradigm, the answer to the first question (the

type of forests we want) is that we wish to create forests in which
natural processes are fully functional and stable. The answer to
the second question (how spotted owls fit into this structure) is
the subject of the remainder of this chapter.

Current Stand Structures at Spotted
Owl Nests

Nest stands have definable properties-high canopy clo-

sure, a considerable snag component, and the presence of large,
old trees that are used by the owls for nest sites. To generate and
maintain these stand structures we need to be more specific.
Data on the silvicultural characteristics of owl nest stands is,
however, surprisingly sparse.

To evaluate the diameter distributions of owl nest stands,

we obtained diameter distributions for areas immediatdy adja-
cent to 24 nest trees in the mixed-conifer zone of Lassen NF and
11 nest trees in the Sierra NF. These data were based on plots
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Figure 13l-Log-linear display of the mean number of trees/diameter
class, based on 24 nest sites in the Lassen National Forest.
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Figure 13J-Log-linear display of the mean number of trees/diameter
class, based on 11 nest sites in the Sierra National Forest.

centered on the nest tree and forming a cross with the nest tree at
the center. All trees 15.7 inches in d.b.h. were sampled within an
area of 0.296 acre. Smaller trees were sampled within four
subplots 32.8 feet square. To avoid any possible bias by the
inclusion of a large, centra tree, the nest tree itself was excluded
from density calculations. When the natural log (In) of the mean
tree density (stemsg/acre) for the combined plots in these two
areas was regressed on d.b.h., the resulting pattern was linear
(figs. 131 and 13J), suggesting a classic "inverse J' form-the
idealized distribution for uneven-aged management-with a "qg"
value between 1.18 and 1.21 [here q is based on 2-inch d.b.h.
groups (Danid et a. 1979)]. This pattern, by itsdf, is not suffi-
cient to suggest that uneven-aged management is warranted.
Stands with differing structures will tend to conform to the
inverse J when they are combined. Viewed individually, nest
stands in Lassen NF formed three logical groups (figs. 13K and
13L). Eight of the stands lacked the larger diameter classes and
conformed closely to the log-linear model. Thirteen of the stands
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Figure 13K-Nest sites on the Lassen National Forest divided into
logical groupings based on stand structure. Data presented are the
mean values for each group. The groups consisted of 8, 13, and 3 sites,

respectively.
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Figure 13L-Diameter distributions for the three types of nest stands
measured in the Lassen National Forest. Both the "reserve form" and the
"large trees" groups had more large-diameter stems than an idealized,
uneven-aged stand structure would specify.
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Figure 13M-Nest stand structures in the Sierra National Forest. None
of these stands had a large proportion of large-diameter stems, and
several were dominated by small-diameter trees,

generally conformed to the uneven-aged structure in the smaller
diameter classes, but not in the large diameter classes. Three
stands had most of their trees in the larger diameter classes. Nest
stands on the Sierra NF also grouped logically into three classes
(fig. 13M). Six of them generally fit an uneven-aged distribution
form, but the others did not. Stands at two of the sites were made
up primarily of stems <12 inchesin d.b.h..

Most of these stand structures could be produced through a
variety of management methods. Partiadl removal of the over
story in the past and subsequent ingrowth probably led to the
formation of many of these stands. We have no reason to believe
that uneven-aged management, if properly applied, could not be
used to maintain these structures-but the system should be
sensitive to maintaining the large trees, and perhaps modified to
generate "reserve form" stands. Reserve form stands are charac
terized by an inverse "J' distribution in the smaller diameter
classes and a norma distribution in the larger diameter classes.
In al stands lacking frequent large stems, at least one large tree
was present the nest tree, which was not included in the calculations.

The simple premise that forest structures similar to owl
habitat can probably be created and maintained through silvicul-
ture does not answer a fundamental question. In the long run, are
these the types of stands we wish to maintain? We have many
reasons to doubt whether these stand types represent either a
necessary or ideal template as an owl nest site. Perhaps the most
important reason is that dense stands characterized by single
tree-sized openings would have been unusual in mixed-conifer
forests before the turn of this century. Dense stands would have
existed, particularly in riparian areas and at higher eevations
(figs. 13C and 13D), but they would not have been widey
distributed across the landscape. A second reason is that these
stands are unstablethe stand structure is likely to be atered
quickly and unpredictably due to the probability of stand-replacing
fires or insect and disease outbreaks. We do not know whether
owls inhabited the more open stands that dominated much of the
landscape in the past (figs. 13A and 13B). Because such stands
are rare today, we are unable to infer anything from current owl
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locations. We do, however, need to begin to explore potential,
dternate stand structures. These structures should be chosen to
better mimic natural stands, to maintain tree species diversity,
and to be moreresilient to wildfires.

Some Potential Management
Systems for Mixed-Conifer
Ecosystems

General Considerations

A fundamental assumption underlies management of owl
habitat, as well as much of forest management in general: Eco-
systems are inherently dynamic; they do not stand still. Changes take
place both rapidly (through a variety of natural and man-made
disturbances) and slowly (through climatic change and natural
successional processes), and occur at many spatial and temporal
scales. Changes have occurred in the past, and they will occur in
the future even if we "do nothing." Given this assumption,
management recommendations should consider provision of ad-
equate amounts and distribution of suitable owl habitat both in
the short-term and in the long-term. For the short-term, Chapter
1 details management recommendations to be applied during an
interim period of at least 5 years. These recommendations are
intended to provide some degree of protection to existing owl
habitat and to maintain future options for whatever long-term
management strategy may be adopted at the end of the interim
period. Below, we offer an example of one way in which the
short-term (interim period) recommendations in Chapter 1 could
be implemented in stand types shown to be sdected for nesting
by the spotted owl. These short-term practices and resulting
stand conditions are not designed to be sustainable over long
periods, however. The remainder of this section, therefore, of-
fers potential silvicultural strategies that might be useful for
producing and maintaining owl habitat over the long-term.

An Example of a Short-Term Approach

Recommendations in Chapter 1 set limits for cutting large
trees-and managing other stand components. By definition, man-
agement practices cannot exceed these limits-for example, cut
more large trees than specified-and still conform to the recom-
mendations. In some situations, however, management objec-
tives may be better achieved by not taking the recommendations
to their limits. Following is one example of such an approach to
interim management of "Selected Timber Srata” (P4G, MA4G,
M4N, M5G, M5N, M6-codes for timber strata defined in table
1C). (Compare item #1 under "Other Forested Public Lands' in
Chapter 1) Objectives that this example could help to meet
include: (1) provide for a shorter recovery period for nesting/
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roosting habitat; (2) keep some stocking in middle and lower
canopy layers, both to retain existing multiple-canopy character
of the stand and to ensure quicker replacement of large trees; (3)
provide for some thinning in middle and lower canopy layers to
promote growth of trees in these layers into desirable larger size
classes; and (4) provide some quantification of fuels manage-
ment treatments, including reduction of vertica fud ladders
(Chapter 12). Managers should recognize that this example (like
any other that places additional constraints) is more restrictive
than the basic interim-period recommendations in Chapter 1.
Thus, in exchange for the potentia benefits indicated above,
timber volumes (and associated revenues) will generally be
lower, and costs of treating submerchantable stems and other
fuels will generally be higher. (Basal area limits and other
quantitative data in this example are only approximations. They
are not based rigorously on Chapter 5 or any other real data
pertaining to owl habitat. If an approach similar to this is to be
used, it should be based on the best and most nearly site-specific
data available)

A. Enter a stand for harvesting only once before a long-term
strategy for managing the California spotted owl has been imple-
mented on public lands.

B. For stands with a Dunning and Reineke (1933) site index
(Sl) of =60, enter the stand for harvesting only if total basal area
of live trees =5 inches d.b.h. is greater than 200 square feet per
acre. Harvesting will not reduce total basal area to less than 200
square feet per acre or canopy closure to <40 percent. For stands
with S| <60, the corresponding basal area limit is 160 square feet
per acre. To the extent possible, a mix of tree species should be
retained.

C. Removeno livetree>30 inchesin d.b.h.

D. For stands with SI =60, limit cutting in the 21- to
30-inch d.b.h. class so that the combined basal area of live trees
in d.b.h classes 21-30 inches and 30+ inches is no less than 120
square feet per acre. A wildlife biologist should be involved in
training tree markers to identify potential nest and roost trees in
the 21- to 30-inch d.b.h. class so that those trees (including live
culls) will be retained as part of the residual basal area. In stands
currently having less than 120 square feet per acre basal area in
those two size classes, no cutting of trees 21-30 inches d.b.h. will
take place. For stands with Sl <60, the corresponding basal area
limit is 100 square feet per acre.

E. For stands with Sl 260, limit cutting in the 11- to 20-inch
d.b.h. class so as to retain a basal area of at least 60 square feet
per acre in that diameter class. In stands currently with basal area
<60 square feet per acre in that d.b.h. class, no cutting of trees
11-20 inches d.b.h. will take place. If the stand is entered for
harvesting, and if current basal area in the 11- to 20-inch d.b.h.
class is >80 sguare feet per acre, this diameter class will be
thinned to a basal area of 60 to 80 square feet per acre. For stands
with SI <60, the corresponding range of basal areas would be 40 to
60 square feet per acre.

F. Limit cutting in the 5- to 10-inch d.b.h. class so as to
retain a basal area of at least 20 square feet per acre in that
diameter class. In stands currently having <20 square feet per
acre basal area in that d.b.h. class, no cutting of trees 5-10 inches
in d.b.h. will take place. If the stand is entered for harvesting, and

270 Chapter 13

if current basal area in the 5- to 10-inch d.b.h. class is >30 square
feet per acre, this diameter class will be thinned to a basal area of
20 to 30 square feet per acre. Trees cut in the 5- to 10-inch d.b.h.
class will be removed from the stand. Utilization of these trees is
encouraged.

G. If the stand is entered for harvesting, and if canopy
cover in trees 0-4 inches in db.h. is, greater than 20 percent,
trees will be feled, crushed, masticated, or otherwise rear-
ranged to reduce canopy cover in that size class to no more than
20 percent. The surface fuel bed resulting from these trees, as
well as dlash from logging of larger trees, should be treated
mechanically or with prescribed fire to reduce wildfire hazard
to an acceptable levd. The emphasis should be on reducing
vertical and horizontal continuity of fuels and associated risk of
crown fires, especialy in the vicinity of large trees. Fud treat-
ments and logging activities should be designed to minimize
disturbance of duff and coarse woody debris. In most cases this
will preclude machine piling of slash. Where prescribed burn-
ing is used, it should be done when lower duff and large woody
debris have high moisture contents to minimize consumption of
these materials.

H. Follow guidelines in Chapter 1 for retention of snags
and downed wood.

Some Potential Long-Term Strategies

A full discussion of management activities that may be
appropriate to manage for owl habitat over the long-term is
beyond the scope of this chapter. Instead, our purpose is to
provide a sampling of ideas and considerations to stimulate
thinking. Innovative managers and resource specialists may be
able to use some of these ideas as a starting point in develop-
ing suitable management regimes to fit their local conditions
and needs. On public lands, initial (interim period) implemen-
tation of the long-term strategies described here would be
compatible with recommendations (Chapter 1) for "Other Tim
ber Srata" used for nesting by owls but not significantly
sdected in relation to availability. We encourage managers of
private lands to explore these approaches as wel. Treatments
should be viewed as ongoing management experiments (adap-
tive management, Chapter 2). Effects of treatments on stand
structure and key ecosystem components should be carefully
monitored, and owl habitat models should be tested. These
experiments would incorporate information from monitoring
and research activities into feedback loops that would serve to
improve both our management practices and our knowledge of
what constitutes suitable owl habitat.

Although the scenarios discussed below describe general-
ized target stand structures and associated management practices
primarily at the stand level, great flexibility exists for distribut-
ing variations and combinations of these structures across the
landscape and through time. In these scenarios, silviculture would
be viewed as the art and science of shaping stands and land-
scapes to meet management objectives-spotted owl habitat in
this case. Timber volume would be an output of, rather than a
driving force for, the silviculture undertaken to meet manage-
ment objectives. Protection of current or future habitat would
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continue to be a primary concern. Accordingly, appropriate fuels
management would be integrated with silvicultural activities.

We focus here on good-quality nesting and roosting habitat
for the spotted owl as the "target" conditions for management
activities. Foraging habitat appears to be more variable and less
restrictive (Chapter 5), and its requirements should be met
more easily and with a wider range of management practices.
In contrast, successful management to produce, maintain, im-
prove, and protect nesting and roosting habitat may require
significant changes from conventional management practices.
Some institutional barriers may need to be overcome. It will be
more complex and expensive but should provide new and
stimulating professional challenges for a variety of speciaists
to exercise creative thinking and pursue interdisciplinary objec-
tives and activities.

We make several simplifying assumptions about attributes
of suitable nesting/roosting habitat (Chapter 5) to help define
target stand structures and associated management practices: (1)
high canopy closure; (2) stand basal area and canopy closure
distributed among two or more size classes of trees; (3) diversity
of tree species within the stand; (4) "adequate' numbers of large
live trees; (5) "adequate’ numbers of large snags, and (6) "ad-
equate” quantities of duff and large woody debris.

Accepting these six assumptions places limits on the range
of stand structures that can be targeted by management. Both
classical, even-aged  silviculture and  the  classical,
single-tree-selection form of uneven-aged silviculture have dif-
ficulties in meeting one or more of these assumptions, for
reasons discussed beow. We believe that two other kinds of
stand structures-mosaics of small, even-aged groups or aggre-
gations, and two- or three-storied stands-hold grester promise
for producing and maintaining suitable owl habitat over the
long-term. We recommend that these two structures, together
with their associated silvicultural and fuels management prac-
tices, receive emphasis in long-term, adaptive management ex-
periments concerned with owl habitat. Both can be considered
intermediate between even- and uneven-aged (single-tree selec-
tion) management. But they can be thought of as representing
two ends of a continuum,, with many intermediate structures
differing in density and spatia arrangement of age/size-classes
to help meet various specific objectives and to increase diver-
sity across the landscape. Even- and uneven-aged (single-tree
sdection) methods should be included in these experiments,
but at areduced level.

Even-Aged Silviculture

The requirement for two or more size-classes of trees (as-
sumption #2 above) probably could be met with even-aged
silviculture, but it would involve significant modifications from
conventional practice. The natural segregation of crown classes
could be emphasized by "thinning from the middle'-that is,
thinning in codominant and intermediate trees, thereby promot-
ing the separation of dominant from suppressed crown classes
and increasing growth in the dominants. Suppressed trees prob-
ably would not survive long enough to be of much value for owl
habitat unless stand density were reduced below usual target
stocking levels, or the lower canopy level consisted largely of
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shade-tolerant species. The latter scenario probably would be
more practical and sustainable in mixed-species stands.

Assuming that such an approach eventually would meet
needs for a two- or more-storied stand, the rotation age neces-
sary to meet tree size and decadence requirements (assumptions
#4 and #5) probably would be much longer than called for in
currently practiced even-aged management. As compared with
alternative silvicultural methods, the rime from plantation estab-
lishment to achievement of conditions suitable for owl nesting
and roosting is likely to be much longer. This long time period
would necessitate development and/or retention of suitable re-
placement habitat in theinterim.

Whatever may be the disadvantages of even-aged silvicul-
ture with respect to owl habitat, even-aged plantations in the
Sierra Nevada will continue at some level for the foreseesble
future, if for no other reason than because severe wildfires will
continue to occur. Even-aged plantations, therefore, should be
included in owl-related management experiments.

Uneven-Aged Silviculture Using Single-Tree
Selection

To meet the need for tree species diversity (assumption #3
above), stand openings must be large enough to permit regen-
eration of shade-intolerant species such as ponderosa pine. This
requirement generally is not met with the single-tree selection
form of uneven-aged silviculture, at least where openings are
mostly the size of individua large trees rather than groups of
trees. Furthermore, retention of the smallest size-classes of
trees well distributed through a stand-a necessity for sustain-
ing this stand structure through time-creates dangerous fuel
ladders and makes prescribed burning or other fuds manage-
ment treatments essentially impracticable. As described earlier,
many owl nesting stands had roughly an inverse J-shaped di-
ameter distribution characteristic of uneven-aged stands. Com-
position of the smaller size classes, however, was strongly
weighted toward shade-tolerant species, especially white fir.
This resulted from many decades of fire suppression, aug-
mented by partial cutting and preferential harvest of pines. In
the absence of stand openings by cutting or by natural agents of
disturbance such as fire and. insects, these stands will become
increasingly dominated by shade-tolerant conifers. Single-tree
sdlection should be included at a reduced level in management
experiments to evaluate changes in structura attributes, owl
use, managerial difficulty, and costs of implementation. Com-
bining single-tree selection with group selection (discussed be-
low) may work to maintain some vertical structure while per-
mitting regeneration of shade-intolerant species.

Mosaic of Small, Even-Aged Groups

One kind of structure that may have promise for production
and long-term maintenance of owl habitat is a multi-aged mosaic
of small, even-aged groups or aggregations. Groups would gen-
erally range in size from about 2 acres down to a quarter-acre, or
possibly less. Probably this type of structure best approximates
presettlement stand structures (Chapter 12), thus warranting
serious consideration. Openings would be sufficiently large to
permit regeneration of shade-intolerant as well as shade-tolerant

Chapter 13 271



species. Multiple size classes in general would be separated
horizontally rather than vertically, but in sufficient proximity to
satisfy this attribute of suitable owl habitat. The horizontal sepa-
ration of size classes also would confer some degree of resis-
tanceto crown fires (Chapter 12).

Group selection cuttings, or modifications thereof, would
be used to create and maintain this structure over time. Keeping
track of a large number of small openings and groups for man-
agement purposes, long considered a major obstacle to the use of
group selection, should be significantly easier with the advent of
geographic information systems and satellite-based global posi-
tioning systems. Treatments certainly would be more complex
and more expensive than with even-aged management, how-
ever, especially on steeper slopes.

Viewed from the standpoint of area regulation-approxi-
mately equal areas maintained in each of severa age-classes-a
given "stand" of, say, 20-100 acres under steady-state conditions
might contain three to six or more different age-classes. Each
age-class would comprise many small, variable-sized aggrege-
tions and occupy a total area roughly equa to the area of the
entire stand divided by the number of age-classes. "Rotation
age'-the age at which the oldest aggregations would be regen-
erated-could be as long as needed to meet and maintain targets
for large and/or decadent trees and snags. Periodic entries pre-
ceding regeneration cutting for a given age-class could be used
to adjust stand structure to meet desired habitat attributes. These
intermediate treatments might include thinning to speed deve-
opment of large trees or to ater species composition, creating
snags by girdling or other means, or wounding selected trees to
induce decay. In practice, these intermediate treatments would
take place within the various age-classes (aggregations) in the
stand when the oldest age-class is being regenerated. As an
example, if six age-classes and a 240-year "rotation” were se-
lected, entries could be made every 40 years to regenerate one-sixth
of the stand and conduct appropriate intermediate cuttings in the
remainder of the stand. Or 20-year entries could be made, but
regeneration cuttings would be made only every other entry.
Successive age-classes would be separated by about 40 years.

In groups to be regenerated, all trees could be removed or,
especidly in larger groups, scattered live trees and/or snags
could be retained. To facilitate fuels treatment and reduce dam-
age to the surrounding stand, cut trees should be felled as much
as possible into the newly created opening. Site preparation/
fuels treatment methods used on clearcuts should be usable in
these small openings, athough they are likely to be much more
expensive. One promising possibility may be jackpot burning of
slash concentrations in the opening at a time of year when fire
would not spread into the adjacent stand, thereby minimizing the
need for firelines. Shortly thereafter, the rest of the stand could
be underburned during somewhat drier conditions. Alternatively,
the rest of the stand could be underburned at the same time as the
openings. Local trials would help define a workable regime. In
any case, we recommend that fuels be treated after each entry
into the stand to reduce chances of severe wildfire. Various
fuels-treatment methods may be appropriate for a given area
Prescribed underburning, however, has the advantage that it
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would begin to restore the natural role of fire and associated
processes in the ecosystem (Chapter 12). In the scenario de-
scribed earlier, with successive age-classes separated by 40
years, the youngest (40-year-old) trees probably would be large
enough to tolerate an underburn without excessive mortality,
assuming early vegetation management to permit relatively rapid
early growth.

Openings could be regenerated ether naturaly or artifi-
cialy, and with or without vegetation management. Even with
planting and vegetation management, growth of tree seedlings
would be slower in an opening typical of group sdlection than in
a larger opening because of competition for site resources from
large trees surrounding the opening. Without planting and some
control of nonconifer vegetation, however, development of co-
nifers could be delayed for several decades. Fuels treatment
would be complicated as well.

Development of a mosaic of small groups could be initiated
in a wide range of stand conditions-for example, an older
plantation, a variable-aged young-mature stand, or an old stand
becoming excessively unbalanced in terms of size-class distribu-
tion or species composition.

Two- or Three-Storied Stands

Another kind of structure that might be suitable for produc-
tion and maintenance of owl habitat is a two- or three-storied
stand. It differs from the even-aged aggregation structure in that
each age/size-class would be more or less uniformly distributed
throughout the stand (although many variations in spatial ar-
rangement would be possible). In a two-storied stand, the upper
canopy would be sufficiently open to permit regeneration of
shade-intolerant species in the understory. If a third canopy layer
were to be managed, both of the upper two canopy layers would
need to be thinned enough to alow regeneration and growth of
multiple species. Typicdly, this kind of structure would be
initiated with a shelterwood cutting. After regeneration is estab-
lished, the overstory would be retained indefinitely-a practice
referred to as irregular shelterwood-instead of being removed
as occurs with even-aged management. Understocked stands,
traditionally a high priority for clearcutting, could instead be
underplanted, leaving most of the overstory in place. An over-
story infected with dwarf mistletoe could be underplanted with
species other than the one(s) infected.

If desired, this kind of structure could be initiated rela
tively early in the life of a plantation by having a heavy com-
mercial thinning double as a shelterwood-type regeneration cut-
ting. The cut would be followed by site preparation/fuels treat-
ment and underplanting with the desired mix of species. Through-
out the "rotation" of such a stand, thinnings could be applied as
needed to maintain desired size classes and species. These should
be followed by prescribed burning or other fuels treatments.
Snags could be created as needed. Once created, the stand
would never be devoid of large trees: each regeneration cutting
would be accompanied by retention of some trees in one or two
overstory layers. Thus a reatively short period of time would
elapse between a regeneration cutting and restoration of a
desired stand structure.
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Fuels treatments, including use of prescribed burning, should
not be particularly difficult for a two-storied stand. Initial site
preparation/fuels treatment before establishment of the under-
story would be the same as for a shelterwood cut. Subsequent
treatments would be comparable to those for an even-aged
plantation. Separation of canopy layers normally would be suf-
ficient to keep wildfires out of overstory crowns. A three-storied
stand could be somewhat more problematical, in terms of main-
taining adequate stocking of shade-intolerant species, protect-
ing the small understory during fuels treatments, and keeping
wildfires out of the overstory. In all these respects, a three-storied
stand would begin to approach conditions in a single-tree selec-
tion stand.

Conclusions

We believe that the dynamic trends in forest structure and
fuels profiles that are occurring on NFs in the Sierra Nevada are
cause for concern. The most troubling aspects are the loss of old,
large-diameter trees and associated woody debris, a shift toward
more shade-tolerant species, the buildup of fuels associated with
mortality in the small diameter classes, and the continued pres-
ence of abundant ladder fuels that enable crown fires to occur.
We do not believe the management directions eucidated in the
current LMPs alleviate these trends; in fact, single-tree selection
systems are likely to accelerate them. Even-aged systems can
reduce fud loadings and encourage the growth of shade-intolerant
species, but they do so at the expense of the remnant large trees.
We believe that other options exist that could deal directly with
these concerns. Management plans should focus on addressing
undesirable trends, designing potential solutions, and proceed-
ing experimentally to implement those plans on the landscape.

Owl habitat can be described in terms that are compatible
with silvicultura methods. In this chapter we have presented
preliminary examples of how this process might proceed. The
FS can easily gather basic stand-leve statistics from known owl
nest stands throughout the range of the California spotted owl.
To date, most of the data collected are either very coarse (for
example, at the timber strata level) or based on ocular estimation
and, therefore, are not as reliable as we would like.

Looking to longer-term solutions, we need to begin chang-
ing the forest structure back to a form more akin to historical
patterns: to generate fireresistant structures with small-scale
horizontal heterogeneity and a significant large-tree component.
The silvicultural systems suggested here provide for the mainte-
nance of large trees and complex stand structures, while signifi-
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cantly decreasing the risk of catastrophic wildfire. Through
management experiments, we need to ascertain which, if any, of
these stand structures may also be suitable for spotted owls.

References

Barbour, M. G.; Woodward, R. A. 1985. The Shasta red fir forest of California
Canadian Journal of Forest Research 15:570-576.

Bingham, Bruce B.; Sawyer, John O. 1992. Canopy structure and tree condi-
tion in young, mature and old-growth Douglas-fir/hardwood forests. Un-
published draft supplied by authors; 21 p. ,

Daniel, Theodore W.; Hems, John A.; Baker, Fredrick S. 1979. Principles of
Silviculture. New Y ork: McGraw-Hill; 500 p.

Davis, Lawrence S.; Johnson, K. Norman. 1987. Forest Management. New
York: McGraw-Hill; 790 p.

Dunning, D.; Reineke, L. H. 1933. Preliminary yield tables for second growth
stands in the California pine region. Technical Bulletin 354. Washington,
DC: U.S. Department of Agriculture; 23 p.

Fiske, John. Regional Reforestation/TS1 Program Manager, USDA Forest
Service, Region 5, San Francisco, CA. [Personal communication]. Febru-
ary 1992.

Husch, Bertram; Miller, Charles |.; Beers, Thomas W. 1982. Forest mensura-
tion. New Y ork: John Wiley and Sons; 402 p.

Kessler, Winifred B.; Salwasser, Hal; Cartwright, Charles W. Jr.; Caplan,
James A. 1992. New perspectives for sustainable natural resource manage-
ment. Ecological Applications 2:221-225.

National Research Council. 1990. Forestry research: a mandate for change.
Washington, DC: National Academy Press; 84 p.

Pitcher, Donald C. 1987. Fire history and age structure in red fir forests of
Sequoia National Park, California. Canadian Journal of Forest Research
17:582-587.

Rountree, Carl. 1992. Background report: Land use trends & projections
within the potential habitat of the California spotted owl. Unpublished
draft supplied by author; 7 p.

Ruth, Larry. Lecturer in Forestry, Wildland Resources Center, Univ. of Cali-
fornia, Berkeley, CA. [Personal communication]. March 1992.

Taylor, Alan H.; Halpern, Charles B. 1991. Structure and dynamics of Abies
magnifica forests in the southern Cascade Range, USA. Journal of Vegeta-
tion Science 2:189-200.

U.S. Department of Agriculture, Forest Service. Land and resource manage-
ment plan. San Francisco, CA: USDA Forest Service, Pacific Southwest
Region;

1986 SierraNational Forest; 173 p. Draft
1988a Eldorado National Forest; 438 p.
1988b Plumas National Forest; 498 p.
1988c Sequoia National Forest; 225 p.
1990 Tahoe National Forest; 817 p.
1991a Lassen National Forest; 334 p. Draft
1991b Stanislaus National Forest; 458 p.

Chapter 13 273



