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Abstract

The Westside Silvicultural Options Team of the Pacific Northwest Research Station has established an
array of long-term research studies to develop and assess a wide range of silvicultural options. In this pa-
per, we review three large-scale studies that focus on three major stages in the life of managed stands—
early development (precommercial thinning), midrotation (commercial thinning), and regeneration harvest.
These studies will provide information about stand development that will be useful in managing for wood
production, wildlife habitat, and other forest resource values in large portions of the Pacific Northwest west-
side forests. All three studies measure the response of both overstory trees and understory plant species.
Additionally, several other aspects of concern to forest managers, such as coarse woody debris, residual
stand damage, soil disturbance, economics, and public acceptance of treatments, are investigated.

Keywords: Silviculture, multiple use, silvicultural systems, forest management, precommercial thinning,
variable density thinning.

Introduction practices, particularly on public lands. Many alter-
native silvicultural strategies and practices for man-
The forest landscape in the Pacific Northwest aging young-growth forests for multiple objectives
(PNW) has changed dramatically over the last are being proposed and implemented. In many
century. This is particularly evident in the Douglas- cases, they are intended to maintain or accelerate
fir (Pseudotsuga menziesii (Mirb.) Franco var. development of forest structural components that
menziesii) region west of the Cascade Divide are common to older forests and needed as habitat
where forests have been heavily logged and re- for species dependent on older forest types. In
placed with young-growth stands, agriculture, or addition, options for harvesting and regenerating
development. During the last three decades, this young-growth stands are being implemented with
change in forest cover became a national focus the intent that they will produce a significant vol-
for the efforts of the environmental movement to ume of wood products while minimizing visual ef-
preserve old-growth forests and galvanized the fect and impact on other values that are often
public’s displeasure with clearcutting as the pri- disturbed by the traditional clearcut system.
mary harvest method in the west-side PNW forests. )
During this same period, several plant and animal Past Research and Management Experi-
species in the region that are dependent on older ence in the Douglas-Fir Region
forest structures have been identified as threat- ) )
ened or endangered under the Endangered Spe- Past resegrch gnd management practices in the
cies Act of 1973 and the National Forest Manage- Douglas-fir region generally have focused on
ment Act of 1976 (USDA FS 1993). These listings, clearcutting followed by establishment and man-
coupled with legal actions by concerned groups agement of even-aged plantations. This traditional

and the public’s dislike for clearcutting, have forced ~ @pproach has emphasized managing one (or a few)
reevaluation of forest management strategies and
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primary tree species in uniform stands. Early man-
agement practices were designed to reduce com-
petition from nontimber vegetation and enhance
growth of crop trees. In addition, relatively short
rotation lengths were chosen (in relation to the
biological limits for most northwestern tree spe-
cies). The intent was to maximize the volume and
value of merchantable wood products with little
attention given to species associated with older
forest structures. Curtis and others (1998) review
the historical development of silvicultural regimes
in the PNW and point out how practices can be
modified and used to maintain and produce wildlife
habitat, diverse stand structures (including those
associated with older forests), and scenic values
while also producing wood products.

There is little research or operational experience,
however, to validate successful outcomes of new
silvicultural approaches being proposed and imple-
mented for managing young-growth stands. These
new approaches generally are intended to mimic
observed characteristics in older stands that devel-
oped after natural disturbance. It has been as-
sumed that it is desirable to increase both species
diversity and structural heterogeneity within stands.
No young-growth stands, however, have been man-
aged for an extended period under these proposed
alternative regimes. Thus, estimates of relative
costs and benefits are based on major extrapola-
tions from limited data. In addition, no experimenta-
tion has focused on how various factors (i.e.,
understory and overstory species composition,
vertical and horizontal spatial distribution of trees,
shags, and coarse woody debris (CWD) within a
stand, and age-size distribution of trees) indepen-
dently affect plant and animal populations, or how
altering these factors will impact tree growth, stand
differentiation, habitat functions, or the production
of forest products. Most of the existing work with
alternatives to even-age management in the Dou-
glas-fir region was done in old-growth stands and
has little relevance to management of young-
growth stands (Curtis 1998).

Silvicultural Options Studies in the
West-Side Pacific Northwest Region

The Westside Silvicultural Options Team of the
PNW Research Station is conducting several
large-scale studies of silvicultural options for
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young-growth stands. These studies will evaluate
the results of management options intended to
produce multiple resource outputs and habitat val-
ues. Three such studies are summarized in this
paper. Each study examines options for managing
young-growth stands in one of three major stages
in the life of managed stands—early development
(precommercial thinning), mid-rotation (commercial
thinning), and regeneration harvest.

Early Development Options—Alternative Silvi-
culture in Young Douglas-fir Plantations

In recent years, the Forest Service in the PNW
region has increased emphasis on young stand
management, including ways to have some stands
develop old-growth structural characteristics. One
study is investigating silvicultural options to create
diverse stand structures by treating young, even-
aged plantations. The study area is in the Upper
Clearwater Creek valley of the Mount St. Helens
National Volcanic Monument in the Gifford Pinchot
National Forest. The forests in the area were com-
pletely destroyed by the 1980 eruption of Mount St.
Helens. After salvage logging, the area was
planted in the mid-1980s. Young, vigorous, uniform
Douglas-fir plantations resulted from this reforesta-
tion effort. Given the timber production goal for
these plantations, the area was scheduled for
precommercial thinning in the mid-1990s as the
plantations approached canopy closure. The
Westside Silvicultural Options Team and the
Gifford Pinchot National Forest staff took this op-
portunity to design an experiment to investigate
how silvicultural activities, undertaken during the
early development of stands, can influence vegeta-
tion structure and thereby habitat.

Study goals—The study goals are to:

1. Test how silviculturally induced variation in tree
species composition and stand structure affect
plant and animal populations.

2. Quantify the effects of different silvicultural

regimes on tree and stand characteristics and
the production of forest products.

Study design—Five treatments were designed
and replicated five times in the study area, result-
ing in a total of 25 plots. The main aspects of each
treatment are summarized below.



Figure 1—Aerial view of uniform (a) and irregular (b) thinning in the Clearwater Valley. The plantation was 12 years old at time of
thinning, the same year these photos were taken.

A. Control plots with no treatments planned for D. Irregular thinning with variable-sized openings

several decades. Plots were not thinned.
These plots have stands that are uniform with
one primary species (Douglas-fir), a fairly
dense spacing of 680 trees per acre, and
simple stand structure (one canopy layer and
little understory vegetation).

Thinning (fig. 1a) to emphasize uniformity of
species composition and stand structure. Plots
were evenly thinned to about half their original
density by removing alternate diagonal rows of
trees. Stand treatments were not intended to
alter species composition. Subsequent com-
mercial thinnings will be applied as stand and
economic conditions allow. In these future
thinnings, the largest, most vigorous Douglas-
fir, followed by other coniferous species, will be
left. Tree spacing will be kept relatively uni-
form.

Uniform thinning with supplemental plantings in
small, uniform openings to increase tree spe-
cies diversity. Plots were first evenly thinned as
in treatment B. Immediately after the initial uni-
form thinning, an additional 100 Douglas-fir
trees per acre were removed to form small,
evenly spaced openings (about 40 by 40 ft). A
mixture of red alder (Alnus rubra Bong.), west-
ern hemlock (Tsuga heterophylla (Raf.) Sarg.),
and western redcedar (Thuja plicata Donn ex
D. Don) seedlings were then planted in these
openings. Subsequent commercial thinnings
will be applied as stand and economic condi-
tions allow; however, they will emphasize in-
creasing tree species diversity rather than
maintaining stand uniformity.
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to increase structural heterogeneity (fig. 1b).
Plots were thinned to increase horizontal and
vertical diversity (spatial heterogeneity) in the
stand. Plots were first evenly thinned as in
treatment B. Immediately after following the
initial thinning, an additional 100 Douglas-fir
trees per acre were removed in unevenly
spaced clumps that created openings of three
sizes: 30 by 30 ft, 40 by 40 ft, and 50 by 50 ft.
No additional species were planted in these
openings. Subsequent commercial thinnings
will be applied as stand and economic condi-
tions allow; however, increasing heterogeneity
and tree species diversity will be emphasized
by only allowing harvest of Douglas-fir and
expanding or creating new openings in these
thinnings.

Irregular thinning with variable-sized openings
and supplemental plantings to increase struc-
tural heterogeneity. This treatment is similar to
treatment D; however, openings were planted
with a mixture of red alder, western hemlock,
and western redcedar seedlings. In addition,
30 large, vigorous trees per acre are to be se-
lected for growth enhancement via fertilization.
Twenty of these large trees will be kept in an
open grown condition to maximize growth.
Some of these selected trees will be topped or
killed in several decades to provide early snag
recruitment. The primary objective of subse-
guent commercial thinnings is to accelerate the
development of multi-layered, uneven-aged,
mixed-species stands.



Each treatment plot is 836 by 836 ft (16 acres)
including a 90-ft treatment buffer. Within each plot,
two or three 130- by 200-ft measurement subplots
were located after initial treatments were applied
in 1994 or 1995. In these subplots, all trees were
tagged and measured. In addition, understory and
ground vegetation was surveyed via small area
plots and line transects. Subplots will be periodi-
cally remeasured for several decades. Study
response variables emphasize understory develop-
ment (abundance and diversity of plants), horizon-
tal and vertical vegetation structure, and tree re-
sponse to thinning (density, spacing, and growth).

Current status—All subplot trees were measured
immediately after initial treatments were applied.
Three years after initial treatment, a subsample

of trees in the subplots was remeasured, then at

5 years, all subplot trees were remeasured. Under-
story and ground vegetation surveys were con-
ducted 2 and 5 years after initial treatments.

All plots were juxtaposed over a large, highly ho-
mogeneous area with regard to climate, aspect,
topography, soil, and current vegetation. This re-
sulted in a high degree of similarity among and
within treatment plots before manipulation, thereby
increasing the probability that real differences
among the treatments will be detected as vegeta-
tion develops. In addition, the relatively low density
and limited variety of plant species present in the
area at the time of initial treatments made it rela-
tively easy to manipulate species composition by
planting and seeding. Although no associated wild-
life studies have yet been initiated, one might ex-
pect that wildlife responses would differ between
treatments as stand structure differentiates over
time.

Midrotation Options—Olympic Habitat Develop-
ment Study

In the Douglas-fir region, well-stocked stands with
closed canopies often have limited understory veg-
etation and consequently limited habitat for small
forest-floor mammals. In the absence of active
management (or a natural disturbance), the under-
stories of these stands can remain impoverished
for many decades. However, retrospective studies
have shown that the presence of well-developed
understory and midstory vegetation, cavity trees,
and CWD can allow young, managed stands to
function as late-seral forest for many wildlife com-
munities (Carey and Johnson 1995). In 1994, the
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U.S. Congress directed the Forest Service to es-
tablish ecosystem restoration demonstrations in
Washington and Oregon. The Westside Silvicul-
tural Options and the Ecological Foundations of
Biodiversity Teams from the Olympia Forestry Sci-
ences Laboratory used this opportunity to collabo-
rate with Olympic National Forest staff to design
and implement the Olympic Habitat Development
Study (OHDS), a large-scale study of silvicultural
management options for midrotation stands on the
Olympic Peninsula.

Study goals—The study goals are to:

1. Test the efficacy of specific management prac-
tices for their ability to accelerate development
of stand structures and plant and animal com-
munities associated with late-successional
forests.

2. Test if accelerating the development of struc-
tures that are often missing in closed-canopy
midrotation stands will increase the function of
the ecosystem as habitat for terrestrial amphib-
ians and small mammals that dwell on the for-
est floor.

Develop and test in an operational manner
prescriptions that allow wood production con-
sistent with sustainable ecosystems.

Study design—The OHDS was designed as a
randomized block experiment with eight blocks
distributed around the Olympic Peninsula. Each
block has four or five treatment plots that are

15 to 25 acres. Study stands are 30- to 70-year-old
young-growth stands of Douglas-fir, western hem-
lock, and Sitka spruce (Picea sitchensis (Bong.)
Carr.). The core treatment is a novel variable-den-
sity thinning referred to as “thinning with skips and
gaps.” It consists of 10 percent of the area in no-
cut patches to protect existing snags and portions
of the forest floor, 15 percent in small (65 by 65 ft)
gaps to allow increased light to reach the under-
story without undermining stand wind resistance,
and 75 percent lightly thinned from below (removal
of 30 percent of the basal area) to increase wind
firmness and to promote understory reinitiation and
development. Minor tree species and trees with
long crowns are retained. In addition to thinning,
CWD treatments are a major feature of the study.
The following five treatments are being applied:



Figure 2—Visualization images of a portion (8 acres) of one of the stands in the Olympic Habitat Development Study before (a) and after
(b) application of the variable thinning treatment. Height of snags is exaggerated to increase their visibility. Note that uncut patches were
located to preserve snags.

A
B.

Untreated control.

Variable-density thinning with scattered slash
and scattered logs. Additional trees felled to
supplement CWD levels.

Variable-density thinning with scattered slash
and clumped logs. Additional trees felled to
supplement CWD levels.

Variable-density thinning with slash piled and
logs clumped and supplemental planting of
desired species in gaps. Additional trees felled
to supplement CWD levels.

Variable-density thinning with slash left scat-
tered and no supplemental CWD treatment.

The treatments with CWD enhancement (B, C,

and D) were to be evaluated after two winters. If
windthrow and nonmerchantable logs were not
sufficient to meet CWD targets, additional trees
would be felled and left as CWD. The CWD clump-
ing treatments also were to be implemented after
two winters.

Study response variables emphasize CWD func-
tion (response of small mammals and amphibians),
understory development (abundance and diversity
of plants, response of small mammals), and tree
response to thinning (density, spacing, and
growth).

Current status—Pretreatment baseline data on
small mammal and amphibian populations were
collected from 1995 through 1998 on all eight
blocks. Pretreatment data describing the presence
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and amount of cover of shrubs, ferns, herbs,
mosses, and lichens were collected, as well as
amount of CWD, on all blocks. Tree species, size,
and age data were measured on prism plots in
every treatment plot. One subplot in each block
was stem-mapped (fig. 2). Some blocks also were
used to study forest floor and soil seed banks, un-
derstory species root characteristics, and inverte-
brates associated with CWD.

Thinning treatments are being implemented
through the timber-sale program of the Olympic
National Forest. Four blocks were thinned during
the period 1997-99. The completion date for an
additional block originally scheduled for 2000 has
been extended to 2006. Unfortunately, treatment of
the remaining three blocks has been delayed owing
to the requirement to first complete surveys for
mollusks and fungi on the regional list of species to
be surveyed and managed under the Northwest
Forest Plan (Tuchmann and others 1996).

Post-treatment surveys of wind-thrown trees and
residual stand damage have been completed on
the four thinned blocks. Two blocks have had some
of the CWD treatments and supplemental plantings
implemented after thinning and have had post-
harvest vegetation surveys.

Carey and Harrington (in press) completed a retro-
spective analysis of the influence of residual CWD
and vegetation on forest small mammals. The
OHDS is a major part of the adaptive management
area program of the Olympic National Forest.



Regeneration Harvest Options—Silvicultural
Options for Harvesting Young-Growth Forests

The wood-producing roles of state, industrial, and
private forests have become increasingly important
as harvests from national forests have declined.
The Washington State Department of Natural Re-
sources (DNR) is one of the largest nonfederal
forest owners in the Northwest and has a legally
defined management objective to generate income
from timberlands in perpetuity for trust beneficiaries
(educational and other state and county institu-
tions). Expanding population, social changes, and
related pressures and conflicts affect the DNR, as
they do other managers of production forests.

Visual effects of harvesting activities are major
considerations in management decisions, espe-
cially along major travel routes, in areas with heavy
recreational use, and in the urban-forest interface.
Desire to retain public support and reduce conflicts
have stimulated interest in, and limited application
of, various alternative harvest practices aimed at
reducing visual impacts when young-growth stands
are harvested. Obligations to DNR trust beneficia-
ries require that forest managers consider financial
trade-offs and effects on long-term forest productiv-
ity when implementing alternative harvesting strate-
gies. Unfortunately, littte or no management
experience or research exists for these alternative
strategies. The Westside Silvicultural Options
Team collaborated with DNR staff to design and
implement a joint study aimed at evaluating young-
growth harvest practices and silvicultural options
that can be used in a landscape management con-
text to reduce the visual impacts of harvest opera-
tions while at the same time maintaining a high
level of timber production.

Study goals—The study goals are to:

1. Evaluate the biological, economic, and visual
effects associated with alternative timber har-
vest patterns and management regimes for
young-growth forests.

2. Provide experience and demonstrations of

contrasting silvicultural systems that are bio-
logically feasible for management of young-
growth forests in the Douglas-fir region.

Study design—The study is a stand-level experi-
ment that also provides components for various
assessments at the landscape level. It compares
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six treatments in a randomized block design with a
planned minimum of three replications. All blocks
are on DNR Capital Forest, a highly productive
young-growth forest southwest of Olympia, Wash-
ington. Treatments are being installed as part of
the normal DNR timber sale program and are de-
signed to create highly contrasting stand condi-
tions. They will provide comparative data on
biological responses and economic aspects. They
also will permit evaluation of foreground and land-
scape-level visual effects. Treatments are applied
in harvest units of 25 to 75 acres each. The initial
treatments are (fig. 3):

A. Clearcut—A conventional even-aged system
widely used in the Northwest and elsewhere.
All merchantable and nonmerchantable trees

will be cut with nearly 100 percent removal.

Retained overstory—A two-aged system that
resembles a shelterwood, but with the residual
trees carried through the next rotation to pro-
vide some large, high-quality trees. This is a
heavy cut with 15 evenly spaced trees per acre
left as the residual stand.

Small patch cutting—An even-aged system in
which small openings (1.5 to 5 acres in size)
are cut over 20 percent of the unit area. A con-
current thinning may be applied throughout the
residual stand for density control purposes.

Group selection—An uneven-aged system in
which evenly spaced small openings (up to 1.5
acres in size) are created by removing groups
of trees over 20 percent of the unit area. A
concurrent thinning may be applied throughout
the residual stand for density control purposes.

Extended rotation with commercial thinning—
Regular thinning from below in which about 30
percent of the basal area is removed through-
out the stand. This treatment takes advantage
of the capacity of thinned Douglas-fir to main-
tain high growth rates for extended periods. It
defers regeneration harvest, which would even-
tually be accomplished with any of the above
systems.

Unthinned control—No tree removal with re-
generation deferred an additional 50 to 75
years.
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Figure 3—1999 aerial photograph of the Blue Ridge study site showing initial treatment units (yellow).

Regeneration in treatments A-D will be achieved
primarily by planting in openings that are larger
than 0.1 acre, with some supplementary natural
regeneration. No planting is prescribed for treat-
ments E and F. It is planned that plots that initially
receive treatment A will be managed similar to tra-
ditional even-aged PNW stands over the next 60
to 75 years, with precommercial and commercial
thinnings conducted as relative stand densities
exceed desired targets. Treatment B plots will be
managed similar to the clearcut plots, except that
the residual overstory (15 trees per acre) will be
retained for several decades. Plots that initially
receive treatments C-E will be retreated (by using
the same guidelines that were used during initial
treatment) approximately every 15 to 20 years
when relative stand densities exceed target ranges.

Permanent, circular, fixed-area plots (0.2 acre)
were installed and measured before treatment.
Plots were located on a regular grid within each
plot. Regeneration and shrub cover were measured
on small, fixed-area plots.
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Harvesting production, cost data, log grades, and
volumes will be collected to allow economic com-
parisons of treatments. Pre- and post-treatment
photographs will be taken within the treatments and
from landscape perspectives, where feasible, to
allow evaluation of visual impacts and public per-
ceptions of each treatment. Such photos will likely
be taken at regular intervals for several decades so
visual changes over time can be evaluated.

Current status—The first block (Blue Ridge) was
harvested in 1998 and replanted in 1999. Pre- and
post-harvest tree and vegetation measurements
have been completed on the first block, as have
measurements for residual stand damage and soil
disturbance levels. Logging production, cost infor-
mation, and wood products yields were collected.
Pre- and post-harvest photographs of each treat-
ment have been taken and a survey of public pref-
erences of treatments has been conducted by
University of Washington cooperators. The Eco-
logical Foundations of Biodiversity Team has com-
pleted a post-treatment survey of song birds.



The second block (Copper Ridge) has been de-
signed, pre-harvest plot measurements have been
completed, and the block is scheduled for harvest
in 2002. The third block (Rusty Ridge) has been
identified and is tentatively scheduled for harvest in
2004. In addition to these three replications, the
British Columbia Ministry of Forests plans to install
a replication of the study in British Columbia.

Basic comparisons that will be made between treat-
ments include tree growth and stand development,
public response to visual impacts, harvest opera-
tion productivity and economic assessments, levels
of soil disturbance, and song bird usage. The rela-
tively large size of treatment units should provide
opportunities for future research on wildlife and
ecological questions, in addition to the primary
focus on reconciling wood production, economic
returns, and aesthetic values.

Discussion and Conclusions

Although the studies described in this paper ad-
dress different stand development stages, their
design and implementation have many similarities:

» Studies are in the Douglas-fir region in young-
growth stands.

» Studies are long term and are intended to run
for several decades.

» Multiple forest values and outputs are being
examined.

» Studies involve collaboration with public land
management partners.

» Studies were designed to use adaptive man-
agement approaches that allow future treat-
ments to be modified as conditions and
objectives change.

e Study treatments have been implemented as
part of ongoing forest management activities
by the land managers.

* Treatments are intended to stimulate the devel-
opment of various stand structures.

» Studies were designed with replication and
randomization of treatments.

» Large treatment areas and plot sizes were
implemented, providing sufficient area for
related wildlife research.
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e Study sites are valuable as both research and
demonstration sites.

¢ Undertaking and implementing these studies
required a major effort involving scientists, pro-
fessionals, and support staff from all involved
partners.

e Studies of this scale usually require supplemen-
tal funding from special programs or research
initiatives.

Although direct study of wildlife species is not the

primary goal of these silvicultural studies, each

study is generating valuable information about how
vegetation structure and diversity is modified via
management activities over the life of young-
growth forests in the Douglas-fir region. Such veg-
etation response data should be of great use to
wildlife biologists as they work to restore or main-
tain habitat in young-growth forests. When treat-
ment differences in vegetation become established,
these installations will provide outstanding opportu-
nities for direct study of some wildlife species.

The network of studies described in this paper es-
tablish an accessible show-case of silvicultural
options that address all phases in the management
of young-growth forests in the Douglas-fir region.
As the forests in these studies develop, they will
provide examples of the environments that can be
created by different management approaches. With
time, the studies also will provide opportunities for
public education and professional training on the
advantages and disadvantages associated with
each silvicultural option.
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Metric Equivalents

1 acre = 0.4047 hectare (ha)
1 foot (ft) = 0.3048 meter (m)
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