Multiaged Silviculture
Solutions for Today’s Challenges

By Susan L. Stout

A s foresters, we have at least two reasons to find multiaged and uneven-
aged silviculture compelling: these alternatives to even-aged systems
respond to negative public reactions to even-aged harvests, and they pro-
vide the wildlife, recreation, and diversity benefits that come with complex
forest structures.

This issue of the Journal of Forestry presents perspectives from all re-
gions of the country, from both traditionalists and pioneers of new ap-
proaches to multiaged systems. We find many ideas for foresters seeking to
develop tools to meet the increasingly complex demands placed on forests
and silviculture We read about using stand density index and leaf area index
to create desirable structures and forest floor lighting conditions. We read
about the utility of traditional tools like the Arbogast guides for northern
hardwoods and the BDg approach. As these articles remind us, successful
tools—new or old—must provide desirable stand structures and be prac-
tical enough for use by markers in the forest, as well as promote regenera-
tion that sustains diverse and desirable species compositions.

That puts foresters in some parts of the country between a rock and a
hard place. As new methods are developed, serious conflicts can arise. What
if the species favored by traditional uneven-aged silviculture are favorite
browse for white-tailed deer in regions where these herbivores are over-
abundant? How do we handle hemlock and beech, also favored by uneven-
aged silviculture, in regions where exotic insects make those species vul-
nerable to sudden loss? How should the managers of Douglas-fir proceed in
the Pacific Northwest, from which Emmingham writes his appeal for the de-
velopment of new tools?

Several initiatives are under way to design and test creative approaches
to multiaged silviculture in the face of these challenges. Both 0"Hara and Long
suggest that residual structures based on stand density index or leaf area
index may provide structural diversity while allowing enough light to reach
the forest floor to ensure regeneration of shade-intolerant species. Seymour
and Kenefic report real progress on new ways of describing and analyzing
stand structure in multiaged spruce-fir stands. Miller and Kochenderfer report
that two-aged systems in West Yirginia appear to preserve the species diver-
sity of even-aged systems while providing additional structural complexity.

Most public agencies, some industrial foresters, and some consulting for-
esters are experimenting with various forms of two-aged silviculture, fea-
turing retention of overstory trees from all species and crown dlasses at final
harvest. Silviculturists design these systems to ensure both species diversity
and vertical structure while sufficient light is passed to the forest floor to
allow regeneration of diverse species in the new age dlass.

But the biggest challenge for all of us is learning how to communicate
the importance of diverse regeneration to citizens who too easily believe
that uneven-aged silviculture is a panacea for all they fear on public fands
managed for multiple use.
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Stlviculture for Structur-

Hovement away from even-aged silviculture and toward maintenance of !
continuous cover and structural diversity has generated renewed inter- |
est in two-aged and uneven-aged silvicultural systems. New approaches
for multiaged stands suggest managers can achieve many goals with
systems that integrate the structural features associated with natural
disturbance processes with systems that are simpler than the uneven-
aged silviculture of the past. The result is flexible systems for designing
and implementing diverse stand structures for many objectives, includ-
ing biodiversity. An understanding of forest stand dynamics and land-
scape ecology is a prerequisite.

By Kevin L. O’'Hara

phasize creating and maintaining structural diversity

at the stand level to provide for biodiversity and as-
sure long-term sustainability. Maintaining continuous vege-
tative cover over time and avoiding obtrusive treatments ate
additional concerns. To meet the challenge, various forms of
uneven-aged, or selection silviculture are being advocated
here and abroad.

The new stand management strategies, and the structures
they create, have assumed several names: continuous cover
forestry (Yorke 1992; Garfict 1995), ecological silviculture
(Benecke 1996), near-natural foresty (Benecke 1996), close-
to-nature forestry (Mlinsek 1996), pro silva (Pro Silva
1996), green-tree retention (Franklin 1989; North et al.
1996), multiaged (O’Hara 1996) and multicohort (Oliver
and Larson 1996) forestry, as well as such traditional labels
as Dauerwald, or roughly, “continuous forest” (Helliwell
1997), selection silviculture (Plenterwald), and uneven-aged
silviculture. In philosophy these forms of silviculture are all
designed to create multiaged stands (stands with two or
more age classes) but are as varied as their names. Some are
attempts to manage forests in ways that resemble natural
processes under unmanaged conditions (ecological silvicul-
ture). Others describe a structural condition (multiaged) or
an objective (continuous cover).

Forestry seems to cycle from one extreme to the other
but rarely occupies the middle ground, and so it is with un-
even-aged silviculture in North America and in Europe
(Schiitz 1994; Smith 1994; Weetman 1996). O'Hara et al.
(1994) described the silviculture of the preceding 25 years
as simple treatments in pursuit of simple objectives. Today,
there appears to be a movement to the opposite extreme,

R apidly changing forest management paradigms em-
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ve I'Sit)' A New Look at Multiaged Systems

A mixed-severity surface fire
has produced a multiaged
lodgepole pine stand in west-

ern Montana. The fire-scarved
trees predate the other trees
by maore than 50 years,

Kevin L. O’'Hara

particularly in countries where envi-
ronmental pressures are severe; treat-
ments can be as “unnatural” as some of
their even-aged predecessors and are
apparent attempts to micromanage
forests so that all management is im-
perceptible. It is important to recog-
nize the values and shortcomings of
previous experience and the hazards of
extreme reactions to public pressure
over silvicultural practice.

In North America there remain
many relatively untouched forests that
allow reconstruction of prehistoric
stand and landscape conditions and
disturbance regimes. The natural his-
tory of our forests reveals patterns and
processes that occasionally formed un-
even-aged stands, or more accurately,
stands with two or more age classes.
This information can be used to deter-
mine how to maintain these multiaged
structures and suggests ways to manage
forests in patterns and structures that
resemble the conditions under which
some plant communities have evolved
and on which native diversity depends.

Stocking Control and Assessment

First, foresters need new method-
ologies and tools to design and assess
uneven-aged stands that form a variety
of structures. Since stocking control in
uneven-aged stands generally involves
allocations of growing space to age or
size classes, the tools must be flexible
enough to permit the design of a vari-
ety of structures.

Long and Daniel (1990) suggested
allocating stand density index to diam-
eter classes in uneven-aged stands. This
system provides flexibility to design
stands of a variety of structures for vir-
tually any species. Long (1996)
demonstrated the potential of this
method for two-aged ponderosa pine;
otherwise, guidance on allocations of
stand density index to diameter size
classes is scarce.
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A new method developed for pure
ponderosa pine and lodgepole pine
stands in western North America and
mixed Norway spruce-Scots pine
stands in Finland (O’Hara et al., in
press) is useful for uneven-aged
stocking control. This methodology
recognizes the potential for leaf area
index to represent occupied growing
space in forest stands (see “Leaf Area
Allocation: How Does It Work?” p.
11). By dividing growing space
among age or size classes, the silvicul-
turist can design structures with dif-
ferent numbers of age classes, canopy
strata, densities, and levels of occu-
pied growing space. An additional
advantage is that the strong relation-
ship between individual tree leaf area
and volume increment allows the
consequences of a desired structure
to be assessed as the structure is being
designed. For example, one can esti-
mate volume increment of the stand,
individual age classes, or canopy class
groups, then use the growth rates to
evaluate whether these stand compo-
nents will sustain a structure, or to
estimate vigor of one component.
Such methods are particularly applic-
able to designing relatively simple
two- or three-storied stands.

Traditional Practices
Reverse-J-shaped diameter  fre-
quency distributions have been ob-
served in forests for several centuries.
H. Arthur Meyer is generally credited
with developing the g factor (the ratio
of trees in a diameter size class to the
number of trees in the next larger di-
ameter class) as a means to quantify the
reverse-] curve for stocking control in
uneven-aged stands in the United
States (Meyer 1943, 1952). If the de-
velopment of the reverse-] curve is
traced back to its origins with Gur-
naud, deLiocourt, Biolley, and others
in central Europe (Troup 1952; Schiitz
1994), the negative exponential slope
of the reverse-] diameter distribution
has always been most constant when
applied to large areas—apparently why
carly writers in central Europe referred
to a constant ¢ factor in forests instead
of stands. The distinction is important
because when the age structure of
Meyer’s “uneven-aged” forests in Penn-
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sylvania was measured, the stands were
found to be even-aged (D.M. Smith
1995 pers. commun.).

Nevertheless, the ¢ factor was
largely adopted as the primary means
of stocking regulation in uneven-aged
stands in North America. Further de-
velopment led to the BDgapproach, in
which stocking is controlled by a basal
area level (B), maximum diameter (D),
and a ¢ factor (Guldin 1991). Other
developments included the concept of
the “balanced” uneven-aged stand,
which has essentially been equated
with a stand defined by the ¢ factor.
Hence a stand whose diameter distrib-
ution strayed from the smooth nega-
tive exponential distribution was con-
sidered unbalanced.

Later, an interpretation was added
that a balanced stand had equal grow-
ing space allocated to each size class
(Smith et al. 1997). Assuming, for ex-
ample, 2-inch-diameter classes, each
class is allocated the same amount of
growing space. Hence the 2- to 6-inch
classes are assumed to occupy the same
amount of growing space as the 20- to
24-inch classes. For this to occur, each
successively smaller-size class must
have more trees.
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Figure 1. A reverse-] curve defined with
a g factor of 1.5- and 2-inch diameter
classes. Note that this distribution has
only 275 trees per acre,but 7 I percent
are in the 2- to é-inch diameter
classes. Only five trees are greater than
or equal to 20 inches. Instead of being
constrained by diameter distributions
with this form, foresters should be able
to design a variety of stand structures,
including structures with greater num-
bers of large trees.

Applying the balanced-stand con-
cept to uneven-aged stands was analo-
gous to the area-control forest regula-
tion procedure. Each size class in un-
even-aged stands was allocated equal
growing space in the same way that the
total land area occupied by stands of
any given age was equal in the fully
regulated, even-aged, area-control for-
est. Sustainability is theoretically
achieved in both systems because wood
is produced consistently over time and
a relatively constant stand or forest
structure is maintained. Younger even-
aged stands in a regulated even-aged
forest typically have many trees, and
therefore the younger and smaller
classes of the uneven-aged stand
should theoretically have many trees
(O’Hara 1996). This gives the ¢ factor
distribution its characteristic reverse-J
or negative exponential shape (fig. 1)

Misinterpretations

It now appears that the g factor is an
arbitrary distribution of tree sizes,
mathematically convenient but with
little ecological foundation. Very many
uneven-aged stand structures are sus-
tainable. The balanced-stand concept
was created by humans to justify cer-
tain management directions they be-
lieved were sustainable.

Several research studies have
demonstrated that reverse-] diameter
distributions could be maintained over
long periods. These include single-tree
selection systems with southern pines
(Reynolds et al. 1984) and group selec-
tion systems in northern hardwoods
(Leak and Filip 1977). However, these
studies have generally not tested alter-
native models for stocking control
they have tested whether a reverse-]
distribution was sustainable rather
than whether it represented an optimal
stocking solution. Others (Leak and
Filip 1977) have questioned whether
the rotated sigmoid curve (see Goff
and West 1975) might be a more ap-
propriate model than the reverse J. Ad-
ditionally, simulation efforts (e.g,
Adams and Ek 1974; Haight et al
1985) that attempt to identify optimal
stocking regimes have also not shown
the reverse-J distribution to be optimal
(O’Hara 1996).

In North America, the adherence to
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Five distinct cohorts are represented
in a multiaged ponderosa pine stand in
western Montana, including one that
predates European settlement and
several that resulted from selection
system harvests.

the reverse-] curve has led to problems:

* Managers have focused almost ex-
clusively on maintaining a diameter
distribution instead of more significant
structural features, such as distribu-
tions of foliage, canopy strata, or
crown occupancy. Managers have also
typically ignored the ages of trees, and
in many cases cutting amounted to
highgrading, thereby giving uneven-
aged silviculture a bad reputation
(Smith 1994).

* The high numbers of small trees
required by higher 4 factors are often
justified by the expectation of high
mortality in smaller-size classes. For
the distribution depicted in figure I
that has a g of 1.5, the 195 trees in the
< 6-inch-diameter classes eventually
replace the five trees in the 20- to 24-
inch classes. The remaining trees are
assumed to die, be thinned, or not in-
crease in diameter. However, in the
United States, density management
guidelines for even-aged conifers gen-
erally prescribe relatively low densities
that rarely let a stand go beyond about
60 percent of maximum stocking
(Drew and Flewelling 1979; Long
1985; Dean and Jokela 1992). When

s

similar limits on density are applied to
uneven-aged stands (Long and Daniel
1990; O’Hara 1996), mortality in
small-size classes occurs because of the
high levels of competition within
them. It becomes a self-fulfilling
prophecy: many small trees are
needed because some will die, and
some will die because there are so
many small trees.

The root cause of such misinter-
pretations may be general confusion
about all-aged versus uneven-aged
stands. Managers using the g factor
frequently assume that by creating an
all-sized stand, they are creating an all-
aged stand. Very few ecological studies
have observed stands in which nearly
all age classes are present (Oliver and
Larson 1996). More common are
stands with several distinct age classes
that originate after unique regenera-
tion events. The diameter distribution
of a natural stand is more likely to
have several peaks rather than the
smooth shape defined by the ¢ factor.
Where fires are frequent but of low
severity, the diameter distribution
might be bell-shaped even though the
stand is uneven-aged.

There are also many well-docu-
mented cases of reverse-J diameter dis-
tributions in even-aged stands (Oliver
and Larson 1996) and many examples
of poor management resulting from an
assumed correlation between size and
age. Previous misinterpretations are

due to a failure to determine what eco-
logical processes created the observed
structure. When a reverse-J diameter
distribution is observed, foresters have
tended to assume—erroneously—that
it is uneven-aged (Smith et al. 1997).

Silviculture must build on a solid
foundation of ecological understand-
ing. To design and manage uneven-
aged stands, we must understand the
events that combine to form these
structures. Reconstructing stand age
structure is difficult but well worth the
effort if our management is to be eco-
logically sound and convince skeptical
citizens.

Whereas traditional stocking con-
trol mechanisms based on the reverse-J
curve are lacking the flexibility needed
to guide design of a diversity of stand
structures, new tools provide this flexi-
bility. Additionally, these new tools can
integrate concepts of stand dynamics
such as natural disturbance cycles and
patterns of canopy stratification
through design of structural features
based on age classes or canopy strata.

New Understandings of Structure
With changes in management di-
rection in North America toward more
emphasis on what is left after harvest as
compared to what is recovered, there is
also a greater emphasis on structural
conditions. Stands with structural di-
versity, such as all-sized or uneven-aged
stands, generally have greater species
richness than stands with less struc-
tural diversity (Hunter 1990; Hansen
et al. 1991). When viewed from a
landscape scale, however, species rich-
ness and biodiversity are maximized by
a diversity of stands, including even-
aged and multiaged structures of vari-
ous ages. Biodiversity will most likely
be maximized by organizing a diversity
of structures over a large area, not by
creating the same structure over many
hectares. This is why the concepts of
landscape ecology are so important for
today’s forestry. To maintain a desired
level of diversity in forests, we must si-
multaneously plan over large areas.
The silviculturist thus has great op-
portunities to create a diversity of
structures that maximize biodiversity.
However, an understanding of forest
stand dynamics is a prerequisite for this
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type of management (O’Hara et al.
1994). New stocking tools that create a
variety of multiaged structures will be
useful for meeting this biodiversity.

Stand structure can be viewed as a
unifying variable for forest manage-
ment: most multiple-resource or mul-
tiple-use management objectives—
aesthetics, hydrologic values, wildlife
habitat, and even timber production—
can be expressed in terms of stand
structures. Inclusion of variables that
describe the position and size of tree
crowns can also enhance our ability to
predict stand increment in both even-
aged and multiaged stands (O'Hara
1988, 1996). But in describing struc-
ture, the emphasis should be on using
variables that are relevant ecological
structural features, not whatever is
convenient to measure or easy to quan-
tify (such as the reverse-J curve).

Shade tolerance. It is often assumed
that uneven-aged systems work only
for shade-tolerant species that can sur-
vive in an understory. This assumption
may be rooted in classical succession
theories that vegetation developed to-
ward a climax type that was self-per-
petuating and uneven- or all-aged, and
that the vegetation consisted exclu-
sively of shade-tolerant individuals. At
present, the climax model has generally
been discredited (Christensen 1988;
Pickett and McDonnell 1989; Cook
1996), but assumptions concerning
species composition for uneven-aged
stands still exist.

Shade tolerance can, however, be
viewed as a relative ranking of a
species’ ability to survive beneath an-
other species (Parker and Long 1989).
In theory, a shade-tolerant species can
survive under a less tolerant species,
but not vice versa, and no species can
survive for long in its own shade: the
“leftover” light passing through a trecs
crown would be insufficient to sup-
port another tree of the same species.
Yet natural multistrata stands of rela-
tively shade-intolerant species are
common (see Oliver and Larson 1996
for examples), and intolerants provide
some of our best examples of success-
ful uneven-aged management (Baker
et al. 1996). These stands exist because
their total foliage biomass and light in-
terception are low compared with
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shade-tolerant species, and the open
structure of their canopies permits
considerable light to penetrate their
discontinuous upper stratum.

There is probably no species that
because of its shade intolerance could
not be managed in a single-species, un-
even-aged, multistrata structure. Some
species may be outcompeted by other
tree or shrub species (Nyland 1996),
susceptible to insects or pathogens, or
uneconomical to grow in uneven-aged
stands. However, shade intolerance
could be overcome by appropriately al-
locating the growing space to each
species or age and canopy class. For
shade-intolerant species, this would re-
quire less total leaf area, less light inter-
ception, and perhaps lower relative
density than for a shade-tolerant
species. Because of these lower levels of
light interception, there is potential for
a shade-tolerant species to invade the
understory and outcompete a desired
intolerant species—a significant con-
cetn for uneven-aged silviculture, since
controlling invasion by undesirable
trees may be expensive.

The conceptual relationship be-
tween upper-canopy trees growing in
nearly full sun and lower-canopy trees
growing in partial shade can be viewed
in figure 2. The higher the overstory
stocking, the lower the understory
growth. The more growing space allo-
cated to the understory, the less avail-
able for the overstory. Uneven-aged
stocking guidelines should indicate the
best compromise between understory
and overstory growth to meet manage-
ment objectives.

Productivity. There are many studies
of the relative productivity of even-
versus uneven-aged stands with no
clear consensus regarding which is
more productive (Lihde et al. 1994).
Only a few studies were actually de-
signed to compare even- and uneven-
aged stands. Instead, researchers have
simulated or found comparable even-
and uneven-aged stands and used them
to develop conclusions about relative
productivity. The number of variables
to be controlled in these studies is im-
pressive: species, age (e.g., what type of
uneven-aged stand is comparable to a
40-year-old even-aged stand?), densi-
ties (e.g., what densities are compara-
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Figure 2.Theoretical relations between
overstory and understory growth and
percentage of growing space occupied
by the overstory. An adequate under-
story growth rate depends on suffi-
cient available growing space.

ble for the two structures?), timing of
treatments, and so on. _

There are few fundamental reasons
why productivity might vary between
structures with one age class and struc-
tures with two or more age classes. On
a given site, light, moisture, and nutri-
ent resources are constant, so potential
differences in productivity related to
stand structure must result from differ-
ences in use of these resources. Re-
search comparing relative light, mois-
ture use, or nutrient cycling efficien-
cies, however, is generally lacking. Re-
cent work with ponderosa pine indi-
cates some differences in these efficien-
cies, but the differences have not been
separated from a confounding density
effect (Valappil 1997).

Lower productivity in uneven-
aged stands would probably not dis-
courage potential use of these systems
if the difference was small. Uneven-
aged silviculture is already perceived
to have many short- and long-term
benefits; higher productivity, if ver:-
fied for uneven-aged stands, might be
a catalyst for more implementation of
such systems. If differences in pro-
ductivity were found, they would
probably be small, especially com-
pared with the effects on productivity
of variations in density levels, timing
and length of cutting cycles, species
choice, and susceptibility to insects
and diseases. For example, O’Hara
(1996) found multiaged ponderosa
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pine stands to have only 8 percent
greater cubic volume productivity
than even-aged stands in western
Montana and only 2 percent greater
in central Oregon; neither difference
was statistically significant.

In mixed-species stands, the ad-
vance growth effect (Bourne 1951;
Smith et al. 1997) suggests understory
stand components might utilize left-
over light passing through the over-
story, allowing greater stand produc-
uwvity. This would require either (1) a
relatively open overstory, in which
case productivity would not be en-
hanced because the understory pro-
ductivity occurs at the “expense” of
the overstory, or (2) a more shade-tol-
erant understory species, whose use of
light would be more efficient than in
a pure stand of the overstory species.
Arranging these species in the oppo-
site pattern would probably not work,
however, and hence the tolerant un-
derstory species must be maintained
in the subordinate position for the
productivity advantage to be sus-
tained. Mixed-species stands may pre-
sent other opportunities for greater ef-
ficiency of growing space (Kelty
1992), but these efficiencies would be
due primarily to species composition,
not age structure.

Costs and cutting cycles. The costs as-
sociated with uneven-aged silviculture
are generally perceived to be high be-
cause frequent stand entries are
needed, with reduced volume removals
and increased per-unit logging costs.
Perhaps traditional uneven-aged sys-
tems have very frequent entries because
of the preoccupation with maintaining
“balanced” diameter distributions. Any
amount of growth or change in the di-
ameter distribution would theoretically
“unbalance” the stand—something
generally assumed to be undesirable,
even though the consequences have
never been clarified. These frequent
entries in uneven-aged systems may
have their origins in the Plenterwald
system of central Europe, where entries
were encouraged every five to eight
years (Troup 1952).

Instead, however, we could attempt
to manage with long cutting cycles that
allow structures to develop across
broader ranges of relative stocking lev-

cls. Lower residual densities are an ex-
pected consequence of longer cutting
cycles (Buongiorno and Michie 1980;
Hansen and Nyland 1987). Perhaps
even-aged thinning intervals that allow
stands to fluctuate between extremes of
a desirable density management zone
can guide the lengths of cutting cycles
and residual densicties.

Regeneration. 1f stands are managed
with broad ranges in stand density or
growing space occupancy, natural re-
generation should occur, assuming ad-
equate reductions in density and suffi-
ciently long periods to accommodate
the periodicity of successful regenera-
tion events characteristic of many tree
species. Foresters have a tendency to be
overly concerned with prompt regener-
ation, which on most sites is likely to
occur if we are patient. Perhaps our
overemphasis on maintaining specific
diameter distributions and the virtually
nonexistent all-aged stand have forced
foresters to attempt to maintain con-
tinuous regeneration over both spatial
and temporal dimensions. Another
legacy of the Plenterwald philosophy
may be the disconnection between un-
even-aged silviculture and artificial re-
generation. Artificial regeneration of-
fers many opportunities for species
control, genotype improvement, and
avoidance of delays associated with
natural regeneration in uneven-aged
systems.

Sustainability. In the past, sustain-
ability at the stand level has been a pre-
requisite to an effective uneven-aged
stocking control procedure. The popu-
lar use of the g factor was based in part
on the interpretation that the “bal-
anced” stand was a sustainable unit
(Nyland 1996; Smith et al. 1997).
O’Haras (1996) analysis with pon-
derosa pine found that although distri-
butions defined by the ¢ factor ap-
peared sustainable, other distributions
that varied from a negative exponential
distribution were sustainable at higher
levels of production.

Similar concern over the sustainabil-
ity of even-aged stocking control pro-
cedures is generally absent. Instead,
sustainability of even-aged systems is
typically judged by their long-term ef-
fects on productivity of the land, not
on an even flow of volume production

from a single stand. The sustained yield
of these even-aged systems is achieved
through analysis over broad areas.

The traditional interpretation of
sustainability in uneven-aged stands
and the short cutting cycles inherent in
the application of the g factor are prob-
ably closely related. Uneven-aged
stands are typically assumed to be sin-
gle sustained-yield units. To provide an
even flow of wood from uneven-aged
stands over short periods, frequent har-
vest entries or short cutting cycles are
needed.

Perhaps silviculturists need to adapt
their interpretation of sustainability of
uneven-aged stands to the traditional
forest management interpretation—
that is, recognize the natural temporal
and spatial diversity of possible un-
even-aged structures, then assess sus-
tainability over broad areas that in-
clude many uneven-aged stands rather
than as a stand-level stocking regula-
tion mechanism. At small scales, sus-
tainability of uneven-aged stands could
be evaluated by their effect on long-
term site productivity.

Growing space allocations. Once we
move beyond the constraints of the re-
verse-] diameter distribution and the
“balanced” stand, we can allocate
growing space among uneven-aged
stand components (age classes, size
classes, canopy strata, etc.) in many
ways. Stand structures with only two
or three age classes or canopy strata
may provide a simple means of meet-
ing most, if not all, objectives of more
traditional and complex uneven-aged
stands. These structures are simple be-
cause only two or three stand compo-
nents must be managed. Additionally,
we can use some of our experience
with seed tree and shelterwood systems
to guide growing space allocations in
multiaged stands.

We can create uneven-aged stands
with normal size distributions, or
stands with decreasing numbers of
trees with increasing size. Rather than
being limited to a very few sustainable
structures, we can design and imple-
ment many structures to meet man-
agement objectives. This is truly an op-
portunity to tap the creativity of the
forester in ways traditional even-aged
silviculture never has.
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Conclusions

Foresters should be wary of adopt-
ing new management practices simply
because they are new. This is especially
true now, when environmental, social,
and political pressures are encouraging
foresters to try systems that maintain
continuous cover and enhance aesthet-
ics. There will be a tendency to overre-
act and adopt alternatives to even-aged
systems that are neither feasible nor
based on sound ecological reasoning.
Foresters should instead examine pre-
vious experience with both even- and
uneven-aged systems for guidance.

Uneven-aged  silviculture  can
achieve a variety of stand structure ob-
jectives other than the relatively inflex-
ible structures represented by the re-
verse-] diameter distribution. New
stocking control procedures that focus
on multiaged stands provide the flexi-
bility to design variations in stand
structure. Information we already
have—on growing space allocation in
multiaged stands, on natural distur-
bance cycles and stand dynamics, on
patterns of canopy stratification
through design of structural features
such as age classes or canopy strata—
can be integrated into the stocking
control tools. These procedures can
also be adapted to other forest types,
providing new options for managers to
achieve a wide range of management
objectives while maintaining continu-
Ous COver.

Literature Cited

Apams, D.M., and AR, EK. 1974. Optimizing the man-
agement of uneven-aged forest stands. Canadian Jour-
nal of Forest Research 4:274-87.

BAKER, ].B., M.D. CAIN, ].M. GuLDIN, PA. MURPHY,
and M.G. Shelton. 1996. Uneven-aged silviculture for
the loblolly and shortleaf pine forest cover types. General
Technical Report SO-118. Asheville, NC: USDA
Forest Service.

BENECKE, U. 1996. Ecological silviculture: The applica-
tion of age-old methods. New Zealand Forestry
41(2):27-33.

BOURNE, R. 1951. A fallacy in the theory of growing
stock. Forestry 24:6-18.

BUONGIORNO, J., and B.R. MicHIE. 1980. A martrix
model of uneven-aged forest management. Forest Sci-
ence 26:609-25.

CHRISTENSEN, N.L. 1988. Succession and natural dis-
turbance: Paradigms, problems, and preservation of
natural ecosystems. In Ecosystem management for parks
and wilderness, eds. ].K. Agee and D.R. Johnson.
Seattle: University of Washington Press.

Cook, J.E. 1996. Implications of modern successional

10 July 1998

theory for habitat typing: A review. Forest Science
42:67-75.

DEaN, TJ., and E.J. JokeLA. 1992. A density-manage-
ment diagram for slash pine plantations in the lower
coastal plain. Southern Journal of Applied Forestry
16:178-85.

DREW, ].T., and J.W. FLEWELLING. 1979. Stand density
management, an alternative approach and its applica-
tion to Douglas-fir plantations. Forest Science
25:518-32.

FRANKLIN, J.E 1989. Toward a new forestry. American
Forests 95(11/12): 37-44.

GARFHITT, ].E. 1995. Natural management of woods: Con-
tinuous cover forestry. Taunton, UK: Research Studies
Press Lid.

Gory, EG., and D. WEST. 1975. Canopy-understory in-
teraction effects on forest population structure. Forest
Science 21:98-108.

GULDIN, J.M. 1991. Uneven-aged BDg regulation of
Sierra Nevada mixed conifers. Western Journal of Ap-
plied Forestry 6:27-32.

HaiGHT, R.G., ].D. BRODIE, and D.M. ADAMSs. 1985.
Optimizing the sequence of diameter distributions
and selection harvests for uneven-aged stand manage-
ment. Forest Science 31:451-62.

HAaNSEN, AJ., T.A. Sries, EJ. SWANSON, and J.L.
OHMANN. 1991. Conserving biodiversity in managed
forests. Bioscience 41(6):382-91.

HaNseN, G.D., and R.D. NYLAND. 1987. Effects of di-
ameter distribution on the growth of simulated un-
even-aged sugar maple stands. Canadian Journal of
Forest Research 17:1-8.

Heiowell, DR 1997.
70(4):375-79.

HUNTER, M.L,, JR. 1990. Wildlife, forests, and forestry:
Principles of managing forests for biological diversity.
Englewood Cliffs, NJ: Prentice Hall.

Kerty, M.J. 1992. Comparative productivity of mono-
cultures and mixed-species stands. In The ecology and
silviculture of mixed-species forests, eds. M.]. Kelty,
B.C. Larson, and C.D. Oliver, 125-42. Dordrecht,
The Netherlands: Kluwer Academic Publishers.

LAHDE, E., O. LAIHO, Y. NOROKORPI, and T. SAKSA.
1994. Structure and yield of all-sized and even-sized
conifer-dominated stands on fertile sites. Annales des
Sciences Forestiéres 51:97-109.

Leak, W.B., and S.M. FiLIR. 1977. Thirty-cight years of
group selection in New England northern hard-
woods. Journal of Forestry 75:641-43.

LONG, J.N. 1985. A practical approach to density man-
agement. Forestry Chronicle 61:23-27.

. 1996. A technique for the control of stocking in
wwo-storied stands. Western Journal of Applied Forestry
11(2):59-61.

LONG, ].N., and T.W. DANIEL. 1990. Assessment of
growing stock in uneven-aged stands. Western Journal
of Applied Forestry 5:93-96.

MEYER, H.A. 1943. Management without rotation. Jour-
nal of Forestry 41:126-32.

. 1952. Structure, growth, and drain in balanced
uneven-aged forests. Journal of Forestry 50:85-92.
MLINsEx, D. 1996. From clear-cutting to a close-to-na-
ture silvicultural system. JUFRO News 25(4):6-8
NORTH, M., ]. CHEN, G. SMITH, L. KRAKOWI1AK, and .
FRANKLIN. 1996. Initial response of understory plant
diversity and overstory tree diameter growth to a
green tee retention harvest. Northwest Science

70(1):24-35.

NYLAND, R.D. 1996. Silviculture: Concepts and applica-
tions. New York: McGraw-Hill Companies.

Dauerwald.  Forestry

O’Hara, K.L. 1988. Stand structure and growing space
efficiency following thinning in an even-aged Dou-
glas-fir stand. Canadian Journal of Forest Research
18:859-65.

. 1996. Dynamics and stocking-level relation-

ships of multi-aged ponderosa pine stands. Forest Sci-
ence 42, Monograph 33.

O’Hara, K.L., R.S. SEYMOUR, $.D. TESCH, and ].M
GULDIN. 1994. Silviculture and our changing profes-
sion: Leadership for shifting paradigms. Journal of
Forestry 92(1):8-13.

O’Hara, K.L., N.I. VararriL, and C.L. KOLLENBERG
In press. Stocking control in multi-aged stands
using a leaf area allocation approach. In Uneven-
aged silviculture, Proceedings of the IUFRO Interds-
ciplinary Uneven-Aged Silviculture Symposium, Sep-
tember 15-19, 1997. Corvallis: Oregon State Uni-
versity.

OLver, C.D., and B.C. LARSON. 1996. Forest stand dy-
namics. Update edition. New York: John Wiley &
Sons.

PARKER, J.N., and J.N. LONG. 1989. Intra- and interspe-
cific tests of some traditional indicators of relative tol-
erance. Forest Ecology and Management 28:177-89.

PIckeTT, S.T.A., and M.J. MCDONNELL. 1989. Chang-
ing perspectives in community dynamics: A theory of
successional force. Trends in Ecology and Evolution
4(8):241-45.

DPRO SILVA. 1996. Association of European foresters practic-
ing management which follows natural process. Trutten-
hausen, Netherlands.

REYNOLDS, R.R., J.B. BAKER, and T.T. Ku. 1984. Four
decades of selection management on the Crossett Farm
Forestry Forties. Bulletin 872. Fayetteville: Arkansas
Agriculeural Experiment Station.

SCHUTZ, VON ].-PH. 1994. Geschichdicher hergang und
aktuelle Bedeutung der Plenterung in Europa (His-
tory and current importance of uneven-aged silvicul-
wre in Europe). Allgemeine Forst-und Jagdzeitung
165(5-6):106-14.

SMITH, D.M. 1994. Silvicultural perspectives: Have we
been here before? What did we learn? In Proceedings
of the 1993 Society of American Foresters National Con-
vention, Indianapolis, Indiana, USA, November 7-10,
1993, 216-21. Bethesda, MD: Society of American
Foresters.

SMITH, D.M., B.C. LaRSON, M.J.KELTY, and PM.S
ASHTON. 1997. The practice of silviculture: Applied
foresty ecology. 9th edition. New York: John Wiley &
Sons.

TroOUR, R.S. 1952. Silvicultural systems. 2nd edition
London: Oxford University Press.

VarapriL, NI 1997. A physiologically based compari-
sion of even- and multi-aged ponderosa pine stand
productivity. PhD dissertation, University of Mon-
tana.

WEETMAN, G.E. 1996. Are European silvicultural systems
and precedents useful for British Columbia silviculture
prescriptions? FRDA Report 239. Victoria: British Co-
lumbia Ministry of Forests.

YORKE, D.M.B. 1992. The management of continuous
cover contfer forests: An alternative to clear felling
Metksham, UK: Continuous Cover Forestry
Group.

Kevin L. O’'Hara (e-mail: ohara@forestry
umt.edu) is professor of silviculture,
School of Forestry, University of Mon-
tana, Missoula 59812.

610Z 41890100 8Z Uo Jasn juswabeue|y pueT Jo neaing - AQAN Yullped A 606€ L 9/1/2/96/10B1Sqe-a]o1Le/10[/woo dno-olwsepeoe//:sdiy Wolj papeojumoq



