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ABSTRACT

Three main aspects of uneven-aged management in northern hard-
woods are discussed: (1) choice of cutting method, including selec-
tion, group selection, and patch selection; (2) control of yields, which
involves the establishment of structural goals, the control of marking
operations, and the prediction of allowable harvest; and (3) the
transportation or removal of products—truck roads, skidroads, and
harvesting precautions. Emphasis is on flexibility: the possibilities
of applying a range of cutting methods and structural goals to con-
form to varied objectives and stand conditions.
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UNEVEN-AGED MANAGEMENT imple-
mented by the selection system of cutting,
has been recommended for handling certain
northern hardwood forests in New England.
During the past 17 years, the Northeastern
Forest Experiment Station has issued three
summary papers that deal with aspects of the
management of uneven-aged northern hard-
woods (Gilbert and Jensen 1958, Leak and
others 1969, Filip 1973). However, most of
this earlier work dealt with silvicultural aspects
rather than the entire managerial job of grow-
ing the timber, controlling the yields, and re-
moving the products through an uneven-aged
system. Furthermore, the traditional approach
to uneven-aged management— single- tree
selection coupled with biologically based struc-
tural goals—can be broadened to better meet
current needs.

Three main issues must be examined by a
forest manager in deciding whether or how to
adopt uneven-aged management. First, he
must decide upon a harvest-cutting method
based primarily upon regeneration objectives
and cost considerations. Second, he must de-
cide how to control the yields, which involves
setting residual stand objectives, marking
stands, and predicting future yields. Third, he
must decide how the timber will be removed;
and then he must develop a transportation
plan suited to the harvesting equipment.

These three questions will be examined in
depth in this paper, providing a basis for set-
ting up an uneven-aged management program
for northern hardwoods. Because each forest
property is unique, methodology will he
stressed. However, applicable data and ex-

amples will be given where possible. Material
that is readily available in other summary bul-
letins or as common professional knowledge
will not be presented.

CHOICE OF
CUTTING METHOD

The choice of an appropriate cutting method
depends upon an understanding of the under-
lying differences between even-aged and un-
even-aged management. The basis of even-aged
management is this: the forest is (or will be)
composed of reasonably even-aged stands of
sufficient acreage so that they can be surveyed
(mapped) and relocated. Under even-aged
management, the appropriate harvest cutting
methods—clearcutting, shelterwood, and seed-
tree—are those that create new even-aged
stands of sufficient acreage. The minimum acte-
age to qualify as sufficient is unique to each
property and is difficult to define. On large
properties in the northern hardwood region of
New England, the minimum size of a stand
seems to lie between 10 and 40 acres.

In contrast, forests under uneven-aged man-
agement are split into recognizable and relocat-
able stands on some basis other than age class.
The basis for stand differentiation can be for-
est type, site, logging conditions, or some com-
bination of these factors; but we do not keep
track of acreages by stand age class because it
is infeasible to do so. The appropriate harvest
cutting methods are those that attain growth,
quality, and species objectives without produc-



ing even-aged stands large enough to be sur-
veyed and scheduled for treatment. Tradi-
tionally, the selection system of cutting has
been associated with uneven-aged manage-
ment. But for practical application, three ap-
proaches—and possible combinations of two or
more—should be considered.

Uneven-Aged Cutting Methods

Single-tree selection consists of removing
individual trees that usually are isolated from
one another (Smith 1962, U.S. Forest Service
1973). The trees to be removed will include
those that are (1) merchantable and ready to
take because of poor future potential (slow
growth, risk, poor quality potential), and may
clude (2) unmerchantable trees, including
large culls, that should be cut or killed because
they suppress better stems. The emphasis here
is on the individual characteristics of the re-
moval trees. If several removal trees happen to
occur together, forming a small group, we’re
still practicing single-tree selection.

Under group selection, there is a conscious
effort to remove trees in groups of a few to
many trees (Smith 1962, U.S. Forest Service
1973). The area_ occupied by the group usually
is less than an acre, but could range up to sev-
eral acres in large stands. However, the area
would be smaller than the minimum feasible
acreage for a single stand under even-aged
management. This holds true because, the
larger the acreage, the more efficient even-aged
management is. The removal trees generally
have the same characteristics as those de-
scribed under single-tree selection—merchant-
able trees with poor future potential plus some
culls.

But instead of complete emphasis on indi-
vidual tree characteristics, the predominant
characteristics of the group must be evaluated.
Often, a few high-potential stems will be re-
moved with the low-potential stems. This ap-
parent loss in flexibility or efficiency must be
offset by a gain in the groupwise application of
the cutting: (1) the chance to uniformly re-
lease some established regeneration; (2) the
creation of conditions for the establishment
and development of some intermediate or in-
tolerant species; or (3) the reduction of log-
ging damage by taking trees in groups. Trees

are individually examined and marked under
typical group-selection practice.

A third possible approach in northern hard-
wood stands, sometimes associated with even-
aged management, is patch selection. This is
not a traditional cutting method, but there has
been a fair amount of experimentation with
this approach in northern hardwood types
(Jensen 1943). Patch selection is the removal
of all trees down to a small fixed limit (com-
monly 2 inches) on areas from a fraction of
an acre up to 1 or 2 acres in size. This method
is analogous to clearcutting, but it is applied
to acreages smaller than the minimum-sized
even-aged stand. It differs from group selec-
tion in that all trees within the patch boundary
are cut rather than a few adjacent, individually
selected stems.

Under patch selection, the cutting is cen-
tered around a group of trees that generally
qualify as removal trees. The boundaries of
the area must be marked so that the whole
patch can be cleared. However, the acreage
and location of the patch generally are not
made part of the permanent records. Patch
selection is appropriate for the release of small
established regeneration; but the method is
most appropriate for the establishment of new
regeneration.

Regeneration Related to
Cutting Method

Single-tree selection in northern hardwoods
favors tolerant species with a small proportion
of intermediates. A point that has not been
previously appreciated, however, is that the
small openings produced by removing two or
three trees result in as high a percentage of
intermediate species as small patch-selection
cuttings. However, patch selection provides for
more intolerant species (table 1).

A more detailed examination indicates that
the initial proportions of yellow birch and ash
can be almost as high in small openings under
the selection system as in heavily cut areas
such as the liquidation (commercial clear-
cutting) and diameter-limit cuttings listed in
table 2. The fairly high proportion of inter-
mediates in the small openings larger than 0.01
acres probably resulted from the chance release



Table I.—Species composition! based on the tallest
commercial stem per milacre plot?

Inter- Intol-
Cutting method Tolerants mediates erants
- Percent
Single-tree selection 81-92 7-18 1
Selection openings 68-80 18-31 1-2
.01 acre +
Small patches 62-77 7-34 4-16
.1 to .6 acre

1Tolerants are beech, sugar maple, eastern hem-
lock, and red spruce; intermediates yellow birch,
white ash, and red maple; intolerant paper birch.

2 Leak and Wilson 1958, Leak 1959, and Marquis
1965.

“

of some young regeneration together with the
establishment of some new stems right after
cutting—partly because of increased scarifica-
tion from logging disturbance. Indications are
that a conscious‘effort toward group selection
—even using small groups containing only a
few trees—will produce a marked increase in
the proportion of intermediates as compared
to standard single-tree selection. Maintenance
of this initial advantage in species composition
will require repeated release, especially of the
smaller groups, during successive cutting
cycles.

Although degree of cutting and size of open-
ing have an important influence on the pro-
portions of tolerant, intermediate, and intoler-

ant species, it is important to realize that site
factors will influence the regeneration of indi-
vidual species within tolerance groups. Efforts
are now under way to correlate soils and
species in New England forest stands, and
some general relationships already are emerg-
ing (Lanier 1974). Loose to firm soils derived
from glacial till commonly support typical
northern hardwoods. Glacial-till soils under-
lain at about 3 feet or less with a hardpan
support a fairly rich species mixture of both
softwoods and hardwoods—possibly because
such areas exhibit such a wide range in drain-
age. Outwash soils—sands and gravels—often
contain high proportions of red spruce and
white pine where the drainage is good, and
higher amounts of balsam-fir where the drain-
age is poorer.

Much more information is needed about
species/soils relationships. Until such informa-
tion is available, however, the successional
tendencies of a stand can sometimes be deter-
mined by careful field examination, with par-
ticular emphasis on understory development
following past disturbance from cutting or
natural causes. It is important to realize that
the effects of cutting method on regeneration
may be limited by soil and site conditions.

Harvest Costs Related
to Cutting Method

A complete cost-and-return analysis of the
various uneven-aged management options will

Table 2.—Species composition by cutting method and canopy opening, based on tallest commercial stem
per milacre plot. Regeneration 3 feet tall to 1.5 inches dbh 71/, years after cutting (Leak 1959).

Cutting method
and residual Canopy opening, Beech Sugar Eastern Red Yellow White Red Paper
basal area size maple hemlock spruce birch ash maple birch
P t
Liquidation: ercen
38 square feet All 26 17 9 3 16 16 7 6
Diameter-limit: .01 acre + 32 13 19 6 19 1 3 7
64 square feet Less than .01 acre 40 6 38 12 2 1 1 —
Moderate selection: .01 acre + 38 20 8 1 16 11 4 2
83 square feet Less than .01 acre 63 15 15 4 2 1 — —
Light selection: .01 acre + 39 11 26 4 11 7 — 2
95 square feet Less than .01 acre 50 11 26 8 1 4 —_— —
3




Table 3.—Dollar costs per unit of product har-
vested on the Bartlett Experimental Forest, by cut-
ting method (Filip 1967)

Compart- Total
Cutting method Costs ment acreage
Dollars No. Acres
Selection $17.63 11 423
Patch 17.78 4 120
Diameter-limit 15.30 2 80
Clearcutting 17.75 1 41

not be attempted in this paper. However, it is
important to make some evaluation of the
e@ciency of the various cutting methods, and
the most logical way is to use costs per unit
volume harvested.

Dollar costs per cunit (100 cubic feet) of
product harvested were determined for cutting
operations op 30- to 40-acre compartments on
the Bartlett Experimental Forest (Filip 1967)
(table 3). Results show almost identical costs
per cunit for selection, patch, and clearcutting.
Diameter-limit cutting down to a 13.0-inch
limit (and a 7.0-inch limit on paper birch)
cost less, no doubt because of the large size of
material removed.

It is important to realize that these costs
include all of the cutting and skidding phases.
They do not include costs of truck-road con-
struction because nearly all compartments
were located near available truck roads. The
costs do not include nor reflect the efficiency of
certain managerial jobs such as tree-marking.
Furthermore, on patch-selection areas, some
additional cost or reduced stumpage rate might
be required to cover the felling of unmer-
chantable stems.

Summary of Cutting Methods

Among the three cutting methods proposed
—single-tree selection, group selection, and
patch selection—there are no great differences
in harvest-cutting costs. Apparently the choice
of method depends upon species objectives
and stand conditions.

To reproduce beech, sugar maple, or eastern
hemlock, the single-tree selection method will
work; but keep in mind that site conditions

may determine the relative abundance of these
three species. Single-tree selection provides
maximum flexibility in choosing trees to take
or leave, but does not provide much oppor-
tunity to manipulate understory development.

Where a well-established understory of de-
sirable species (tolerants or intermediates)
exists under a mature clump of overstory trees,
group selection is the natural choice. The ma-
ture trees should be marked, together with any
immature but merchantable trees that would
be left isolated by the cutting. The size of the
group depends upon the stand conditions, but
normally it could range from two to three
trees up to nearly an acre.

Where a low-potential group of trees is
underlain by a definitely undesirable under-
story—weed trees, for example—or a sparse
understory, patch selection would be a reason-
able option because it provides the best oppor-
tunity for new regeneration with a fairly high
proportion of intermediate and intolerant
species. The patch borders should be marked
so that everything within the patch will be
harvested or felled down to a minimum diam-
eter of not less than 2 inches. Some investment
probably will be required to finance the cutting
of unmerchantable trees; so patch selection
should not be undertaken without a clear ob-
jective in mind. Patches generally will be less
than 1 acre in size.

Ideally, a stand should be marked with a
combination of cutting methods. Group or
patch selection will often be chosen to produce
an assortment of valuable species. However,
the areas between groups or patches definitely
should be marked for single-tree selection so
that poor-risk trees can be salvaged.

CONTROL OF YIELDS

Yields under uneven-aged management are
regulated through control of the growing stock
—so-called volume control. For each stand or
compartment, a residual stand structure (after
cutting) must be set in terms of numbers of
trees by diameter class, which determines
basal area and volume. A marking procedure
must be established so that a stand can peri-
odically be marked back to the residual struc-
ture with some degree of accuracy. The differ-




ence between current structure and residual
structure is the current yield of the stand. And,
finally, growth must be projected several years
(the cutting cycle) into the future to deter-
mine future structure. The difference between
future structure and residual structure is the
projected allowable harvest for that stand.
Summation of allowable harvest by projected
harvest dates for all stands or compartments
in the forest produces an allowable harvest
schedule for the forest.

Stand Structure Guides

The establishment of an appropriate resid-
ual structure for a stand is perhaps the most
critical step in the regulation process because
it has a very important bearing on the effi-
ciency and productivity of uneven-aged man-
agement.

To allow for continuous yields, numbers of
trees over dbh class must follow something
approaching a *reverse-J-shaped form. How-
ever, the exact form of the diameter distribu-
tion will vary depending upon regeneration,
mortality, and cutting rates. A well-known
theory of population dynamics indicates that
any population subject to a consistent sched-
ule of birth and death rates (including re-
movals) will develop a stable (constant-
shaped) age distribution curve.

When that population reaches a point where
regeneration equals losses, the age distribution
becomes stationary or constant (Keyfitz 1968).
Simulation work with northern hardwood
stands (Adams and Ek 1974) illustrates how
this principle may apply in practice to uneven-
aged stands: constant or sustainable size
(rather than age) distributions were derived
for a range of residual basal areas and harvest
options, some based on cutting through only
the upper (sawlog) end of the diameter dis-
tribution. Apparently, sustained production
from uneven-aged stands can be obtained by
cutting through all or only part of the diameter
distribution, provided that adequate regen-
eration is obtained to sustain the distribution.
The decision on cutting policy would depend
upon a careful analysis of the economics and
markets involved. The appropriate residual
stand structure would vary for each harvesting
option.

In developing structural guidelines, we
should not plan to keep in the residual stand
trees that are well beyond their financial ma-
turity. Growing hardwoods to very large sizes
is not economical in stands devoted primarily
to timber production.

Developing guidelines for the lower end of
the structure is problematical. On the one
hand, it might seem reasonable to maintain
small numbers of 6- and 8-inch trees so that
only a minimum volume of residual growing
stock is in unmerchantable trees. However,
northern hardwood stands have high regenera-
tive potential. In cut stands, there is a ten-
dency for the numbers of smaller stems to in-
crease rapidly. So, the maintenance of small
numbers of unmerchantable stems requires a
commitment to cultural or marginal work in
the smaller sizes.

Cultural work in understory trees generally
is less beneficial to the residual stand than
cultural work in the overstory. In typical
uneven-aged stands maintained by single-
tree selection, the 6- to 8-inch and smaller
trees tend to be in the understory. However,

- where group or patch selection is practiced,

there are better possibilities for cultural work
in the areas of essentially even-aged young
growth. So the feasibility of maintaining
smaller-than-natural numbers of marginal or
unmerchantable stems depends upon a com-
mitment to cultural work which, in turn, is
made more feasible by the maintenance of a
group- or patch-wise distribution of size
classes.

The concept of q (Meyer 1952)—the quo-
tient between numbers of trees in successive 2-
inch dbh classes—has traditionally been used
to define stand structure for uneven-aged man-
agement. As discussed earlier, population
theory and simulated results (Adams and Ek
1974) indicate that optimum residual struc-
ture may not follow the q distribution very
well. However, when used with flexibility, g
still remains as the best general method for
defining residual structural goals.

Past recommendations indicate that north-
ern hardwoods become financially mature at
not larger than 20 to 22 inches dbh—often
smaller—and that optimum residual stocking
lies somewhere between 70 and 80 square feet
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Table 5.—Examples of the basal areas and volumes removed per acre for two residual stocking alternatives

. q=20 q=1.6
Dbh Initial - -
class stand Residual Cut Residual Cut
(inches) Trees Basal Trees Basal Basal Trees Basal Basal Vol-
area area area Volume area area ume
No. Sq. ft. No. Sq. ft. Saq. ft. Bd. ft. No. Sq. ft. Sgqg.ft. Bd.ft.
6 94.7 18.56 92.0 18.04 0.52 — 73.2 14.34 4.22 —
53.9 18.81 : 46.0 16.06 2.75 —_ 40.6 14.18 4.63 —_
10 27.0 14.72 23.0 12.54 2.18 —_ 27.6 12.31 2.41 —_
12 27.2 21.35 11.5 9.03 12.32 1,539 12.5 9.84 11.51 1,441
14 16.1 17.21 5.8 6.15 11.06 1,638 7.0 7.45 9.76 1,447
16 7.2 10.05 2.9 4.01 6.04 968 3.9 5.41 4.64 742
18 4.9 8.66 14 2.54 6.12 1,054 2.2 3.80 4.86 813
20 1.6 3.49 q 1.57 1.92 339 1.2 2.61 .88 151
» 5 1.43 4 95 48 47 7 1.76 - =
All 233.1 114.3 183.7 70.9 43.4 5,685 163.9 7.7 429 4,594

L

of basal area per acre (Leak and others 1969).
Table 4 gives minimum residual structural
goals for a range in q. As q increases, the
number and proportion of small trees increase.
The acceptance of a 20-inch upper limit pro-
vides for 70 square feet of residual basal area
while a 22-inch upper limit provides for a little
more. These suggested structures should be
used flexibly. In some cases, one q might be
applied to the sawtimber sizes, and another q
might be used to guide the marking in the
poletimber sizes. Some of the possibilities are
best illustrated by example.

In table 5, figures are given for an initial
stand that averages 114.3 square feet of basal
area and therefore can support a harvest
cutting. This is an actual 40-acre stand on the
Bartlett Experiment Forest, about 100 years
old. Although the stand structure follows a
fairly typical reverse-J form, the trees actually
occur in a patch-like arrangement due to patch
cuttings several years earlier.

One option in marking this stand would be
to assume that little or no work will be done
in the 8-inch class and smaller. Although 6-
and 8-inch trees contain some merchantable
material, the harvesting of these sizes would be
a marginal operation, more like a cultural
treatment than a harvesting operation. Under

this option, the appropriate residual structure
is one that will concentrate the cutting in the
larger sizes, 10 inches and over. The appro-
priate choice is q = 2.0. Notice that a residual
q of 1.9 (table 4) or less would require more
and more cultural work in the 6- and 8-inch
classes. By subtracting the residual goal for q
== 2.0 from the initial stand and using local
volume tables, and basal area and volume to be
removed in each dbh class is easily deter-
mined. Note that the goal can be met by re-
moving very little from the 6- and 8-inch
classes (table 5).

Under more intensive management, some
marginal or cultural work in the 6- and 8-inch
classes and smaller might be contemplated.
The decision to invest in such work would be
based upon site and quality considerations,
and also upon an evaluation of whether these
smaller sizes did in fact occur in group- or
patch-wise arrangements. Under this option, a
residual structure of g = 1.8 would work well;
q = 1.9 could also be considered. However, low
q values of 1.4 or 1.5 could not be considered
for an immediate goal. Such low q distribu-
tions would not only require heavy treatment
in the small sizes—which might or might not
be justified: they simply could not be met in
the larger sizes because of a lack of trees.




























