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by Benjamin A. Roach

ABSTRACT

Providing relatively unifurm yields of hardwoed tdmber for future
generations will require adjustinent of the presently unbalanced uge-cluss
distribution in the eastern hardwood forests, Beouause the home ranges
ol most spedies of wildlife are relutively restricted, maintaining stable
wildlife populations throughout these forests will reguire adjusting avd
regulating timber age classes by mnuch smaller units of lund  (several
hundred to several thousand acres) than would be needed for sustained
vield of timber alone. It i commonly belioved that regulating timber
production by such small units of lund would be prohibitivelv expensive,
But where the sinall unit bas an age-dlass distribution approuching the
average distribution for the forest as a whale, cost inerruses should be
insignificant. The key to successhid regolation of thmber age classes for
combined tinoher and wildlife production, with minimum npact on costs
and timber vields, i« the Jongerm planning of cutting schedudes for
small units of fanud,




Y MAJOR PURPOSE in this paper is

to show the need for planning timber cut-
ting a long way ahead — for either timber
production or wildlife production, but espe-
cially for wildlife. A secondary purpose is to
show how I think we might go about it.

GENERAL ASSUMPTIONS

My first assumption is that future genera-
tions will need all the timber that can be pro-
dueed, but will always be willing to trade off
some timber growth for other benefits —
wildlife, water, recreation, and aesthetics.

Another basie assumption is that assuring
full and dependable timber yields over long
periods — sustained yield, in other words —
will necessitate a regulated distribution of
timber age or size classes, at least in the gen-
eral foreat zones on public Iands and increas-
ingly on industry lands.

A third major assumption is that even-aged
management will be the system of manage-
ment generally used to regulate large-scale
timber production because:

e Qingle-tree selection cutting can be used
only for tolerant species, and even for these
it is much more difficult to regulate for sus-
tained yield than is even-aged management.

e Single-tree selection cutting provides only
one general set of habitat conditions over
large areas and for long periods. it thus
fails to provide the diversity of habitat re-
quired by many species of wildlife, and
wildlife populations are correspondingly
Himited.

© Small-group selection cutting may provide
acceptable habitat for many species of
wildlife, and it may be used to reproduce
most species of trees; but the extreme diffi-
culty of controlling cutting rates under it
will limit its usefulness to small tracts and
other areas where regularity of timber
vields is not required. In short, we can
practice group-selection cutting, but we
can’t regulate it on large areas over long
periods.

That leaves only some form of even-aged
management for large-scale produetion of
timber and wildlife. T am talking about the
general forest zone, not special areas where
other uses may take precedence over regu-
lated timber production. Please note, also, that
even-aged management doesn’t mean simply
clearcutting some area every time the mood
may strike. Rather it means carefully shap-
ing individual timber stands through a long
period of development toward a planned yield
of specific products on a definite schedule,
then harvesting when the objective is fulfilled
and conditions needed for regeneration are
present. The planned shaping of the stand is
the basic feature of even-aged management,
not the faet that clearcutting may have been
selected for the regeneration method.

I have also had to make some subsidiary
assumptions related to wildlife management.
One is that it will be as impossible to opti-
mize habitat conditions for all species of wild-
life on the same ares as it is to grow all
species of trees on the same area. Therefore,
both timber management and wildlife man-
agement must be coordinated toward produc-
tion and maintenance of certain types and
groups of species whose habitat requirements
are compatible on a given area,

Ancther assumption is that the size of eut-
ting area (stand size) adopted for timber
management must be coordinated as far as
possible with the habitat requirements of the
wildlife species to be favored.

And a final assumption is that many wild-
life species require some diversity of habitat,
by which I mean the appropriate variety of
plant species and successional stages that the
animal must have continually in order to live
in the area, A corollary is that, for maximum
sustainable wildlife populations, the diversity
must be supplied within areas judged to be
roughly equivalent to the bird’s or mammal’s
home range. Timber management requires
having all size classes of trees from seedlings
to mature timber, each gize clasg or structure
adding its own peculiar contribution, or im-
pact, fo habitat.



Therefore, it is the responsibility of the
timber manager to provide the necessary
range of stand structures, or conversely to
disperse the unsuitable structures for mini-
mum impact, over the wildlife species’ home
range. Basically, this wmeuans that timber-
cutting schedules must be more stringently
controlled for wildlife benefit than would be
necegsary for sustained yield of timber alone,
and that the control must be exercised on
smaller units of land.

I propose to examine the implications that
this last assumption holdz for timber man-
agement to see if certain basic adjustments
can reasonably be incorporated in a timber-
production program, and if possible to get an
idea of the magnitude of costs involved,

A MANAGEMENT EXAMPLE

Obviously I ean’t cover the whole field, and
I don’t know enough about wildlife manage-
ment even to try. Therefore, I'm going to
work with & specific example, featuring spe-
cies with which I am at least u little bit fa-
miliar. I am going to try, on paper, to man-
age a hypothetical compartment on a large
forest for combined production of ouk timber
and white-tailed deer. And since I like to
bunt grouse too, Ull try to at least keep them
in mind from time to thve. Please vemember
that this is only an example, Different types
or different species would require different
golutiony. 'm merely trying to illustrate a
method,

My compartment is 1,000 acres of oak. This
may be somewhat larger than the usual con-
cept of a unit of deer range, but for a reason
that will develop as I go along, I don’t think
it will make much difference in this case.

The timber-management objective on my
compartment has been get for large sawtim-
ber on a rotalion of 100 years, with a 10-year
cutting interval.

Choosing Average Stand Size

One of the first things I must do is decide
on the average size of stand that T want on
this compartment, and there are a number of
eonsiderations that bear on the deeision. The
trees don't care what size stand they grow in

as Jong as the area is big enough for satisfac-
tory regeneration and development. Any size
from about V4 acre on up will be satisfactory
to the trees.

For administering the timber-management
program, a relatively few large stands make
for comvenience and easier control. Timber
operators like large stands, too, because they
don’t have to move so often, and their admin-
istration and supervision can be more routine.
[n both cases, though, as long ax 8 stand is
large enough to provide an economic eab and
satislactory administrative control, it’s doubt-
ful that efliciency will improve much with
larger stands,

Ta the silviculturist, large stands are a
mixed blessing. On the one hand, large stands
mean less work drawing stand boundaries and
fewer stand examinations and preseriptions.
On the other hand, the larger the stand, the
more variation there is in such things as site
quality, and the less accurate the prescription
will be, In my opinion 20- to 30-acre stands
seem abont right for the types I'm familiar
with, although there are many arcas where
smaller or larger stands would be satisfactory
for silvieultural purposes.

Ag far as the deer are concerned, the main
factor is probably the amount of browse and
herbage produced when stunds are regener-
ated. If stands are too small, a large deer pop-
ulation can wipe out tree reproduetion when
we try to regenerate. If stands are very large,
much good browse and herbage is unutilized.
But deer don’t seem to be very good surveyors,
and they are blessed with the means to get
quickly from one place to another when the
mood strikes. So T doubt that any size be-
tween & acres and 100 acres is going to make
much difference to a deer if the width of the
ares is not too great and if the surrounding
area provides the other requirements for a
suitable habitat.

But a 100-acre stand seems pretiy large for
grouse. (One authority recommends b-aecre
stands in a 20-acre grouse range in aspen. The
S-acre stand seems a little small for both tim-
ber management and deer management, so I
compromised on a 20-acre average stand size.
Thig is what T will work for on my compart-



ment, The administrator and the logger
should be able to live with this stand size. The
deer don’t really care, and it should be at
least several times better for grouse than 160-
acre stands.

Because I want to keep my first attempt at
combined timber-wildlife production as
simple as possible, I am happy to discover
that my sample compartment is all the same
timber type and site class (mixed ouk, site
index 70). If 'm successful on my first at-
tempt, I can work in the other complications
later.

Adjusting Timber
Age-Class Distribution

If 1 were concerned only about timber pro-
duction [ would not trv to regulate timber
age-class distribution on an area as small as
1,000 acres. T’'d combine the compartment
with many others and work toward 4 balanced
distribution over perhaps 50,0600 or 100,000
acres,

Management for deer entails a different
dimension. From what U've seen and read,

deer make much use of open, newly regener-
ated areas, of brushy sapling-filled areas, and
of areas of mature timber in close combina-
tion with these. But deer seem to spend little
time in dense stands of poletimber from
which they get little food and apparently
little enioyment.

There’s no way that we can grow timber
{rom sapling size to large sawtimber without
going through a long pole stage. Thus it
seems to me the only way we can grow timber
on an area without having the deer break
their lease for long periods is to keep the pole
stands interspersed with encugh younger and
older stands within the deer’s normal range to
satisfy the animal’s requirements.

The best that I can arrange for the deer on
my compartment, and still grow timber effi-
ciently, is to balance the timber age-clags dis-
tribution on it., This arrangement will provide
the maximum continuous proportion of non-
pole timber. Ideally, then, at any time 10 per-
cent of the timber stands on the compartment
should be 0 to 10 vears of age, 10 percent
should be 10 to 20 vears of age, 10 percent
should be 20 to 30 years of age, and so on.

COMPARTMENT 1 YEAR @ 1974

30 80 70 70 70 70 76 60 60 60

60 60 60 60 60 60 60 60 G0 60

60 80 60 60 €0 50 50 50 50 50

50 50 50 50 50 50 50 50 50 50

40 40 40 40 40 40 40 40 10 10
Figure |—~Age distribution of timber stands on sample com-
pariment.



To get this distribution on my sample com-
partment I will have to regenerste 100 acres
of timber on the compartment every 10 years.
There’s no other way,

One of the key factors that will determine
the approach to regulated age-class distribu-
tion on my compartment is the distribution
now present. And 1 discover that, unfor-
tunately, the present age-clasg distribution is
nasty ; most of the compartment iz in middle-
aged stands:

Age class Percent Number of
(years} of areq 20-ucre stands
&0 4 2
70 10 5
60 36 18
50 20 1B
40 ie 8
10 4 2

And to make matters even worse, the age
classes are not distributed at random but are
concentrated in blocks (fig. 1).

COMPARING YIELDS UNDER
DIFFERENT CUTTING SCHEDULES

To compare different cutting schedules
later, I need to establish the pattern of yield
and the volumes that would be obtained if 1

didn’t try to adjust age-class distribution but
simply perpetuated this one, cutting individ-
ual stands as they reach maturity (fig. 2).
The unit of volume that T used is the harvest
vield of one mature 20-acre stand. In other
words, when I cut one 100-vear-old stand of
20 acres, I get onc harvest yield unit.

Since the oldest stand on the sample com-
partment iz 80 years old in 1974, under the
system of simply cutting stands as they ma-
ture, no stands will be harvested for 20 years.
In 1994 two mature stands will be harvested.
In 2004 five more stands will mature and will
be harvested, and so on. After 90 years, in
the year 2064, the entire compartment will
have been cut over and will have provided 50
full harvest yields.

Incidentally, this schedule of cutting is the
only one that causes no reduction in total
yields. Any cutting schedule that changes the
present timber age-class distribution on this
compartment will reduce total yields over the
adjustment period. But it seems obvious that
some adjustment is desirable because the
vield from just cutting stands as they mature
is very uneven. A short period of timber
abundance — 2014 to 2034 — will be followed
by a long period of timber scarcity — 2044 to

Figure 2—Yields expected from maintaining present age-class

distribution,
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2104. There will be a feast-and-famine cycle,
a short feast followed by a long famine. There
will be not only a feast-and-famine eycle in
timber from this area; there will also be a
feast-and-famine cycle for deer as the bulk
of the area leaves the brush stage and goes
through a long pole-timbher stage.

Many different cutting schedules could be
devised to eliminate or reduce this feast-and-
famine eycle. I will examine four alternative
schedules that oceurred to me and calculate
the loss of yield that will result from each.
Then { will add some simple consiraints to
improve or sustain deer habitat and see how
much additional loss these would entail.

To compare wildlife and timber costs later,
I need to determine the cost in physical vields
that age-class regulation alone will entail on
my sample compartment. I have calculated
the expected vields for four alternative cut-
ting schedules. For simplicity, and to make
clear the basic principles involved, 1 am using
only the final harvest yields to compare re-
sults of different cutting schedules. Thinnings
can be used to help level out long-term vields,

Figure 3.-—Board-foot (Scnbned ;yseld for even-

aged cak, site index 70 (adapted from Schnur}.
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and they provide a powerful] tool for helping
adjust figurative age-class distributions. But
they also add complications that I don’t have
space o discuss.

My figures are based on Schnur's board-
foot Seribner yield table for even-sged oak
stands, site index 70 -— up to 100 years
{Schnur 1987). 1 had to extrapolate from
there to estimate yields for older stands (fig.
3). My extrapolation is guesswork, of course,
but the curve looks reasonable; and ag long
as the same curve is used for all cutting
schedules, relative differences should be legiti-
mate,

In the yield table I used, mean annual incre-
ment peaks between 100 and 110 years of
stand age. Thus cutting stands vounger than
100 years of age means a loss of production.
And earrying stands beyond 110 years of age
likewise entails a loss of production. The
alternative cutting schedules that I examined
all necessitate either cutting some stands
early, or carrying some stands past maturity,
or both, with corresponding decreases in total
yield over the adjustment period. I will con-
sider these losses of yield to be the costg of
regulating age-class distribution.

Cutting Schedule No. 1

Once we decide that we need to break up
this feast-and-famine c¢ycle of timber yields
and deer browse, one of the most obvious
courses is to go all out for fully regulated
vields as quickly as possible. With a 100-year
rotation, a 10-year cutting interval, and 50
stands of 20 acres each in my eompartment, 1
will need to regenerate 5 stands each cutting
interval, the first cut taking place immedi-
ately. To avoid excessive loss of yield, I'll al-
ways cut the oldest standg first. I'll call this
system Cufting Schedule No. 1.

Ising this cutting schedule in my sample
compartment requires cutting & stands 80
years before maturity, ¢ stands 20 years
early, 5 stands 10 years early, 5 stands 10
vears late, 10 stands 20 years late, and 3
stands 30 years late, I will have achieved my
desired distribution of age classes in only 90
vears, and the pattern of yields has been
greatly leveled out from the former pattern
of feast and famine (fig. 4).



Figure 4.~Projected yields from cutiing schedules.
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However, Cutting Schedule No. 1 causes a
reduction in yield over the 90-year period
equivalent to the 100-year harvest from 3.36
stands (fig. 5). This amounts to 6.7 percent
of the expected vield for the period. Three-
fourths of this loss came from cutting stands
before they were mature; the other one-fourth
resulted from carrying stands beyond matur-
ity.

Well, 6.7 percent of a rotation yield seems
like a high price to pay for early regulation
of vields, especially when the major impact
hits us in the pocketbook within the next 3¢
vears. And this sacrifice is enly in physical
quantities; it doesn’t tuke into account the

fact that the loss in value will actually be
much greater. This is because present stump-
age rates give a considerable bonus for large
high-grade trees. When we cut stands early,
the large high-grade trees are the very ones
we're sacrificing. Since we can expect the
stumpage differential between large and small
timber to persist for the next few decades at
least, cutting a stand early now means a much
greater Joss of value than cutting the stand
the same length of time late. So the true loss
from Cutting Schedule No. 1 will be relatively
even greater than the 6.7 percent loss of
physical yield would indicate.

We should expect considerable losses under
this sort of schedule. Everyone knows that it’s
bad practice to cut immature timber.

Cutting Schedule No. 2

The large short-term loss from cutting im-
mature timber can be avoided simply by let-
ting stands mature before harvesting them.
Cutting Schedule No. 2 is designed to explore
this approach. Under this schedule I will still
shoot for full regulation, but I will delay
starting it until enough stands reach maturity
to carry the full cut, I will begin harvesting
stands as soon as the first ones reach matur-
ity; and as soon as enough stands reach 100
yvears of age, I will regenerate § stands per
cutting interval thereafter. T'll always cut the
oldest stands first,

Under Cutting Schedule No. 2, no stands
are cut early, but many must be carried be-
yond maturity; 5 stands are cut 10 years late,
7 stands 20 years late, 10 stands 30 years
iate, 7 stands 40 years late, 8 stands 50 years
late, and 1 stand must be carried until it is
160 years old. It takes 120 years, only 30
vears longer than the first alternative, to
reach a balanced distribution of age classes;
and this schedule provides a bonus 80 o 120
yvears from now of about 20 percent more
timber than would normally be expected (fig.
4}.

However, this has been achieved only at a
great sacrifice of immediate volume. I get no
harvest yvields for 20 vears. And you may be
surprised to learn that, in fact, total loss
of vield under this schedule considerably ex-
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Figure 5.—Frojected loss of yield from cutting
schedules.

YIELD REDUCTION (MATURE STAND VOLUMES)

ceeds the losses under the first alternative.
Total loss is equivalent to the harvest volume
from 5.8 mature stands, or about 9 percent
of the expected yield over 120 years (fig. 5).

At first sight this seems astonishing. How
is it possible that the good guys who are only
trying to prevent the cutting of immature
timber would actually be causing a greater
loss of yield than the self-admitted timber
beasts?

The reason is that, as stands pass maturity,
they add less and less volume. In fact, as they
get older and start to deteriorate — and as
ingeets, rot, wind, ice, and drought take their
toll — stands will sooner or later start to lose
volume. By delaying cutting of an oak stand
on my compartment for 60 years past matur-
ity, I estimate that I stand to gain only about
20 pereent over the normal harvest volume.
In the meantime, I’ve lost 60 percent of the
next rotation. The loss is not just the volume
that a 60-year-old stand would contain; it is
60 percent of the final yield of that stand,
which is much greater. If you don’t believe
me, consider what would happen if I carried
a stand for 200 years. For a nominal increase
in the yield of that one stand, 1 would have
lost an entire rotation yield from another.

The obvious course now is to see if I can
find a compromise between the two extremes,
and I'll briefly describe two that occurred to
me, There may be better ones, but these will

.
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do for me until someone comes along with
something better.

Cutting Schedule No. 3

Cutting Schedule No. 3 is a one-rotation
compromise; it simply splits the difference,
so to speak, between the first two schedules.
If you recall, under my first alternative I had
4 cuts before 1 was cutting any mature stands.
In that period I had cut 20 stands. Under
Cutting Schedule 3, I'll cut just half that
many. I'll cut 1 stand in 1974, 2 in 1984, 3 in
1994, 4 in 2004, and thereafter 5 stands per
period. As before, I'l cut the oldest stands
first.

Under this schedule, it takes 130 years to
reach full regulation; and during the last two-
thirds of the adjustment period, the yield pat-
tern is very similar to that of Cutting Sched-
ule No. 2: between the years 2054 and 2094
there will be a 20-percent bonus of timber
vields (fig. 4). The main difference from No.
2 is that we do get some immediate volumes.
Compared to Cutting Schedule No. 1, how-
ever, short-term yields are considerably de-
pressed.

The total yield loss under Cutting Schedule
No. 3 exceeds the loss under my first alter-
native by 1.3 stands (fig. 5). However, over
the adjustment period, the percentage loss is
the same -— 6.7 percent. Algo, the large early
loss associated with the first alternative is
greatly reduced; only 11 percent of the total
comes from cutting stands before maturity,
compared to 75 percent for Schedule 1. The
short-term impact is therefore very much
less.

Compared to my second alternative, the loas
from Cutting Schedule No. 2 is less by a full
stand, and Schedule 3 does provide some im-
mediate volume.

Cutting Schedule No. 4

My last alternative—Cutting Schedule No.
4 — starts off like No. 8. During the first 4
cutting intervalg, only 10 standg are cut. Then
as soon asg enough stands reach maturity, 1
cut more stands than called for—5 more as a
matter of fact. Cutting more stunds than
called for gives increased yields in the middle



of the first rotation, which in turn causes
decreased yields in the middle of the follow-
ing rotation. In effect it means spreading the
adjustment period over an extra rotation.
Under this schedule it will be 230 vears be-
fore the compartment is fully regulated (fig.
4).

Under Cutting Schedule 4, however, vield
losses are the lowest of all — the equivalent
of only 2.9 stands or 2.4 percent over the ad-
justment period (fig. 5). It does cause an
up-and-down cycle in the yields that the
others don’t, and I can’t predict how much
this might pineh when the time comes. Com-
pared to the other schedules, though, No. 4
holds the impact of both cutting early and
cutting late to relatively low levels.

We might note that yields can be increaged
temporarily under any of these cutting sched-
ules by adopting a shorter rotation. This can-
not be done safely, though, unless the next
generation stands are constantly thinned and
perhaps fertilized from an early age, or unless
product specifications and rotation objectives
can be changed — for example to grow bulk
fiber rather than board feet,

SOME POINTS OF SIGNIFICANCE

Now, here are a few significant points that
have emerged from my study thus far.

One is that our hardwood forests are badly
unbalanced in the distribution of age classes
of timber. This is because of the heavy cut-
ting of timber that took place in the eastern
forests from about 1890 to about 1935, Unless
we begin exercising more thought toward the
regulation of stocking and timber age classes
within these forests, we are very likely to
saddle the next several generations with re-
curring cycles of timber feast and timber
famine.

We could say that, since the next several
generations are bound fo be smarter than we
are, let them do it. This ignores the fact that
we are in a better position to begin this regu-
lation than will oceur again for probably an-
other 3 or 4 generations. The bulk of our tim-
ber is of an age where it will furnish reason-
able volumes per acre, but it is not vet so close

to maturily that initiating regulation will
result in holding mature timber for long
periods. Now is the best time for the adjust-
ment process to begin,

The second key point ig that, if the age-
class digtribution is unbalanced, correcting
the distribution will in most cases reduce
total vields over the adjustment period. It
makes sense to begin looking for the lowest
cost alternative.

Third, contrary to popular belief, when age
distribution is unbalanced, refusing to cut
timber until stands reach maturity is the most
costly of all adjustment procedures in terms
of lost produection.

Finally, at least for those wildlife species
that require some diversification of forest
strueture as their habitat, attaining a bal-
anced distribution of timber age classes on
areas as nearly as possible the size of a unit
of the species’ home range is probably the
most important thing timber management
can do to help stabilize wildlife populations
and habitat and lay the basis for future man-
agement, And I propose to show that timber
management can afford to do this on small
units — in the range of 500 to 5,000 acres —
and that the cost of doing so should generally
be charged to the cost of regulation per se,
and not as a cost of wildlife management.

COSTS OF REGULATING
AGE-CLASS DISTRIBUTION

The two basie costs of regulation are the
loss of vield resulting from changing the age-
class distribution and the out-of-pocket cost
of administering the field work. I'll discuss
the loss of yield first.

The age-class distribution on my sample
compartment was chosen o approximate the
tvpical distribution over a large forest. If the
large forest has this distribution and if the
whole forest is regulated for sustained yield
under any of the cutting schedules I illus-
trated, the loss of yield over the forest will
be the same, percentagewise, as I have shown
for the compartment.

There is a mujor difference between the
forest and my compartment, however; and



that is the manner in which the age classes
are distributed. Over the {forest, the age
classes ave not arranged in contiguous blocks;
they are more or lesg randomly distributed,
due to the nature of the early cuttings. It’s
fairly common to find blocks of several hun-
dred acres of one age or size clags. But due
to variations in site quality and early cutting
history, it’s rare to find blocks as large as
1,000 acres that don’t display a good deal of
variation in stand ages, stand sizes, and stand
structure,

On any small unit that has an age — or
size-class distribution approaching the aver-
age distribution over the forest, the loss of
yield from adjusting the distribution will be
the same, percentagewise, as for the forest
as a whole, In fact, it seems logieal to assume
that the distribution on the small unit can
differ some degree from the forest average
without a significant c¢hange in the yield loss,
but I admit that I don’t know how to identify
the degree. My point is, though, that where a
distribution approaching the forest average
occurs on a small unit, why not take advan-
tage of it? There would seem fo be a consid-
erable benefit to wildlife in doing so, and do-
ing so would have little or no impact on yields.

It is true that if a small unit contains only
one or two age classes, then regulating distri-
bution on the unit would entail greater yield
losses than the average. This increased loss
would properly be considered a charge against
wildlife, but it should be possible in many
cases to enlarge the unit somewhat to include
a greater range of ages. Another possibility
is to use different thinning schedules in some
stands of the same age to vary size-class dis-
tributions and hence prospective maturity
dates.

So I'm not plugging for uniform 1,000-acre
regulatory units throughout a forest, with
uniform 20-acre stands. I’'m saying we should
take advantage of the opportunities presented
in our present mixed-up forests to deliber-
ately regulate by small units. Some might be
as small as a few hundred acres, others might
be several thousand acres. The forester and
the wildlife manager working together should
be able to work out cutting schedules in such a

way as to greatly improve opportunities for
wildlife management without any significant
impact on timber yields.

But how about the administrative costis?
Won't the dollar cost of administering the
field work be greater for many small units
than for one large one? No, they shouldn't.

Present working circles, or working
groups, or regulatory units, or sustained-yield
units — whatever vou want to call them —
derive from the time when selection cutting
was our gospel. Under selection cutting, ¢f we
are managing species that will reproduce and
grow under the system, and if we have a
chogen diameter distribution established
homogeneously throughout the unit, and if
we apply selection cutting in such a way as to
continuously maintain that diameter distribu-
tion, then oud only then, regulation is auto-
matic and differences between periodic inven-
tories will reveal the amount and sizes of tim-
ber that can be cut from the unit in a given
period. In our applications of the system we
assumed that it didn't make any difference
what part of the unit the volume came from
because we could balance it out next time,
though no one ever explained how a fixed
homoegeneous diameter distribution could be
maintained by a hit-or-miss system of cutting.

Nevertheless, when all those “ifs” were
satisfied, and assuming that our assumption
wag correct, large regulatory units made
sense. The larger the unit, the more flexibility
it offered, and the lower the administrative
costs. For example, sampling intensity for
inventory could be lower on large units.

Unfortunately, with the exception of a few
research areas, 1 know of no place in the
country where all those “ifs” were satisfied at
the same time. In the great majority of cases
none of them were.

Conversely, if the gpecies is not adaptable
to selection cutting, and if the diameter dis-
tribution is constantly changed by cutting or
growth, and especially if we're using even-
aged management by stands, then the differ-
ence between suceessive inventories is worth-
jess for regulation and nearly always grossly
incorrect as a guide to the allowable cut. If
it is adhered to, it merely ensures that any



feast-and-famine cycles inherent in the pres-
ent age-clags distribution are continually
perpetuated,

Well, if the old working-cirele/periodic-
inventory/cut-by-the-seat-of-the-pants meth-
od doesn’t work, how can we regulate the cut?
It's very simple. Basically, it’s the same thing
1 did in ecaleulating vields on my sample com-
partment. For any given regulutory unit we
build the cut up, stand by stand. We know
that in X years, stand A will be mature and
will yield so much volume; we know that in
X years, stand B will be due for a thinning
that will provide so much more volume, and
so on. We not only know how much volume
will be available in any given year; we know
where that voliwme will be. We can calculate
how the volumes and the location of those
volumes will change if we adjust age-class
distribution. And we can explore alternative
schemes for adjusting the distribution and
compare the relative losses in reduced yield.

The groundwork for this iy already laid,
because we already use the individual stand
48 a basic control unit. We examine by stands;
we make silviculfural prescriptions by
stands; we mark timber by stands; we
schedule and control cultural operations
and logging operations by stands. Tt follows
that, if we do everything by stands, it docsn’t
make any difference what sizes of regulatory
units we have, The dollar cost of administer-
ing the regulation will be the same. The only
possible difference 1 can see is whether it
takes the computer longer to add up totals for
5,000 individual stands or by subtotals from
104 anits of 50 stands each.

For the above reasons, then, if the age dis-
tribution on the repulatory unit is broad
enough to make regulation feasible, the cost
of adjusting age-class distribution on small
units is a4 cost chargeable to timber manage-
ment only, not to wildlife.

TIMBER COSTS INCURRED
FOR WILDLIFE BENEFIT

Now let's see what kind of costs are
charpeable to wildlife, and if possible get
some idea of the amounts.
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Constraints to Cutting

T want to re-examine Cutting Schedule No.
1. You will recall this was strict regulation,
regenerating b stands per cutting interval,
beginning immediately. After 90 years, the
sample compartment will contain all age
classes of timber from new regeneration
areas to 90-year-old sawtimber. But these
units arc in 100-acre blocks. In effect T've
made stands of 100 acres instead of 20 acres.

If the brushy areas were distributed
throughout the compartment in 5 separafe
20-acre patches, it would probably be a little
more convenient for the deer. And the 100.
acre patcheg are a long way from optimum
for grouse habitat.

I don’t know what the best compromise is,
of course. I think the only thing to do is lock
the forester and the wildlife biologist in a
small soundproof room until they arrive at a
mutually acceptable average stand size for
any given regulatory unit. In the meantime
I'll stick with my 20 acres. To help ensure
good distribution of the 20-acre regeneration
areas, I'm going o subdivide my sample com-
partment mechanically into 5 units, and each
cutting interval T'll fry to put one regenera-
tion cut into each unit. This is my first wild-
life constraint.

The extent to which this ean be done suc-
cessfully will depend greatly on the present
distribution of age classes on the compart-
ment. To keep yield losses as low as possible,
I want to always cut the oldest stands first,
and the location of the older stands within
the compartment may be incompatible with
spreading the cuts throughout. But 1 won't
know until I try.

Also, to get as much diversity of habitat
as possible, I'm going to enter another con-
straint, I will try to avoid putting a new re-
generation area side by side or end by end
with one cut 10 years ago. Diagonal is OK,
but common boundaries aren’t.

Planning Cutting Schedules

The best way that I have found to go about
planning these more complicated schedules is
to get a number of cutline maps of the com-
partment, with the stand boundaries on them,



from the Xerox machine, Then ]
present stund ages on one of the
pick out the stands for rerenor
during the first cut.

Next I take a second mup ang enter the
stand ages us they Will be 10 yvoaps after the
first cut. And I select the standy that will be
regenerated during the second eyt And so on.

[ cau't emphasize too sty gy that this
plarndng process must be

antor the
mups, and
ation culting

Crriod Lo com ple-
tion — to the end of the adjustment period.

And if you'll tuke any assurmedd distribution
of age classes by stands and try {0 make out
a cutting schedule for it, vou'll spon discover
why. Evervihing would go smuoothly for sev-
eral cutting intervals. Then studdenly 'd find
myselfl in a trap where either 1 had to cut an
excessive number of stands early, or let some
go for longer than necesaary, or violate some
wildlife constraints, Then 1"d have to buack up
several cutling intervaly and st:ot over.

1t s not very professionat to put a forester
several generations from now into u trap that
proper planning and foresight on our part
would have avoided. Therefore, 1§ enrnestly
recommend that you get sume compurtment
outline maps, set up some wussumed age-class
distribution and start investigating what can
happen from incomplete or careless planning
of cutting schedules. 1 think it will prove to
be very instructive.

Actually, this process [s what a mathema.
tician might refer to as u swpatial game. Such
games arve well adapted to computer solution,
and I can foresee the day when this process
will be handled by computers. But the average
forester will probably not have ready access
to a computer for several yeurs yel, and he
will be pleased to know that he can do a
creditable job with paper and pencil and a
couple hours of practice,

This is not to imply that, once adopted, the
plans cannot be ¢hanged. They can be changed
at any time. But each time a change is made,
the new plan must again be carried through
to the end of the new conversion period,
Otherwise there will be no way 1o caleulate
the benefits and costs that the changes will
entail,

. R . the cosis an
Our inability to calculate the costs and
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benefits of alternative plans has been a major
shortcoming of past planning procedures. A
citizen's group may not like the cutting plans
we are following and ask why we don’t change
the system and do thus and so instead.

The question has been difficult to answer
satisfactorily because we have been unable to
show the impact {or benefity of the proposed
chunge on production. We have been unable fo
=uy whether the ehunge will reduce yields or
not, or by how mueh. A procedure such as |
have outlined will permit us to calculate the
effect on yields of any changes in cutting
policy.

Yield Reductions
from Wildlife Constraints

At any rute, T went through this planning
proeess on my sample compartment for each
of 4 cutting schedules we went through earlier
- but this time with the wildlife constraints
that 1 had imposed. Then I recalculated the
vields. Table 1 lists the vield losses with and
without the wildlife constraints that I as-
sumed,

The muin point to be noted here is that the
added cost of constraints that I set up for
wildlife benelfit Is only about 1y to U4 as large
as the cost of attaining age-class regulation
per se. Of course, it would be possible to im-
pose additional constraints that might greatly
increase this cost. But I have a feeling that
Just the constraints T imposed here will go a
long way toward helping to stabilize wildlife
populations and helping to improve the dis-
positions of wildlife managers,

SOME LOOSE ENDS

One iz the question: What if my compart-

ment is not exactly contiguous with a unit of
deer runge? I don't think it will matter very
much. By the end of the first cutti ing interva
the same proc edure should have been nutxated
in all the surrounding compartments. By 20
or 40 years later, timber age classes should
be showing pretty good dispersion on my
sample compartment and an surp v nding com-

pasfments. No matler where that deer estab-



Table | —Yield reduction on sample compartment from different cutting schedules with and without
wildlife constraints

Years {0

Sehedule i
regulation

Years

Loss due

NO WILDLIFE CONBTRAINTS

Sehedule 1:

Tmmediate regulation )
Sehedole 21

Delayed ropulation 120
Seheclule 3

Partially delayed 130
Schedule 43

*artially delayed,

sxtra rotation EHI

WITH WILDLIFE CONSTRAINTE

Schedule 1t

fmmediste veguintion
Hehadule 2:

Dielayed repalstion
Schedule 4

Partislly delayed
Behedule 4

Partinlly delayed,

extra volation

100
3¢
130

230

lishes his home range, the area should display
aboul the sume pattern of timber age clysses
an the unit that [ initislly asanmed as the
home range,

Another question ig, How te handle differ-
ences in Limber type and site qualily within a
compartimment 7 | don’t have tirme to wo through
the procedure T oused, but briefly 1t conaisds
of making stand boundaries conform to site-
class boundariey, selecting appropriate vofa-
tion lengths fur euch site class or fype-class,
deviding on the age-class distribution desired
i ench site olass when it {s completely regu-
Tated, and then developing cutting schedules
for each class as though i were a sepavute
amall compariment.

By plotting the planned regeneration cuis
for euach slte class simultancously on the siume
compartment map, adjusiments in culting
schedules can be made as necessary to dis.
perre culs throughout the whele compart-
ment.

Another question is how to handle unigue
oy apatiaily recurring situations now included
in timber compartments but {hat are not
amensble to rediatribution timber
classes ave. ¥ orefer 1o such things a8 spring
seeds {or turkeys, patehes of aspen in an ok

o

as e
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Yield Yield
fong fosg to wildlife
Stands ' Percent Percent
.38 8.7 e
580 8.4 o
4,70 8.7 -
200 2.4 —
4.55 8.3 1.6
821 118 2.9
5,08 8.5 1.8

3.86 0.8

ar northern hardwood
the nurthern latitudes,

I sueh things are more closely related to
the weology than to the timber type — spring
seeps, for example, 1 think they and any
necessary buffer zones should be excluded
from the linhberamanagement compartment,
or ab least exeluded from the area regulated
for timber production just as a picnic area
would be. If they are more closely associated
with the timber, they can be set up as a sep-
arale type or sile class, with more specific
wildlife constraints assipned, and managed
acvordingly.

type, or deer yards in

CONCLUSIONS

1. Providing relatively uniform vields of
hardwood timber for future generations will
require adjustment of timber age-class distri-
butions {or sustained vield. For most forest
types 1 see no alternative.

¥

2. Because of heavy timber cutting around
the turn of the century, the bulk of our hard-
wood fimber 1= now approaching maturity,
This our generation is in a more favorable
piomition fo begin the adjustment than will



oceur again for a whole hardwood timber
rotation,

3, The regulation of timber age classes
must be carried out deliberately but with
carveful foresight and timing. Pushing im-
mediately for full regulation will cause a
severe 1038 of timber values in the short-term
future, Delaying initiation of regulation until
present stands reach maturity will severely
restrict short-term vields and cause large
losses in total yield. Compromige alternatives
are needed, based on relative costs involved.

4. Avoiding up-and-down cyeles in wild-
life populations necessitates continuously pro-
viding any diversity of habitat required by
the wildlife species within the species’ home
range. Thus opiimum yields of wildlife will
require adjusting and regulating timber age
classes by much smaller units of land than is
needed for sustained yield of timber alone.

or

%, Regulatory methods and allowable cut
determinations earried over from the practice
of selection cutting are inapplicable and, with
unbalanced age distributions, grossly inac-
curate when grafted onto even-aged manage-
ment, The proper method for even-aged man-
agement is the summation of individual stand
volumes in conjunction with scrutiny of vari-
ous possible cutting schedules. When this is
done, the size of area regulated is unimpor-
tant from the standpoint of reduced timber
vields — if the distribution of age classes on
the small unit is not greatly different from
the average distribution throughout the for-
est. If the small unit contains only one or twe
age classes, then regulation on the small unit
can entail increased loss of yield in the initial
rotation. In such circumstances the extra loss
of yield is properly considered a charge
against wildlife, or the regulatory unit should
be enlarged to include a greater range of age
classes.

The administrative cost of regulating age-
class distribution should be about the same

vegardless of the size of the regulatory unit,
if average stand size is not made 100 small for
efficient operation.

8. Constraints for wildlife benefit such as
deliberate dispersal of cuts will further in-
crease cost of regulation, but this cost does
not seem serious. Additional constraints may
be more costly, but it is time for wildlife man-
agers to present them for consideration in
such a way that they can be quantified and
scheduled, With my limited knowledge of
wildlife needs, I can only guess at the type
of constraints needed. I am saying to wildlife
managers, the measures that I have outlined
form a matrix within which I believe timbey
management can operate. What more do vou
need and how can we work it in?

I might note that we in timber management
would appreciate it if you can arrange to
monitor changes in wildlife populations as a
result of changes in timber and habitat prac-
tices. Opinions are poor substitutes for hard
data,

7. The key to successful regulation of tim-
ber age classes for combined timber and wild-
life production with minimum impact on costs
and total yields is the long-term planning of
cutting schedules by small units of land, Such
planning has been lacking in the past. With-
out such planning we have been unable to
quantify and compare the benefits and costs
of alternative approaches. We have expected
the public simply to take the forester’s word
that he knew best, that he knew what he was
doing, and that he had made adequate pro-
vision for forest uses other than timber pro-
duction. And as you know, nowadays nobody
takes anybody’s word for anything.
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