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ABSTRACT

A practical guide to the silvicultural treatment of spruce-fir stands
for timber production in New England and New York. Both even-
aged and uneven-aged management are considered, covering both
the establishment of new stands and the culture of existing stands.
Includes a set of prescriptions describing specific treatments for a
range of stand conditions and management objectives,
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INTRODUCTION

THIS PUBLICATION was developed to

answer the need for a silvicultural guide
to the management of spruce-fir types in the
spruce-fir region of northern New England
abnd New York. Such types occupy 13.4 mil-
lion acres of land, of which all but 5 percent
are privately owned. This guide was designed
not only to supplement, professional knowl-
edge, but also for the benefit of the many lay-
men who will find it informative.

'Ijhe silviculture prescribed is based on
achieving maximum production of timber of
the desired species and size. This can be done
F)y maintaining stands that fully use the SrOwW-
Ing capacity of the site, by regular timber-
stand-improvement operations, by periodic
har\{ests to achieve rapid growth, and by regen-
eration methods that will secure adequate re-

production quickly (fig. 1). The guide applies
to sites that are reasonably capable of devel-
oping naturally into stands containing at least
50 percent of their basal areca in spruce-fir. It
is not designed for plantations, and caution is
advised when applying this guide to pure up-
land red spruce stands or to pure stands of
black spruce.

Silvicultural methods that are compatible
with the many land uses other than timber
production may require adjustment of the pre-
scriptions in this guide. No general rules are
possible because of the variety of circum-
stances that may be encountered. Each case
must be considered individually.

The information contained in the guide is
based on a review of literature, current re-
search, consultation with forest managers, and
vhservation. It is not the last word in silvicul-
tural practice; the results of research now

Figure 1.—Spruce and balsam fir reproduction in a small open-

ing in the stand, a common occurrence in the spruce-fir forest.
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under way or being contemplated may require
future modification.

Similar guides for the silvicaltural manage-
ment of paper birch may be found in USDA
Forest Service Research Paper NE-130 (Mar-
quis et al. 1969); guides for the silviculture of
northern hardwoods may be found in USDA
Forest Service Research Paper NE-148 (Leak
et al. 1969).

SPRUCE-FIR TYPES AND SPECIES

Pure stands of spruce-fir occur on the
poorly drained soils of swamps and flats adja-
cent 1o lakes and streams and on the thin soils
of upper slopes. Above the flats, where the
soils are deeper and better drained, the pro-
portion of hardwood species is greater.

The spruces—red (Picea rubens Sarg.),
white {P. glauzcae (Moench) Voss), and black
(P. moriana (Mill.) B.S.P.)~and balsam fir
(Abies balsamea (L.} Mill.) are the major
components of the spruce-fir cover types in
the Northeast. The important types include
balsam fir, red spruce, red spruce—balsam fir,
paper birch—red spruce—balsam fir, and white
spruce—halsam fir—paper birch.

Other softwood species are also found in
these forest types, principally eastern hemlock
(Tsuga conadensis (1.} Carr.), eastern white
pine {Pinus strobus L.), northern white cedar
{Thujo occidentalis 1.}, and occasionally ta-
marack (Larix laricinia (DuRoi) K. Koch).
Associated hardwoods include sugar maple
(Acer saccharum Marsh.), red maple (Acer
rubrum L.), yellow birch (Betula alleghanien-
sis Britton), paper birch (Betule papyrifera
Marsh.}, American beech (Fegus grandifolia
Ehrh.), poplar (Populus spp.) and ash (Froxi-
nus spp.).

Occurrence

In the Northeastern United States, the
gpruces and fir occur from the Canadian bor-
der through New England and New York. At
the higher elevations in the mountain areas,
red spruce occurs as far south as Tenmessee
and North Carolina, but white spruce extends
only into New York. Balsam fir reaches into
Virginia and West Virginia, and black spruce

reaches into Pennsylvania. The privcipal coppra—
mercial range includes northern New fy fmd
and New York. flax

The soils where spruce-fir grow are mostl v
acid podsols with a thick mor humuyg andd a
well-defined A, horizon—characteristics COTIR—
monly associated with abundant rainfall (ool
climate, and softwood cover. Many of thé gha-
cial till soils have a compact layer averagiz g
18 inches below the surface.

Pulpwood is the principal product of thae
spruce-fir region. More than two-thirds of thhve
annual harvest of spruce and fir is for puls-—-
wood, although sawlogs have a higher valize
per cubic foct,

Balsam fir and black spruce are generally”
grown to a maximum size of 10 to 12 inches
d.b.h.; red and white spruce are grown as larges
as 14 to 16 inches for pulpwood and 18 to = (O
inches for sawlogs.

Stand Establishment

The basic requirements for successful naty1z-
ral spruce-fir regeneration are: an adequatc
seed supply; proper seedbed; and light, tempex—
ature, and moisture conditions that are condwz~
cive to seed germination and seedling surviva l.
Seed production may begin when trees are
about 15 years old, but significant productics 1
usually does not begin until the trees are 25 o
30 years old or later. Very few viable seeds are
stored in the forest floor for more than 1 yeaar.
Some of the silvical characteristics of the sexw -
eral species are given in table 2, appendix
(Fowells 1965).

Mineral soil is an excellent seedbed for gex—
mination. Generally ample moisture is availaa~
ble, and soil temperatures are moderate. Littex
and humus are poorer seedbeds because thexs
are likely to be drier and hotter than mineral
soil. Severe competition makes heavy sod the
poorest seedbed.

Favorable seedling development is g%‘eﬁtﬁy
affected by light, temperature, and moistre
conditions. Initially the light requiremenis
conducive to early establishment seem not to
exceed 10 percent of full sunlight (Vezing 7z.cd
Peck 1964). But as the seedling develor>s
light intensities of 50 percent or more aré De -

essary for optimum growth (Shirley 1943 .



Soil surface temperatures between 115°F. and
130°F. result in the mortality of most young
conifer seedlings even when they are exposed
for very short periods of time (Buker 1929).
Damage caused by late frost to leaders and
new lateral growth is seldom severe.

Although seedlings of spruce and fir are
similar in many respects, spruce is weaker and
more fragile, and grows slower during the es-
tablishment period.

Seedlings that have chtained a height of
about 6§ inches can be considered zs being es-
tablished. Once a seedling becomes estab-
lished, early growth is determined largely by
the amount and character of overhead compe-
tition. Dense growth of bracken fern, rasp-
berry, and hardwood sprouts are the chief
competitors of seedlings on heavily cutover
lands; but both balsam fir and the spruces will
survive many years of suppression and still re-
spond to release.

Site Classificotion

The shade tolerance of spruce and fir and
the multiple-aged condition of the stands in
which they normally occur make determina-
tion of site index difficult. In addition, spruce
and fir do not have as wide a range in site
index as do many other tree species that grow
well on a wide variety of sites. For these rea-
sons, site index as a method of site classifica-
tion is not used in this guide. However, Mey-
er’s (1929) site-index values for various stand
types are illustrated below. The figures are
based on the average height of dominant and
codominant trees at 50 years:

Stand type Site-index range
Primary softwood site:
Spruce swamp 24 to 35
Spruce flat 27 to 39
Unpper spruce slope up to 35
0ld farmland 31 {044 or morve

Secondary softwond site:

27 to 47

Lower spruce slope
less than 3% to B0

Old farmland

Despite the wide variety of these sifes, they
can be placed in one of two general classes—
primary softwood sites or secondary seftwoad
sites (Westveld 1941). These classes are

(4]

meaningful in terms of potential stand compo-
sition, growth, and reproduction.

Primaary softwood sites occur under condi-
tions of poor or impeded drainage in the so-
called spruce-fir swamps, flats, and other lower
topographic positions. Spruce-fir—particularly
red spruce—also is common on the thin soils of
upper slopes. Characteristic shallow roofing on
these soils makes open stands susceptible to
windthrow. These sites are composed mostly
of softwood species. Hardwoods comprise less
than 25 percent of the stand and are mostly
paper birch, vellow hirch, aspen, red maple,
and an occasional beech or sugar maple.
Feather mosses, ferns, and numerous herbs
make up the low ground vegetation character-
istic of these sites.

Secondary softwood sites occur on the bet-
ter-drained sites of higher topographic posi-
tions and on medium-elevation ridge lands.
Hardwoods may comprise from 25 percent to
as much as 70 percent of stands on these sites,
often competing harshly with spruce-fir. How-
ever, the tolerant red spruce amd balsam fir
may become established in the understory, re-
sponding to release if the overstory is re-
moved. On such sites, the hardwoods usually
are heech, sugar maple, and yellow birch. Her-
baceous vegetation is less common than
shrubs such as witch hobble (Viburnum alni-
folium Marsh.), striped maple (Acer pensyl-
vanicum L.}, and mountain maple (Acer spi-
catum Lam},

Principal Damaging Agents

Many insects and diseases damage spruce
and fir. However, spruce is relatively free from
these destructive agents until if matures. Fir,
at all ages, is more subject to insect and dis-
ease attack. Only the more important insects
and diseases are mentioned here.

One of the most serious insects is the spruce
hudworm  (Choristoneura  fumiferena  Cle-
mens), a defoliator that attacks both spruce
and fir, but prefers fir. Vast outbreaks of this
insect in the past have killed millions of cords
of pulpwood, primarily in stands containing
mature and overmature fir.

The balsam woolly aphid {Adelges piceae
Ratzeburg), which attacks fir, is an inire-



duced insect that seems to be becoming in-
creasingly serious in the Northeast. The sali-
vary injections of the aphid kill or deform fir
frees.

Most silvicultural theories proposed to mini-
mize the impact of insect outhreaks have not
been put inte practice on a scale large enough
to test their eflectiveness against epidemic
populations. Some degree of success has heen
achieved with biological control and aerial
spraying.

The important diseases of spruce include
red ring rot (Fomes pini), which enters
through dead branch stubs, and red brown
butt rot (Polyporus schweinitzit), which en-
ters largely through basal wounds. They are
usually confined to overmature or damaged
trees. Thus a stand that is maintained in a
healthy, vigorous condition will be less suscep-
tible to infection.

One fungus {Stereum sanguinalentum ¥Fr.)
causes over 90 percent of all trunk rot in living
balsam fir trees. Often referred to as “red
heart”, this disease enters the tree through
broken tops, broken branches, and other inju-
ries.

Infections of balsam fir by other fungi cause
various butt and root rots, which are not as
serious as the frunk rof disease. However,
these rots weaken the trees, making them sus-
ceptibie to wind damage.

In stands where these diseases are serious,
commercial thinning should begin when tree
diameters are about 8 inches. But other tim-
ber-stand-improvement measures should be
taken as soon as problems warrant immediate
attention. The pathological rotation of fir is 50
to 60 years along coastal areas in Maine and
near southern extremes in the spruce-fir re-
gion. In the interior and more northern areas,
final harvest should take place at 70 to 90
vears.

The frequency of occurrence of the various
tvpes of rot in balsam fir does not vary greatly
hetween sites. However, the important trunk
rots seem Lo be slightly more prevalent on pri-
mary softwood sites (Basham. et al. 1953).

Spruce and fir are shallow-rooted. Most of
the feeding roots are in the dufl and the top
few Inches of mineral soil. Because of their
shallow root systems, thin bark, and flamma-
hle needles. frees of all ages ave easily killed

by fire. Their shallow root syslems also mak
them subject to windfall. Caution is necegaar
in stands subjected to harvesting operations i
areas where windfall is known to be & problery
Damage can be reduced by leaving uncut po
tions along the windward edges of the stand
Depth of these protective strips should he
minimum of one-half the height of the trees 4
be harvested.

Some injury and mortality of spruce and £
is caused by animals and birds. These pests in
clude porcupine, bear, deer, hares, and vel
low-bellied sapsuckers. However, there is it tE«
that can be done silviculturally to prevent t¥ris
kind of damage.

MANAGEMENT OBIJECTIVES

Traditionally, the major objective of timber
management has been to grow the most of =
given timber product that the land is capable
of producing, either in the shortest time or &t
the least expense. And it is important to de-
fine a specific objective, because without a def-
inite course of management, the full potential
of the land cannot be realized. The four objec-
tives that follow are framed to meet most

needs although specific objectives may be
quite different and require modification.
Objective 1.—Maximum production of

spruce-fir pulpwood. In terms of this guide,
objective 1 is stated for timberland owners
who desire to grow only pulpwood.

Objective 2.—To produce a maximum pro-
portion of spruce-fir veneer logs or sawlogs
and a minimum proportion of pulpwood. Ix
terms of this guide, objective 2 is stated foT
timberland owners who depend on others fox
markets and for sawmill and veneer mill owrz-~
ers who will usually want to grow sawlogs O¥
veneer logs to supply their mills. If possible,
these owners will usually market smaller trees
from intermediate harvests or improvement
operations as pulpwood. But the availability
and reliability of markets will determine both
the products and species toward which these
owners slant their management. .

Objective 3.~ The maximum production ©%
the highest value timber products of all sP&-



cies present or adapted to the site. This objec-
tive is similar to objective 2, except that where
markets are available for associated species of
high value, management will be aimed at max-
imum returns from all species. However, in
this guide, management of mixed species is
lirnited to stands in which at least 50 percent
of the basal area iz spruce-fir. For many
stands with less spruce;fir, the silvicultural
guides for northern hardwoods or paper birch
should be used.

The first three objectives are applicable
when timber is the primary product. The
fourth objective is necessary because other
forest uses—recreation, water, wildlife, esthet-
ics—may be considered primary products
rather than byproducts of timber manage-
ment. Although timber management is nor-
mally compatible, these uses of forest lands
readily visible from tourist routes and scenic
highways, in places adjacent to recreation
axess, in roadside and waterside strips, and in
watersheds, may well be considered the pri-
mary objective.,

Objective 4.—Maximum production of the
desired product other than timber, including
recreation, water, wildlife, and csthetics by sil-
vicultural methods that are compatible with
some degree of timber production. To achieve
Objective 4, considerable adjustment of the
prescriptions in this guide will usually be re-
Quired, especially for even-aged silviculture.
State service foresters or consulting foresters
<an be consulted for additional advice as spe-
cific cases are encountered.

SPECIES COMPOSITION GOALS

In stands where balsam fir is susceptible to
insect and disease attack, the goal should be
to decrease the proportion of fir in spruce-fir
stands. This may be hard o do because fir
tends to increase in proportion to spruce in
second-growth stands. But foresters have been
aware for years that the best way to achieve a
better balance between spruce and fir is to re-
duce the amount of fir by harvesting it for
pulpwood before it deteriorates. In gencral,
spruce can be held in at least equal ratio to
the less desirable fir only if a continuous forest

cover and sources of spruce seed are main-
tained. If the site is producing fast-growing,
high-quality fir, then the decision to favor
spruce is less absolute, Product objective now
enters into the decision-making. And for some
uses, fir may even be encouraged.

In spruce-fir stands where hemlock is a sig-
nificant component, it may be desirable to
favor hemlock over fir. Hemiock is less suscep-
tible to insects and diseases and is longer-
lived.

Unfavorahle site conditions vetard the
growth of hardwoods more than they retard
the growth of spruce and fir. Therefore, on pri-
mary softwood sites, spruce and fir should be
favored over the hardwoods. On secondary
softwood sites, the difference in growth is not
so great. On these sites, the greater value of
the hardwoods for veneer or sawlogs becomes
an important factor; and it may be desirable
to favor hardwoods over spruce and fir.

In the final analysis, the forester should
work toward creating and maintaining the
species composition that best meets the own-
er's objective within hiclogical and economical
limitations.

SILVICULTURAL SYSTEMS

Silvienltural systems for spruce-fir stands
lead to either uneven-aged stands or to even-
aged stands.

Uneven-aged stands are those in which the
trees are of at least three distinct age classes
irregularly mized in the same area (Society of
American Foresters 19503, Except for very old
stands, uneven-aged stands are distinctly ir-
regular in height; and there ig great variation
in tree size (fig. 2). These stands are devel-
oped or maintained by relatively frequent har-
vests made throughout the rotation. The dis-
tribution of diameters in a balanced uneven-
aged stand will plot into a characteristically
inversed J-shaped curve.

Even-aged stands are those in which the dif-
ference between the oldest and the youngest
trees does not exceed 10 to 20 vears or 25 per-
cent of the length of the rotation. Trees in
these stands tend to be rather uniform in
height, but they frequently cover a wide range
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Figure 2.~—An unmanaged, uneven-aged spruce-fir
stand with a large component of hemlock.

of diameter classes (fig. 3). These stands
usually develop after the sudden removal of
the previous stands through logging, fire, or
other cause. A plotting of diameters will
usually result in a curve resembling a bell-
shaped form.

It is not always an easy task to decide
whether or not a particular stand should be
considered uneven-aged or even-aged. This is
especially true for ftypes of stands possessing
only two age classes. This question is com-
monly answered when the forest manager con-
siders the kind of management he intends to
apply to the forest property. The age of the
stand i¢ ignored and iis character is developed
by the silvicultural method being used in the
management of the property.

Uneven-aged Silviculture

The term selection system is applied to any
silvicultural program aimed at the creation or
maintenance of an uneven-aged stand and in-
cludes some form of periodic harvesting.

Because spruce and fir are usually able to
regenerate and grow under overhead shade,
truly uneven-aged stands will develop in areas
not drastically disturbed by nature or man.
Thus the selection method is well adapted to
the management of a spruce-fir stand. The pe-

riodic harvests maintain a continuous forest
cover, and the retention of spruce seed trees
can favor the regeneration of this species.
These harvests may also increase the propor-
tion of spruce by removing the shorter-lived
balsam fir.

Uneven-aged silviculture has other advan-
tages. The growing space on each acre is more
fully utilized in the vertical plane, The envi-
ronmental conditions are more stable, and the
plant and animal populations of the stand are
more stable. Fire hazard from slash accumula-
tions is less. In general, there is less chance of
losing an entive stand at once through insect
attack, infectious disease, or other natural ca-
tastrophe. And the area may appear more at-
tractive to the esthetic-conscious public.

However, there are some disadvantages too.
Management is more complicated because all
operations are conducted in mixtures of differ-
ent age classes. Harvesting operations are
usually more difficult and expensive, and a
larger area must be covered to get a given vol-
ume. Logging damage to and death of reserved
trees is difficult to prevent.

Under ideal uneven-aged silviculture, the
mature trees are removed as scattered individ-
uals or small groups at relatively short inter-
vals. The inferval is based on growth rate,
stand condition, and the size of the desired

Figure 3.—An unmanaged even-aged white spruce-
balsam fir flat.




harvest; but in all cases, the eventual goalis a
sustained yield of products. Trees should be
marked before harvesting. In the initial apph-
cations of silvicultural treatments to pre-
viously unmanaged stands, the marked trees
are usually the undesirable trees that do not
meet the quality standards for veneer logs or
sawlogs now or prospectively.

The percentage of these undesirable trees
diminishes with succeeding harvests. Gener-
ally, this is the marking priority: (1) poor-risk
trees or those assumed to be doomed hefore
next harvest; (2) poor-quality trees; (3)
slow-growing trees; (4) trees of less desirable
species; (5) trees whose removal will improve
spacing in the reserve stand; and (6) mature
trees of good quality, good risk, desirable spe-
cies, and fast growth. And to make optimum
use of growing space, the marking should leave
a reasonably even distribution of acceptable
frees. These Lrees are classed as crop trees or
potential crop trees and meet product require-
ments now or are expected to in the future.

Table 3 (appendix) is a suggested tree clas-
sification for red spruce and balsam fir that
may be used to select trees to he harvested or
to be retained. It takes into consideration
crown class, vigor, and live-crown ratio and
shows the average 10-year diameter growth for
trees in each class. Vigor-class definitions are
also given in the appendix.

Bach periodic operation is a combined har-
vest, intermediate thinning, and timber-stand
improvement hecause trees in all size classes
are included. Therefore there are usually no
separate non-commercial thinning operations
as in even-aged management, although initial
harvest may be unprofitable if a large percen-
tage of defective trees are cut.

When properly employed, the selection
method perpetuates a well-stocked stand of
the more vigorous, fast-growing, and well-
formed trees distributed among all size classes
(fig. 4).

Operating interval

On the better sites and on accessible areas,
the operating interval should not exceed 10 to
15 vears, especially if the stand runs heavy to
balsam fir. On the poorer sites and on less ac-

cessible areas, economic considerations may
cause the operating mmterval to be as long as
20 to 25 years, although losses to mortality
and defect may be relatively high.

Stocking and Stand Structure

Little research information is available for
determining the best stocking and stand-
structure goals to work toward in any specific
forest situation. Selection of these goals is
largely a matter of judgment. Probably there
is little difference in growth of stands ranging
from less than 75 square feet of basal area to
as much as 150 square feet of basal area per
acrc in trees over 0.5 inches d.bh. Dense
stands heavily thinned to about 50 percent of
initial basal area often continue to grow at a
rate approximating former growth. Residual
trees in these stands usually respond to re-
lease and can double and even triple former
performance.

Balanced uneven-aged stand structures are
presented as tentative goals in table 4 (appen-
dix}.

Figure 4.-—A well-stocked stand of welldormed trees
being perpefuated by the selection method of sil-
viculture.




Growth and Yield
Management practices

influence on nef growth, Any praciic

creases the percentage of sof <

[
{1l

thee wirongel

that in-

o5 will

also Increase net growih. Spruce fir rmake
major contributions o nei growlh in all stand

types. Safford {1958} found that the average

net annual growth thai can be expecied {rom
stands receiving a muinimal sivicaliural fopu
s about 50 cubic feel per acre i softwood
stands (66 to 100 percent soltwood species)
and 40 cubic feel per avre in nuxed-wood
siands {21 to 65 percent
Table 5 {appendix) shows
growth per acre by individual species.

Net growth during the first 10 vears after
partial stand removal in primary softwond
stands ranged from 47 to A2 cubic feet per

softwood species)
a

areas in
northern Maine. However, in primary saft
wood stands on rather poor sites on the Pen-
obscot Experimental Forest in Maine. where
unmanaged stands are being converted o
managed stands, 10-vear periodic results tndi-
cale a net annual growth of only 43 to 56
cubic feet per acre. Similar data for secondary
softwood sites are not available.

Trends from experimental data have shown

wil produce nearly  twic
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stands aver the course of a rotation, priry
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Even-oged Silviculture

Fven-aged sifviculture involves a serig
intermediate operalions followed by regen

tion harvesty at the end of each rofat
There mav be a single final harvest as in ¢
cytting or more than one harvest as in
shelterwond  taethod or in the seed-
methad,

Matura! Regeneration Methods

Clearcutting s a good method to apply
mature or overmature stands or where par
removal would result in considerable dam
or mortality o ihe residual trees, Stands
which mechanical harvesters are to be u
usually mmst he either clearcut or subjected
a strip clearing operation {fig, 5). If the stz
are narrow—no wider than hall the height
the trees being harvested—the method can

Figure E.—large machines can operate in relatively narrow
strips. Few residuals are left standing within the sirip, and dam-

age to edge +

rees noed not occur.



considered a wvariant of the shelterwood
method.

Clearcutting for regeneration requires that
all trees down to 1 or 2 inches in diameter are
felied. Because of the large volume of wood re-
moved, this method entails the lowest cost for
temporary logging improvements per unit of
volume. When properly distributed, clearcut-
ting increases the capadity of the forest prop-
erty to support wildlife by increasing available

browse.

However, clearcut land may be left with
limited means for regeneration unless advance
reproduction is present, a seed source is avail-
able, or immediate planting is carried out. A
harsh micro-environment can develop, making
regeneration difficult. Slash may smother ad-
vance reproduction or hinder the establish-
ment of new seedlings. Slash can also increase
the fire hazard. However, slash problems on
mechanized operations having a high degree of
utilization are minimized because the slash is
more evenly distributed and piles containing
large materials are not accumulated. Estheti-
cally, a clearcut area may present an unattrac-
tive appearance to some people until it greens
up with a ground cover of herbs, shrubs, and
trees. This process usually takes 2 or 3 years
but begins the same year as the harvest.

Some of these disadvantages can be mini-
mized by clearcutting in either alternate or
progressive strips or in patches. Openings
wider than one tree height are suggested for
areas where environmental conditions within
the openings will not become too severe for
successful regeneration. In these areas, the
distance that the seeds are disseminated often
regulates the width of the opening. For balsam
fir and black spruce, openings should be no
more than 2.5 to 3.0 chains wide; and for red
spruce and white spruce, they should be no
more than 6.0 chains wide.

On hot dry sites and on areas subjected to
excessive wind darage, narrow strips or small
patches of a width not exceeding half the
height of the trees heing harvested are neces-
sary to obtain maximum shelter from the resi-
dual stand. This procedure should improve
seedling survival by providing more moderate
surface temperatures and higher soil moisture.

After the initial openings in the stand are

regencrated, adjacent areas can he cleared.
The second operation will normally take place
3 to 10 years after the first operation. Uncut
vesidual strips or patches should be at least 1
chain wide and preferably wider to help insure
windfirmness in the residual trees.

Another desirable procedure for obtaining
natural regeneration is the shelterwood sys-
tem. In this method, at least two harvests are
made, The first harvest, made to establish re-
production, should be made in a good seed
year. About one-third to one-half of the basal
area of the stand should be removed at this
time, and the cut should be uniformly distrib-
uted. Harvests greater than this might leave
the stand susceptible to wind damage. This
harvest should remove the least desirable
trees, leaving the larger and more vigorous
trees of desirable species to provide seed. Fac-
tors to consider in tree selection are: suscepti-
hility to wind damage; reduction of seed
sources of less desirable species; and the spac-
ing, vigor, and quality of the reserve stand.
When the regeneration is well established, the
remainder of the original stand can be har-
vested in one or more operations (fig. 6).

Figure 6—Shelterwood system being employed in a
spruce-fir stand. When the area has regenerated,
the residual trees will be harvested.
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Because the spruces and fir are shallow-
rooted species, the seed-tree method of regene-
ration is not recommended because of potential
wind damage.

Artificial Regenerafion

In areas where natural regeneration is inad-
equate or unlikely to develop in a reasonable
length of time, it may be necessary to resort
to direct seeding or planting. Spruce is pres-
ently recommended over fir.

Artificial regeneration should be limited to
areas where the environmental conditions are
satisfactory for seed germination and seedling
survival. Only the best seed or planting stock
should be used. And when genetically im-
proved stock 1s available, it should be used.
This pessibility in itself is 2 major advantage
of clearcutting followed by planting.

When either seeding or planting are
planned, the need for site preparation must be
considered. Seeding on scarified seedbeds and
planting on sites free of vegetative competi-
tion will allow new seedlings to survive and
grow more rapidly. This is important because
they will then be better able to compete with
any natural regeneration that might develop.

Site Prepuration

Generally the spruces and fir regenerate
hest on a mineral-soil seedbed because of more
favorable temperature and moisture condi-
tions. However, relatively little mineral soil is
exposed during a harvesting operation, except
in the skidroads. Logging operations con-
ducted in the summer will, in some instances,
expose more mineral soil than those done in
the winter. Thas, in some situations, supple-
mental measures may be needed if seedbeds
favorable for spruce-fir regeneration are to be
provided.

Scarification should be only deep enough to
mix the top 2 or 3 inches of mineral soil with
the humus. A seedbed such as this not only
will improve germination, hut also will favor
more rapid growth.

Some site-preparation work may also be
needed before planting. Heavy accumulations
of slash in clearcut areas may make the use of
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mechanized planting equipment impossible
and hand-planting slow and laborious. Clean-
ing the planting site of slash may be neces.
sary. Several methods of treating slash are
possible, ranging from crushing and chipping to
removal from the site altogether.

In areas where seeding or planting of spruce
or fir is planned, silvicides may be used to
eliminate hardwood vompetition.

intermediate Operations

A requirement of even-aged silviculture is
the conduct of intermediate operations during
the development of the stand. These include
cleanings, thinnings, and intermediate har-
vests. Unlike stands being managed under the
principles of uneven-aged silviculture, where
each periodic operation can be a combination
of timber-stand improvements as well as a
harvest, even-aged silviculture often requires
distinct and separate operations. And each in-
termediate operation is necessary if the full
potential of the site is to be realized.

CLEANINGS

Cleaning is done in young stands not past
the sapling stage. The objective is to free po-
tential crop trees from other individuals of less
desirable species or form that overtop or are
likely to overtop the potential crop trees. This
is also the time to rid the stand of unwanted
holdovers from the previous stand.

Cleaning is the silvicultural tool that nqt
only reduces the length of the rotation, but it
is also the first attempt after the (zstablisl}-
ment of a new stand to alter species compost-
tion. Growth of merchantable trees is in-
creased and wind-damage risk is reduced be-
cause of better development of crown and
roots.

The need for cleaning in young spruce-fir
stands depends on the intensity of competi-
tion. This in turn depends on site. On the pri-
mary softwood sites—poorly drained and sha%~
low soils—spruce and fir are usually predom!-
nant and suffer little competition from hard-
woods. Here, cleaning is usually not needefi
unless thickets have developed or if spruce 1%
to be favored over fir and other softwoods.

On secondary softwood sites—deeper and
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better drained soils—hardwoods are more ag-
gressive. Much effort is required to bring the
spruce and fir through this competition. A
managerment decision must be made ahout
whether to fight these hardwoods or to include
them in the next timber crop. The landowner’s
objective, the relative value of the species in-
volved, and the cost of cleaning operations are
tactors that enter into this decision. A single
cleaning about 8 years after final harvest or
when average height is 10 to 12 feet is usually
enough to insure softwood dominance and im-
prove individual tree growth, but occasionally
follow-up treatments will be needed. Crop-tree
spacing should be between 5 and 7 feet. Use
the growing-stock guide for sapling stands to
estimate the number of crop trees to release.

Current height growth of the spruce-fir is a
good indicator of the need for cleaning. As
long as terminal growth is greater than 6
inches annually, cleaning is not urgently
needed (Westveld 1953).

Where spruce and fir are desired and hard-
woods are not, spraying with an approved
sclective silvicide is suggested. This should be
done after current spruce-fir growth has hard-
ened ofl and winter buds have developed, but
when the leaves on the hardwoods are still
functioning.

Where both softwoods and hardwoods are de-
sired, broadcast spraying of silvicides cannot
be used, Treatment of individual stems, either
by cutting or by application of approved
chemnicals, will be necessary to accomplish the
cleaning job. Cleaning operations may take
from 2 to 8 man-hours per acre, depending on
the age of the stand, its composition, and its
density.

Stand improvement with the use of mecha-
nized equipment has been tried in other tim-
ber types with some success (Dosen et al.
1958, Lotan 1967, Tackle and Shearer 1959).
The limited experience to date suggests that
such an operation is best done in stands with
trecs between 10 and 20 feet tall. If the mini-
mum width of strips cleared in this way is at
least equal to the tree height, theo a satisfac-
tory growth response may follow in spruce-fir
stands. However, because the techniques are
not yet fully developed, specific recommenda-
tions cannot be made.
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THINNINGS AND
INTERMEDIATE HARVESTS

Thinning shortens the time it takes to bring
trees to rotation size and also salvages a por-
tion of trees that otherwise would be lost
through mortality. Thinning begins with the
selection of crop trees or potential crop trees
to be carried through to maturity. These trees
should be of the most desirable species and of
the highest quality. They should be evenly
distributed through the stand.

With even-aged management, stands will
probably need an initial thinning at 25 to 35
vears of age, followed by periodic thinnings or
intermediate harvests at 10- to 20-year inter-
vals. When planning these operations, use the
B-level in the growing-stock guide (fig. 7)—de-
pending on mean stand diameter—to determine
the minimum reserved stocking.

Stands with a high proportion of fir should
he thinned first. Those having a high propor-
tion of spruce can be delayed unless competi-
tion is severe. The first thinning may be a
pre-commercial one, but succeeding thinnings
should yield commercial harvests (at least 5
cords per acre). Remove fir and retain spruce
if the quality of fir is below that of the spruce
or if spruce is being favored over fir. In stands
containing hemlock, favor hemlock over fir if
the quality of the fir is poor.

Timber removals for thinnings or for inter-
mediate harvests on primary softwood sites
should not exceed 10 to 40 percent of the total
basal area. For secondary softwood sites, 30 to
50 percent may be removed at any one {ime.
Removals i excess of these amounts may re-
sult in substantial wind damage. Amounts to
remove vary with conditions of the site. These
percentages should take precedent over re-
movals specified by the B-level in the grow-
ing-stock guide.

Growth responses to thinning in white
spruce trees approaching maturity arve signifi-
cant when trees are relcased on at least three
sides to a distance equal to crown diameter of
the tree being released (Frank 1973). Similar
thinning regimes are recommended at this
time for other spruce and for fir,
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Figure 7.—Growing-stock guide for even-aged spruce-fir, based
on the number of trees in the main canopy, average diameter,
and basal area per acre. The arca above the A-level represents
overstocked siand conditions. Stands between the A- and B.
levels are adequately stocked. Stands between the B-and C-
levels should be adequately stocked within 10 years or less.
Stands below the C-level are understocked.

Growing-Stock Guides

Growmg-stock guides for even-aged spruce-
fir stands with a mean stand diameter of at
least b inches are given in figare 7. They apply
o the trees in the main crown canopy and in-
clude the intermediate to dominant trees.

These guides are based on the number of
trees per acre, the basal area per acre, and the
mean diameter of the stand. The B-level rep-
resents minimum growing stock for adequate
growth, The C-level represents the point
where 10 yvears of growth will raise the stand
to the B-level. The A-level represents an un-
managed stand on an average site. Stands
above the A-level are overstocked; those be-
tween the A-level and B-level are adequately
stocked; those hetween the B-level and C-level
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are potentially adequately stocked; and those
below the C-level are understocked.

For unmanaged even-aged sapling stands,
average numbers of acceptable stems of grow-
ing stock required to produce at least a b-
level stocking of crop trees are (Westueid
1941):

Meuan stand Acceptable
diameter stems peracse
(inches} (number)

1 1.660

2 1,345

3 1.075

4 R50
Yields

- . e
Cubic foot yields per acre from fui;h
stocked, even-aged stands of second-grow



red spruce in the Northeast are given in lable
1 (Meyer 1929). Because the yield relation-
ship belween sites and for stands within sites
is not distinct, there is an overlapping of var-
ious sites and stand types for specific yield
values. The yield values in table 1 are given
for four combinations of sites and stand types.
These yields are from so-called normal un-
managed stands. Yields,from stands under a
management scheme including periodic har-
vests or thinnings would be substantially higher
over a rotation. :

In general, stands {ully stocked to spruce-fir
on sccondary softwood sites will yield greater
volumes of wood than will similar stands on
primary softwood sites.

SILVICULTURAL PRESCRIPTIONS

Stand Disgnosis

Before silvicultural prescriptions can be
written for a stand, the management objective
must be decided upon, and the stand must be
described.

The limits of the stand to be considered and
treated as separate entities must be deline-
ated. The area included should be small
enough to have reasonably similar stand and
site conditions throughout, yet large enough
to permit efficient harvesting.

Once the boundaries are known, then the
stand diagnosis can be made.

Reproduction Stands

These stands are made up of stems at least
6 inches tall, but the'mean stand diameter is
less than 0.5 inches. Stems may be of seedling
or sprout origin,

Percentage of stocking is needed for diagno-
sis. To determine the percentage of stocking in
stands 10 acres and larger, locate randomly or
systematically at least one milacre plot (3.72
feet in radius or 6.6 feet square) per acre. In
stands smaller than 10 acres, locate a mini-
rmum of 10 milacre plots.

Tally each of these sample plots in one or
more of the following stocking classes:

Stocking class 1.—Stocked with at least two
spruce or fir trees.

Stocking closs 2.—Stocked with at least one
spruce or one fir and one other commercial
species or stocked with at least two other com-
mercial species,

Stocking class 3.—Not stocked.

in a reproduction stand, a stocked plot is
one in which there is a minimum of two stems.
For a plot to be tallied in stocking class 1,

. both stems must be spruce-fir, otherwise the

tally will be in stocking class 2. A plot will be
tallied as stocking class 3 if the above require-
ments are not met.

To determine the percentage of stocking, di-
vide the number of plots in each stocking class
by the total number of milacre plots and mul-
tiply by 100. A tally sheet for recording this
information is given as figure § (appendix).

Table 1.—Cubic-foot yield per acre of fully stocked, even-aged stands of second-growth red
spruce® in the Northeast by stand age, site, and stand type

Primary softwood

Secondary softwoed site (flats, old

Primary softwood site

(swamps, flats, >rimary softwood

Age site (lower farmiand); and upper slopes, old site {swamps,
(vears) slopes, old secondary softwood farmland); and upper slopes)
farmland) site {lower slopes.  secondary softwood
old farmland) site {lower slopes)
Cu. ft. Cu. ft. Cu. fé Cu. fL.
40 1,650 1,110 600 138
50 3.770 2,760 1670 480
80 5,550 4200 2,750 949
70 6,620 5,150 2,470 1,400
80 7,280 5,700 3,920 1670
90 7,650 8,000 4,160 1,800
100 7.870 6,190 4,310 1,300

# Based on the merchantable cubic-foot volume in trees in the 4-inch and larger diameter classes
from a 1-foot stump to a top of 3 inches inside bark.
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Sapling Sfands

A sapling stand is one in which the mean
stand diameter is between 0.5 and 4.5 inches.
To diagnose these stands, determine the mean
d.b.h. of the trees in the main crown canopy
for spruce, fir, and all other commercial tree
species. This can be estimated or based on a
few measurements. Number of milacre plots
per acre is similar to those required for re-
production stands,

In sapling stands, a stocked plot is one in
which at least one of the diameter classes
listed below has the indicated number of po-
tential crop trees of spruce-fir (stocking class
1) or other commercial species (stocking class
2).

Diameter Acceptable stems
class per plot
(inches) {number)
05t01.4 2
151024 1
251034 1
351044 1

A plot with only a single 1-inch spruce or fir
but with a i-inch tree of some other species
will be tallied in stocking class 2. A plot not
meeting any of these requirements will be
classed as not stocked (stocking class 3).

To determine the pércentage of stocking, di-
vide the number of plots in each stocking class
by the total number of milacre plots and mul-
tiply by 100. Use the tally sheet (fig. 8) for re-
cording this information.

Poletimber and Sawlimber Stands

These are stands with average diameters of
4.5 inches and larger. To diagnose these
stands, you need to know the number of trees
per acre and the basal area per acre. For
even-aged stands, you also need to know the
mean diameter of the stand.

First, classify the stand as even-aged or un-
even-aged and as whether it occurs on a pri-
mary or secondary softwood site. Indicate if
cven-aged or uneven-aged management is
planned. Use the tally sheet (fig. 9, appendix)
for recording these data.

Then in stands 10 acres and larger, locate
randomly or systematically at least one sam-
ple point per acre. In stands smaller than 10
acres, locate a minimum of 10 sample points.
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Use a prism or an angle gauge at each point to
determine the trees of commercial species to
be measured and recorded. A 10-factor instry-
ment is recommended. Distances to borderline
trees should be measured. A listing of dis-
tanes for instruments having a factor of 10 ig
in table 6 {appendix}.

When all sample points have been meas-
ured, compute the number of trees per acre.

To determine the number of trees per acre
by diameter classes, divide the tree count in
each diameter class by the total number of
sampling points and then multiply by the con-
version factor on the tally sheet.

EVEN-AGED MANAGEMENT

Determine whether the stand is mature or
immature and record these data on the tally
form (fig. 9, appendix). In a mature even-aged
stand, more than 50 percent of the total basal
area is in trees of the size being managed for,
in fir trees that have reached pathological ro-
tation, or in a combination of both. In an im-
mature stand less than 50 percent of the basal
area is in trees of this kind. Visual observation
can be used for this determination. Otherwise,
use data from sample points supplemented
with increment borings from fir for determina-
tion of age.

For even-aged management, the tree count
should include only those intermediate to
dominant trees that make up the main crown
Canopy.

Basal area per acre is found by dividing the
total tree count by the total number of sam-~
pling points and multiplying by the prism or
gauge factor.

The mean d.b.h. of an even-aged stand can
he estimated from the growing-stock guide
(fig. 7), using the basal area per acre and the
number of trees per acre.

In addition, in mature stands only, estimate
the stocking of reproduction and sapling
stems, To do this, use the sample point as the
center of a milacre plot and record whether
these plots are stocked with spruce-fir, stocked
with other commereial species, or not stocked.
Use the tally form (fig. 9, appendix) for re-
cording these data.

If an estimate of volume is desired, apply an



appropriate local volume table to the number
of trees per acre by species and diameter class
as shown on the tally sheet.

Next, complete the stand-diagnosis form
_ (fig. 10, appendix). Then refer fo the key to
find the suggested prescription.

UNEVEN-AGED MANAGEMENT

Tally all trees in the 1-inch and larger di-
ameter classes, If uneven-aged stands are
being converted to even-aged strands, an esti-
mate of reproduction and sapling stems is also
required. Use the tally form (fig. 9) for re-
cording these data.

Next, transfer the number of trees per acre
by diameter classes from the tally sheet (fig.

9) to the stand-diagnosis form (fig. 11, appen-
dix). Determine basal area per acre by diame-
ter class and enter in the stand-diagnosis
form. Also enter the data from the proper
columns in table 4 for the operating interval
desired. Be sure to use the data for the ap-
propriate management objective.

Finally, use the following kev to find the
suggested preseription. For prescriptions 7, 8,
9, and 10, the differences by d.b.h. class that
are excess may be harvested or removed in a
timber-stand-improvement operation. But the
total amount removed should not exceed the
total differences between the stand estimate of
basal area and the goal. Nor should the
amount removed result in a stand susceptible
to excessive wind damage.

THE KEY

i. Reproduction and Sapling Stands

Mean Stand Diameter Less Than 4.5 Inches

Stand Condition
A. Mean stand diameter less than 0.5 inches

B. Primary softwood site

Prescription

C. 50 percent or more of milacre sample plots i
are stocked with spruce-fir reproduction
CC. Fewer than 50 percent of milacre sample
plots are stocked with spruce-fir reproduc-

tion

BB. Secondary softwood site

D. 50 percent or more of milacre sample plots
are stocked with spruce-fir reproduction 3
DD. Fewer than 50 percent of milacre sample
plots are stocked with spruce-fir reproduc-
tion but total stocking is 50 percent or more 4
DDD. Total stocking of reproduction is less than

50 percent

AA. Mean stand diameter between 0.5 and 4.5 inches

E. Primary softwood site

F. 50 percent or more of milacre sample plots
are stocked with spruce-fir saplings 5

FF. Fewer than 50 percent of milacre sample
plots are stocked with spruce-fir saplings 2

EE. Secondary softwood site
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Stand Condition Prescripiion

G. 50 percent or more of milacre sample plots
are stocked with spruce-fir saplings 6

GG. Fewer than 50 percent of milacre sample

plots are stocked with spruce-fir saplings

but total stocking is 50 percent or more 4
GGG. Total stocking of saplings is Jess than 50
percent 2

{i. Poletimber and Sawtimber Stands

Mean Stand Diameter 4.5 Inches and Larger
A. Uneven-aged stand
B. For maintaining uneven-aged stand condition
C. Primary softwood site

D. Commercial harvest feasible of at least 5
cords per acre 7
DD. Commercial harvest not feasible 8

CC. Secondary softwood site

E. Commercial harvest feasible of at least
5 cords peracre

F. Spruce-fir represents at least 50

percent of total basal area 7
FF. Hardwoods represent more than 50
percent of total basal area 9

FFF. Spruce-fir and hardwoods each
representing less than 50 percent of
total basal area and other softwoods
(principally hemlock) accounting
{or remainder 7

EE. Commercial harvest not feasible

G. Spruce-fir represents at least 50

percent of total basal area 8
GG. Hardwoods represent more than 50
percent of total basal area 10

GGG. Spruce-fir and hardwoods each
representing less than 50 percent of
total basal area and other softwoods
(principally hemlock) accounting
for the remainder 8
BB. For converting to even-aged stand condition

H. Primary soltwood site
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Stand Condition

1. 30 percent or more of milacre
sarnple plots are stocked with spruce-fir
reproduction
II. Fewer than 50 percent of milacre
sample plots are stocked with
spruce-fir reproduction

HH. Secondary softwood site

4. B0 percent or more of milacre sample
plots are stocked with spruce-fir
reproduction

JJ. Fewer than 50 percent of milacre
sample plots are stocked with spruce-fir
repreduction but total stocking is 50
percent or more

JJJ. Total stocking of reproduction is less
than 50 percent

AA. Even-aged stand
K. For maintaining even-aged stand condition
L. Primary softwood site
M. Maturestand

N. 80 percent or more of milacre sample
plots are stocked with spruce-fir
reproduction

NN. Fewer than 50 percent of milacre
sample plots are stocked with
spruce-fir reproduction

0. Growing stock above the B-level
00. Growing stock below the B-level

MM. Immaturestand

P. Growing stock above the B-level
PP. Growing stock below the B-level

LL. Secondary softwood site
Q. Mature stand

R. 50 percent or more of milacre
sample plots are stocked with
spruce-fir reproduction

RR. Fewer than 50 percent of milacre
sample plots are stocked with
spruce-fir reproduction but total
stocking may be 50 percent or
more

8. Growing stock abnve the B-level
S8, Growing stock below the B-level
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Stand Condition

QQ. Immature stand

Prescription

T. Spruce-fir represents at least
50 percent of total basal area

U. Growing stock above the B-level
UU. Growing stock below the B-level

15
16

TT. Hardwoods represent more than
50 percent of total basal area

V. Growing stock above the B-level
VV. Growing stock below the B-level

18
19

KK. For converting to uneven-aged stand condition

W. Allstands

20

2

The Prescriptions

This stand should develop naturally into
a spruce-fir stand. Consider eliminating
competing vegetation, including hard-
woods. Otherwise do nothing now. Exam-
ine in 5 years,

This stand may not develop within 5
yvears into a stand satisfactorily stocked
with spruce-fir reproduction or saplings.
Consider preparing the site and direct-
seed or plant spruce and fir on those areas
not stocked with spruce-fir, but only if
the non-stocked areas have potential for
spruce-fir. Otherwise do nothing now. In
either case, examine in about 5 years.
Begin a cleaning operation to climinate
the competing vegetation, including hard-
woods, 1f the management decision is to
favor spruce-fir. If the spruce-fir is in
competition with other softwoods, do
nothing now. If the decision is to manage
for all species, begin a cleaning operation
to favor potential crop trees of any spe-
cies. In all cases, examine in 5 years,

This stand may not develop within 5
vears into a stand satisfactorily stocked
with spruce-fir reproduction or saplings.
1{ the management decision is to regener-
ate spruce-fir, prepare the site and di-
rect-seed or plant spruce or fir on areas
not stocked with spruce-fir reproduction,
hut only if the non-stocked areas have
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potential for spruce-fir. If the decision is
to manage for all species, begin a cleaning
operation to favor potential crop trees of
any species. In either case, examine in
about 5 years. If northern hardwoods ac-
count for a stocking of more than 50 per-
cent, see the Silvicultural Guide for
Northern Hardwoods in the Northeast or
for Paper Birch in the Northeast.

This stand should naturally develop into
a spruce-fir stand. If competition from
other species appears to be slowing stand
development or if a spruce-fir thicket is
developing or has developed, begin a
cleaning operation. Use growing-stock
guide for number of acceptable stems per
acre. Examine in 5 years.

Begin a cleaning operation to eliminate
the competing species if the management
decision is to favor spruce-fir. If the deci-
sion is to manage for all species, begin a
cleaning operation to favor potential crop
trees of any species. Use growing-stock
guide for number of acceptable stems per
acre. In either case, examine in 5 years.
Use the stand-diagnosis form (see fig. 11,
appendix) to determine if any of the di-
ameter classes are overstocked. Mé}rk
heavier in these classes, keeping spacing
in mind, and using the marking guides
and table 3, appendix. If practical, the
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commercial harvest should be conducted
in a good spruce or fir seed year. The seed
crop can take advantage of the opening of
the stand and of any seedbed scarification
that has occurred. Depending on site, the
harvest should not remove more than 10
to 50 percent of the total basal area per
acre; and at least 80 to 120 square feet of
basal area per acre should be retained. 1f
this minimum amount of residual growing
stock is not possible because of poor qual-
ity, consider converting to even-aged sil-
viculture. Examine again at the end of
the operating interval.

Consider timber-stand improvement to
favor crop trees of desired species. Exam-
ine in about 10 years.

If the management decision is to favor
spruce-fir and the spruce-fir growing-
stock component is adequate for manage-
ment, use the siand-diagnosis form (fig.
11, appendix) to determine what diameter
classes are overstocked. Mark heavier in
these classes and keep spacing in mind,
using the marking guides and table 3, ap-
pendix. Examine in about 10 years. If the
spruce-fir growing stock component is not
considered adeguate, convert to even-
aged silviculture. If the decision is to
manage for all species, see the Silvicul-
tural Guide for Northern Hardwoods in
the Northeast or for Paper Birch in the
Northeast.

If the management decision is to favor
spruce-fir, begin a timber-stand-improve-
ment operation to favor crop trees of de-
sired species and to remove undesirable
trees. Examine in about 10 years. If the
spruce-fir component is not considered
adequate, convert to even-aged silvicul-
ture. If the decision is to manage for all
species, see the Silvicultural Guide for
Northern Hardwoods in the Northeast or
for Paper Birch in the Northeast.

Harvest all merchantable trees and fell all
other trees 1 to 2 inches and larger in di-
ameter. The size and shape of the clear-
ings selected should provide environmen-
tal conditions suitable for natural rege-
neration. Examine in about 5 years.
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14.

16.

To obtain spruce-fir regeneration, apply
the first harvest of a shelterwood cutting
or clearcut narrow strips. If artificial re-
generation is necessary, clearcut and pre-
pare the site; and direct-seed or plant
sprace or fir on those areas pot stocked
with spruce-fir. In either case, examine in
about 5 years.

If the management decision is to regener-
ate spruce-fir, remove a portion of the
trees by applying the first harvest of a
shelterwood cutting or clearcut narrow
strips. Consider preparing the site, and
direct-seed or plant spruce or fir on areas
not stocked with spruce-fir reproduction.
Hardwood sprouts may have to be con-
trolled. Examine in about 5 years, If the
decision is to manage for all gpecies, har-
vest all merchantable trees and fell all
other trees 1 to 2 inches and larger in di-
ameter. The size and shape of the clear-
ings selected should provide environmen-
tal conditions suitable for natural rege-
neration. Examine in about 5 years. If
hardwoods account for 50 percent or
more of the stocking in reproduction, see
the Silvicultural Guide for Northern
Hardwoods in the Northeast or for Paper
Birch in the Northeast.

T'0 obtain spruce-fir regeneration in a rea-
sonable period of time, artificial methods
are probably necessary. Clearcut, then
prepare the site and direct-seed or plant
spruce or fir on areas not stocked with
spruce-fir. Examine in about 5 years,

. Begin a periodic harvest program if a com-

mercial harvest is feasible. Otherwise con-
sider a fimber-stand-improvement opera-
tion. Examine in about 10 years or at the
next operating interval.

Consider a timber-stand-improvement op-
eration. Otherwise do nothing now. Ex-
amine in about 10 years. If growing stock
is below the C-level, consider preparing
the sile; and direct-seed or plant spruce
or fir on areas not stocked with spruce-fir.
Examine in about 5 years,

1f the management decision is to regener-
ate spruce-fir, harvest all merchantable
trees and fell all other trees 1 to 2 inches
and larger in diameter. Then prepare the
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site and direct-seed or plant spruce or fir
on areas not stocked with spruce-fiv re-
production. Examine in about 5 years, If
the decision is to manage for all species,
harvest all merchantable trees and fell all
other trees 1 to 2 inches and larger in di-
ameter. Examine in about 5 years. I
hardwoods account for 50 percent or
more of the stocking in reproduction, see
the Silvicaltural Guide for Northern
Hardwoods in the Northeast or for Paper
Birch in the Northeast.

If the management decision is to favor
spruce-fir, begin a periodic harvest pro-
gram if a commercial harvest is feasible.
Otherwise consider a timber-stand-im-
provement operation. In either case, ex-
amine in aboul 10 years. If the decision 1s
to manage for all species, see the Silvicul-
tural Guide for Northern Hardwoods in
the Northeast or for Paper Birch in the
Northeast.

Conduct a timber-stand-improvement op-
eration if the mangement decision is to
favor spruce-fir. Examine m about 10
years. If growing stock is below the C-
level, consider preparing the site and di-
rect-seed or plant spruce or fir on areas
not stocked with spruce-fir. Examine in
about 5 years. If the decision is to man-
age for all species, see the Silvicultural
Guide for Northern Hardwoods in the
Northeast or for Paper Birch in the North-
east.

Make a series of partial harvests or con-
duct timber-stand-improvement opera-
tions at intervals not exceeding 5 to 10
years. These cuttings should remove
small groups of several trees scattered
through the stand to stimulate regenera-
tion. The trees to be removed should be
marked. The objective is to develop a dia-
meter distribution that will plof as an in-
versed J-shaped curve. Consider preparing
the site and direct-seed or plant spruce or
fir on areas not stocked with spruce-fir, If
hardwoods represent more than 50 per-
cent of the basal area and the decision is
to manage for all species, sec the Silvieul-
tural Guide for Northern Hardwoods in
the Northeast or for Paper Birch in the
Northeast.
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APPENDIX

Vigor Class

gor |

Crown well developed, usually symmetrical; no
:aed branches in live crown. Branches long and
ander, up-turned at least 15 degrees from hori-
»ptaI except near bottom of crown; recont ter-
inal and lateral growth good (af least 8 inches
wd averaging 10-12 inches except in heavy seed
sar ). Needies long and lustrous, bluish-green for
« and slightly yellowish-green for spruce, grow-
g densely on twigs; and on fir up-turned instead

flat on twigs. Bark on fir light gray, tight,
nooth, and shiny, with many piteh blisters; on
ruce, reddish and shredded on young trees, in
wrge, thin, loose plates on mature trees.

igor I

Crown of poorer form than in Vigor I but giving
1w general impression of being healthy without
wking rapid growth; if large, crown may be fairly
pen, but if small, should be fairly dense: dead
Fanches in crown limited to a few small ones.
iranches may be shorter and less slender than in
‘igor I but not stubby and heavy; horizontal or
rightly drooping except may be slightly up-turned
ear top; terminal and lateral twig growth last few
ears usually fair to good (3 to 8 inches, except
smewhat less during heavy seed years) although
low growth is admissible i crown form is other-
1se good. Needles flattened on Hr fwigs and a
eeper green with less bluish cast and not so dense
n twigs as in Vigor I; spruce needles shorter, less

Definitions™

tustrous and not so closely spaced on twigs. Bark
on fir usually smooth, dirty gray, not shiny, pitch
blisters less conspicuous; on spruce, rougher and
more brownish on young trees, darker brown and
with plates smaller and tighter than on Vigor 1
trees.

Vigor I

Crown of poor form (open, one-sided or thin),
but not dying; may have dead branches in live
crown. Branches may be short and stout, or if
slender, foliage very sparse, horizontal or more
commonly drooping, especially at tips; terminal
and lateral growth very poor (less than 3 inches),
except may occasionally be fair on trees with
otherwise poorly developed crowns, Needles flat
on fir twigs, widely spaced, often dull, unhealthy
color; on spruce, short, not lustrous, and frequently
yellowish, very slender and brittle, and appearing
sparse or scattered on twigs. Bark on fir dark gray
or almost brown, thick, rough and often broken
into small scales on old trees, dirty dull gray on
young trees, never smooth and shiny, pitch blisters
inconspicuous or lacking; on spruce, dark brown
to almost black, with scales smaller and heavier
on young trees, thick, ridged, and fissured, and
often reddish brown on old trees,

* MeLintock, T, ¥. 1958 A tree classification for
red spruce and balsam fir. U. 8. Forest Service NE.
Forest Exp. Sta. office report. 33 p.

Table 2.—Some silvical characteristics of balsam fir and the spruces

. Relative Relative Goodcone  Effective
Species shade growth CTOD seed
tolerance rate frequency dispersal
Years Feet
Balsam fir Very tolerant Fast 2-4 100
Black spruce Tolerant Slow-medium 4 100
White spruce Tolerant Fast 2-6 300
Red spruce Tolerant to very
tolerant
Medium 3-8 200
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Table 3.~Tree classification for red spruce and balsam fir*

Tree Rating as Crown Average 10-year
clasg growing stock Vigor Crown class ratio diameter growth
RED SPRUCE
Inches
Dominant &
A Superior I intermediate 0.6+ 1.8
Dominant &
B Good T intermediate 3-5 1.3
Overtopped 0.64
¢ Acceptable 1 Intermediate .64 9
Dominant 0.34-
D Inferior ) Intermediate .3-.5 6
Iz Diominant 0.34
E Undesirable Iir Intermediate 0.34- 2
All other trees with a
crown ratio of under .3
BALSAM FIR
A Superior I All classes 0.7+ 2.4
B Good 1 All classes 3.6 1.8
it All classes Q.74
C Acceptable I All classes 3-4 1.2
II All classes 3-8
i Dominant &
D Inferior Iix intermediate 0.5+ 8
E Undesirable T Overtopped 0.5+ 4

All other trees with a
crown ratio of under .3

¥ McLintock, T. ¥. 1958 A tree classification for red spruce and balsam fir. USDA
Forest Serv. NE. Forest Exp. Sta. office report. 33 p.
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Table 5.-—Average annual net growth per acre by species

Softwood Mixedwood
Species stands stands

Cu. ft. Pct. Cu. ft. Pet.

Pine 15 3 0.2 1
Spruce 25.0 51 15.8 39
Balsam fir 17.1 35 311 32
Hemlock 2.3 5 4.3 10
Cedar 2.0 4 2.0 5
Tamarack 1 ) Q) *)
All softwoods 48.0 98 35.5 87
Sugar maple Q)] *) 0.8 2
Red maple 1.5 3 3.9 9
Yellow hirch -8 -2 -1 (")
Paper birch 4 1 1.0 2
Beech 1 *) 1 (")
Aspen N *) 2 (%)
Other hardwoods " ) —1 {*)
All hardwoods 1.3 2 5.6 13
All species 49.3 100 41.1 100

* Less than 0.5 percent.
" Less than 0.05 cubic feet.



Table 6 —Horizontal distances to borderline trees when using a {0-factor prism or angle
gauge for trees 0.5 inches d.b.h, to 19.4 inches d.b.h.

Dbh.  Distance | Dbh  Distance Db Distance ] Dbh Distance || Dhh. Distance
(inches) {feet) {inches) (feet) {inches) ({feet) {inches) {feet) (inches) (feet)
0.5 1.37 4.3 11.82 81 22.27 119 32.72 15.7 43.17
0.6 1.65 4.4 12,10 8.2 22.55 i2.0 33.00 15.8 43.45
0.7 192 4.5 12.37 83 T 22.82 121 33.27 15.9 43,72
0.8 2.20 4.6 12.65 84 2310 12.2 33.55 180 44.00
0.9 247 4.7 12.92 8.5 23.37 12.3 33.82 161 44.27
1.0 2.75 4.8 13.20 8.6 23.65 12.4 34.10 16.2 44.55
1.1 3.02 4.9 13.47 R.7 23.92 12,5 34.37 16.3 4482
1.2 3.30 50 13.75 8.8 24.20 12.6 34.65 164 45.10
1.3 3.57 5.1 14.02 8.9 24.47 12.7 34.92 16.5 45.37
1.4 3.85 5.2 14.30 9.0 24.75 12.8 35.20 16.6 4565
1.5 412 53 14.57 9.1 25.02 12.9 35.47 18.7 4592
1.6 4,40 5.4 14.85 9.2 25.30 13.0 35.75 16.8 46.20
1.7 4.67 55 15.12 9.3 2557 131 36.02 169 46.47
1.8 4.95 5.6 15.40 9.4 25.85 13.2 26.30 17.0 46.73
1.9 522 5.7 15.87 9.5 26.12 13.3 36.57 171 47.62
2.0 5.50 5.8 15.95 9.6 26.40 134 36.85 17.2 47.30
2.1 597 5.9 16.22 9.7 26.67 13.5 37.12 17.3 4757
2.2 6.05 6.0 16.50 9.8 26.95 13.6 37.40 174 47.85
2.3 6.32 6.1 16.77 9.9 27.22 13.7 37.67 17.5 4812
2.4 6.60 6.2 17.05 10.0 27.50 13.8 37.95 176 48.40
2.5 6.87 6.3 17.32 10.1 27.77 13.9 38.22 17.7 48.67
26 7.15 6.4 17.60 10.2 28.05 14.0 38.50 17.8 48.95
27 7.42 6.5 17.87 103 38.32 141 38.77 17.9 49.22
2.8 7.70 6.6 18.15 10.4 28.60 14.2 39.05 i8.0 49.50
29 7.97 6.7 18.42 10.5 28.87 14.3 39.92 181 49.77
3.0 825 6.8 18.70 10.6 29.15 14.4 39.60 18.2 50.65
3.1 8.52 6.9 18.97 10.7 29.42 14.5 39.87 183 50.32
3.2 8.80 7.0 19.25 10.8 29.70 14.6 40.15 184 50.60
3.3 9.07 7.1 19.52 10.9 29.97 14.7 40.42 185 50.3?
3.4 9.35 7.2 19.80 11.0 30.23 14.8 40.70 18.6 51.13
3.5 9.62 7.3 20.07 11.1 30.52 14.9 40.97 187 51.42
3.6 9.90 7.4 20.35 11.2 30.80 150 41.25 18.8 §1.70
3.7 10.17 7.5 20.62 11.3 31.07 15.1 41.52 189 53 a7
3.8 10.45 7.6 20.90 114 31.35 152 41.80 190 52.25
3.9 10.72 7.7 21.17 11.5 31.62 153 42,07 191 §2.52‘
4.0 11.00 7.8 21.45 11.6 31.90 154 42.34 192 ?282
4.1 11.27 7.9 2172 11.7 32.17 155 42.62 18.3 d{i.(}i
4.2 11.55 8.0 22.00 118 32.45 15.6 42,90 19.4 53.35

Note: Borderline distances for trees larger than 18.4 inches d.b.h. can he calculated by multiplying dbh. hy 2 75.



TALLY SHEET AND STAND-DIAGNOSIS FORM

FOR REPRODUCTION AND SAPLING STANDS

Stand size class: Softwood site:

E ] Reproduction ; | Primary
r | Sapling ! | Secondary

Mean stand diameter in inches

tocking Class Plot count Percent

o

1. Stocked with spruce-fir

2. Stocked with other
commercial species

Total stocking

3. Not stocked

TCTAL, ALL CLASSES 100

Prescription:

Figure 8.—A tally sheet and diagnosing ferm for repro-
duction and sapling stands.
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TALLY SHEET TOR

POLETIME

ER AND SAWTIMBER STANDS

o

Type of Management:

] Even-aged 7] Even-~aged management

| Mature m4_1 Uneven~aged management

[} immaturs Softwood site:

7] Primary
| Uneven-aged

! Secondary

per aare
1 1,823
2 b5y
3 201
4 115
5 73
6 53
7 37.5
8 28.6
3 22.86
10 18.3
13 15.2
12 12.7
13 10.8
14 g .u
15 8.7
16 7.2
17 5.3
18 5.7
i 5.1
20 4.6
21 w2
272 3.8
23 :.5
TOTAL
No. of sample points: Milacres stocked:® Ne. A

Spruce-fir
Gther species
Total stocked
Milacres not stocked

Total milacres

#Milacres stocked should be tallied when: (&) uneven-aged stands are to

be placed under even-aged management; (b) even-aged management is to be

maintained in mature even-aged stands.

Figure 9.~ tally sheet for pé!eﬁmber and sawtimber stands,
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STAND-DIAGKNOSIS FPORM FOR EVEN-AGED MANAGEMENT

trl

Management objective:

Number of trees per acre:

Basal area per acre: sq. ft.

Mean diameter of stand: inches

Milacres stocked:

Stocked with spruce-fir: %

Stocked with other commercial species: %

Total stocking: %
Required basal area per acre at B-level: o sq. ft.
Basal area per acre above B-level: sg. ft.
Available for harvest: sqg. ft. (some or all above

B-level depending on the windfirmness of the stand.)

Pregscriptions:

Figure 10.—A stand-diagnosis form for even-aged management.
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STAND-DTIAGNGCSIS FORM FOR UNEVEN-AGED MANAGCEMENT

Management objective:

D.b.h Number of trees per acre Sq. ft. of basal area per acre

class

(inches) Tally Table d Difference Tally Table 4 Difference

sheet goa + - sheet goal + -

10

11
12

13
1y

15
16
17
18
19
20
21
22
23

TOTAL

Computed amount of growing stock to be removed: sq. ft

Prescription:

Figure 11.—A stand-diagnosis form for uneven-aged management,
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