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Abstract

This publication brings together the results of 20 years of research and experience in the silviculture of
hardwood forests of the Allegheny region. Part | provides a brief synopsis of silvicultural knowledge and
recommended practices. Part Il provides guidelines, decision tables, and step-by-step instructions for
determining silvicultural prescriptions in individual stands.

The Authors

David A. Marquis received his bachelor of science degree in forestry from the Pennsylvania State University
in 1955, and his master’s and doctoral degrees in forest ecology and silviculture from Yale University in 1963
and 1973, respectively. He joined the Northeastern Forest Experiment Station's silvictlture research unit
in New Hampshire in 1957, where he studied problems of regeneration and thinning in northern hardwoods.
Between 1965 and 1970 he served on the timber and watershed management research staff at the Station's
headquarters in Upper Darby, Pennsylvania. Between 1970 and 1890, Dr. Marquis was project leader of the
silviculture research unit at Warren, Pennsylvania, where he headed a program of research on problems
related to the regeneration and cuiture of high-value hardwoods on the northern Allegheny Plateau.
Currently, Dr. Marquis is Coordinator for the Northeastern Forest Experiment Station’s Stand Culture Working
Group, which is developing a silvicultural decision model for multi-resource management of all major forest
types in the Northeastern United States. In addition, he is an Adjunct Professor of Forestry at the College
of Environmental Science and Forestry, State University of New York at Syracuse, and Is Forestry Director
of Plessey Pension Investments, Inc.

Richard L. Ernst received his bachelor of science in forestry and master of science in forest
management/operations research from the Pennsylvania State University in 1974 and 1379, respectively.
He joined the Northeastern Forest Experiment Station's silviculture research unit at Warren, Pennsylvania,
in 1976. Since that time, his research has concentrated on the effects of thinning on the growth and yield
of Allegheny hardwoods and on the development of cultural guidelines for the valuable hardwood species
found in this type.

Susan Laurane Stout received an A.B. degree in applied mathematics from Radcliffe College in 1972, In
1983 she completed an M.S. degree in silviculture at the State University of New York, College of
Environmental Science and Forestry. Since 1981 she has been empioyed by the Northeastern Forest
Experiment Station in the Forestry Sciences Laboratory at Warren, Pennsylvania. in 1991, she became
project leader of the silviculture research unit at Warren, Pennsylvania. This unit conducts research to
develop multi-resource management guidelines for forests of the northeast, especially those of the Allegheny
Plateau reglon. Her special research interests include the development of mixed-species stands and
quantifying muitiple resource effects of forest management practices.

Manuscript received for publication 1 June 1880

Nartheastern Forest Experiment Station
5 Radnor Corporate Center, Suite 200
100 Matsonford Road

Radnor, PA 19087-4585

January 1992



CONTENTS

INTRODUCTION . oo s 1
LIMITS OF APPUCABILITY e 2
PART [-SYNOPSIS OF RECOMMENDED SILVICULTURAL PRACTICES ............. [ 3
EVEN-AGED REGENERATION . . L it e e e e e e 3
Advance Seediing Regeneration ... .. ... i e e ]
Sprouting Potential . . ... ... e 3
Sapling and Pole Advance Regeneralion . ... ... . ..ot e 4
Anterfering Understory Plants . .. ... 4
Site Limiations . .. ..o e 5
ey BIOWSINg . . ..o e e e e 5
Seed SUPPIY - .. e e 6
CUting Methods . . ..o i i e e 6
INTERMEDIATE EVEN-AGE CULTURE . . ... it e e e e 7
Philosophy of Thinning Practices .. .. .. ... . i e e 7
Application of Thinning Practices . .. ... ...t e e e e 8
Evaluating Stand Densty . .. ... i e e 8

Stand Density Manipufation . ... .. ... v e e 9

Stand Structure Manipulation ... ... e e - 10
Quality Maniputation . ...... ... ... . .. L. e . 11
Species Compaosition Manipulation . ............. e e e 11

STAND MATURITY--ROTATION LENGTH . ... i e e it e e e e 12
ALL-AGE CULTURE AND REGENERATION . ... . it ci e nne e 12
Appropriate Condions forUse . ... o ittt e e e 12
All-aged Regeneration . . ... .. i e e e 13
All-age CUBUIE . .. . e e e e e e e e 13
SOIL FACTORS AND SOIL PROTECTION .. i i et e e 14
TERATURE Gl D ... i it i i ettt et et e e ea e 17
PART lI-SILVICULTURAL GUIDELINES . .. it naaans e 27
STAND EXAMINATION ..t e e e e e 27
Sample CrUISE . . . . e e 27
Determine Stand Boundaries . . .. ... ittt it e i e e 27

Select Sampling Scheme . ... . i i e e e 27
Overstory Data ColleCtion ... .. ..ttt i et e 28
Basal Area Tally . ... ot e e 28
Computer Overstory Tally Form . . ... ... e an 28

Manual Overstory Tally Form . . . ... oo i i e 34

Overstory Procedural EITOrS . ... ottt it 35
Understory Data Collection ... .. ..t ittt s e iacanaas 36
Expanded regenerationtally . ....... ... ... i i S 36

Small Advance Regeneration . .. ... ..ot tint i i 36

ResidUuals ... ... ... i et e e 38

Sapling Regeneration .......... ... oot PRI .. 38

Woody INterference ..........coueeiiniiaeaeins e 38

Laurel and Rhododendron .o ... oo vve oo ial s e e 39

=« TP IR 3g

€7 T2 eeee 99

GraEVINES . . .ttt ittt e i 39
SiteUmtations . . ..., ...ttt ennes et 3ag
Checkmark Regeneration Tally ... ... i ans 40

Small Advance Regeneration . ... ... ... i e 40
Anysmallregen ..... ... .. e e 40

ResidUAlS . ... . ittt i i e e e e 40

Anyregen or ResS ... . ieerire oo P R R 40

Sapling Regeneration . ... ... ciiiinriererncnannns e me e 40

R0 G- 2= 1= oot S NI 40

Anyinterference .........coiiiiiia i e P 40



SR MaONS . . ..ttt e e 40

Identfication Data . . .. o e e e e 40
Stand IdentifiCalion . . . . . e 41
OWNET  AGBIICY o it it i e e e e 41
FOrest/Property . . . . .o e 41
County/District . ... .. e e 4
Compartment/Unit . . ... .. e e 41
Stand NUMDEr . . .. e e 41
Remarks . .. . e e 41
Cruise INformation . ... e e e e 41
Speciescodes ........... ... e e 41
dbhclasses ... . . e e 41
Tally Month and Year .. .. .. . . . e 41
Overstony CruiSe TYPE . . . oottt e e e e 41
FoDlOtS . .. e e s 41
BAF/plot Size . ... e e 41
Regen Cruise TYDE . .. it i it i e e 42

2 o o’ G U 42
Plot SIZE . . e e 42
Acreage In Sland . .. .. .. e e e 42
SN AGE . .. e e e s 42
Stand, Site, and Management Information .. .. ... e 42
070N g 1 o T 42
Habiat type . . e e e 42
KT IR 377 o T U 42
Sl ClaSS . ... e e e s 42
S SPBCIES . . ottt 42
S INdeX . . . e e e 42

HE AL o e 42
eV, L e e e e e 42
RS = o 42
SIOPE b . e e e ey 42
TOPO. POSHION . ittt e 42
Operabilily .. e 42

AL CBSS . . e e e s 42
WAl COME .. i i et e e e 42
W T mile . e et 42
Management Goals ... vttt i e e e 43
Management Vallue . ... it i i e i e e e 43
Deerimpact Index ... ... . it e e 43
GYDSY MOt . o e 45

B S L ittt et e e 45
STAND ANALY SIS L e e e e 45
Manual Data SUMIMANY .. .. .ttt e e et et e et e e e 45
Understory Data SUMMIaNY ...ttt et et ce e ieacu e a e s 45
Expanded regeneration tally data summary ........... i 45
Checkmark regenerationtally summary .. ....... .. ... ... . i 47
VIS Oy Data UMMy . ..ttt ete et et e 47
Other Stand Paramelers .« . .. ittt it e e e i e e 48
Management Goal . ... ... i i e e 48
Deer Impact IndeX . ... . e i et 48
Seed SOUMe INeX . oo vt it e e e 48
St Lmations .. ..ot e i i e e 49
Any small Regem . . . . . i e i e e 49
Anyregen or Residuals .. ... . i i i e e s 49
Anysmall Regen, Mo deer ... . i ittt iiii it e 43
Anyregen or Residuals, nodeer .. ... .. ... i i i e 49

Rt a1 el o T Y- 49



Computer Data Summary

Summary Interpretation
STAND PRESCRIPTION
Determining Appropriate Treatment . .. ... . in e e,
Prescriptions

Any InterfereriCe . ... ... . e e e e
Sapling Basal Area . ... . e e e e
Shade Tolerant Basal Area . .. ... . ...t e
Relative Stand Density . ... ... .
Refative density AGS . ... ... i e e
Stand Diameter (MD) ... e
Merchantable Stand Diameler (MDM) . ... ... o o i, e
Years to Maturity

.........................................

Data BNy .. e e
Data Qutput

........................................................
...................................................

.....................................................

All-Age won't work, He-examine Goals . .. ... ... . . i e e
Single-Tree and Group Selection CULting ... ..o i i e
Single-Tree Selection Cutting with Maximum Number of Large Trees for Visual Goals . .
Commercial ThIMNING . ...ttt ettt e et e e e e e e
ThIN-HAIVESE . . o e e e e s
Combined Commercial Thinning - Timber Stand Improvement . ..................
Precommercial Thinning . ... ... .ot e ittt i aaa s
Defar CUHING ..ttt et e e e
Final Removal Cut ... et et e e e e e
Final Removal Cut with Residuals . .. . ... . i i e
Final Removal CUL, Fente . ... o it i it ettt ettt et i s ianns
Final Removal Cut with Residuals, Fence . ... ... . i i i
ISt Remaval CUl . . e e e e
First Removal Cut with Residuals . . .. oo o ittt e
First Removal CUt, FemCe . ..o vt ittt et et e e e e i
First Removal Cut with Residuals, Fence . ... .. ... i i i i iiennns
=T SN 1 P
Herbicide, Seed CUl .. ... .ttt it st i e
Herbicide, Wail . ... .o ity e ittt ettt e
Seed CUL FonCB . . v ottt et e et e e e e e
Herbicide, Seed CUL, FenCe . . .. oottt i e et e et e e s
FonCe, WA ... .. ... ittt e i e e e
Herbicide, Fence, Wall ... ... ir it i i i e e ciaae e
Grapeving Control . .. v ot e et ittt et e et
Herbicide Understory . .....c.o i i e et e
Fencing Against Dear . ... ..o i i i e
Fertilization of Regeneration ...... .. . ... . . it iasaans
Consider Artificial Regenerationand Fencing ... ... .. ..o iunn

Regeneration FOlOW-UD . ...ttt e it inanen it inaacaeancaons s
ISt DUION Of UL ..ttt i it e e ittt et e st e

Instructions for Distribution of CUt . . .. ...ttt it e e

Timber Marking Procedures . ... ..o ov i in it it e e et e e
APPENDICES

.................................
...............................



Table 1.
Table 2.
Tabie 3.
Table 4.
Table 5.
Table 6.

Figure 1.
Figure 2a.
Figure 2b
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10.

Appendix A.
Appendix B.
Appendix C.
Appendix D.
Appendix E,
Appendix F.
Appendix G.
Appendix H.

TABLES, FIGURES AND APPENDICES

Soil limitations to forest practices on selected Allegheny Plateau soils . ... ..... .. 15 - 16
SPECIES COUES . ittt i e e e e e e a3t
Codes for quality, tree grade, and wildlife . ... .. ... .. .. .. . . . i 33
Number of seedlings required on stocked plots for different levels of deer pressure .. ... 45
Armount of interference required to consider a plot stocked .. ... ... .. L. L. 46
Cut relative density to come from and relative density to be retained in various size
Classes, N POICEML . .. ..ttt e e e e e et 80
Tree-area curves for relative density determination .. ..... ... ... ... ... ... ... .. 9
Computer Qverstory Tally Form . ... ... e e, 29
Manual Overstory Tally Form .. ..o e e 30
SaWlog NEIgItS L L e e e 34
ID&Regen Tally Form ... e 37
Deer Impact IN0eX ... ..o e e 44
Manual Overstory SUMMaNY .. ..ot et et e et ettt e 50
Prescription Summary Worksheel . ... ... . . e e 51
Decision charts for silvicultural prescription ... ... .. it e i 57 - 61
Decision chart for regeneration follow-up . ... .. ... . L 75
Distribution of Cut Worksheet .. ... . . e 81
Sample Manual Overstory Tally FOrm . .. .. i i e 85
Sample ID & Regen Tally Form .. ... . L i 86
Sample Manual Overstory Summary Form ... ... ... . . i 87
Sample Prescription Summary Worksheet .. .. ... ... . i i a8
Sample Distribution of Cut - Commercial Thinning . . ... .. i i e ns 89
Sample Distribution of Cut - Standard Selection Cut ... ... . ... .o a0
Sample Computer Overstory Tally Form . . ... .. i i 91
Sample printout, SILVAH stand inventory, analysis, and prescription program .. 92 - 101

The computer program described in this publication is available on request with the understanding that the
U.S. Department of Agriculture cannot assure its accuracy, completeness, reliability, or suitability for any
other purpose than that reported. The recipient may not assert any proprietary rights thereto nor represent
it to anycne as other than a Government-produced computer program.



INTRODUCTION

This publication brings together the results of
20 years of research and experience in the
sitviculture of hardwood forests of the Allegheny
regicn. It is designed primarily as a guidebook
for practicing foresters whose goal is timber
production, but includes options and
modifications for coordination of wildlife,
aesthetics, recreation, and other forest uses
where appropriate. Although intended as a guide
to  short-term  silvicultural  prescriptions  in
individual stands, it aiso contains information
needed for long-term management planning.

The prescription process outlined here is built
around a series of decision charts that indicate
appropriate treatments for particular stand
conditions. To use these charts, it is necessary to
make a stand examination, and then to analyze
the data collected to determine present stand
condition and the potential for future growth or
regeneration. This information is then used with
the decision charts to arrive at a course of
action—a prescription outlining the work to be
done in that stand to achieve specific forest
management objectives.

This system of stand inventory, analysis, and
prescription relies heavily on numerical guidelines.
What we have tried to do is assign mathematical
quantities to things we have had to guess in the
past. This system reduces the amount of
subjectivity  traditionally used in  making
silvicultural decisions, providing instead an
objective, measurable, and remeasurable basis for
judgment. These guidelines have been applied
successfully on both public and private lands over
the past 10 years, and have produced results that
seem to be silviculturally sound. They provide
prescriptions that are consistent among stands of
similar characteristics, and among prescription
writers.

Nevertheless, these guides must not be
applied uncritically. They represent only our best
judgment at the present time; they will
undoubtedly be improved and modified as
research results and experience accumulate.
Furthermore, no guide can ever be complete and

perfect for all of the many possible circumstances
likely to be encountered. So, these guides must
be used as an ald te professional judgment, not
as a substitute for it.

Part | provides a brief synopsis of silvicultural
knowledge and recommended practices in
hardweod forests of the Alleghenies. This
background material is essential to the
understanding and proper use of the guidelines In
Part li. More complete details on this scientific
background are contained in the articles cited in
Part I, and we urge anyone using this guidebook
to examine the articles. When specific research
results were not available, the guidelines had to
be based upon judgment and experience. in cther
situations, research from other geographic areas
was adapted to fit conditions in the Alleghenies.
We have indicated the source of all guidelines so
that the user can evaluate the reliabiiity and
applicability to his or her particular situation.

Part i of this publication contains the
step-by-step procedures, decision charts, and
guidelings used to arive at sivicultural
prescriptions.

The data analysis and prescription wriling
portions of the system can be automated, and a
computer program calied SHILVAH Is available
(Ernst 1982, Stout 1983, Marquis 1986b)* on
request. For information, please write: U.S.
Department of Agriculture, Forestry Sciences
Laboratory, P.O. Box 928, Warren, PA 16365.

Research leading to the development of these
guidelines was conducted between 1971 and
1989 by scientists at the U.S. Department of
Agriculture, Forest Service, Northeastern Forest
Experiment Station, at the Forestry Sciences

1 Marquis, David A.; Emst, Richard L
Users Guide to SILVAH: A stand analysls,
prescription, and management simulator program
for hardwood stands of the Alleghenies. In
preparation.



Laboratory, Warren, Pennsylvania. In addition to
the authors, research contributing to these
guidelines was done by Luther R. Auchmoody,
John C. Bjorkbom, David deCalesta, Kurt W.
Gottschalk, Ted J. Grisez, Stephen B. Horsley,
Benjamin A. Roach, James Redding, Nancy G.
Tilghman, and Russell S. Walters. The assistance
of many agencies in the area contributed
substantially to the research and the testing of
results.  These include: Hammermill Paper
Company; International Paper Company,;
Texasgulf, Inc.; Kane Hardwood Division of Collins
Pine; Glatfelter Paper Company; The Allegheny
National Forest; The Pennsylvania Bureau of
Forestry; The Pennsylvania Game Commission;
and the New York Department of Environmental
Conservation.

LIMITS OF APPLICABILITY

The guidelines presented here are intended
for use in the cherry-maple, beech-birch-mapie,
and oak-hickory forests of the Allegheny Plateau
and Allegheny Mountain sections of Pennsylvania,
New York, Maryland, and West Virginia.

Most of the guidelines for the cherry-maple
type are based on research from a 6- or 7-county
area in northwestern Pennsylvania. Most of those
for the beech-birch-maple type come either from
the same area in northwestern Pennsylvania, or
from selected literature from northern New
Hampshire, northern New York, or north central
West Virginia. Most of the information on the
cak-hickory type comes from the central states or
West Virginia with a small amount of
supplementary data from central Pennsylvania
and southern New York. Although the guidelines
have been used rather extensively throughout the
Allegheny region since about 1980, they have
been most thoroughly tested in northwestern
Pennsylvania. Caution is therefare needed in the
application of these guides outside of the tested
area.

We believe the guides to Intermediate
even-age culture to be rather widely applicable,
even outside of the Allegheny region, and would
not hesitate to use themn on a trial basis anywhere
In hardwood stands of the Northeast. The guides
to regeneration are much more restricted in
applicability because of local differences in such
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factors as deer browsing, site characteristics,
climate, and insect pests. Caution is definitely
needed even within the Allegheny region, and
local modification may be appropriate. The basic
procedures and framework of the decision making
process are universally applicable. If local silvical
knowledge is sufficient to permit the needed
modification in decision variables, the system of
stand inventory, analysis, and prescription
described here can easilly be adapted to any
region.

We are most anxious to improve these guides
and extend the region of applicability. Comments
on problems encountered or suggestions on
additional biological or ecological factors that
need to be incorporated to improve the guides’
validity in any northeastern location are welcome.



PART I--SYNOPSIS OF RECOMMENDED SILVICULTURAL PRACTICES

In this section, recommended silvicultural
practices and important background information
are described briefly. There are separate sections
for even-aged regeneration, intermediate even-age
culture, stand-maturity/rotation-length
determination, all-age culture, and soil factors and
soil protection,

EVEN-AGED REGENERATION

Regeneration practices for even-age
silviculture are determined by several factors that
follow,

Advance Seedling Regeneration

in all forest types under consideration, a lack
of advance seedlings prior to final harvest usually
results in unsatisfactory regeneration.
Furthermore, the species composition of the
advance regeneration largely determines the
species composition of the next stand. Thus, itis
extremely important that an adequate amount of
advance regeneration be established before the
final overstory removal.

The adequacy of advance regeneration
depends upon the species being regenerated, the
number of seedlings, their size, and the amount of
deer browsing. In areas of high deer populaticn,
advance seedlings tend to be small; thus large
numbers of seedlings are required to provide
assurance that a few will grow out of the deer's
reach. In areas of low deer population, advance
seedlings tend to be larger. Fewer are needed in
this situation, both because the larger seedlings
survive exposure and competition better, and
because fewer of them will be destroyed by deer
browsing.

Black cherry advance seedlings survive better
than most other species, and fewer cherry
seedlings are required than maple cr ash. This
species difference is most pronounced where
deer populations are high, because ash and
maple are preferred browse species. Oak
advance seedlings must usually be very large (4.5
feet tall or more) to ensure that they will be abie
to grow well after release and compele

successfully with other vegetation, which tends o
grow faster in the juvenile stage. Where large cak
advance seedlings are present, very few stems
are needed. Unfortunately, few stands in the
Alleghenies contain cak seedlings as large as
those specified in current guides. Many more oak
seedlings are required if they are small, and even
this may not suffice if regeneration of faster
growing species occurs simultaneously.

Our guidelines on the numbers and sizes of
advance seedlings required in Allegheny and
northem hardwood stands In areas of high deer
population are based on a series of studies in
northwestern Pennsylvania (Grisez and Peace
1973, Marquis 1982, Marquis 1987, Marquis et al.
1975, Marquis and Bjorkbom 1982). Guides for
advance regeneration of large oak are based on
studies in the central states (Sander et al. 1976).
Our guidelines for advance regeneration of small
cak, and for Allegheny and northern hardwoods
in areas of low deer population are based on
experience and judgment.

Sprouting Potential

Stump sprouts can be an important
supplernent to regeneration of many hardwood
species. Inthe caks, stump sprouts are often the
primary source of regeneration, and special
guidelines on the sprouting potential of oak stems
{based on species and diameter) have been
developed. Thus, potential cak stump sprouts
can be substituted for oak advance seedlings,
reducing the amount of oak advance regeneration
required.

Stump sprouts are very attractive to deer, and
may be completely destroyed in areas of high
deer populations. Thus, sprouting potential is
given considerably less weight as a source of
regeneration In areas of high deer population.

Our guidelines on pak sprouting potential are
based on studies in the central states {Sander et
al. 1976), and modifiled by experience and
judgment to fit the higher deer populations of the
Alieghenies.



Sapling and Pole Advarnce Regeneration

Although we usually think of advance
regeneration as being seedling-size material,
some stands contain saplings and small poles
that will also form a part of the next stand i not
cut at the time of final harvest. Often these
understory trees are poor quality or undesirable
timber species, and the best practice is to remove
them. However, there are several important
exceptions.

Sugar maple, beech, or hemlock 3 to 10
inches d.b.h. will often survive well and maintain
quality adequate for sawtimber if retained after the
final overstory removal. Only shade tolerant
species with good crowns and ciean straight
boles free of epicormic branches respond
suitably. These species are often difficult to
regenerate in even-aged mixtures with faster
growing species such as black cherry and
yellow-poplar unless they have a substantial head
start. Where high-quality saplings or poles of
these species occur, they can be retained as a
supplement to seedling regeneration, reducing the
amount of advance reproduction necessary.

Species other than shade-tolerant sugar
maple, beech, and hermlock may aiso be retained
to preserve minor species or to meet wildlife
needs. Shade-intolerant species sometimes lose
timber quality when exposed in this manner, but
may still meet diversity and wildlife goals. When
trees are retained for these other purposes, the
total number of residuals should be limited to the
density specified for timber residuals alone.

Ancther special situation involves stands that
contain a dense sapling understory of any
commercial species as a result of heavy cutting or
disturbance over the past 10 to 25 years. Where
such sapling understories exist, they can often be
developed into the next stand simply by releasing
them (cutting the remaining overstory). In this
situation, the sapling regeneration must ustally
contain sufficient numbers to form a new stand by
ftself, since development of advance seedlings in
the presence of such an understory is difficult.

Our guidelines on retention of residual
tolerants are based on several long-term
experiments in the cherry-maple type of
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northwestern Pennsylvania  (Marquis  1981e,
Marquis 1981f). The guidelines on sapling
understories and intolerant residuals are based on
experience and judgment.

Interfering Understory Plants

Herbaceous understory plants, such as
hayscented and New York fern, and grasses and
sedges of many species can interfere with the
establishment of desirable tree seedlings, and can
reduce the growth of these seedlings to the point
that regeneration fails. Woody understory plants,
such as striped maple, beech root suckers,
dogwoad, sassafras, sourwood, blackgum,
hophornbeam, blue beech, mountain faurel, and
rhododendron can have a similar effect. The
interference may result from competition among
species, and allelopathy is a factor as well with
some of the herbaceous plants.

In general, established seedlings will develop
satisfactorily in the presence of sparse !o
moderate amounts of interfering plants when the
gverstory is completely removed and the
seedlings have encugh sunfight for rapid growth.
But under partial shade (as In a sheiterwood cut),
the interfering plants tend to spread rapidly and
seedling growth is restricted, usually resulting in
unsatisfactory seedling development. Thus, these
interfering understories must be controlled when
sheiterwood cutting is to be employed. |f the
interfering plants are extremely dense, they may
also have to be controlled even where advance
seedlings are adequate for clearcutting.

The only practical way to control interfering
understary plants at this time is through the use
of herbicides. Herbaceous plants and woody
stems less than about 20 feet tall can be
contralled effectively using a skidder-mounted
mistblower. Larger woody stems must generally
be treated individually with a basal spray, frill, or
injection.

Qur guidelines on the amounts of interfering
plants that will restrict regeneration are based on
exploratory studies (Marquis et al 1975).
Information on allelopathic effects of these plants
is based on a series of controiled experiments in
northwestern Pennsyivania (Horsiey 1977a, 19770,
1978, 1983, Horsley and Marquis 1983).



Information about competitive effects of hay-
scented fern on black cherry regeneration is aiso
based on a series of controlied experiments in
northwestern  Pennsylvania (Horsley 1986),
Recommendations on herbicide control of fern,
grass, striped maple, and beech are based on a
series of time-rate experiments conducted with a
variety of herbicides In northwestern
Pennsylvania, pius operational experience since
1979 in the same area (Horsley 1981, 1982, 1986,
1990a, 1990b, Horsley and Bjorkbom 1983,
Horsley et al. 1985). Guides on herbicide
treatment of individual woody sterms are based on
research throughout the Eastern United States
(Kossuth et al. 1980, Lindmark 1965, Shipman
and Farrand n.d., USDA, Forest Service 1868,
Wendel and Kochenderfer 1982),

Site Limitations

Wet, saturated soils can result in regeneration
failure. The excess moisture, lack of aeration,
tendency toward frost pockets, tendency for lush
growth of some types of interfering herbaceous
vegetation, and possible buildup of
allelochemicals all work to make seedling
establishment difficult and growth slow. In areas
of high deer population, the slow growth subjects
regeneration to deer browsing for an extended
period and further reduces the chance of
success. Although regeneration is not impossible
on such sites, the risk of failure is greater than on
better-drained soils, and it is prudent to ensure
that advance regeneration is well established, free
of interfering plants, and large enough to survive
well before the final overstory removal is made.
Loss of advance seedlings due to logging
damage also can be severe on wet soils (see
section on Soil Factors and Site Limitations).

Those areas that are almost completely
covered with a surface layer of stones and rocks
also present difficulties for regeneration. Advance
seedlings are often rooted only in the forest floor
material that covers the stony layer, and not in the
deeper underlying mineral soil. When the
overstory is removed, the forest floor dries
quickly, and small advance seedlings die from
desiceation. The presence of surface stones
becomes increasingly important on well-drained
soils located on scuthem and southwestern
exposures where siope steepness is 15 to 20

percent or more.  As with wsat soils, it s
imperative that advance seedlings be well
established and large enough to be rooted in
mineral soil before final overstory removal.

Qur guidelines on site limitations are based
on experience and judgment. Regeneration
failures in low-lying wet areas that act as frost
pockets are documented by Hough (1945).

Deer Browsing

High deer populations are without question
the major cause of regeneration failure in many
parts of the Allegheny region. The most sericus
situations occur when the deer population is high,
and the avallable food is scarce due to a long
history of overbrowsing and/or to a lack of
farmland interspersed with the forest land to
provide alternative foods. It is imperative that
those prescribing regeneration treatments
estimate the deer browsing pressure on the tract
of land under consideration, and that this
pressure be considered in arriving at a
recommended prescription. The key to
successful regeneration when a large deer herd is
present is to provide so much deer food within
the home range of the local population that the
deer cannot consume all of it, and some
seedlings will escape to form the next stand. This
is accomplished by selecting areas with abundant
advance regeneration, stimulating advance
regeneration through shelterwood cutting, using
herbicides for site preparation where needed, and
maximizing the area in a high
deer-food-producing  condition  (thinning and
harvest cutting in surrounding stands).

In areas of extremely high population, it may
be necessary to invest in protection against
browsing. Electric fencing is the most promising
and economical form of protection available in
most situations, though standard cattle fencing or
individuai seedling protectors have advantages in
some situations. All types of protection require a
commitment to maintenance over a 5- 1o 10-year
period if they are to remain effective.

An altemative to fencing in areas of high deer
population in the cherry-magple type is fertilization
about 2 years after clearcutting to force rapid
growth and get the seedlings above the reach of
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deer quickly. Aerial applications of nitrogen and
phosphorus fertllizers have been effective in
getting black cherry seedlings above the reach of
deer in a few years, thus circumventing browsing
damage.

Our information on the impact of deer
browsing comes from a series of experiments
conducted over many years, in northwestern,
south central, and northeastern Pennsylvania, and
northern New York (Gottschalk 1987, Grisez
1959a, Hough 1949, Jordan 1967, Keity and
Nyland 1981, Marquis 1974, 1975a, 1978b, 1981z,
Marquis and Brenneman 1981, Marquis and
Grisez 1978, Marquis et a/. 1976, Redding 1987,
Shafer et al. 1961, Tilghman 1984, 1987, 1989).
Guidelines on cutting methods and cultural
practices to use in areas of high deer population
come from studies in northwestern Pennsylvania
and northern New York (Gottschalk and Marquis
1882, Kelty and Nyiand 1981, Marquis 1973,
1979b, 1981d, 1987).

Information on techniques of protecting
regeneration from deer browsing come from
studies by several agencies in Pennsylvania
(Brenneman 1982, Grisez 1958b, 1960, Marquis
1977a, Tully 1985, Wingard et al 1981).
Information and guidelines on fertilization come
from experiments with black cherry in
northwestern Pennsylvania (Auchmoody 1982,
1983, 1985, Auchmoody and Filip 1873, Nelson
and Auchmoody, 1987).

Seed Supply

When advance seedlings are sparse,
shelterwood cutting Is the recommended
procedure for all species. This provides
conditions favorable for seediing establishment
over a period of 5 to 10 years, and minimizes
concem about timing of cuts to coincide with
bumper seed crops. Even so, an adequate seed
source is required to provide the number of
advance seedlings required. Because the amount
of seed produced Is closely related to the basal
area of overstory trees of that species, the
adequacy of seed production can be estimated
from overstory data.

The amount of seed required (really the

amourt of advance reproduction required) also
depends on the amount of deer browsing. Areas
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that have poor seed sources and high deer
populations are extremely difficult to regenerate,
We recammend special caution in prescription of
regeneration treatments when this combination of
difficulties is present.

Our knowledge of seed production and seed
storage in the forest floor comes from a series of
studies In northwestern Pennsylvania, West
Virginia, and the Southem Appalachians
{(Auchmoody 1979, Bjorkbom 1979, Bjorkbom et
al. 1979, Downs 1949, Grisez 1975, Marquis
1975b, Wendel 1977), as do the guidelines on
adequacy of seed sources (Bjorkbom 1979).

A few species, such as the birches and
aspens, reproduce in large numbers from seed
blown into the area after cutting. Yellow-poplar
often reproduces from seed stored in the forest
floor. We have been unable to predict
regeneration from these sources reliably from
basal area of these species in the overstory.
Therefore, regeneration may be more abundant
than our guides predict in stands where these
species occur.

Cutting Methods

If adequate numbers and sizes of advance
seedlings of desired species are present,
clearcutting will satisfactorily regenerate a new
stand in all forest types under consideration here.
The only exceptions are stands with extremely
dense understories of interfering plants (rare in
combination with adequate advance
regeneration), or sites with poor soil drainage or
rocky surface soil.

if advance seedlings are inadequate, it may
be possible ta increase their numbers and/or size
through shelterwood cutting. if seed sources are
adequate, site not limiting, and interfering
understory plants sparse, a two-cut shelterwood
sequence (seed cut followed in 3 to 10 years by
a removal cut) will usually produce a satisfactory
new stand in the Allegheny and northem
hardwood types. In the oak type, development of
advance regeneration often takes longer, and
measures 1o control the other vegetation and
favor the oaks over their competitors may be
required. Procedures to accomplish this are stil
under study. Woody understory vegetation in the



sapling sizes should usually be treated in the cak

type.

Where interfering understory plants aredense,
they should be treated with herbicide before the
seed cut of the shelterwood sequence to ensure
that these plants do not expand further and
prevent establishment of desired seedlings. Inthe
cak type, removing interfering plants does not
guarantee that oak regeneration will become
established. The reason for the absence of ocak
advance regeneration should be determined
before attempts are made to regenerate the
stand.

If poor soil drainage or rocky soils are present
on the area to be regenerated, a three-cut
shelterwood sequence is recommended. The
seed cut is made as above, but the removal is
spread over two cuts to allow the advance
seediings to reach large size, and ensure that
they are well-enough established to survive under
the difficult environmental conditions that follow
complete overstory removal. This three-cut
sequence also can be used in areas where
management goals make it desirable 10 have the
new stand tall enough to avoid the appearance of
a fresh clearcut when the final overstory removal
is compileted. However, if deer browsing is
severe, the three-cut procedure, which requires
the seedlings to grow under partial shade for an
extended period, often will not work.

All shelterwood cuts depend on the presence
of an adequate seed source. Extremely large
amounts of seeds (advance seediings) are
required where deer populations are high. Where
seed sources are inadequate, special measures
such as underplanting, fencing, or a combination
of the two may be required to ensure that the
area will be regenerated satisfactorily.

QOur recommendations on clearcutting and
two-cut shelterwood cutting with and without
herbicide treatment come from a series of
experiments in the eastern hardwoods. (Bjorkbom
and Walters 1986, Gottschalk 1383, Gottschalk
and Marquis 1982, Horsley 1982, 1990b, Horsley
and others 1985, Hough 1937, Husch 1954, Kelty
and Nyland 1981, 1983, Marquis 1973, 19775,
1978¢c, 1979a, 1979b, 1981d, 1983a, 1983b,
Nyland et al. 1983, Ostrom 1938, Roach and
Gingrich 1968, Wolf 1980). The recommendations

on three-cut shelterwoods are based on
thecretical considerations (Marquis et &/ 1980)
that have not been tested in the field.

INTERMEDIATE EVEN-AGE CULTURE

Cuiltural practices in even-aged stands are
based on the belief that maximum value from the
timber-growing enterprise comes from the
production of high-quality sawiogs and veneer.
Although considerable volumes of pulpwood and
other bulk products will be obtained as
hyproducts, primary attention will be focused on
maximizing the quantity and quality of
sawtimber-size material.

Thinnings can increase the total yield of all
products by salvaging volume in trees that would
otherwise die; thinning also can increase value
yield by increasing growth (reducing rotation
length) and concentrating growth on the highest
value stems in the stand.

Philosophy of Thinning Practices

The basic philosophy of hardwood sawtimber
culture recommended here is the establishment of
rew stands at high density, and maintenance of
that high density throughout the juvenile years.
This stimulates the early pruning of lower limbs,
minimizes the tendency for forking, and develops
a clean bole with knots and other defects
confined to a small core. Once an adequate
length of clean bole has developed on the crop
trees, the stand density can be reduced f0
stimulate more rapid diameter growth and hasten
development of the residual trees toward maturity.

Although diameter growth of the crop trees in
young stands can be increased by
noncommercial thinning or cleaning, this growth
advantage is at least partially offset by value lost
in quality. There are no analyses of the combined
growth-quality effects to suggest that the
investments in precommercial thinning are
economically advantageous. At this time, we
recommend precommercial thinning only in those
stands where the most valuable stems are
overtopped and in danger of being crowded out
by noncommercial species or poor-quality stems
(for example, where poor-quality residuals from
the previous stand are overtopping the new
stand).



Instead, we recommend that the first thinning
should oceur at about the time that height growth
begins to slow down. By then, most trees will
have developed a clear boie on the first log or
two, and the smaller trees in the stand that are to
be removed will have reached merchantable size,
so the thinning will at least pay for ftseif.
Normally, this fiest thinning will occur when
sapling basal area drops below 20 square feet,
usuaily when the stand is between 40 and 60
years of age.

The first thinnings should remove the smaller
and poorer quality trees in the stand, and have
the objective of concentrating growth on the
biggest and best quality trees. Such thinnings
raise the average stand diameter and reduce the
time required for trees to reach sawtimber size.
Thinnings can be repeated at 15- to 20-year
intervals, when density has increased enough for
crowding to reoccur and the volurmes available for
cutting will support a commercial sale. Most of
the products remaved from these early thinnings
will be small trees suitable only for bulk products.
Such products have relatively low value; thus
early thinnings from below sacrifice some
immediate yield (by leaving larger trees to grow)
in exchange for much larger vields that will be
obtained later in the rotation as the residuals grow
into large diameter, high-quality sawtimber and
veneer.

As the stand grows older, some of the faster
growing trees will achieve large diameter and
individual maturity before the stand as a whole
reaches financial maturity. In some mixed stands,
a whole species group may reach mature size
before the stand as a whole does. For example,
black cherry often reaches maturity in 80 to 90
years, while sugar maple in the same stand may
require 120 years or more. It is usually desirable
to harvest at least some of these mature
individuals, while continuing to thin from below in
the balance of the stand.

Thus, later thinnings shift from the traditional
thinning from below to a combination
thinning-harvest cutting. Trees are removed
primarily from the smallest and the largest sizes,
retaining those that are In  the small
sawtimber-size class since these are the ones
increasing most rapidly in value as they grow into
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sizes where they qualify for grade 1 sawtimber or
veneer.

This thin-harvest must be dcne cautiously,
however, and can usually be applied only during
the last one or two thinnings. Consideration must
be given to maintenance of an adequate seed
source of species desired in the next stand, and
care must be exercised to avoid negative genetic
selection, by removal of the fastest growing stems
prior to the period of regeneration establishment.
But, since advance regeneration can be
established 15 or more years prior to the final
gverstory removal, it is usually possible to harvest
at least a portion of the mature individuals during
later thinnings without detrimental effect on the
next rotation.

Application of Thinning Practices

To achieve the desired objectives from any
thinning, it is necessary to regulate stand density,
stand structure, stand quality, and species
composition.

Evaluating Stand Density

Absolute densities (as measured in basal area
per acre or other quantities) vary widely as a
function of tree size (diameter) and species
composition.  Maximum basal areas found in
undisturbed hardwooed stands of the Alleghenies
are higher in older stands and in stands of
species such as black cherry or yeliow-poplar
than they are in stands of smaller trees or stands
dominated by sugar maple, beech, or oak. Thus,
absolute measures of density are difficult to use
as guides for thinning, because the appropriate
absolute residual density varies widely from stand
to stand.
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Figure 1. Tree area curves for relative density determination.

Relative measures of density have been
developed to overcome this problem. Several
stocking guides are availabie that show the
average maximum basal area expected in stands
of varying diameter in the oak, Allegheny
hardwood, and northern hardwood types. This
average maximum density is considered a
reference level or 100 percent relative density.
Two stands of markedly different basal area are
thought to have about the same degree of
crowding if both are at the same relative density
(if both are at 60 percent of their reference levels,
for example). Thus, relative density provides a
means of regulating density that can be applied
uniformly in all stands, regardless of tree size or
species composition.

Because stands in the Allegheny region often
contain a wide mixture of species, and sometimes
represent transitions between several forest types,
stocking charts developed for each specific type
or species combination are needed. It is
confusing to know which chart to use in a
particular stand,and often, the chart needed is not
available. A more convenient procedure is to

evaluate relative density utilizing tables or graphs
that show the average area occupied by individual
trees of each species and diameter at the
reference level (Fig. 1). These values for all trees
sampled in the stand can be added together to
get the relative density for the stand.

Relative density information comes from
stocking charts developed for caks in the central
states and for Allegheny and northern hardwoods
in Pennsylvania (Gingrich 1967, Roach 1977,
Roach and Gingrich 1962, 1868). These data
were combined and expanded to provide a more
universal procedure for density evaluation
throughout the Allegheny region (Stout 1987,
Stout and Nyland 1986, Stout ef al. 1987.)

Stand Density Manipufation

The optimum density to retain after thinning is
a compromise. Best individual tree growth occurs
at low densities {perhaps 30 percent), but there
are too few trees to fully utilize the available
growing space at that density. As a resul,
maximum stand growth occurs at higher
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STAND MATURITY-ROTATION LENGTH

Rotation lengths in the several hardwocd
forest types of the Alleghenies range from 70 or
80 years up to 150 years or more. There are no
fixed rotation lengths, even within a single forest
type, because the species composition, site
productivity, and amount and type of
intermediate thinning can dramatically affect the
number of years required to reach financial
maturity. The several species groups within a
single stand may mature at markedly different
times as well, making the use of fixed or
standard rotation ages of little value. Therefore,
we recommend that stand maturity be calculated
for each stand each time that the stand is
examined or treated.

Stands reach financial maturity when the
increase in total stand value begins to slow
down-usually when a high proportion of trees
have reached diameters that qualify for grade 1
sawtimber or veneer. This point can be
calculated from the summation of the financial
maturities of the individual trees. As a crude rule
of thumb, stands tend to reach this point when
the medial diameter (diameter at the midpoint of
the basal area distribution) of the
merchantable-size trees reaches 18 inches. At
this point, a final cut is prescribed to harvest the
old stand and regenerate a new one.

Stands that have relatively few trees of
potential sawtimber quality are also financially
mature, even if not of large diameter. It is more
profitable to start over and regenerate a new
stand of higher quality than to devote the site to
production of low-value material. As a general
rule, stands with less than 35 percent relative
density in acceptable quality growing stock are
financially mature for this reason. This assumes
that desirable regeneration can be obtained.

Our guidelines on financial maturity are based
on studies of individual tree financial maturity in
New York, Pennsylvania, and West Virginia
(Grisez and Mendel 1972, Mendel et al. 1973),
plus unpublished results of computer simulator
runs in Allegheny hardwood stands of varying
species composition. Financial maturity of the
stands in these computer runs was defined as the
culminaticn of mean annual increment in dollar
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value. No interest rates or present net worth
calculations were invoived.

ALL-AGE CULTURE AND HEGENERATION
Appropriate Conditions for Use

All-age silviculture is most appropriate in
areas where goals other than imber management
impese special restrictions on cutting.  All-age
silvicuiture maintains a forest canopy on the area
at all times, avoiding large regeneration openings
with the exposed stumps, slash, and soil
disturbance that are common after even-aged
regeneration cuttings. Because all-aged cuttings
are less noticeable, they are better suited for
timber harvesting in areas where the maintenance
of an undisturbed or natural appearance is
desired, Examples are areas in or near heavily
used recreation sites, or along scenic highways or
rivers on public forest lands, or forested areas
surrounding camps or vacation homes on private
ownerships.

Ali-age silviculture may also be a good choice
on areas without special visual needs when site
and stand conditions make even-age silviculture
difficult. Areas that now support stands
dominated by tolerant species such as hemiock,
beech, and sugar maple are amenable to all-age
procedures. This is especially true I there are
multiple age classes present and if the site
conditions make regeneration after clearcutting
difficult. Wet sites with a tendency toward
hemlock are an especially good example of areas
that can produce good volumes of timber under
all-age silviculture, but that are difficult to convert
to even-aged stands of intolerant species.

Although there are variations of all-age
sifviculture, such as group selection, that permit
regeneration of intolerant species, the long-term
tendency under all-age silviculture is toward
domination by shade tolerant species. In the
forest types of the Alleghenies, the intolerants are
the higher value, faster growing species, so
financial returns from timber production will
almost always be less under all-age than
even-age silviculture. In addition, the reduction in
variety of habitats (lack of larger openings), loss
of mast (especially in the oak type), and loss of
other sun-loving wildlife plants resulting from



all-age silviculture will tend to produce less
diversity of wildiife as well. These are the
trade-offs that must be weighed against the
above-mentioned advantages of all-age
silviculture.

In some situations, use.of all-age silviculture
may be precluded entirely in the Alleghenies.
Oak stands cannot be regenerated or maintained
in this region through all-age techniques.
Traditional all-age procedures shouid not be used
in ocak stands unless the gradual conversion of
these stands to red maple and more tclerant
species is acceptable.

In parts of the Alleghenies where deer
browsing is severe, all-age silviculture may fail to
provide adequate regeneration, even if desirabie
shade tolerant species such as sugar maple and
hemlock are present in the overstory. Under
all-age procedures, regeneration must develop
following each cut; these seedlings must grow in
the understory for an extended period before they
finafly move into the main crown canopy. During
this extended period, they are subject to browsing
which results in elimination of all but the less
palatable beech, or sometimes in the elimination
of all regeneration.  Although the lack of
regeneration may go unnoticed for a few cutting
cycles, the long-term result is a depletion of
growing stock and loss of production from the
stand. For this reason, all-age silviculture is not
recommended in areas of high deer population.

Our information on the appropriate use of
all-age silviculture comes from a wide variety of
studies throughout the eastern hardwood region
(Hansen and Nyland 1987, Marquis 1977b, 1978a,
1981¢, Nyland and Marquis 1979, USDA Forest
Service 1978, 1883).

All-aged Regeneration

Regeneration under all-age silviculture must
be obtained in every stand after every cut. Since
considerable overstory is always present,
regeneration will be dominated by the shade
tolerant species. To maintain as many of the
faster growing, more valuable intolerants in the
stand as possible, we recommend that residual
densities be kept low and that small openings up
to about a half acre be created whenever stand

conditions permit.  Thus, for maximization of
timber vyields under all-age silvicuiture, we
recommend a combination of single-tree and
group selection cutting practices.

No attempt need be made to map or
otherwise record these openings.  Usually,
openings will represent less than 10 percent of
the stand area, meaning that less than half of the
stand will be included in an opening over a 100-
year period assuming a 20-year cutting cycle.
Single-tree selection is therefore the primary
cutting method, supplemented with small group
openings.

Qur information on hardwood regeneration
under all-age silviculture comes from New
Hampshire, New York, West Virginia, and the
central states {Leak and Wilson 1858, Mader and
Nyland 1984, Minckler et a/. 1973, Sander and
Clark 1971, Trimble 1865, 1970, Trimble and
McGee 1973).

All-age Culture

Each cutting under all-age silviculture should
create and maintain a residual stand that containg
all sizes of trees in each stand at all times. To be
successful, a residual stand structure goal must
be established and each cut must remave only
trees in each size class that are excess to that
gecal. in this way, regular sustained yields are
assured.

As with thinning, each selection cut must
regulate stand density, stand structure, tree
guality, and species composition.

Residual stand density affects growth in
all-aged stands in the same general way as it
does in even-aged stands. Relative densities of
about 60 percent provide good individual iree
growth and net stand growth without loss of tree
quality due to excessive exposure. With 80
percent relative density between openings, and
zero density within group openings, overall
residual stand density will average about 50
percent.

Stand structure goals for all-aged stands may

be calculated using varicus mathematical
distributions. One common technique is to use
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the ratio (g} between the number of trees in
adjacent diameter classes. Although there is
theoretical evidence that more compiex
distributions may be desirable, they have not
been adequately field tested. For now, we
recommend the use of *qQ", with ratios of between
1.3 and 1.5 {for 2-inch d.b.h. classes) in most
hardwood stands in the Allegheny region,

In addition to the ratio or distribution,
maximum tree size must be specified in defining
all-aged structure. We recommend maximum
sizes of between 22 and 30 inches. A maximum
of 22 inches works well for timber production,
since it resuits in an average diameter of 16 10 18
inches for the sawtimber trees harvested--close to
the estimates of financial maturity for individual
trees. A maximum of 28 to 30 inches (combined
with a low q ratio} will produce stands that
contain many large trees and have an appearance
somewhat like a primeval or virgin forest where
that visual goal is desired and timber production
is less critical.

As with thinning, tables showing the relative
density by size class are used for the calculation
of residual structure, and these make the
deveiopment of marking instructions easy. We
recommend that cutting be done in all
merchantable size classes (poletimber and larger),
but that no cutting be done in the
unmerchantable sapling sizes.

Tree quality is a major factor affecting timber
value in all-age silviculture, just as it is in even-age
silviculture. Thus, poor-quality trees are removed
first, even i this means that structure goals
cannct be achieved.

Species composition in all-aged stands will
gradually shift toward a preponderance of
shade-tolerant species, and the system used to
distribute the cut among size classes will
automatically move the stand inn that direction.

Qur guidelines on all-age silviculture are
based on literature from throughout the Northeast,
with adaptations based on judgment and
experience to fit the Alleghenies (Marquis 1978a).
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SOIL FACTORS AND SOIL PAOTECTION

Soll types can have a major influence on the
selection of a silvicultural prescription.
Restrictions on the types of logging equipment
used, the seasons in which logging is permitted,
and the pattern of skidding may also be
necessary on some sails tg protect advance
regeneration from damage and maintain site
productivity.

Soils and geclogy vary widely throughout the
Allegheny region and 1 is not possible to provide
specific forestry interpretations for the entire
region in this publication. However, Table 1
illustrates specific forestry interpretations
developed for refated soil types on the Allegheny
Plateau of northwestern Pennsylvania. We
encourage the development and use of similar
soils interpretations in conjunction with the
prescription procedures used here. County soiis
maps and interpretations provided by the Soil
Conservation Service can be combined with local
forest soils experience lor this purpose.

in northwestern Pennsylvania, soil drainage is
the major factor affecting silvicultural prescriptions
and practices. Soils with dormant season water
tabies less than 12 inches below the soil surface
may have lower productivity than better-drained
soils, and they are vulnerable to damage during
forest operations. Use of silvicultural systems that
encourage species suited to these sites, and
restrictions on equipment operations are
appropriate. Specific recommendations depend
on the soil type; the footnotes in Table 1 illustrate
the range of recommendations that are
appropriate in northwestern Pennsylvania. A
general guide to the influence of soil factors on
site productivity can be found in Auchmoody
(1987).
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PART [I--SILVICULTURAL GUIDELINES

This section provides guidefines, decision
charts, and step-by-step instructions for
determining silvicultural prescriptions in hardwood
stands in the Allegheny Plateau and Allegheny
Mountain sections of Pennsylvania, New York,
Marytand, and West Virginia. The process
involves three distinct steps:

1. stand examination--to determine present
condition of the overstory and understory and
possible site limitations;

2. stand analysis—to assess the stand's density,
structure, stage of maturity, and potential for
future growth or regeneration; and

3. stand prescription—to select the silvicultural
techniques to be used to mest the
management objectives, and to provide
detailed instructions on the application of
those treatments to the particular stand.

STAND EXAMINATION
Sample Cruise
Determine Stand Boundaries

The first step in examining a stand is to
determine the stand boundaries. They should be
set primarily to keep the stand as uniform as
possible in composition, age, structure,
regeneration potential, and site  quality.
Consideration should also be given to ease of
future management. If the boundaries coincide
with easily recognized features of the terrain, field
work will be more efficient and the stand more
readily reidentified in the future. Stand units are
usually identified first from aerial photographs and
later are checked and adjusted on the ground as
needed.

Stand area is dictated largely by the stand
conditions—-the amount of uniform condition
available in one block. It is desirable to have
gach stand large enough to provide a reasonably
efficient field operation by itself. On large
ownerships, stands less than 10 acres may prove

inefficient, but stands as small as 3 to 5 acres
may be practical on small properties. There are
seidom areas of uniform stand condition covering
more than 50 to 100 acres, and stands larger than
this may be undesirable under even-age
management since very large reproduction cuts
are undesirable for visual reasons.

In areas of heavy deer browsing, very small
stands should generally be avoided, as should
long, narrow ones, for these tend to be browsed
very heavily.

Select Sampling Scheme

After determining the stand boundaries, select
a sampling scheme. The sampling scheme should
ensure that the plots are well distributed
throughout the stand and that plot locations are
set without bias. A systematic sample using
predetermined cruise lines, with sample plots at
fixed intervals along the lines, is usually easiest.

Cruise lines should generally cross
topographic features, rather than be parallel to
them, A single cruise line through a stand seldom
provides adequate coverage; two or more lines
are usually required to ensure a representative
sample. Cruise lines should be kept at least 75
feet from open boundaries such as roads and
power lines, and overstory plots should be at
least 100 feet apart to avoid overiap.

The number of cruise lines, the spacing
between them, and the spacing betweaen plots on
a line must be set so as to obtain enough
samples to provide accurate estimates for the
stand. The number of plots required to keep the
standard error within desired limits can be
calculated ¥ data on variances are available.
However, we have found that the critical overstory
parameters (total basal area, species composition,
stand diameter, relative density) can usually be
estimated within 10 percent standard error, 85
times out of 100, with between 10 and 25 plots,
depending upon variability in the stand. Adequate
assessments of regeneration (numbers of
desirable advance seedlings, amount of
uncesirable understory) are more variable,
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requiring about twice as many understory picts as
gverstary plots.

As a rule of thumb, we suggest a minimum of
10 overstory plots in stands that have relatively
uniform conditions (such as young, previously
uncut and fully stocked stands), and a minimum
of 15 overstory plots in stands that have less
uniform conditions (such as previcusly cut, older,
or understocked stands). For stands greater than
20 acres, take an additional overstory plot for
every additional 8 to 10 acres.

The easiest way to obtain the desired number
of understory plots is to locate the cruise lines
and overstory plot centers first. Each overstory
plot center will also be an understory plot center.
In addition, take an extra understory plot haif-way
between each of the combined
overstory-understory plot locations. This will
provide twice as many understory piots as
overstory piots, and ensure an adequate sample.

An extra hour or so spent in the office laying
out cruise lines on a map or aerial photograph of
the property will often save many miles and hours
of unproductive walking. Attempt to select a
stand or group of stands that make a logical
day's work, then lay out the cruise lines so that
the end point of cne stand corresponds to the
beginning point of the next stand. Often, it is also
possible to lay out the entire day's work in 2
circular route so that you finish the day near the
starting point and your vehicie.

In faying out cruise lines, look for checkpaints
such as road intersections, well openings, utility
right-of-ways, streams, and other features that can
be used to verify your location. Try to begin each
cruise line from such a checkpoint that is easily
identiflable both on the ground and on the photo
or map. Avoid extremely long cruise lines that
cannot be tied into checkpoints of some type
every 15 to 20 chains (1,000 to 1,500 feet). Itis
surprising how far off course you may wander if
you do not plan and check yourself carefully.

Once the cruise lines and plots have been
drawn on a map or photo of the stand, the field
work can begin. A hand compass and pacing are
adequate surveying tools to locate the actual
on-the-ground plot locations. Be sure to take the
plot wheraver it falls—do not move plot locations
10 avoid thick patches of beech brush, slash piles,
or other unpleasant conditions, as this would bias
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the data. Do not move it into areas of good
timber either, for the same reason.

Overstory Data Collection

Cverstory data  collection involves the
sampling of overstcry basal area by species, size,
and quality. For most purposes, we recommend
a variable-radius (prism) cruise. Two tally forms
that provide spaces for these and all other data to
be collected in the stand inventory are shown in
Figures 2a and 2b. Figure 2a is used when the
data summary is to be done by computer. Figure
2b is used when the data summary is to be done
manually. If in doubt, use the computer tally
form, since data on it can be transferred to the
manual tally form, but the reverse Is nct true.

Basal Area Tally

At each overstory piot, a wedge prism
(10-factor prism is recommended) Is used lo
obtain a basal area tally of all trees 1.0 inchd.b.h.
or larger. Trees intercepted by the prism are
recorded by species, diameter, and quality. ifthe
data are to be processed by computer and
accurate sawlog volume estimates are desired,
merchantable sawiog height, grade, and defect
should also be recorded for all sawtimber-size
trees.

Camputer Overstory Tally Form - On the
computer tally form, each tree intercepted by the
prism is recorded on a separate line. For easein
computer data entry, species is coded. Species
codes are shown in Table 2.




Figure 2a.

— SILVAH - Computer Overstory Tally Form —

USCA, Formst Service, NEFES. Warren, PA 1791
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Figure 2h.

SILVAH - Manual Overstory Tally Form  —

Stand D USDA, Forest Serviee, NEFES, Worren, PA 1/91

AGS . - . Other
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Diameter breast height may be measured or
estimated. If measured, either 1- or 2-inch d.b.h.
classes may be used. Iif estimated, we
recommend the use of 2-inch d.b.h. classes.
Accurate estimation of diameters requires
practice--often inexperienced workers find it
necessary to measure diametars for a day or two
until their eye becomes calibrated. Thereafter,
occasional checks should suffice, except for
larger trees, which are hard to estimate and
represent substantial value. On the computer taily
form, d.b.h. is written in the column after the
species code.

Three quality classes are recognized for use
with computer data summary. Definitions and
computer codes for these quality classes are
given in Table 3a. Acceptable growing stock
trees are those that have the potential to qualify
for sawtimber either now or in the future. Sapling-
and pole-size trees should be classed acceptable
if they are expected to grow into acceptable trees
in the future. Do not discriminate because of
size--assume that every tree will be allowed to
grow to medium sawtimber size and judge quality
on that basis. Sapling-size trees are difficult to
judge effectively; i in doubt, consider them
acceptable unless they are of extremely poor
form.

Unacceptable growing-stock trees are trees
that either do not have the potential to contain a
sawlog or that have some damage, disease, or
other condition that makes them a poor risk 1o
survive for future management, All
noncommercial species are considered
unacceptable growing stock. Recording dead
trees is optional. This information may be
recorded if volume determination of dead trees is
desired, as for a salvage sale. On the computer
tally form, quality class is written in the column
following d.b.h.

if accurate sawlog volumes are to be
calculated from the inventory data, merchantable
sawiag heights (in numbers of 8-foot bolts) should
also be recorded for each tree that now contains
a sawlog. These merchantable heights will then
be used in sawlog-volume calculations. If no
heights are recorded for sawlog trees, heights will
be estimated from equations based on average
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sawlog heights encountered in stands in
northwestern Pennsylvania {Fig. 3). Estimates of
merchantable height should be to a point where
diameter drops below minimum merchantability
standards in your area, or the height at which the
bele breaks up. Merchantable sawlog height is
written in the column after quality class.

Merchantable heights can also be used to get
a crude estimate of site productivity, by
comparing measured heights to the average
heights previously mentioned. However, the site
class obtained in this way may be inaccurate #
the best trees have already been remaved, or i
the present vegetation does not reflect the site
potential.

For accurate volume determination, thers are
several options for recording more complete
quality information in the grade and defect
columns of the computer tally form. Grade and
defect are recorded in columns 5 and 6,
respectively. Codes for tree grades are shown in
Table 3b. Defect is estimated to the nearest 10%,
and the tens digit recorded (50% defect is
recorded as 5). Column 7 is used to record
crown condition, specifically with regard to
defoliation and dieback. It is used in conjunction
with special silvicultural prescriptions for stands
affected by gypsy moth (Lymantria dispar). Trees
with special value to wildlife may be recorded in
column 8-see Table 3c. Further information
about computer cedes useful on the computer
tally form is found in the SILVAH User's Guide.?

If merchantable sawlog heights are not
collected, column 4 can be used to record a
count of trees with the same species, diameter
class, and quality. If column 4 is used for counts,
be certain that the overstory cruise type code in
the identification black reflects this.

2 Marquis, David A.; Emst, Richard L. User's
Guide to SILVAH: A stand analysis, prescripticn,
and management simulator program for
hardwood stands of the Allegheries. In
preparation.
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Sawlog Heights
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Figure 3. Sawlog heights. Top diameter inside bark for hardwoods is 10.5", for softwoods, 8.5

On the computer tally form, a zero entered in
the species column of the tally form separates
one plot from the next. A negative 1 {-1) in the
species column indicates the end of the last plot
inthe stand. Record this code after the zero. By
maintaining each plot separately in this way, it is
possible to calculate variances and estimate
sampling error.

Manual Qverstory Tally Form - On the tally
sheet for manual data summary (Fig. 2b), trees
intercepted by the prism are dot-tallied by species
or group, size class, and quality class.

Although it is not necessary to record each

species individually on the manual tally form, they
must be separated Into groups that permit
calculation . of relative stand density, sprouting
potentlal, seed source Index, and shade tolerant
composition. The required species, within each
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species group are shown on the tally form in
Figure 2b.

Five size classes are recognized on the
manual tally form. When using this form, we
recommend use of size class breaking points that
correspond to 1-inch diameter classes. Thus,
saplings are trees 1.0 inch d.b.h.to 5.50 inches
d.b.h. (1-through 5-inch classes). Pcles are
trees 5.51 to 11.50 inches d.b.h. (8- through
11-inch classes). Small sawtimber trees are 11.51
to 17.50 inches d.b.h.  (12- through 17-inch
classes). Medium sawtimber trees are 17.51
inches d.b.h. to 23.50 inches d.b.h. (18- through
23-inch classes). Large sawtimber trees are 23.51
inches d.b.h. and larger (24-inch class and larger).

Two quality classes are recognized on the
manual tally sheet. Acceptable growing-stock
(AGS) trees are those defined as code 1 from



Table' 3a.  Unacceptable growing-stock lrees
(UGS) are those defined as code 2 from Table 3a.

There is no convenient way to record
merchantabie heights on the manual tally form.
It accurate merchantabie heights are needed, we
recommend that the data be tallied on the
computer tally form, and that the basal area data
later be transferred to the other form for manual
summary.

No pravision is made for separating plots on
the manual tally form; data from all plots are
combined in the dot tally. But the number of
plots sampled must be recorded. Make a check
mark (or recard total number of trees intercepted
by the prism) in the boxes provided for this
purpose. f numbers of irees per piot are
recorded rather than a check mark, sampling
error for total basal area can be calculated.

Overstory Procedural Errors

Even though maost foresters are experienced
in wedge prism tallies, procedural errors often
lead to inaccurate overstory data. Although the
procedures are simple, they are also exacting.
Most wedge prism errars tend to be cumulative,
rather than compensating. Some common errors
to avoid are:

o Inaccurate prism. Many nominal 10-factor
prisms, especially less expensive ones, are
not actually 10 factor. Some are off by more
than a whole factor, so check yours for
accuracy and do not use one that is not
correctly calibrated. You can check a
10-factor prism quickly by sighting on a target
that is exactly 12 inches wide. The target
should look like a borderline trea at exactly 33
feet.

o Sloppy procedure. The prism and not the
observer must be kept over the center point
of the plot. [t usually helps to rest the prism
on a range pole (the plot center polej and
rotate around . The prism must also be held
level and wvertical (except where tited
purposely to compensate for slope or leaning
trees). If the prism is tited side to side or
front to back on level ground, herizontal

defiection is altered and a cumulative error is
introduced.

Overfamiliarity. Experienced foresters
sometimes go through the motions of making
a prism count without actually looking through
the prism.  Avoid subconsciously deciding
whether the tree is in or out until you have
checked 1t with the prism.

Borderline trees. Improper classification of
borderline trees {trees that you cannot
positively identify as in or out through the
prism) seems to be a major source of error,
The most accurate procedure is to measure
the distance to the tree centerline and its
d.b.h. With a 10-factor prism, i the distance
in feet is more than 2.75 times the diameter in
inches, the tree is out; otherwise it is in. A
75-foot automatic return tape that can be
clipped to the belt will facilitate such checks.
f pressures to get the job done preclude
checking the borderline trees, we recommend
counting each such tree as a half-tree.

Half-trees may be recorded on the computer
tally form by adding 5 to the quality class.
Thus, an acceptable growing-stock berderline
tree is tallied as 6 in the quality column. The
computer summarization  program  will
interpret this as a half-tree. On the manual
taily form, record half-trees with an X rather
than a dot.

Small trees. In tallying the basal area, one
precauticn is especially important: Do not
overiock the small trees. The guide to relative
stand density is based on all trees thatare 1.0
inch in d.b.h. or larger, and decisions on
appropriate thinning procedures reguire
knowledge of the proportion of the stand in
this size class. If the small trees are
overiooked or defiberately ignored, the guides
will give you a wrong answer. including these
small trees does not add appreciably to the
time required for the overstory tally, since
relatively few such trees are picked up in the
10-factor prism cruise, especially in stands
more than 40 years old.

(%)
[



Understory Data Collection

Understory data are coliected at the same
time and using the same plot centers as for the
overstory.  Additional plots located between
overstory plats will also be needed to obtain an
adequate sample. At locations where both
overstory and understory data are collected, taily
the understory data first to aveid errors in
estimation resulting from trampling of vegetation.
Understory data are recorded on the ID & Regen
Tally Form (Fig. 3}, regardless of which form is
used for overstary data collection.

Most of the understory data will be callected
on a &-foot radius plct, This size was selected
because it approximates the ground area
occupled by a single tree when the tree first
reaches merchantable (pulpwood) size. Guides
to the numbers of seediings required per 8-foot
plot at various times in the regeneration process
have been developed to assure that there is at
least one stem per 6-foot plot when the stand first
reaches merchantable size--thus assuring full
stocking.

Although it may seem necessary at first ta
make a time-consuming count to determine the
number of appropriate-size seedlings on each
plot, this is seldom necessary. With a little
experience, the numbers can be estimated on
most plots without actual counting. Many plots
will be either abundantly stccked or extremely
sparse, and seedlings that are large enough to
count will be readily visible from a standing
position. Those that you must kneel down te find
are generaily too small to count anyway.

Because fern and grass coverage is often
spotty, and evidence of site limiting factors is not
always obvious, it is best to use a larger plot size
for evaluations of these items. A plot size of
one-twentieth of an acre (26.4-foot radius) is
convenient.
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Thera are two ways in which understory data
can be collected: a condensad, or checkmark,
taily and an expanded, or estimated count, tally.

Expanded regeneration tally

The expanded regeneration tally, which
includes estimates of seedling numbers,
(Regeneration Cruise Type Code 2 on the
identification Biock) is the recommended
understory data collection procedure. With this
procedure, data are collected in the form of
estimated weighted counts, by species groups.
These data can be interpreted at different levels of
deer density, so that the entire range of
prescriptions described here, including
prescriptions far fencing 1o reduce deer pressure
on regeneration, can be evaluated.

The variables to be recorded are described
below. The shaded rows on the regeneration tally
form (rows 4, 6, 8, 14) are not used during the
tally, but are completed as part of the data
summary process as described beginning on p
47,

Small _Advance Hegeneration ~  Small
advance regeneration will be recorded as the
weighted number of established seedlings in each
of several species groups. These groups include:
black cherry, small cak (cak seedlings less than
4.5 tall), cther desirable species, and large oak
(oak seedlings over 4.5 tall). Other desirable
species usually include sugar maple, red maple,
white ash, yellow-poplar, cucumbertree, and
basswood. In some localities, beech, birch,
hickory, hemlock, white pine, and other species
may be added to the list of desirable species.
Likewise, red maple, chestnut, scarfet, and black
oaks may pot be considered desirable in some
localties. While the list of species that are
considered desirable may vary slightly among
geographic areas and ownerships, it is important
that such a list be developed and applied
consistently so that resuits are comparable from
stand to stand.
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Advance seedlings of the first three species
groups are weighted by height and vigor.
Seedlings that are less than 2 inches tall, have
fewer than two normal-size leaves, or that still
bear cotyledons should not be counted. Larger
and more vigorous seedlings between 2 inches
and 1 foot tall are counted as one seedling, and
seedlings over 1 foot tall are counted as two
seedlings. Thus, 10 black cherry seedlings, 2° to
1 tall, plus S seedlings over 1" tall would be
recorded as 20 seedlings (10 plus 5 x 2).
Weighting is not used for the large oak category.

Exact counts are nat required. When there
ara relatively few seedlings of a particular species
group present on a plot (perhaps 10 or less), a
quick count Is possible. But with larger numbers,
counting is time-consuming and unnecessary.
Furthermore, the accuracy required is less when
there are large numbers of seedlings. For
example, the difference between 10 and 20
seedlings is quite important, but the difference
between 100 and 110 seedlings Is
inconsequential. We suggest that you strive 1o
estimate and record to the following numbers: 5,
10, 15, 20, 25, 30, 40, 50, 60, 75, 100, 200, 200+.
To record an estimate of 15, there should be at
least 15 seedlings, but fewer than 20 seedlings.

We have found that it requires a day or two of
caunting seedlings o gain enocugh experience to
estimate weighted numbers accurately.
Thereafter, an experienced person can record all
understory information in a few minutes on most
plots.

Understory conditions are highly variable in
many stands. Often, the numbers of advance
seedlings will span the range from totally absent
to abundant in a single stand that has a
reasonably uniform overstory. Because of this, it
is far more important to use a large number of
understory plots well-distributed over the stand
area than it is to achieve great accuracy in the
counts on each individual plot. The proportion of
stand area with critical levels of understory
vegetation is the important factor. So estimates
of numbers taken quickly will provide adequate
data if the number and distribution of plots is
adecyate.
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Residuals - If there is a sugar maple, beech,
or hemlock tree 3 to 10 inches d.b.h of
acceptable quality to retain as a timber residual,
record the species code of that tree in the
residuals box. Acceptable quality trees for timber
residuals have at least moderately good crowns
in the intermediate or higher crown class, and
clear straight boles free of branches, epicormics,
or other defects for at least the first 17 feet.
Particular attention should be paid to epicormic
branches; trees with more than cone or two
gpicormics on the butt log should not be
considered acceptable guality for timber residuals.
Less tolerant species 8 to 12 inches d.b.h that
meet the standards above may also be recorded
here by species code if they are desired as timber
residuals.

Do not record trees that might be left for
wildlife or other purposes here, unless they qualify
for timber residuals as described above.
Residuals for these other purposes will be
evaluated from the overstory data.

Sapling Regeneration ~ If there are at least 2
stems of commercial species 0.5 to 2 inches
d.b.h, or at least one stem 2 to 6 inches d.b.h on
the 6-foat-radius plot, record the species code of
the dominant stem in the sapling regeneraticn
box. Saplings to be counted here are stems of &
distinctly different age than those in the overstory
- usually ones that originated after a heavy
cutting within the past 25 years or so.

Do not count 0.5- to 2-inch stems of species
that would be considered woody interference.
Small beech root suckers are a prime example.
Trees that qualify as both residuals and as sapling
regeneration may be counted in both places.

When there is more than one stem that
qualifies as sapling regeneration, record the
species code of the one that is most likely to
become the dominant tree if the overstory is
removed. This will usually be the tree that is
currently the largest.

Woody Interference — Woody interference is
recorded as the weighted number of stems of all
species of woody interfering plants. These
include:  beech, striped maple, sourwood,




dogwood, sassafras, blackgum, elm,
hophornbeam, and biue beech.

Weighting is done in a manner similar to that
used for small advance regeneration. Count all
stems less than 1 foot tall as 1 stem: count all
stems over 1 foot tall as 2 stems. Count clumps
of beech root suckers that originate from the
same node as one stem.

Laurel and Rhododendron -~ Record the
presence of laurel and rhododendron on the 6-
foot-radius plot in one of four categories. 1 =
Laurel or Rhododendron present, but less than 1
foot high and covering less than half of the plat
area; 2 = present on less than half the plot area,
but more than 1 foot tall; 3 = present on more
than half of the plot area but less than 1 foot tall:4
= present on more than half the plot area and
more than 1 foot tall.

Fern — Record an ocular estimate of the
percentage of the 1/20 acre plot surface area
covered by fern foliage, when viewed from directly
above the plot. Count all ferns that grow as
individual fronds from the ground level. Ferns
that grow in solitary clumps may be ignored, or if
abundant, may be recorded at half their actual
value.  Thus, spinulose wood fern clumps
covering 30 percent of the plot surface could be
recorded as 15, while hayscented or New York
fern fronds, which arise as individual fronds from
an underground rhizome, would be recorded at
the observed value.

Grass —~ Record an ocular estimate of the
percentage of the 1/20 acre plot surface covered
by foliage of any grass or sedge.

Grapevines -~ HRecord the number of
grapevines in the crowns of any tree on the
1/20-acre plot.

Site Limitations - Record a code value in the
Site Limits row for each 1/20-acre piot on which
there is any evidence of either poor soil drainage
or high stone content in the surface sofl. Use a
code of 1 for poor drainage, 2 for rocky surface.
A blank or 0 indicates that there are no site
limitations on that plot.

Soif samples are neither feasible nor
necessary for this determination. Site limitations
should be evaluated on the basis of surface
conditions.

Poorly drained soils are those where a water
table persists very close to the soil surface during
all or mest of the dormant season.  Such soils
usually have prominent mottling at depths ranging
from 1 to 8 inches beneath the surface. But since
soil examination is usually not feasible during the
stand inventory, drainage must be estimated from
landscape posttion, relief, and indicator plants.
Some indicators of poory drained soils are:

o0 landscape position and relief. On the
Plateau, look for poor scil drainage in
concave positions of broad fiat plateau tops,
in upland bottoms, and at the base of slopes.
Low topography is more likely to be poory
drained than high topography. Convex
topographic configuration generally indicates
well- or moderately well-drained soils. In
valley bottoms, soif drainage becomes poorer
from the stream channel towards the base of
slopes. Concave and low-lying areas In
bottoms are especially likely to be poory
drained, as are toes of slopes with many
Seeps.

o Standing water in depressions and wet
surface soils during the dormant season, and
during pericds of normal rainfall in the
summer and early fall.

o Presence of wet-site plants such as sedges,
rushes, sphagnum moss, sensitive femn,
interrupted fermn, cinnamon fem, skurk
cabbage, false hellebore, and marsh marigoid.

o Very deep spongy humus layers at the soil
surface.

Stony areas can be recognized after a ittle
experience. Look for the stone layer beneath the
forest floor in road cuts. Large sandstone
outcrops will generally be present somewhere up
slope as well. The hard and uneven fesi of the
soil surface when walked upon is a sure indicator
of many surface stones.



Checkmark Regeneration Tally

Some users may prefer to make some
understory data summary judgments in the
woods, thus reducing inventory time. The
checkmark regeneration tally procedure (coded
as Regen Cruise Type 1 in the Identification Data
block) is designed for these users. Because
judgments about the adequacy of stocking at
each plot are made in the woods for the ambient
deer pressure, users who choose this option
forege fencing prescriptions. Prescriptions
including fencing are based on a reevaluation of
the expanded regeneration tally data for a Deer
Impact Index of 1.

At each understory plot, make a judgment
about the adequacy of advance regeneration and
the severity of interference problems. This
judgment is made using the criteria in Tables 4 (p.
45) and 5 (p. 46), for the appropriate level of deer
pressure. These are the criteria used for
summarizing data collected using the expanded
regeneration taily procedure. If the stocking of the
plot exceeds the critical value in these tables,
make a checkmark.

Small Advance Regeneration - The expanded
regeneration tally procedures explain how to
arrive at an estimated weighted count of advance
regeneration for each category on the ID & Regen
Tally Sheet. Table 4 (p. 45) gives the critical
values for each advance regeneration species
group (Rows 1 - 5 of the Regeneration Data form)
for each level of deer pressure. Al desirables
include the black cherry, small oak, and other
desirables group. If the Deer Impact Index is 4,
for example, make a checkmark in the black
cherry row for any plot with a weighted count of
25 or more black cherry seediings. If the Deer
Impact Index is 3, make a checkmark in the other
desirable row for any plot with a weighted count
of 50 other desirable seedlings.

Any small reqen - For each plot that receives
a checkmark in row 1, 2, 4, or 5, make a
checkmark in the Any small regen row (row 6).

Hesiduals - Make a checkmark in the

Resicuals row {row 7) for each plot that contains
at least one acceptable residual tree. The criteria
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for identifying acceptable residual trees are listed
in the procedures for the expanded regeneration
tally.

Any regen or Res - Make a checkmark in this
row (row 8) for each plot that contains a
checkmark in row 6 or row 7.

Sapling Regeneration - Make a checkmark in
the sapling regeneration row {row 9) for each plot
that contains at least 2 stems of commercial
species between 0.5 and 2.0 inches d.b.h. or at
least one stem 2.0 through 6.0 inches. The
criteria for identifying trees to be counted as
sapling regeneraticn are listed in the procedures
for the expanded regeneration tally.

Interference - The determinations for these
checkmarks are based on a 1/20-acre plot. Table
5 (p. 46) gives the critical values for each
category of interference (Rows 10 - 13 and 15 of
the Regeneration Data form). Make a checkmark
in the farn row, for example, if 30 percent of the
surface area of the larger plot is covered by fern
foliage. For laurel and rhododendron {row 11)
make a checkmark i the plot qualifies for a code
4 or an X if the plot qualifies for a code 2 or 3
(see codes on p 39). This alternate mark (X)
represents “half-stocking” with this form of
interference.

Any interference - Make a checkmark in the
Any interference row {row 14} for any plot that
has a checkmark in rows 10 - 13. If the oniy
checkmark in these rows is a half-stocking mark
for faurel and rhododendron, make a hali-stocking
mark in the Any interference row.

Site limitations - Make a checkmark in this row
(row 16) for each 1/20-acre plot on which there is
any evidence of either poor soil drainage or high
stone content in the soil. See the expanded
regeneration tally for a complete discussion of the
conditions 1o be tallied in this row.

Identification Data

The identfication data block contains
information needed to identify the stand,
information on the cruise procedures used, and
basic data on stand and site factors and
management goals. Some of these items come
from other sources, such as management plans,



soil-site maps, aerial photographs, and wildlife
agency reports. The identification block is the
same for both Tally Forms. Many of the ftems in
the Stand Identification block of the Tally Forms
are optional. These are recorded for the use of
the landowner or land manager only. In the text
that follows, these items are described in smaller

type.

Stand Identification

Qwner/Agency ~List the owner or administering
agency. For example: USDA Forest Service;
Pennsylvania Bureau of Forestry; Hammermill
Paper Company; John Doe.

Forest/Property -- List the name or identification of
the property. For example: Allegheny
National Forest; Elk State Forest; McKean-15;
South Woodlot.

County/District - List county or district in which
property is located, ¥ desired, or cther
information needed to identify it.

Compartment/Unit -~ List compartment or other
subdivision unit number or name, ¥ there is
one.

Stand Number -- List stand number, if there is one.

Remarks -- Add further identification or description
of the stand, up to 70 characters.

Cruise Information

Species codes — Enter code for type of species
codes used (see Table 2, p. 31):
1 - mnemonic codes
2 - user-defined codes
3 - Forest Survey codes

d.b.h ciasses — Enter code for d.b.h. classes used:
1 - 1 inch classes
2 - 2 inch classes
3 - 5 major size classes (saplings, poles,small
sawtimber, medium sawtimber, large
sawtimber)

Tally Month and Year ~ Enter month and year of
inventory.

Qverstory cruise Tvpe — Enter code value for

overstory cruise type:

1- Prism cruise, individual trees, height
recorded in column 4, plots recorded
separately. Either record grades for all
trees or record grades for none of the
trees. See also code 7.

2 - Prism cruise, individual trees, counts
recorded in column 4, plots recorded
separately,

« 3. Prism cruise, dot tally, all plots tallied
together. Useful for computer processing
of data recorded on Overstory Tally -
Manual Summary form.

4 - Fixed area cruise, individual trees, height
recorded in column 4, plots recorded
separately. Either record grades for all
trees or record grades for none of the
trees. See also code 8.

5 - Fixed area cruise, individual trees, count
recorded in column 4, plots recorded
separziely.

6 - Fixed area cruise, dot tally, all plots tallied
together (stand table).

7 - Prism cruise, individual trees, height
recorded in column 4, plots recorded
separately. Record only major products,
that is, cull {(grade 8} and sawtimber with
only pulp volume (grade 6). Similar to
code 1, but used where you want
accurate volumes and values without
grading all trees.

8 - Fixed area cruise, individual trees, height
recorded in column 4, plots recorded
separately. Record only major products,
that is, cull and sawtimber with only puip
volume. Similar to code 4, but used
where you want accurate volumes and
values without grading all trees.

0 - No overstory data

# plots — Enter number of overstory piots tallied in
this stand.

BAF /piot size — Enter basal area factor of prism
used for prism cruises, or piot size (in acres)
for fixed area cruises. For prism cruises, a
10-factor prism is the default.
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Regen cruise Type ~ Enter code for type of regen
cruise:
1 - checkmark regen input
2 - expanded regen input (default)
0 - no regen data

# plots ~ Enter number of regeneration plots
taliied.

Plot size -~ Enter code for regeneration plot size.
1 - 6 radius plot (default)
2 - milacre piot

Acreage in Stand - List total number of acres in
the stand.

Stand Age - List stand age in years. If stand age
is unknown, enter 0. If stand is uneven-aged,
enter 993,

Stand, Site, and Management Information

Cover type — List code for cover type, if desired {may be left
blank).
1 - forest (default)
2 - forest (ssedling stand in process of regeneration)
3 - cpening
4 - pasture
5 - cropland
6 - wetland
7 « water
8 - urban
9 - unproductive

Habitat type — List code for habitat or ecological fand type.
{reserved for use in future wildlife enhancement - any
value entered here will simply be printed on the cutput)

Soil tvpe — Record a code for scil type. {reserved for use in
tuture soils enhancement —~ any value entered here will
simply be printed on the output)

Site class — racord a subjective estimate of site guality here,
it desired. The coded values are:
G - none (default)
1 - high site
2 - average site
3 - low sile

Site species — record species code for species used in site
index determinaticn. Use the same species codes as
used for overstory data,

Site Index — racord site index value {or this stand, based upon
age and height measurements of at least 10 dominant
and codominant trees of the site species listed above.
Site index is required only if the stand is t0 be projected
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(growth simulated] in the computer, and only for oak
species.

Ht. Adi. — i merchantable heights are not recorded, and the
merchantable heights caiculated by SILVAH do not
appsar to be representative for this site {ses Figura 4},
the user may insert & value hetween 0.5 and 1.5 to
adjust the merchantable heights and thereby adjust
volumes,

Elev, ~ Record eievation of stand, in feet above sea lavel.

Aspect - Record direction toward which the siope faces as an
azimuth {degrees from true north) 1o the nearest degree
(if aspect is due north, use 360°),

Slope % — Enter slope percent to nearest 1 percent,

Topo. position ~ Record topographic position as one of the
foliowing codes:
1-ridge
2 - upper siops
3 - mid-sicpe
4 « lower slope
5 - bench
6 - upper flat {Plateau}
7 - bottom

Cperability - Record a subjective estimate of operability of
the stand for timber harvest and oiher mechanized
activities,

1 - no fimitations
2 - slope, rockiness, or peoor drainage limit use of
mechanijcal equipment

Access ~ Record a subjective estimate of the accessibility of
the stand as it may affect timber and wildlife
management.

1 - road within or at edge of stand suitable for travel by
two-wheel drive vehicles and log trucks

2 - road within or at edge of stand passable only by
4.wheel drive vehicles

3 - no existing roads within or at edge of stand, but
there are roads within 1 mile of stand

4 - no roads within 1 mile of stand

Water code ~ Record the presence of water courses that may
be of value to wildlife within the stand, as follows. There
is space to record two codes if more than one typs of
water course is present. H more than two are found,
record the two most important.

1 - spring saep

2 - creek/stream < 15" across

3 - creek/stream >15' across

4 . marsh {little or no open water)
5 . swamp (standing live trees)

§ - pond (<1 acre)

7 - fake {>1 acre)

W/l 1 mile — Record the acreage or presence of the following
habitat types within 1 mile of the stand perimeter:



CC - acreage in clearcut areas (stands cut within past 10
years and still in the process of regenerating to
trees)

cultivation - acres in cultivated farm crops

Oopen - acres in pastures, failad clearcuts, and similar
openings

water - code for type of open water [ponds, lakes,
streams > 15" wide - see codes above)

Managernent Goals - It is assumed that timber
production is an important goal of
management for any stands being prescribed
under the SILVAH system. Visual goals are
also considered. Enter one of the following
codes to indicate restrictions that visual goals
may impose on timber cutting activities.

1 - no restrictions on cutting methods for
visual reasons (default)

2 - either even- or uneven-age sivicultural
systems may be used, but clearcutting is
not acceptable as a final harvest cutting
method for visual reasons

3 - uneven-age sivicultural systems are
desired to maintain mature forest canopy
at all times, but maximum timber
production feasible under this system is
desired.

4 - uneven-age silviculture is desired to
maintain a mature forest cover at all
times. Timber production is less
important than above, and visual goals
call for the maintenance of very large
trees on the area at all times, and the
avoidance of canopy openings.

Selection of goals 1 or 2 above will usually lead to
an even-age silvicultural system, and will tend to
maximize timber production by maintaining a high
propartion of shade intolerant species. Although
wildlife goals are not specifically stated, these
goals will tend o favor wildlife species that
depend on early successional vegetation, and will
generally maximize wildlife diversity.

Selection of goals 3 or 4 will lead to an uneven-
age silvicultural system, and will tend to produce
moderate timber vields by favoring a high
proportion of shade tolerant species. These goals
will also tend to favor wildlife species that depend
on late successional vegetation.

Management Value — Relative value of this stand for the
management goal listed. Thia rmanagement valus
ts used only in prescriptions that involve gypsy

moth damage, where expenses for spraying may
be justified in stands of high value. Gypsy moth
prescriptions are not currently implementsd in the
SHVAH program.

0 - not obssrved

1 - high value

2 - medium vaiue

3 - low value

Deer Impact Index — An estimate of the amount

of browsing pressure that deer are likely
10 exert on regeneration is essential for
proper prescription. This deer pressure is
an index that may be read from Figure 5
which shows deer impact as a function of
deer population and amount of available
food in the one sguare mie area
surrounding the stand in question.

Data to use this chart can be obtained in
a number of ways. Deer populations are
best obtained from a pellet count census
in the vicinty of the stand. Such
censuses are time consuming, and can
only be done in the spring, making i
impractical to do on an individual stand
basis. However, a few sample censuses
done once every 3 or 4 years will provide
a useful guide to deer populations withiry
the working area of a forest district or
county. f pellet-count data are not
available, estimates of the deer
population within a deer management
zone can usually be obtained from the
state game agency.

Estimates of deer food availability must
be made on a subjective basis at present.
Evidence of low deer food availabiity
include: a distinct browse line;
substantial numbers of browsed stems;
large areas dominated by browse-
resistant or less-preferred browse species
(beech, striped maple, fern, asters, etc.);
extensive areas of unbroken forest with
little or no cultivated cropland within one
mile of the stand; a preponderance of
pole-sized and unthinned sawtimber
stands and a limited area in regenerating
clearcuts within a mile of the stand;
limited diversity of plant species in the
understory or in regenerating harvest
cuts; limited presence of woedland
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Effect on Deer
Regeneration Impact
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Figure 5. Deer impact index.

flowering plants; historical knowledge of deer
problems in the area; evidence of poor antler
development, low deer weight, an average of 1.2
fawns per doe or less, and significant winter
starvation. If deer food availability is low, but a
large amount of harvesting will be scheduled
within 1 mile of the stand in question, use the
medium deer food availability level in determining
deer impact. Combinations of final removal cuts
and thinnings that qualify as a large amount of
harvesting include the following percentages of
the total area: a) 5% final removal cuts plus 45%
thinning; b) 10% final removal cuts pius 30%
thinning; ¢) 15% final removal cuts plus 15%
thinning; d} 20% final removal cuts.

Evidence of high deer food availability are
the opposite of those described above:
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lush understories and vigorous regeneration of a
wide variety of species, including preferred
browse species; abundant woodiand flowers; a
preponderance of recent harvest cuts and thinned
sawtimber stands within a 1 mile radius (with
areas in these two types of harvesting that meet
or exceed the area combinations given above};
cultivated cropland nearby; and a healthy deer
herd with high deer weights, trophy antler
development, and a preponderance of twins and
triplets during fawning.

Code deer impact index as follows:
1 - very low (as in a well-maintained
deer exclosure)
2 - low
3 - moderate
4 - high (default)
5 - very high



Gypsy Moth - An estimats of the imminence of gypsy moth
defoliation is necsssary if prescriptions are to
incorporate  integrated pest management
rscommendations for gypsy moth. Gypsy moth
prescriptions are not currently impleswted in the
SILVAH program, The categaries are:

0 - unknown or unimportant {default)

1 - defoliation not expected for 3 to 5 years or
mofe

2 - defoliation expected within 3 t0 § years

3 - defoliation has already occurred within past 1
to 3 years

Stress — An estimate of the kind and degree of

stress that this stand may have experienced during

the past § to 10 years.

1 - none (default)

2 - thinning, or minor drought-ice-storm damage,
of minor insect-disease outbreak that
reduced stand density to no less than §Q
parcent

3 - thinning, drought-ice-storm damage, or
insesct-disease cutbreaks that reduced
stand density below 50 percent

STAND ANALYSIS

Once the stand examination is finished, the
data can be summarized to get a complete
picture of present stand condition and provide the
basis for writing a prescription.  Computer
programs are available to do the entire data
summary and prescription writing chore.
However, a computer is not necessary-the data
can be readily summarized on a hand calculator.
Both manual and computer data summary
procedures are described in the following
sections, beginning with the manual summary.

Manual Data Summary
Understory Data Summary

The understory data from both the
checkmark regeneration tally and the expanded
regeneration tally can be summarized directly on
the ID & Regen Tally Form (Fig. 4) in the
summary columns provided.

Expanded regeneration tally data summary —
Note the total number of understory picts and the

deer impact index appropriate for this stand.

Now, compare the critical levels shown In
Table 4 below for this deer impact index to the
observed value for each of the small advance
regen criteria. Count the total number of plots that
meet or exceed the critical value, and record it on
the taily form in the # column.

Table 4. Number of seedlings required for regen
piots to be stocked for different levels of deer
pressure.

Deer Advance Regen Species Group
Impact
Index Il Black iSmall{ Other AlL Large
cherry| oak | Desir Desir | Qak
-able -able
species | species

Weighted no. per plot

5 50 50 200 200 1
4 25 40 100 100 1
3 20 30 50 50 1
2 15 20 30 30 1
1 10 10 15 12 1

For example, in an area with deer impact
index of 4, 25 biack cherry seedlings are required
for a 6-foot-radius piot to be considered
adequately stocked. Scan the field tally sheet and
count the plots that have 25 or more black cherry
seediings. You may find # convenient to circle
the numbers of seedlings on any plot that have
the required stocking; then count the numbers of
plots with circles. Record this number in the
biack cherry advance seedling row, under the #
column. Do the same for small oak, other
desirables, and large oak.

- Also, count the number of plots that have
entries in the residuals or sapling regen rows, and
record the totals in the # column.

Now compare the critical levels of
interference shown in Table 5 to the observed
values for each of the interference categories.
Count the number of plots that meet or exceed
the critical values, and record the totals in the #
column. If any of the plots were coded 2 or 3 in
the Laurel and Rhododendron row (row 13}, you
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should count those plots as half-stocked. Again,
you may wish to circle the values that exceed the
critical level to make counting easier.

Table 5. Amount of interference required to
consider a plot stocked.

Type Counting Criteria
Woody interference All plots with 12
stems or more
Fern All plots with at
least 30%
coverage
Grass Al plots with at
least 30%
coverage
Laurel and Count plots
Rhododendron coded 4as 1;
count plots
coded 2 or 3 as
1/2
Grapevine All plots with at
least 1 vine

Next, record the number of plots that have
either a 1 or 2 in the site limitations row, and
record the total in the # column.

There are four shaded rows on the tally form.
These are calculated in the office, as described
below.

The All desirables category (row 4) is the
total of the numbers in the black cherry, small
oak, and other desirables categories. Some plots
may not have sufficient numbers in any one
category to be considered stocked in that
category, but the total weighted number of biack
cherry, small oak, and other desirable seedlings
may be large enough to consider that plot
stocked with all desirable seedlings. To make this
determnination, simply sum the valuesinrows 1, 2,
and 3 in each column, and write the sum in the
All desirables row (row 4). Then compare this
value with the critical value in Table 4 for the
appropriate deer Impact index. Record the total
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number of plots that meet the All desirables
criterion in the # column.

The other three shaded rows on the tally
form are categories that are combinations of
obiserved values. These are Any small regen {row
6), Any regen plus residuals (row 8) and Any
interference (row 14).

The tally sheet shows which rows make up
each combination. The Any small regen row is a
combination of rows 1, 2, 4 and 5 - the Black
cherry, Small cak, All desirables and Large oak
rows. Any pict that is stocked with any one of
these four criteria, is stocked with Any small
regen. If you circled the stocked plots earfier,
simply count the number of plots that have a
circle in any of the included rows. Enter this
number in the # column.

The Any regen plus residuals row (row 8) is
a combination of Any small regen {row €) and
Residuals (row 7). Any plot that is stocked with
either of these categories is stocked with Any
regen plus residuals. Record the number of
stocked plots in the # column.

The Any interference row (row 14) is a
combination of Woody Interference (row 10), fern
(row 11), grass {row 12}, and laurel and
rhododendron {row 13). Any plot that is stocked
with any of these categories of interference is
stocked with Any interference. If the only
interference con a plot is haif-stocking with laurel
or rhododendron {codes 2 or 3), then the plct is
considered half-stocked with Any interference.
Record the number of plots stocked with Any
interference in the # column.

Now, calculate the percentage of plots
meeting the minimum criterion for each factor.
Simply divide the number of plots observed as
meeting the criterion {in the # column) by the
total number of piots, and muitiply by 100.
Record the result in the % column.

There is one final determination needed for
some prescriptions. This is the small regen
stocking that would be achieved if deer were not
a problem; that is, f a fence were erected to
exclude deer. Fewer advance seedlings are
required Inside a fence, since none are lost to



deer browsing there, To determine the Any small
regen stocking at very low deer impact, go back
through rows 1, 2, 3, 4, and 5 to determine how
many plots are stocked using the criteria for a
deer impact index of 1. Record this number, and
calculate the percentage as before. Do the same
for any regen or residuals using the lower deer
impact index. Record these percentages on the
Prescription Summary Worksheet (Fig. 7).

Checkmark regeneration tally summary -
When the understory tally has been conducted
using the checkmark tally procedures, most of the
summary has been completed at each plot. For
all the unshaded rows on the tally sheet, simply
count the number of checkmarks and record this
number in the # column.

Now, calculate the percentage of plots
meeting the minimum criterion for each factor.
Simply divide the number of plots observed as
meeting the criterion (in the # column) by the
total number of plots, and muitiply by 100.
Record the result in the % column.

Overstory Data Summary

If field data were recorded on the Computer
Tally Form (Fig. 2a), the first step is to transfer the
basal area information to the Manual Overstory
Tally Form (Fig. 2b) using a dot tally to
accumulate the prism counts into species or
groups, size classes, and quality classes. Check
the transfer carefully, as we have found that many
errors are made during this process.

On the Manual Overstcry Tally Form, convert
the dot tally totals to basal area per acre. First,
calculate a basal area conversion factor. For
prism plots, divide the prism factor (10 for a
10-factor prism) by the number of overstory
sample points. For fixed area plots, divide the
number of plots by plot size. Write this value in
the space provided (3 significant digts are
required for accuracy). Then, muitiply the dot
tally in each species-size class by this conversion
factor to get basal area per acre in that class.
Record these basal area values beneath the dot
tally in each cell.

On this form, calculate the total basal area,
poles.and larger, for each species or group.

Record the AGS subtotal below the AGS block
and the UGS total below the UGS block, and
accumulate these into the AGS+ UGS total row
near the bottom of the form. :

The next set of overstory summary
procedures are completed using the Manual
Overstory Summary form (Fig. 6). The first step
in these calculations is to transfer total basal
areas for each size/quality/species group cell
from the Manual Cverstory Tally Form to the
Manual Overstory Summary form. These values
represent totals across the individual species that
have the same relative densfty factor. For
example, in the AGS/Saplings/BC-WA-YP cell,
record the total basal area of any acceptable
saplings of black cherry, white ash, and yellow
poplar.

To calculate the average relative density in
each species/size class, multiply the basal area
per acre in that class by the relative density factor
(RD 1) for that class. The factor is shown in the
RD column on the worksheet, below the space in
which the relative density value is to be recorded.
Repeat for each species-size class, entering the
result in the corresponding relative density per
acre (RD/a) cell.

To estimate board-foot volume per acre
{international 1/4" Rule}, multiply each BA/a times
the board-foot conversion factor (BF f). The
BF § is shown in the appropriate place on the
worksheet. Be sure to multiply by basal area
rather than the adjacent estimate of relative
density. Note that the factors for the black
cherry, white ash, and yellow-poplar group are
larger than those for the other two groups. Also
note that the factors for UGS are half those
shown for AGS. The factors for UGS are
approximations to take into account that some
UGS will have sawtimber products and others will
not.

Now, summarize rows and columns 1o get
the appropriate subtotals and totals of basal area,
relative density, and board foot volume. Sum
these values over all size classes for each
species/quality group. Then, within each quality
class, sum the BA, RD, and BF volume across all
species. Finally, sum the BA, RD, and BF volume



down both qualities to derive the all species, AGS
+ UGS totals.

Finally, estimate tota! cordwood volumes by
multiplying BA/a times the cordwood conversion
factor (CW {) and enter in the column labeled
CW/a. The CW f is shown in the total block on
the worksheet. The cordwood values for the
sawtimber sizes include the volume in sawlogs.
To estimate total cordwood volume in the stand
excluding the sawlogs, divide the total board-foct
volume by 800 and subtract from the total
cordwood volume.

These stand summary calculations are easier
to do than they are to explain. Basically, the data
summary involves conversion of a dot count to
basal area per acre, then multiplication of the
basal area values by conversion factors to get
relative density and volume. Then, these values
are summed by rows and columns. The math is
simple, but repetitive.

QOther Stand Parameters

There are a variety of other stand parameters
that can be calculated from the overstory and
understory data. Some of these are needed to
determine the appropriate prescription for the
stand.

To faciitate these additional calculations and
later prescription deterrninations, a Prescription
Summary Worksheet is used (Fig. 7). The right
column on this worksheet fists 17 Prescription
Varigbles. The left column contains worksheets
that will be used to calculate some of the
prescription variables. The stand parameters
recorded as Prescription Variables on that
worksheet are as follows:

Management Goal - Enter code for management
geal from [D & Regen Tally Form (Fig. 4).

Deer impact index — Enter deer pressure index
from D & Regen Tally Form (Fig. 4).

Seed Source Index — A helpful parameter that
can be estimated from the overstory data is
a seed source index, to indicate whether or
not seed sources are likely to limit natural
regeneration. The determination is made

using the basal area in seed-producing trees
{poletimber and larger ¥ done manually, 8
inch and larger  summary is done by
computer).

To calculate the seed source index, transfer
the basal area in poletimber and larger trees
from the Manua! Overstory Tally Form (Fig.
2b) for each of the following species groups:
black cherry, white ash, red maple, sugar
maple, and all oaks. Write these values in
the portion of the Prescription Summary
Worksheet (Fig. 7) provided for this
calculation,

Note that you must make a subjective
decision on sugar maple seed production. In
many stands in the Allegheny region, sugar
maple occurs as the overtopped species in
highly stratified stands in which black cherry
is the dominant species. In these stands,
sugar maple seed production is very limited.
Maple decline has aggravated the seed
oroduction problem with sugar maple in
many areas. This situation is most
commonly found in northem Pennsylvania,
and occasionally elsewhere. In such areas,
record the sugar maple basal area in the row
marked Sugar maple poor.

In areas where sugar maple is abundant in
the dominant and codcminant classes, and
where maple deciine has not affected seed
production, use the row marked Sugar Maple
good.

When all basal area values have been
entered, multiply the basal area times the
factor (f) in the preceding column, and
record the results in the last column. Sum
the last column to get an estimate of the
number of advance seedlings per acre that
might be expected to result over the next 5
years under favorable (shelterwood)
conditions.

Finally, Jook up the seed source index in the
lower portion of this work area using the
expected number of seedlings per acre just
calculated.  Record this index in the
Frescription Variabies Column.



An index value of 1 indicates excellent seed
production potential, while a value of 4
indicates very low seed production potential.

Site Limitations — Enter the percentage of plots
with site limits from the ID & Regen Tally
Form (Fig. 4).

Any _small Regen - The percentage of plots

stocked with any small advance regeneration
has been calculated on the ID & Regen Tally
form (Fig. 4). 1f there are no caks present,
enter this value in the Any smalil Regen space
on the Prescription Summary Sheet. if there
are oaks present, you can supplement the
advance seedling regeneration with potential
stump sprouts. Estimate the number of
sprouts expected using the overstory data for
oaks and the Oak Stump Sprouting portion
of the Prescription Summary Worksheet (Fig.
7). Transfer the BA by size class of northern
red cak and other caks from the Manual
Overstory Tally form (Fig. 2b). Muitiply the
basal area in each size class by the factor
printed on the sheet, repeating this process
for northemn red oak and for all other oaks.
Total these values to estimate the number of
stumps per acre that will likely contribute
sprouts to the new stand.

Then, estimate a new value for Any small
Regen using the table in the Oak Stump
Sprouting portion of the Prescription
Summary Worksheet. Choose the row that
reflects the appropriate level of deer
pressure, then find the value closest o the
number of sprouting stumps you just
calculated. The number from the Adv. Regen
Adjustment row of that column is added to
the Any small Regen percent calculated on
the iD & Regen Tally Form (Fig. 4). Enterthe
new value in the Any small Regen space in
the Prescription Variables column.

Anv regen or Residuals — Enter percentage of
plots stocked with any advance regeneration
or residuals from the ID & Regen Tally Form
(Fig. 4). if you made any adjustments to Any
regen for ocak stump sprouts, be certain to
include the adjustment here as well.

Any smaill Begen, no deer -- Enter the percentage
of plots that meet the stocking requirements
for a stand with a very low deer impact
index. Make the appropriate adjustment for
Oak Stump Sprouting.

Any regen or Residuals, no deer - Enter
percentage of plots that meet the stocking
requirements for a stand with a very low deer
impact index. Make the appropriate
adjustment for Oak Stump Sprouts.

Sapling Regen — Enter the percentage of plots
stocked with sapling regeneration from the ID
& Regen Tally form (Fig. 4).

Any Interference — Enter the percentage of plots
stocked with any interfering plants from the
ID & Regen Tally form (Fig. 4).

Sapling Basal Area — Total basal area in sapling
size trees {(AGS + UGS, all species) has
already been calculated; transfer the value
from the Manual Overstory Summary form
(Fig 6).

Shade Tolerant Basal Area — Sum the basal area
in eastern hemlock, American beech, and
sugar maple. Include AGS and UGS, all size
classes. The values to be summed are on
the Manual Overstory Summary form (Fig. 6),
and a worksheet is provided in the Shade
Tolerant Composition portion of the
Prescription Summary Worksheet (Fig. 7).

Relative Stand Density — Relative density for all
trees in the stand has already been
calculated; transfer the value from the
Manual Overstory Summary form (Fig. 6).

Relative density AGS -- Relative density of the
acceptable growing stock trees oniy has
already been calculated; transfer the value
from the Manual Overstory Summary form
(Fig. 6).
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Figure 6.

SILVAH - Manual Overstory Summary

Stand ID USDA, Ferest Service, NEFES, Worren, PA  1/51
AGS BC~WA-YP RM—NRO—EH—-0th | SM~AB-StM=00 All Species AGS
Size closs BA | RD 'gaft| BA | RD {Bdft| BA ‘ RD ! BdFi| BA : RO | BdFt
Saplings value ' :
¥ F117
Poles value :
7 70.99
Smail Saws value ;
f 0.39 - 84 0.57. 64 0.54 64
Medium Saws |value L
f 0.31 128 0.49 - 106 "0.97 106
| : : :
Large Sows vewe i : :
f 0.27 148 0.44° 120 0.91 120
All Sizes AGS jvalue :
UGS BC~WA-YP RM~NRO~EH=0th| SM—AB-SiM=00 All Species UGS
Size closs BA - RD : BdFt| BA ~ RD BdFt| BA RD BdFt| BA RD BoFt
Saplings velue . .
f N 1.17
Poles volue
T 0.7 0.99
Small Sows veive ‘ :
¥ 0.55 47 0.57 . 37 0.64 37
Medium Saws | YOlue : ; ; :
f 0.51 64 049 53 0.92 53
Lorge Saws rclue B ) o ;____W' _
§ 0.27 74 0.44 60 "0.81__80
All Sizes UGS [vclue
Multiply foctor (£) AGS + UGS All Species
1 {
By bascl area (34) Size class MDM = MD | BA*f BA*f|Cords| BA RD BdFt
Saplings
Poles
0.18 ;
Small Saws ‘ :
0.27 | !
i |
Mediurm Sagws j :
.24 ! !
| ;
Lorge Saws ] ‘
0.28 :
All Sizes j
iy N




Figure 7.

SILVAH - Prescription Summary Worksheet —

Stand 1D USDA, Forest Service, NEFES, Werren, PA 5/90
Tears to Maurity Prescription Variables
Species. BA 55;?'15 § BA*f : :
“Block cnerry Site & Environmental Factors
White gsh
_Yeliow_poplar___ | " Management Gool
_;:jg’gp;zk 20 Deer impact index
_E%Sg;r;rgemlcck Seed source index
Sugar mople T
American beech Site limitotions
Siriped Maple .15
Other oaks, hick,
o -
Total L Understory Factors

Yrs. to Mat. = (18 —~ MDM)/growth factor @

Any smell regen

Any regen or residuals

Seed Source Index

Any small regen — no deer

Species

Poies +

M Seedlings
BA *f

Any regen or residuals — no deer

White osh

Oaks

.Block cheery
. Sugar_mople good
_Sugor_maple poor_ |

Sapling regan

L

ro

{v

Any interference

_Red maple _

da'tin'ts

Total

g

rd

Cverstory Factors

Sapiing bosol arec

M Seediings {4)

35-83 83~ 134] 135+

Seed Source Indexi 4 3

2 1 1

Shade tolerant bosal area

Shade Tolerant Composition

Relative stand density

Relative densily AGS

Species Total bosel area
ir:ei?cg:lcpb':ech Stand digmeter (M0)
Sastern_hemlock Merch. stand digmeter (MDM)
Totatl
Years to moturily
Oak Stump Sprouting 4. - Prescription:
; : | Sprouting re .
Species Size BA f i stumos p
Saps 20.4
Poles _ 1.7
N.Red Oak SSaw 0.4
MSaw 0.1
LSaw 2.0
| _Seps 18,6
Poles 2.1
Other ocks |_SSaw 0.4
MSaw 0.1
LSaw 0.0
Total R :
Adv. Regen Adiustmenti 0| 5101 15120
Stumps @ high deereg) 0§ 48 5711471198
Stumos © low deer @1 O 1 21146171187
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Stand Diameter (MD} — The average diameter

used throughout this manual is an average of
the diameter or size-class midpoints,
weighted by the proportion of basal area in
that class. We have found it to be far more
useful for stand management than more
traditional average diameters, such as the
arithmetic mean diameter or the quadratic
mean diameter, as it better reflects the size
of the crop trees and is less influenced by
small understory trees. This diameter is
approximately the same as the median
diameter (the diameter at the midpeint of the
basal area distribution).

Average diameter is calculated by muiltiplying
the midpoint of each size class times the
basal area in that class, summing those
values for all size classes, and dividing by the
totai basal area:

n

S (DBH, = BA)
Mp=r
3 BA,
=1

There is a worksheet for this purpose on the
Manual Overstory Summary form (Fig. 6).
Multiply basal area in each class by the
factor shown underneath, sum, and divide by
total basal area.

This average diameter can be calculated for
the entire stand or for selected components
such as selected species or size classes.
When data have been summarized from
the manual forms, use the following
size-class midpoints to calculate stand
diameter:

Saplings - 3in.

Poles - 85 in.

Smal Saw - 14.5 in.
Medium Saw - 20.5 in.
Large Saw - 265 in.

Merchantable Stand Diameter (MDM) — Enter the

average stand diameter of the merchantable
size trees only. This value is calculated as

described for stand diameter, except that the
sapling size class s omitted from
summations in both the numerator and
denominator. Record both diarneters on the
Prescription Summary Sheet. This diameter
may also be calculated on the worksheet on
Fig. 6.

Years to Maturity —~ It is helpful to know how

close a stand s to maturity, and whether all
species will mature at approximately the
same time. Using data from about 200 plots,
we have deveioped some simple procedures
for estimating these parameters. A
worksheet for calculating years to maturity is
provided in the left column of the
Prescription Summary Sheet (Fig. 7).

yRs - 18 - MDM
GF

where:

YRS is the number of years to maturity for the

species group or stand,

MDM is the average diameter of the

merchantable-size trees in the species group
or stand; and

GF is a growth factor. Use 0.20 for species inthe

black cherry, white ash, yellow-poplar, and
red maple, red cak groups. Use 0.15 for
species in the sugar maple, beech, and cther
ocaks group. When calculating Years fo
Maturity for an entire stand containing both
groups, use an average GF weighted by the
proportion of the basal area in each species
group. That is, transfer the basal area in
trees of pole size and larger to the worksheet
by species. Sum the basal area over all
species within each group into the Total
column on the worksheet Then, muitiply
gach group's total by its factor (f), and sum
these values. Divide the sum by the total
basal area in the stand. Use this as the
stand growth factor in the above equation.



Record years to maturity in the Prescription
Variables column.

You now have completed the manual stand
analysis, and all of the information you will need
to prepare a prescription has been recorded on
the Prescription Summary Sheet.

Computer Data Summary

A computer program is available to do the
entire data summary; it provides a great deal
more information than is feasible to calculate
manually. Raw data from the Computer Overstory
Tally Form (Fig. 2a) and the 1D & Regen Tally
Form (Fig. 4) are entered into the program;
output includes a complete data summary and
recommended prescription.

Data Entry

Data are entered directly from the field tally
sheet into a computer file using the interactive
program SILVED simply by responding to the
prompts made by the computer. In a similar
manner, information on the many program
options can be saved into a file using the
interactive SILVAH program. Data summaries,
stand analysis, stand prescription, stand
projection, and other functions are also performed
by SILVAH,

Data Qutput

Standard printouts include the following
information:

o Descriptive information on the stand;
information on the type of cruise and
estimates of the sampling error in overstory
basal area, and an indication of the number
of additional plots needed to reduce
sampling error to within 10 and 15 percent of
the mean. Warning messages are printed i
the number of either overstory or understory
plots is too small for accurate estimation.

o A summary of understory data showing the
percentage of plots stocked with each
category of advance regeneration, plus
information on factors affecting regeneration

difficulty, interfering plants, and site
limitations.  There Is also a summary of
information on site quality, management
goals, and wildlife attributes.

o Various summaries of the overstory data,
including a table by individual species and
diameter classes showing basal area per
acre. Similar tables of numbers of tress,
refative density, cubic-foot volume, board-foot
volume, and dollar value can be obtained as
optional  additional outputs, as can
summaries by various species groups, size
or product classes, and quality classes.

0 A narrative description of the stand, including
a prescription and recommendations on its
implementation. If partial cutting s
recommended, a marking guide is provided
indicating the amount to be cut from each
size and quality class.

o A summary of the major overstory
parameters for the original, cut, and residual
stands if a partial cut was prescribed.

Summary Interpretation
By using the summary data just calculated

(either manually or by computer), you can

objectively evaluate stand condition. Even a

person who has not visited the stand can get a

detailed picture of it by careful study of the data
summary. For example, the summary shows:

o Stand type and species compaosition.

o Stand size class {based on stand diameter).

o Stand structure (distribution of trees by size
class).

o Stage of maturity of the stand and each
major species or species group.

o Relative density and the need for thinning.
o Basal areas and volumes per acre.
o Stand quality.

o Status of advance regeneration.



o Possible plant or site factors that could
interfere with regeneration after harvest
cutting.

The Appendix contains both manual and
computer data summaries of 2 sample stand that
illustrate the kind of interpretations one can make
from the stand summary analysis.

These data suggest that this sample is an
Allegheny hardwood stand; that is, at least 65
percent of the basal area is contained in northern
hardwood species and at least 25 percent is in
black cherry, white ash, and vyellow-poplar.
Actually, black cherry and white ash represent 45
percent of total basal area. Furthermore, we can
see that black cherry, red maple, and sugar
maple are the predominant species, comprising
86 percent of the basal area. The balance is
beech, ash, and birch.

The largest amount of basal area is contained
in the small sawtimber size class. Medium
sawtimber and poletimber are next in impontance,
with about equal amounts of basal area. The
stand diameter of 13.1 inches confirms that this is
a small sawtimber stand. Estirmates show that the
entire stand is about 20 years from maturity
(merchantable-size trees will average 18 inches
d.b.h. in about 20 years). The largest trees in the
stand are 24 inches d.b.h. and are black cherry.

However, it Is clear that the stand is stratified
into crown and size classes by species, and the
various species groups will not mature at the
same time. The cherry average 16.4 inches d.b.h.
and are only about 8 years from maturity. The
merchantable sugar maple, beech, and birch are
only 11.2 inches d.b.h. and are still 46 years from
maturity. The merchantable red maple are
intermediate, averaging 13.5 inches d.b.h. and 23
years from maturity.

When stand maturity is reached in 20 years,
the black cherry will be 12 years overmature and
red maple 3 years immature, while the sugar
maple and beech will still be 26 years under
maturity. Thus, the estimated maturity age for the
stand is a compromise. Harvesting the stand at
that time will sacrifice only a small percentage of
the stand vaiue in red maple, sugar maple, beech,
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and birch, and should result in very little loss due
o the overmaturity of the cherry.

With 20 years to maturity, there is time to
schedule a thinning now and an additional
thin-harvest in about 10 vears; a
harvest-regeneration cut  should then be
considered in about 10 additional years.

The overstory includes a lower layer of
saplings representing about 11 square feet of
basal area--primarily sugar maple and beech.
There are not enough saplings to worry about in
any partial cuttings that might be made, but their
abundance further ilustrates the stratification that
exists among the species.

The diameter distribution for black cherry
plots as a bell-shaped curve, while that for sugar
maple and beech plots as an inverse J (as does
that for the stand as a whole). There are a few
large sawtimber trees of tolerant species, but
most of the tolerants are considerably smaller
(large poletimber).  Together, the species
composition and diameter distributions suggest
that this is an essentially even-aged stand that
contains a few residual tolerants of an older age
class.

Because the stand has an inverse-J structure
now, and has considerable amounts of basal area
in sawtimber-size trees up to 24 inches d.b.h
{including some in the more tolerant maple and
beech species), it would be fairly easy o convert
the stand to an all-age structure over 2 or 3 cuts,
if this should be desired to meet some particular
objective. However, the small proportion of stand
stocking in tolerant species will require a long
adjustment period and may limit ingrowth during
the early part of the conversion period.

The total basal area of 158 square feet per
acre represents about 97 percent of the average
maximum density expected in undisturbed stands
of similar size and species composition. This
relative density is well above the optimum for best
timber production. Growth rates of individual
trees are probably less than maximum, and
monality due to crowding is fairly high. A
thinning would improve growth of the stems that
remain.



Total net cardwood volume of the stand is 40
cords per acre, and sawlimber voiumes are
10,909 board feet per acre. These volumes
should be more than adequate 1o support a
commercial thinning and still leave a well-stocked
residual stand. The present stand value Is
high—about $3,700 per acre. The value estimated
here may vary appreciably from the actual
stumpage value in a particular location at a
specific time, but it is a useful parameter for
comparison with other stands. Those who use
the computer program o process inventory data
may set stumpage prices appropriate to their
area.

Trees of acceptable growing-stock quality
occupy about 62 percent of the available relative
density (70 percent of present basal area), while
frees of unacceptable quality occupy 35 percent.
Although trees of acceptable quality provide
enough stocking to warrant stand management,
thinning to remove the poorer quality trees is
clearly needed. Most, if not all, trees to be
removed in the first thinning should be from the
unacceptable guality classes; one thinning may
be sufficient to remove most such trees. Thinning

in this stand is especially desirable, since &
contains many high-value species, and thinning
should permit a considerable improvement in
overall stand guality, concentrating future growth
on the better stems.

Although the stand is not yet mature, there is
a modest amount of desirable Allegheny
hardwood advance regeneration present. A
thinning might very well increase both the number
and size of advance seedlings, making it possible
to clearcut the stand when it reaches maturity.
However, 11 percent of the area also contains
fern. Although this percentage of fern is not large
enough to interfere with seedling development
now, the thinning could produce an increase in
fern that might cause problems later, especially i
deer browsing on seedlings is heavy. Thus,
thinning could make it necessary 1o use an
herbicide to control the fern prior to harvest
cutting. There are no other site or interfering
plant problems that should limit regeneration.

All of the above information is either printed

in the computer narrative, or can be deduced
from a study of the manual data summary sheets.
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STAND PRESCRIPTION

Stand prescription involves two distinct
phases:

1. Deciding which silvicultural treatment, if any,
should be applied in a particular stand to
achieve the management objectives.

2. Preparing detailed instructions on how that
treatment is to be carried out on the ground.
If cutting is involved, this requires instructions
to the markers on how many of what species
and sizes of trees are to be cut to achieve the
desired residual stand, estimates of the
voiume of various products to be harvested,
and so on. It also requires details on how
and when any other treatments are to be
applied.

Determining Appropriate Treatment

The appropriate silvicultural treatment to apply
in a particular stand can te determined by using
the series of decision charts presented as Figures
BA-E.

These decision charts are grouped into three
major types of prescriptions. Chart B is for
stands or properties where management goals or
site limitaticns dictate all-age silviculture. Chart C
is for intermediate cuttings of stands that are not
yet mature and are being managed under an
even-age silvicultural system. Charts D and E are
also for stands being managed under even-age
silviculture, but are ready tc be harvested and
regenerated.

In all of the prescription charts, decision.

points are represented by a horizontal line with
arrows 1o two or more rectangles below. The
decision criteria are printed above the horizontal
line and the values that determine the path are
printed in the rectangles below the line. Using
data summarized on the Prescription Summary
Worksheet (Fig. 7), trace a path through the
charts until you arrive at a prescription. Al
prescriptions are shown in circles or ovals.
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The prescription ovals may be plain, fightly
shaced, or heavily shaded. The legend explaining
these degrees of shading is found on Chart B, but
apply to all charts.

Unshaded prescriptions generally produce the
desired result, require no investment, and are
highly recommended.

Lightly-shaded  prescriptions  generally
produce the desired results, but require an
investment. When evaluated on the basis of
maximizing annual income from the forest
enterprise, these are good investments. However,
these investments may not meet vyour
organization's economic criteria if evaluated on
the basis of net present worth or internal rate of
return using high interest rates. The alternative to
making the investment in these stands is to do
nothing, since regeneration usually cannot be
obtained. The no-cutting alternative may also fail
to meet your organization’s economic objectives.
We generally recommend that these lightly-
shaded prescriptions be adopted if forest
management is to be continued in the stand.

Heavily-shaded prescriptions also require an
investment (often a large one), but results are less
likely to be satisfactory than those above. Stands
in the condition represented by these
prescriptions are very difficult to regenerate. We
recommend no treatment in these stands, but the
prescription is included to indicate the best
treatments to try ¥ you consider some action
essential.

The first step in arriving at any prescripticn is
to determine which of the three major categories
of prescription (which of the several charts) is
appropriate. Use Chart A to aid in this process,
tracing a path through the management goals and
stand characteristics decisicn points to the
bottom of the chart, where the appropriate major
category of prescription is specified. it
management goals have been coded 3 or 4,
uneven-age silvicultural systems are required, and
a final prescription will be found on Chart B. !
other management geals have been chosen, and
the stand is immature, the final prescription will be
found on Chart C. If the stand is mature, Chart D
(and it's continuation chart E) is appropriate.
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Figure 8B.
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Figure 8C. Chart C. Even-age Thinning
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Figure 8D.
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Figure 8E. Chart E. Even-age Regeneration continued
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Continue to chant B, C, or D as suggested in
Chart A to determine a prescription.  Trace a
path through the decision points, taking the path
that corresponds to the values on the Prescription
Summary Sheet. That path will lead you 1o the
recommended prescription.

Once the prescription has been determined,
refer to the specific instructions for that
prescription in the Prescriptions description
section that follows.

Prescriptions
All-Age won't work, Re-examine Goals

This prescription may be encountered when
management goals or site conditions suggest
alllage management but other conflicting
conditions make this impractical. Such conditions
include excessive deer browsing pressure, or fack
of shade-tolerant seed sources for regeneration.
Re-examine the management goals, or devise
some way to ameliorate the limiting conditions.

Single-Tree and Group Selection Cutting

This prescription is appropriate in those
stands (or properties) where management goals
dictate that a continuous forest cover be
maintained at all times; even-aged regeneration
practices {even using an extended regeneration
period) are not considered acceptable. Timber
production is generally more important than in the
single-tree selection with maximum large trees
prescription, but it is siill secondary to the visual
goal. An old-growth or virgin forest appearance
is not as important as the avoidance of
regeneration openings over several acres in size.
This prescription may also be appropriate for
stands on wet sites that contain a moderate to
high proportion of shade-tolerant species,
especially hemiock.

This goal is not likely to be achieved for any
extended period of time where vaiuable,
shade-tolerant species are lacking, nor in areas of
axcessive deer populations where browsing
interferes with the estabiishment of a new age
class after each cut.

&2

Stands to be managed in this manner that
currently have relative stand density of less than
80 percent should generally not be cut at this
time. There is no need to reduce density 1o
improve growth or reduce mortality; furthermore,
there is not likely to be enough volume available
to meke a commercial cut without reducing
relative density below the minimum recommended
level.

Stands that are currently at or above 80
percent relative density should generally receive
a cut at this time. A selection cut is made by
establishing a residual stand structure goal that
defines the amount of growing stock to be
retained in each size class. All trees in excess of
that goal are cut. If there are deficits in any size
class, extra growing stock is retained in other
sizes to compensate. No saplings need be cut.
In calculating the cut and residual stands, use a
stand structure geoal that includes a maximum tree
diameter of 22 inches, a "q" factor of 1.5, and an
overall residual density of 60 percent (but do not
remove more than 35 percent of the existing
growing stock).

The cutting should be a combination of
singletree and group selection cutting. Efforts
should be made to mark groups of trees that can
logically be removed together, to create openings
up to one-half acre in size for encouragement of
intolerant regeneration. No effort is needed to
map or record these openings, nor to achieve any
particular area in openings. Single-tree selection
cutting is practiced between openings, wih
residual density held at about 80 percent {the
zero density in the openings combined with 60
percent between cpenings produces an overall
density of about 50 percent). Refer to the
Distribution of Cut section for development of
specific marking instructions.

If at least 30 percent of the understory plots
are stocked with at least one grape vine
grapevine control should be considered at this
time. Refer to the Control Grapevine Prescription
for complete description of practices to be used.



Single-Tree Selection Cutting with Maximum
Number of Large Trees for Visual Goals

This prescription is appropriate in those
stands {(or properties) where the primary goal of
management is to create a particular visual effect:
& continuous high forest cover at all times with
the maximum number of very large trees—a sort
of old-growth or virgin forest appearance. Cutting
is used t¢ hasten the creation of this appearance.
Timber production may also be important, but it
is secondary to the visual goal.

This goal is not likely to be achieved for any
extended period of time where long-lived shade
tolerant species are lacking, nor in areas of
excessive deer populations where browsing
interferes with the establishment of a new age
class after each cut.

Stands to be managed in this manner that
currently have relative stand density of less than
80 percent should generally not be cut at this
time. There is no need to reduce density to
improve growth or reduce mortality; furthermore,
there is not likely to be enough volume available
to make a commercial cut without reducing
relative density below the minimum recommended
level.

Stands that are currently at or above 80
percent relative density should generally receive
a cut at this time. A selection cut is made by
establishing a residual stand structure goal that
defines the amount of growing stock to be
retained in each size class. All trees in excess of
that goal are cut. If there are deficits in any size
class, extra growing stock is retained in cther
sizes to compensate. No saplings need be cut.
In calculating the cut and residual stands, use a
stand structure goal that includes maximum tree
diameter of 28 inches, a "g" factor of 1.3, and
residual density of 60 percent, (but do not remove
more than 35 percent of the existing growing
stock). The cutting shouild be a single-tree
selection cut in all merchantable sizes. Refer to
the Distribution of Cut section for development of
specific marking instructions.

If at least 30 percent of the understory plots
are stocked with at least one grapevine, grapevine
control.should be considered at this time. Refer to

the Controt Grapevine Prescription for complete
description of practices to be used.

Commercial Thinning

This prescription is appropriate in those
stands being managed under even-age silviculture
that have relative stand density of 80 percent or
more, that do not contain a substantial share of
their basal area in saplings, and that are more
than 15 years from maturity.

Stands that currently have relative stand
density of less than 80 percent should generally
not be cut at this time. There is no need to
reduce density to improve growth or reduce
mortality; furthermore, there is not likely to be
enough volume available to make a commercial
cut without reducing relative density below the
minimum recommended level.

Stands at or above 80 percent relative density
should generally receive a commercial thinning at
this time. In caiculating the cut and residual
stands, attempt to reduce relative stand density to
60 percent, but do not remove more than 35
percent of the stocking in any one cut. The
cutting should be concentrated in the smaller,
merchantable-size trees. Some larger trees
should also be cut to open the canopy, improve
spacing, and remove unacceptable growing
stock. No unmerchantable saplings need to be
cut. This type of thinning should tend to namow
the range of diameters and mold the stand
structure {of the merchantable-size trees) into a
more pronounced bell-shaped distribution.

if sawlog volumes are adequate, the sale can
include both sawtimber and pulpwood. If sawlog
volumes are small, it may be necessary to make
a pulpwood only sale. In this case, good quality
(AGS) sawtimber should generally not be cut, and
the volume that would otherwise be allocated in
those size classes should be taken from the
poletimber size class. Although minimum
volumes for an operable sale vary widely, we
generally consider 1,500 board feet and 5 cords
per acre to be the minimum volume for an
integrated products sale, or 7 cords per acre total
for pulpwood-only commercial sales. Users ofthe
SILVAH computer program can  set these
minimum volumes in the program.



stumps, and soil disturbance often associated
with clearcutling. Three-cut shelterwoods may be
especially useful on small ownerships, or in
visually sensitive areas along heavily used scenic
corridors. In such areas, even-aged regeneration
openings may be acceptable i they aiready
contain sapling-size regeneration before the
overstory is completely removed. In fact, the
greater visual variety of such openings may be
sought.

Excessively high deer populations can prevent
the development of sapling-size advance
regeneration where the partial shade extends the
time that seedlings are subject to deer browsing.
This prescription should not be used in high deer
areas without fencing or cther forms of protection.

The three-cut shelterwood usually consists of
a seed cut that reduces relative stand density to
between 50 and 60 percent (regardless of pre-
cutting density) to provide for the establishment of
advance seedliings. Once small seedlings are
abundant {(usually 3 to 10 years after the seed
cut}, the first removal cut is made, as described
here. After an additional pericd of 10 to 15 years
{during which the small seedlings grow ta sapling
size), the rest of the overstory is removed. In
some situations, small advance regeneration may
be adequate without making the first (seed) cut,
and the sequence can begin with the first
overstory removal.

The first removal cut should reduce stand
density to between 30 and 35 percent to provide
the high-suniight conditions needed for rapid
seedling growth. Low shade from saplings of
undesirable species and poles of all species
should be first priority for removal. The remainder
of the cut will depernd upon the volume and
quality of the overstory.

If the overstory contains sufficient volume in
good-quality merchantable trees to support two
commercial operations, the cut can be distributed
In much the same manner as a commercial
thinning. If there is only enough volume to
support a single commercial cut, T may prove
desirable to remove most of the belter frees now,
leaving low value stems for a non-commercial
final removal using stem-injected herbicides. The
trees teft must be at least large pole-size so that
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their shade is high and will not interfere with
seedling development.  This option has the
advantage of avoiding logging damage to the
saplings when the time comes for the final
overstory removal.

If there is more than 5 square feet of basal
area of saplings and poles in unmerchantable
species (such as dogwood, sassafras, striped
maples, and so on}, they should be treated by
stem injection of herbicide to eliminate them from
the stand and minimize sprouting of these
undesirable species. This is best done at the time
of the seed cut, but if not done then, it should be
done now during the first removal cut.

If at least 30 percent of the understory plots
are stocked with at least one grapevine, grapevine
control should be considered at this time. Refer
o the Control Grapevine Prescription for
complete description of practices to be used.

In stands that contain large saplings and
poles of the shade-tolerant species, it may bs
desirable to retain 30 to 80 good quality stems
per acre to ensure their representation in the next
stand. In any shelterwood sequence, the trees to
be retained after final harvest should be selected
at the time of the seed cut and clearly marked so
that they are not inadvertently cut or damaged
during the several cuttings of the sequence. If
not done at that time, residuals may be selected
now at the time of the first removal cut, although
the selection may be limited.

if residuals of other species are also selected
for retention as timber trees, they should be 6 10
12 inches d.b.h. with the same crown and stem
characteristics described above. If residual trees
of other characteristics are retained for wildlife or
similar purposes, they should be just as carefully
selected to meet the criterion estabiished for that
use. In no case should more than 10 square feet
of basal area be retained in all types of residual
trees.

First Removal Cut with Residuals

This prescription is appropriate under
conditions identical to those for the First Removal
Cut prescription previously described, except that
advance seedlings are adequate only if potential



residuals are included in  the advance
regeneration counts.

In stands of this description, the first removal
cut should be made as described for the First
Removal Cut above, but retention of tolerant
residuals is required (not optional). Retain 30 to
80 good quality trees per acre (& maximum of 10
square feet of basal area per acre} of sugar
maple, American beech, or eastern hemlock to
ensure their representation in the main canopy of
the next stand. Trees retained should be 3 to 10
inches d.b.h., have moderately good crowns in
the intermediate or higher crown class, and have
clean, straight boles free of branches and
epicormic branches for at least the butt 16-foot
log. The trees to be retained should be
conspicuously marked before cutting begins so
that they are visible at a distance from any angle.
This will help to prevent them from being
inadvertenily cut or damaged during logging.

If residuals of cther species are also selected
for retenticn as timber trees, they should be 6 to
12 inches d.b.n. with the same crown and stem
characteristics described abcve. If residual trees
of cther characteristics are retained for wildiife or
similar purposes, they should be just as carefully
selected 10 meet the criterion established for that
use. In no case should more than 10 square feet
of basal area be retained in all types of residual
trees.

If at least 30 percent of the understory plots
are stocked with at least one grapevine, grapevine
control should be considered at this time. Refer
to the Control Grapevine Prescription for
complete description of practices to be used.

Ses the description of First Removai Cut for a
compiete description of this prescription.

First Removal Cut, Fence

This prescription is appropriate under
conditions identical to those for the First Removal
Cut prescription previously described, except that
advance seedlings are adequate only under
conditions of very low deer pressure. In this
situation, there is an option to proceed with the
first removal cut and to erect a deer exclosure
fence at the same time. Since this reguires an

investment, some organizations may choose to
avoid cutting in this stand at the present time.
Efther prescription is appropriate, but we strongly
advise against cutting unless the fence is erected.
Regeneration is very likely to fail in this case.

If at least 30 percent of the understory plots
are stocked with at least one grapevine, grapevine
control should be considered at this time. Refer
to the Control Grapevine Prescription for
complete description of practices to be used.

See both the First Removal Cut Prescription
and the Fencing Prescription for complete
description of practices to be used.

First Removal Cut with Residuals, Fence

This prescription is appropriate under
conditions identical to those for the First Removal
Cut with Residuals prescription previously
described, except that advance seedlings are
adequate only under conditions of very low deer
pressure. In this situation, there is an option to
proceed with the first removal cut and to erect a
deer exclosure fence at the same time. Since this
requires an investment, some organizations may
choose to aveid cutting in this stand at the
present time. Either prescription is appropriate,
but we strongly advise against cutting unless the
fence is erected. Regeneration is very likely to fail
in this case.

it at least 30 percent of the understory plots
are stocked with at least one grapevine, grapevine
control should be considered at this time. Refer
to the Control Grapevine Prescription for
complete description of practices to be used.

See the First Removal Cut Prescription, the
First Removal Cut with Residuals prescription, and
the Fencing Prescription for complete description
of practices to be used.

Seed Cut

This prescription is appropriate in those
stands 10 be managed under even-age siiviculture
that have reached maturity, where timber
production is a major goal of management, where
seed supply and deer pressure Wil permit
seedling establishment, where overstory densityis
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currently high, and where neither advance
seedlings nor interfering understory plants are
cuirently abundant.

in these stands, a shelterwood sequence will
usually provide the hest way to harvest the
overstory and regenerate a new stand. The first
{seed) cut should reduce relative stand density to
80 percent to provide for the establishment of a
large number of additional advance seedlings,
without atlowing them to grow rapidly enough to
become attractive to deer. In areas of low deer
pressure, it may be desirable to reduce relative
stand density a little lower (fto 50 percent) to
encourage slightly larger advance seedlings.

When advance reproduction is adequate (it
usually requires between 3 and 10 years), the
overstory removal cuts may be made. Overstory
removal will usually occur in just one additional
cut, creating a two-cut shelterwood sequence.
However, in stands where site limitations require
large advance regeneration, or in areas where
visual goals require that regeneration be large
enough to ameliorate the visual impact of the
removal cutiing, a three-cut shelterwood
sequence may be desirable. The seed cut is
done in the same way whether the sequence will
involve two or three cuts.

If there is more than 5 square feet of basal
area of saplings and poles in unmerchantable
species (such as dogwood, sassafras, striped
maple, and so on), they should be treated by
stem injection of herbicide at the time of seed cut
to eliminate them from the stand and minimize
sprouting of these undesirable species. The
growing stock in these trees must be cansidered
in relative density calculations, so that residual
relative density is at the appropriate level. Refer
to the Distribution of Cut section for development
of specific marking instructions.

If at least 30 percent of the understory plots
are stocked with at least one grapevine, grapevine
control should be considered at this time. Refer
to the Control Grapevine Prescription for
complete description of practices to be used.

Stands that lack adequate advance
regeneration and in which the overstory density is
already below 75 percent are not likely to respond
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to shelterwood cutting.  Overstory density is
alrgady low enough for advance seedlings to have
developed it some other factor were not imiting.
Likewise, a combination of very high deer
pepulation and inadequate seed sources can
make prompt and successful regeneration
doubtful. In such situaticns, It is recommended
that cutting be deferred until the limiting factor
can be identified and corrected, or that measures
such as artificial regeneration and protection from
deer be used in conjunction with shelterwood
cutting.

In stands that contain large saplings and small
poles of the tolerant species, it may be desirable
to retain 30 to 80 good quality stems per acre to
ensure their representation in the main crown
canopy of the next stand. In a sheilterwood
sequence, the trees to be retained after final
harvest should be selected at the time of the seed
cut and clearly marked so that they are not
inadvertently cut or damaged during the several
cuttings of the sequence.

Herbicide, Seed Cut

This prescription is appropriate under
conditions identical to those for the Seed Cut of
any sheiterwood sequence, except that interfering
understory piants such as beech root suckers,
striped maple, dogwood, sassafras, laurel, fern, or
grass are at least moderately abundant.

Follow instructions under the Seed Cut
prescription, but treat the understory with an
herbicide pror to the first cut (seed cut). See
Herbicide Understory instructions in the section
on Herbicide Understory prescriptions.

Herbicide, Wait

This prescription is appropriate under
conditions identical to those for the Herbicide,
Seed Cut prescription, except overstory relative
density is already below 75 percent. Under these
conditions, there should be enough sunlight
available for the estabiishment of advance
seediings, and the volumes available for
sheiterwood cutting are likely to be marginal.
Regeneration is not currently adequate, probably
because of the moderate to high density of
interfering plants. If seed supply and deer



pressure are within limits that will permit
establishment of new seedlings, the only
treatment required is to remove the interfering
understory plants with an herbicide.

Follow the instructions under the Herbicide
Understory prescription.

Seed Cut, Fence

This prescription is appropriate under
conditions identical to those for the Seed Cut
prescription previously described, except that a
combination of high deer pressure and poor seed
supply limit the number of seedlings likely to
become established under a shelterwood canopy.
In this situation, there is an option to proceed with
the seed cut and to erect a deer exclosure fence
at the same time. Since this requires an
investment, some organizations may choose to
avoid cutting in this stand at the present time.
Either prescription is appropriate, but we strongly
advise against cutting unless the fence is erected.
Regeneration is very likely to fail in this case.

See both the Seed Cut Prescription and the
Fencing Prescription for complete description of
practices 1o be used.

Herbicide, Seed Cut, Fence

This prescription is appropriate under
conditions identical to those for the Seed Cut
prescription previously described, except that a
combination of high deer pressure ang poor seed
supply limit the number of seedlings likely to
become established under a sheiterwood canopy,
and interfering understory plants such as beech
root suckers, striped maple, dogwood, sassafras,
laurel, fern, or grass are at least moderately
abundarnt.

In this sttuation, there is an option to proceed
with the seed cut if investrments are made both in
fencing and herbicide application. Since this
requires a substantial investment, some
organizations may choose to avoid cutling in this
stand at the present time. Either prescription is
appropriate, but we strongly advise against
cutting uniess the fence is erected. Regeneration
is very likely to fail in this case.

See the Seed Cut Prescription, the Herbicide
prescription, and the Fencing Prescription for
complete description of practices to be used.

Fence, Wait

This prescription is appropriate when neither
advance regeneration nor interfering plants are
abundant, when overstory density is already low
enough to permit seediing establishment, but a
combination of high deer pressure and poor seed
supply limit the number of seedlings that can
become established.

In this situation, a deer exclosure fence may
be all that is required to obtain adequate advance
seedlings. Since this requires a substantial
investment, some organizaticns may choose to
avoid any activity in this stand at the prasent time.
Either prescription is appropriate.

See the Fencing Prescription for complete
description of practices to be used.

Herbicide, Fence, Wait

This prescription is appropriate when advance
regeneration is limited, and overstory density is
already low enough to permit seedling
establishment, but a combination of interfering
plants, high deer pressure and poor seed supply
limit the number of seedlings that can become
established.

'n this situation, a combination of herbicide
application and deer exclosure fence may be
required to obtain adequate advance seedlings.
Since this requires a substantial investment, some
organizations may choose to avoid any activity in
this stand at the present time. ERther prescription
is appropriate.

See the Fencing prescription and the

Herbicide Understory prescription for complete
description of practices to be used.
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Grapevine Controf

Grapevines that grow into the crowns of trees
can cause extensive damage by interfering with
growth and seed production, and by breaking out
the tops of the trees. Damage can be especially
severe in young, even-aged stands.

In stands with more than 30 percent of the
understory plots stocked with grapevines, it is
usually advisable to treat the vines. This can be
done by cutting the vines close to the ground.
Canopy shade will usually prevent the sprouts
from surviving. Where canopy density is low, or
where harvest cutting will occur within a few
years, cut the vines and treal the cut stumps with
an herbicide.

Herbicide Understory

In stands containing dense coverage of ferns,
grasses and sedges or woody interfering plants,
such as beech root suckers, striped maple,
dogwood, sassafras, sourwocd, black gum,
rhododendron or mountain laurel, shelterwood
cutting often stimulates these plants to the point
where they interfere with desired reproduction.
Such stands can be treated successfully if the
undesirable understory plants are removed with
an herbicide in conjunction with other measures
to reestablish regeneration.

Two herbicides have proven useful in treating
interfering understories in Allegheny hardwood
stands: Roundup Herbicide, manufactured by
Monsanto Agricultural Products Co., and Qust
Weed Killer, manufactured by E. I. Du Pont de
Nemours and Co.2

Roundup is effective in controlling ferns,
grasses and sedges, striped maple, and beech
when applied to actively growing foliage at the
rate of 1 quart per acre (1 Ib/acre active
ingredient) in 20 to 25 gallons of water per acre.
Ferns and grass should be treated from early July
through leaf yellowing in mid-September; striped
maple and beech should be treated from early
August through mid-September. Herbicides with
proven effactiveness for laure! and rhododendron
are not avalilable.
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Qust is effective in controlling ferns and some
grasses, but has no activity against striped maple
or beech. It should be applied at the rate of 2 oz.
of Qust per acre, between early July and leaf
yellowing in mid-September.

Both herbicides can be applied from low
pressure sprayers, backpack mist blowers, air
blast sprayers or hydraulic sprayers. In large
forest applications, tracked or rubber-tired
vehicles are used to move the sprayer through
the stand.

QOust and Roundup are useful either zlone, or
in mixture with each other,

Roundup is required where woody
interference is to be removed since Oust is
ineffective on these plants. Roundup will also
remove fern and grass, but it will not completely
kill ferns where rhizomes are broken off by treads
on the vehicles used to carry the sprayer. This
often results in reinvasion by fern from the
unkilled rhizomes in the track area. Roundup has
no effect on seed buried in the forest floor, so it
will not prevent grass and sedge reinvasion on
areas that have a large buried seed supply. Soil
disturbance from skidding can result in reinvasion
of grasses and sedges after herbicide treatments
that are followed by cutting.

Qust has characteristics that complement
Roundup. It is taken up both by foliage and
roots, and has short term residual activity. So it
is effective on ferns even in areas where the fern
rhizomes have been broken by the spray vehicle.
And it will reduce grass reinvasion for two years
after spraying. Since it is relatively ineffective on
woody plants, Oust may not kill desirable advance
seedlings intermixed with interfering ferns and
grasses.

2 The use of trade firm, or corporation names
in this publication is for the information and
convenience of the reader. Such use does not
constitute an official endorsement or approval by
the U.S. Department of Agriculture or the Forest
Service of any product to the exclusion of others
that may be suitable.



Where the target vegetation is woody
interference alone, and where buried grass seed
is not likely to be a problem, we recommend the
use of Roundup alone. Where the target
vegetation is fern alone, we recommend the use
of Oust alone, to kill the ferns while preserving
some of the advance regeneration. Where the
target species include both groups of interfering
plants, we recommend applying a tank mix of
both Roundup and Oust.

Much of the cost of herbicide application is in
the labor and equipment required to make the
application. The additional cost of a second
herbicide in tank mix, while important, is
considerably less than the cost of two separate
applications. The additional cost of the second
herbicide can usually be justified if the proportion
of plots stocked with interfering species not killed
by the first herbicide exceeds 15 percent.

Fencing Against Deer

Area-wide fencing has been used extensively
in the Allegheny Plateau of Pennsyivania to
protect regeneration against deer browsing.
Although it requires a substantial investment, it is
often the only way to ensure adequate
regeneration in the presence of excessive deer
populations. It is recommended alone or in
combination with other cuitural practices in
several prescriptions.

There are two major types of fencing that may
be used. Standard woven-wire fences must
generally be 8 feet tall and carefully sealed at the
ground line, but they can be very effective at
excluding deer and require relatively infrequent
maintenance. The cost of woven-wire fencing is
very high. If used, it Is best to install the bottom
4-foot section so that about 6 inches of it rests flat
on the ground, bent towards the outside of the
fence. Rocks and logs piled on this ground
section make an effective seal, although ravines
and depressions require special attention. This
fence should be stretched tight to minimize
damage from falling trees and limbs.

Electric fencing can also be effective i
installed properly, but it can be totally ineffective
f not installed carefully or # inadequately
maintained.  Electric fencing is considerably

cheaper than woven-wire fencing, but it requires
regular maintenance to change batteries, test for
electrical continuity, etc. Either vertical or slant
designs are effective. We have found a 6-wire
vertical design to be the easiest to install and
maintain in a reliable way. The wires should be
instalied so that alternate wires serve as a ground,
and so that lower wires can be disconnected
when snow builds up around them in the winter.
Appropriately-sized solar panels with high-quality,
deep discharge batteries, in combination with a
charger can considerably reduce battery
maintenance. We recommend this type of fencing
for operational protection against deer damage.

Fencing has traditionally been installed after
the final overstory removal, and its use in that
manner is recommended here. However, the
benefits of fencing are even greater if applied
earlier in the regeneration process. Fences
erected at the time of the sheiterwood seed cut
will not only help ensure adequate numbers of
advance seedlings, but will greatly increase the
diversity of species that become established. The
ability to favor highly preferred species and to
increase species diversity, coupled with direct
protection from browsing failure, make fencing an
especially effective treatment in areas of excessive
deer.

Fertilization of Regeneration

Aerial fertilization is a way to circumvent deer
browsing in some circumstances. It is generally
applied during the second or third year after final
overstory removal. Fertilizer prescriptions will be
encountered as a part of regeneration follow-up
procedures. If surveys of regeneration 2 years
after final overstory removal cutting reveal that
there are adequate numbers of seedlings present,
but that deer browsing is delaying their
development, or threatening their survival,
fertilization with 200 pounds of nitrogen {as 600
pounds of Ammonium Nitrate} and 43 pounds of
phosphorous (as 217 pounds of triple super
phosphate} will often stimulate the seediings {0
grow rapidly out of the reach of deer. These
elements may be mixed together and applied by
helicopter.

Fertilization has the added advantage of
getting the stand off to a quick start, reducing
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rotations somewhat in the process. Fertilization
circumvents browsing damage not only by
stimulating rapid growth, but by producing an
abundance of other deer food that takes the
pressure off the developing seedling regeneration.

Consider Artificial Regeneration and Fencing

There are several possible treatments that will
be encountered in stands that are exceptionaily
difficult to regenerate. Our recommendation is
that activity in these stands be deferred for the
present. The substantial investments required in
combination with considerable risk that adequate
regeneration  will not develop make these
questionable investments. Instead, we suggest
that attention and investment be concentrated in
other stands that are more likely to succeed.
However these treatments are offered as an
alternative if sorne action is considered necessary
in these stands. All of these treatments are
heavily shaded in Prescription Chart E to call
attention to the fact that they are treatments to be
considered, not recommended prescriptions.

Most of these questionable treatments arise in
stands that have very poor seed supplies, or
moderately poor seed supplies in combination
with high deer pressure. This situation is
common in stands that lack good seed producing
species. In oak stands that have limited oak seed
sources, and where regeneration dominated by
species other than oaks is unacceptable, these
treatments may also be appropriate to consider.

in oak stands in particular, the use of
individual tree shelters, rather than area fencing,
is worthy of consideration. Tree shelters have
been shown to increase oak seedling growth in
addition to protecting against browsing. Since
slow initlal growth of oak seedlings relative to
other species is an important factor in oak
regeneration failure, use cf these shelters in areas
of high deer pressure may help to get the oaks
put above both the deer and their competition.
Like the other treatments in this group, however,
this treatment is presented as one {o be
considered rather than as a prescription.

Artificial regeneration may be done either by
seeding or planting. Seeding is usually best done
as spot seeding on prepared seedbeds, with seed
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buried, or at least pressed into, the soil. Ozks
have been seeded successfully i the acoms are
adequately protected against rodents.

Hardwoods can be planted on cutover sites or
in shelterwood situations successtfully if protected
against animal damage, and if large, vigorous,
stock in good condition is used. Control of any
interfering plants is essential, and fertilizer applied
at the time of planting is usually a good
supplementary investment.

Regeneration Follow-up

When a final regeneration treatment is
prescribed, it is important that periodic checks be
made to ensure that the regeneration actually
develops after the treatment is applied. As
before, a survey of the regeneration using
6-foot-radius sample plots is recommended (Fig.
9). In even-age silviculture, the first inventory
should be made about 2 years after cutting, and
additional surveys should be made as indicated
by the results of the first one.

At this stage of development, plots are judged
as stocked if they have: (a) 25 stems per piot
total, (b) 5 sterns over 3 feet tall, or (c) 2 stems
over 5 feet tall. Only when at least 70 percent of
the plots have 2 stems over 5 feet tall can the
new regeneration be considered successful. At
that point, most of the regeneration will be above
the reach of deer and the stand is safely
established.  Before that time, the average
proportion of the other two stocking measures
provide an indication of the probable outcome.

If the probable outcome is not satisfactory,
fertilization or fencing should be considered. if
failure is apparent, planting (probably with
herbicide control of herbaceous plants) might be
required. Planting should almost always be
accompanied by protection and fertilization.

Obviously, the costs of reclaiming failed
regeneration cuts can be very high, and should
be avoided. The guidelines described for
advance reproduction, interfering plants, site
limitations, and choice of cutting methods should
minimize such failures and provide reasonable
assurance of success in most situations.



Chart F. Regeneration Follow-up
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Distribution Of Cut

in any partial cutting, trees should be selected
for cutting or retention to achieve the desired
density, structure, and quality in the residual
stand. The desired structure, in particular, varies
with the type of partial cutting prescribed. To
decide which trees should be cut, use the
following guidelines.

First priority is to maintain the desired residual
stand density. Second priority is to remove all
unacceptable growing stock trees before better
quality trees are cut. And third priority is to cut
so as to achieve the desired stand structure
(size-class distribution). Species composition—-a
factor in both stand quality and structure--may
also be altered by cutting. All else being equal,
stand markers should generally favor the most
valuable species, or with all-aged cuttings, the
most valuable shade-tolerant species. However,
no special consideration is given to species
composition in distributing the cut, since the
procedure used automatically favers the larger
trees, which are usually the more valuable species
in the stand.

In selection cuts and thinnings, residual stand
density should be 80 percent, except where this
would mean removal of more than 35 percent of
the relative density in one cut. In these cuts,
residual stand density should be 85 percent of the
existing density. Residual densities in even-aged
regeneration cuts are not subject to the above
limitation. Seed cuts should be made to leave the
prescribed 50 or 60 percent relative density
regardless of how much must be removed to
achieve #t. The first harvest cut of a three-cut
shelterwood should likewise reduce relative
density to 30-35 percent ail at one time to achieve
desired results.

Stand structure goals in thinnings and
shelterwood cuts are achieved indirectly. We do
not know exactly what stand structure we should
try to create in these mixed hardwood stands,
many of which do not exhibit the textbook type of
even-aged bell-shaped curve. So, we attempt to
move the structure toward the thecretical ideal by
cutting more heavily from the smaller trees than
the larger ones. This increases stand diameter,
reduces time to maturity, and reduces the
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diversity of dlameter classes present, altering the
distribution of diameters toward a bell-shaped
curve without assuming any particular curve as
ideal. A tabie shawing the proportion of the cut
that should come from each major size class is
used to distribute the cut (Table 6). The values in
this table were calculated using the assumption
that two-thirds of the cut basal area (three-fourths
of the cut relative density} should come from
below the stand diameter, and the rest from
above the stand diameter.

Stand structure goals are achisved in
selection cuttings by setting up a residual
structure goal based on the maximum tree size,
q factor, and residual density prescribed. A table
of appropriate goals are used for this purpose
(Table 6). Then, any trees that are in excess of
those goals {within each major size class) are cut.
However, no saplings are cut-—-the structure goals

re set up so as to exclude saplings and achieve
the desired structure within the merchantable size
classes only.

Quality goals are achieved as an adjustment
to the structural goal. After the initial structural
goal for a thinning, shelterwood cut, or selection
cutting has been established, the goal is
compared, by size class, with the inventory data
on tree quality. If acceptable quality trees are
being cut in one size class while unacceptable
quality trees are being left in ancther, an
adjustment that does not alter the residual density
is made.

In commercial thinnings, a minor deviation
from the procedure above is made in those
stands that contain substantial amounts of large
sawtimber {trees 24 inches and larger). Since
such trees are generally mature, up to 50 percent
of them may be removed, allowing more of the
smaller sawtimber sizes that are increasing more
rapidly in value to remain.

The distribution of cut for commercial
thinnings assumes that there is adequate volume
of both sawtimber and pulpwood, to make a sale
involving both products feasible. In cases where
sawtimber volumes are limited and the sale is to
include only pulpwood, a redistribution of cut
should be made. The density of good quality
(AGS) sawtimber that would have been removed



should be taken instead from the poletimber-size
class.

The stand diameter to be uysed in the
distribution of cut depends upon the prescription.
fn  combined TSI-Commercial Thinnings,
sapling-size trees are to be cut, so the diameter of
the entire stand (MD) is the appropriate one 1o
distribute the cut around. In commercial
thinnings, and shelterwood cuts, no saplings are
cut, so the diameter of only the merchantable-size
trees (MDM) is used.

The cut in Precommercial Thinnings and
Thin-Harvests is not distributed as above, but is
special. Since no commercial sale is involved in
a Precommercial Thinning, cutting occurs strictly
from the unacceptable growing stock, the
noncommercial species, and the smallest trees in
the stand. No merchantable trees of good quality
are cut, since this might reduce total stand yield
over the long term.

in Thin-Harvests, the cutting is very heavy in
the large sawtimber and poletimber size classes.
Such stands are within 15 years of maturity; the
poles will not grow into valuable sawtimber size
before final harvest so there is little reason to save
them. The large sawtimber trees are already
mature and might as well be harvested. This
preserves for the final harvest the maximum
number of small and medium sawtimber trees that
are increasing in value most rapidly.

In all partial cuttings, unacceptable growing
stock trees are removed first, even i this means
that the structure goals cannot be met. Within this
fimit, the cutting is done so as to come as ciose
to the desired structure as possible. Mechanics
of distributing the cut follow.

Instructions for Distribution of Cut

The overstory data and guidelines on partial
cutting can be used to calculate how much of
each size and quality class should be cut to
achieve the prescribed effiect. This distribution of
cut provides the information that timber markers
need to achieve the desired structure in the
residual stand. The calculations can be done by
computer or by hand, using the Distribution of

Cut Worksheet (Figure 10). Calculations for
intermediate cuttings under even-aged silvicultural
systems and those for selection system cuts are
made using the same worksheet. The steps
described below are easiest to follow if Figure 10
and Appendices A through F are consulted as
examples.,

The distribution of cut occurs in four major
phases. The first is selection of stand density and
structure parameters based on the prescription
selected. Next, structure parameters are
adjusted to fit the actual size distribution in the
particular stand. This step is slightly different for
even-age and all-age prescriptions. The third
phase adjusts the structure once again to remove
the maximum proportion of UGS possible within
the relative density constraints already
established. The final phase translates the result
into marking guides (ratios), and into basal area
for cut and residual stands. We recommend
carrying these calculations to one decimal place.

In Phases I, Il and ! there are several
alternate paths, depending on the prescription
and conditions in the particular stand, In the
explanations below, these alternate paths are
written in smaller type; he certain to select the
appropriate path from the several alternatives
listed. The several choices are identfied by
statements that begin: W thisisa.. "or i the
total of Column 6is . . ."

Phase I. Prepare worksheet and determine
density and structure parameters.

1. Transfer the original relative density from the
Manual Qverstory Summary form (totals block in
the lower right corner to Column 1, Distribution
of Cut Form, for each size class and for the total,
Include saplings, even if none are to be cut.

2. Transfer UGS relative density from the Manual
Overstory Summary form (summary block of the
UGS section, near the center right) to Column 7,
Distribution of Cut Form.

I there will be no cutting in the sapling class, . ..
. .. fecord no saplings.

if this is the ssed cut of a sheiterwood saquence, and
the stand contains 5 or more square ‘eet of basal area
per acre in noncemmerzial saplings and poles, | ..



. include thesa noncommercial sapling UGS in
Column 7.

i there will be cutting in the sapling class, . ..
.. . record sapling UGS.

3. Total the UGS recorded.

4. Transfer the original basal area per acre from
Manual Overstory Summary form (total block in
the lower right hand corner) to Column 12,
Distribution of Cut Form, for each size class and
for the total.

5. Determine the residual density for this
treatment.

i this is a thinning or selection cut . . .

. .. multiply the original relative density (Total, Column
1) by 0.65. i this number is 60 percent or more, record
it in the total row of Column 5. i it is less than 60
percent, record 60 percent,

¥ this s a shelterwood ssed crt in an area with
moderate to high deer pressure, . . .
... record 80 percent.

¥ this is a shelterwood ssed cut in an aresa with low deer

pressure, . . .
... record 50 percent.

¥ this is the second cut {ficat removal cut) of a three-cut
shetterwood sequencs, . . .
... record 35 percant.

Record the desired residual density in the Total
row, Column 5.

8. Determine the density to be removed in this
ireatment. Subtract the desired residual density
(Total, Column 5) from the original relative density
(Total, Column 1). Record this value in the Total
row, Column 6.

7. Determine the size class distribution for this
treatmenit. Copy the goal percents for each size
class from Table 6 (Cut relative density to come
from and reiative density to be retained in various
size classes, in percent, page 80) to Column 2,
Distribution of Cut Form, by size classes. Use the
line on Table B for the appropriate prescription
and stand diameter. Record the percents as
proportions; that is, divide each by 100 and
record.
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Phase ll. Adjust the structure to fit the size class
distribution of the actual starxd.

If this is an everraged treatmert . .

1. Multiply the proportions in Colurmn 2 by the Cut Density
in the Tota!l Row of Column 6. Record these values in
Column 3.

2. Total Column 3 1o be certain that the total cut goal is the
same as tha Total of Column 6,

3. For each size class, subtract the values in Column 3
{density to be cut} from the values in Column 1 {original
density). Record only negative answers in Colurnn 4.

if there are no negatives, . . .
... copy the numbers from Column 3 to Column 6 and
proceed to Phase Il

if there are negatives, . ..

. an adjustrent is required. Negatives occur in
Column 4 when the original stand has less density ina
particular size class than the planned cut. Increass the
cut in other classes by writing positive numbers in those
rows where the cut is to be increased. Make these
increases in the smaller size classes to the sxtent
possible. Do not increass ths cut in any size class o
more than is available (the value in Column 1).

Check to be sure that the adjustmenis
balance; that is that the sum of the
positive and negative numbers in Column
4is zero.

Cakulate the adjusted cut for sach size ciass by
summing Column 3 and Column 4. Record the answers
in Column 6. Checlt t0 be certain that the total of the
values in Column 6 equals the total already written
thera. Proceed to Phase liL

If this is an all-aged treatment . . .

1. Sincs no saplings will be cut in thess treatments,
transfer the original relative density of the sapling class
from Column 1 to Column 3.

2. Deterrnine the residual density of the merchantable size
classes by subtracting the sapling density from the total
Residual Density (Total, Column 5). Becord the answer
in the space above Column 3.

3. Determine the distribution of this merchantable residual
among the size classes. Muitiply the proportfions
already written in Column 2 by the merchantabie
residual above Column 3. Record each answer in the
appropriate size class in Column 3,

4. Total Column 3 and be certain that the total residual
goal is the same as the total of Colurnn 5.



5. For each size class, compare the planned residual
structure with the existing structure by subtracting the
values in Column 3 from the values in Column 1.
Record neqatives only in Column 4.

if there are no negatives,. . .

... the cut can be impiementedas planned. Copy the
values for each size eclass in Column 3 to Column 5,
Residual Goal. Calculate the Cut Goal by subtracting
Colurnn 5 from Column 1 for each size class. Fecord
the answers in Column 6. Proceed fo Phase L

If there are negatives, ...

... an adjustment is required. Negatives in Column 4
reflect deficiencies in the current stand compared 1o the
desired residual. Increase the residual in other classes
to ensure that the correct residual density is left. Do
not increase the residual in any class abovse the density
in the original stand, or the value in Columa 1. Record
increases as positive numbers in Column 4. in general,
increase the residual in smaller classes. The best trees
in these classes will grow faster and smooth out the
deficiencies prior to the next cut,

Be certain that the acjustments balance; that is, that
the sum of the positive and negative nusnbers in Column
4 is zero,

Determine the actual residual goal by summingthe initial
goal in Column 3 and the adjustments in Column 4 for
sach size class. Record the answers in Column 5. Be
certain that the sum of the values in Column 5 is equal
to the total already written there.

Determine the cut goal for each size class by
subtracting Column 5 from Column 1 and recording the
answers in Column 8. Proceed to Phase il

Phase lll. Adjust the planned cut to remove the
medmurm proportion of UGS from the stand within
established density constrairits.

1. Determine the quality effects of the planned
cut. Subtract the original relative density of UGS
(Column 7) from the planned cut (Column 6).
Record the answers in Column 8. Positive values
in Column 8 represent AGS being cut, and
negative values represent UGS being left in the
stand.

2. Determine whether an adjustment is required
and possible.

¥ all the answers have the same sign [positive of
negative}, . . .

.. . adjustment is either not required or not possible.
Copy all values from Column 6 to Column g and
proceed to Phase V.

¥ some of the differences ams positive and some

. an adjustment 10 increase the UGS removed is
required. The nature of the adjustment depends on the
totals of Column 8 and Coiurnn 7.

3. Make the adjustment, if required.

i the total of Column 6 is greater than the total of
Colurmint 7 (that i, the planned cut exceeds the UGS) .

1, Erase or siike out the positive numbers in
Column 8.

2. Change the negative numbers {o positives. Because
the relative density of the planned cut exceeds the
relative density of UGS in Column 7, all the UGS in
Column 7 can be removed In this treatment. The
numbers just made positive represent increased cuts in
those classes where UGS were 10 De left.

3. Decrease the cut in the remaining classes o balance
the increases recorded in Step 2. Record the decreases
as negative numbers in Column 8. Be sure not to
decrease the cut so far as to leave UGS in thess classes-
-that is, be certain that Column 6 minus your adjustment
in Column 8 is greater than or equal to the valus in
Column 7.

4. Be cartain that the adjustment is balanced; that s,
that the sum of the positive and negative numbers in
Column 8 is zero,

5. Determine the adjusted cut by summing the values
in Column 6 and the values in Column 8 for each size
class. Record the answers in Colurnn 8. Bs certain that
the sum of Column 9 equals the Total, Column 6.
Proceed to Phase V.

If the total of Column 6 is less than the
total of Column 7 (that is, the UGS exceed
the planned cut) . ..

1. Erase or strike out the niegative numbers in Column
8.

2. Change the positive numbers to negatives. Becauss
the relative density of the UGS exceeds the planned cut,
the entire cut should be UGS. The numbers just made
negative represent decreased cuts in those classes
whers AGS were to be cut.

3. Increase the cut in the remaining classes to balance
the decraasas recorded in Step 2. Record the increases
as positive numbers in Column 8. Be sure not to
Increase the cut in any size class so far as to cut AGS in
that class; that is, be certain that the sum of Column §
plus thess adjustments in Column 8 is less than or
equal 1o the value in Column 7 for each size clase.
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Table 6. - Cut relative density to come from and relative density to be retained in various size classss, in percent.

DIAMETER SAPS POLES SSAW MSAK L5a"
EVER-AGE SILVICULTLRE
CUT RELATIVE DENSITY TGO COME FROM VARIOUS SIZE CLASSES
HOH Commercial Thinning and Shelterwood Cutting®
8 - 100 e 0 o
? -- 94 4 ] )
10 - 88 12 ] 0
11 -- 81 19 0 8
12 - 74 24 2 o
13 .- 68 26 6 [
14 -- &3 27 10 0
15 -- 58 28 Co13 1
16 - 54 28 14 4
17 - 51 27 15 7
ko Combined TSI - Commercial Thinning
4 21 9 0 g b}
5 82 18 0 g 0
& 74 26 0 0 b}
7 67 29 4 0 ]
8 &1 30 4 o o
9 55 31 14 o} 0
10 51 31 15 3 0
Precommercial Thinning
== 100 0 0 0 0
Thin-Harvest
- .- 50 5 15 30°
ALL-AGE SILVICULTURE
RELATIVE DENSITY TO BE RETAINED IM VARIOUS SIZE CLASSES
Standard Selection Cutting (Mgmt Goal 33
-t 41 37 22 0
single-tree Selection Cutting with Maximum Large Trees (Mgmt Goal 4)
--* 22 30 27 21

? For commercial thinning only, take up to 50 percent of original density In large saws and adjust other sizes proportonally.

Note that shetterwood cuts being made in stands that cortaln 5§ or mare square feet of basal ares per acre innoncommerciat (UGS) sasiings and poles should
include removel of afl noncommercial stems (usually by injection with an herbicide) ever though no other cutting will occur In the sapling class.

For thir-harvest only, take up 1o 75 percent of onginal denslity In large saws and adjust other sizes proportionally.

in pii-age cits, alf exdsung sapling density is retaited.
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4. Be centain that the adjustment is balanced;
that is, that the sum of the positive and
negative numbers in Column 8 is zero.

5. Determine the adjusted cut by summing
the values in Column 6 and the values in
Column 8. Record the answers in Column 9.
Be certain that the sum of Column g equals
the total of Column 6. Proceed to Phase IV.

Phase IV. Transiate the planned cut to a marking
guide and to basal area.

7. Calculate the percent cut in each size class:
Divide Column 9 by Column 1 and multiply by
100. Record the answers in Column 10.

2. Determine the cut ratio by translating the
percents in Column 1Q to proportions and
reducing these to simple fractions. For example,
if 52 percent of the poles are to be cut, this is the
same as 52/100, which can be reduced to
approximately 1/2 of the poles. Avoid fractions
finer than 5ths. Record the ratios in Column 11,

3. Determine the cut basal area for each size
class by muiltiplying the percents in Column 10
times the basal areas in Column 12 and dividing
by 100. Record these values in Column 13. The
sum of these values is the total basal area cut.
These values can be converted to crude volumes
using the basal area factors from the Overstory
Taily - Manual Summary form.

4. Determine the residual basal areas for each
size class by subtracting the cut values in Column
13 from the original stand values in Column 12.
Recard the answers in Column 14.

The distribution of cut ratios described above
are all calculated automatically by the computer
program, and they are printed in the narrative
section of the computer printout as marking
instructions. Data on the residual and cut stands
are also included.

Timber Marking Procedures
The final step in the SILVAH system is 1o

apply the prescription just prepared by marking
the forest stand in accordance with the marking

82

instructions. This will ensure that all the research
results incorporated in the guidelines are applied
on the ground, and that the residual stand after
treatment will have the density, structure, species
composition, and gquality that have been so
carefully planned. If this task is not performed
properly, all of the time and effort expended inthe
previous steps will have been wasted.

Most markers are accustomed to marking
stands to a specific residual basal area and to
selecting trees for removal so as to imprave tree
spacing, total stand quality, and to regulate
species compesition.  The SILVAH system
incarporates control of stand structure as well.
Now markers must make an effort to remove the
desired density in specific tree sizes.

During the calculations for the SILVAH
system, figures were carried to tenths of square
feet of basal area Then those precise
calculations were reduced to broad ratios, like 1:5
large sawtimber or 2:3 poles for marking. If
calculations are rounded off too socn, the ratios
arrived at will be very different, due to the
accumulation of errors. But with precise
caiculations rounded at the end, the ratics
developed are adequately precise for marking,
based on sound figures, and easy to apply with a
little practice.

To use these ratios in the forest, step at
regular intervals through the stand and consider
the circle of trees around you. Decide which
trees are best to leave for the final crop and
decide which of the trees in the circle must be
removed to achieve the residual density goal and
improve the growing conditions for these trees.
The ratios are intended to help you achieve this.
if the medium sawtimber ratio developed in the
caleulations is 1:5 and there are five medium
sawtimber trees, choose the best four and mark
the remaining one. If the pole ratio is 2:3, and
there are six pole-size trees in the circle, choose
the best two trees that do not interfere with the
sawtimber. Leave these and mark the other four.
Do the same in the other size classes, using the
appropriate ratios. If you let your marking be
guided by the ratios, you will achieve both the
desired structure and the desired densily.



The ratios automatically help you adjust your
marking as conditions within the stand vary.
Whatever your ratics, you will automatically mark
more heavily in areas where the stand is dense,
and more lightly in areas that are sparse. Do not
allow the ratio to override other basic principals or
commaon sense, and do not try 10 compensate
from one spot to the next.

Marking is a phase of the SILVAH system that
calls for professicnal experience and judgment.
The ratios developed by the computer or the
manual calculations provide guidelines that enable
the marker to meet the landowner objectives by
sefting stand structure, density, quality, and
species composition. But these guidelines wil
best achieve those objectives if implemented with
full professional concern for tree quality, spacing,
risk factors, and the variability encountered on the
ground.
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Appenrdix A. Sample Manual Overstory Tally Form,

SILVAH - Manual Overstory Tally Form

Stand 1D USDA, Ferest Service, NEFES, warren, PA  1/71
Other
AGS N. Red Al Sugar Striped ockes,
Size class ook |hemlock others| maple maple hickory
Saplings Dot @ . @ .
1.0 -~ 5.5" A
BA = L&
. e Ez R
Poles Doti- .
5.5 - 11.5" L @ @
BA L6 100 7.
Srmall Sows Dot )
1.5 = 175" | 2
A Lo [ 4.7 T 1.
Medium Saows |Det
17.5 -~ 23.5"
BA
Large Saws  |pet
23.5" + —
BA f
Total Basal area
Poles & larger ‘ SZJ /4 7
Other
UGS N. Red All Sugar - | Striped) 4oks,
Size cicss oak !hemiock others mople! heech | maple hickory
Seplings Dot @ E@
1.0 - 35.3" —
BA . ] Wi
g
Poles Dot @ @
5.8 - 11.8" e > .-.___77 —
BA .5 .9 |

Small Saws Dot

ol

11.5 - 17.5"

- b ' :
G

NS [N
| T

NS

SIS

sal 6.8 A
. =21 I~
Medium Saws Dot
17.5 —- 23.5" @
Ba| 4.7 3, L

Large Saws ipot

23.5" +

BA

Total Basal area
Poles & larger

AGS + UGS

8A Poles & larger

Plot

Count Vv }\/

L6 16|
481263
1] 2 1112 15|16 |17 |18 |19 [ 20| Copyersien
| | mE .
| V|V Viviviv 7g = 526

|

BA « Jors ® Comernian e



Appendix B. Sample Manual ID & Hegen Tally Form.

— SILVAH - ID & Regen Tally Form -

ldenﬁﬁcaﬁon Da’[a USDA, Forest Service, NEFES, Warren, PA  1/91

Owner/Agency UVISIF|S T } f ] Sheet___/___cf _‘{?’;

Forast/Property . IXIA NI £ 11X P FlolglE ]‘S T

County/ Disirict EIL K .

Compartment/Unit /17| /1 Stand No. 1213

Remarks

Species Codes /} dbh classes (2_ Tally menth ]O![%[ Year |/ ‘715’19’

Overstory Cruise Type | 7| = plots i/ q BAF/plot size | [1O]. {O!O

Regen Cruise Type | Z| = plois 318 Plot size /

Acreage in stond f / OIO‘{ 0 Stand age O

Cover Type Habitat type ] Soil type I Site class !

Site species Site Index Height odjustment | | }

Elevotion Aspect Slope % TI Topo. position| | i

Operabilily Access { Water code Water code

Acres W/T 1 mi. Cleorcuts I | | cultivation ‘ | Open | ] Water code ]

Management g

oal [/I Mgmt. value | /|

Deer impoct index I/;LT Cypsy moth ! i

Stress ]

Notes

Regeneration Data

| S Pl U R P = [ %

' Black cherry Golka) i5es) (#d7sh50) 20| /51350 10(G0) o 10[151 Bols| 18 | 47
2 Small cak | | |
2 Other desirables 51025l 200 5020207500150 (515 | |25150(75175 501

iy
# Sgpling regen
18 Woody inferfersnce 'l" 5
i1 Laursl & Rhododendron
1z Ferns 55
13 Grosses
15 Grapevines i
17 Site limitations |




Appendix C. Sample Manual Overstory Summary form.

—— SILVAH - Manual Overstory Summary —
Stand 1D USOA. Forest Service, NEFZS, Worren, PA 1/G1
AGS BC~WA~YP | RM—NRO—EH~Oth| SM~AB=StM-00 All Species AGS
Size class BA RD i BaFt| BA ! RD | BdFt] BA | RD ! BA i RD | BgFt
Saplings value 3 12. . (3.7
f "1T Y W 3.2 55
Poles velue S 19k ‘53 511‘5
3./ ~5z5 90 57 .6 Tygq i
smoll Sows YO0y ) 17 25200 g 5101 1248 o 0155137 e 3l
200 5 =5 /05 | 0.571 64 5.8 Tor w953 128.3, 4739
Medium Sows |value 20330& z /0 223 | §
|25 855t 5| 4. o T0s Tl 9.013525
value : . : ; : . : :
Large Scws ol 74 : ' : - . :
| 55577 YR e el 0.5 0.1 /4
All Sizes AGS | value| 59 4" 2/7 58| 31,6 20./ 1%7/|20.6 207 371|116 (2.5 7738
UGS BC-WA~YP RM=NRO=EH~0th | SM=AB=S{M-00 All Species UGS
Size class BA  RD . BA ' RD |Bdft| BA { RD Bdft| BA  RD , Bdf
Saplings volue 6.8 .
f 144 ‘5"3:" 1,17 6-7 ‘ X/
Poles value 03 : ‘ 9.y =
— -2 0.60 i 9.5 0.99 4 3.7 1~ :
Smoll Sqws | Volue 2.7 L3¢ "3,9:218\ 5 37 134 :
f 6.8 0,39 43 é'gg 0.577 37 42 084 37 178 /0.5 £33
Medium Saws |“oMue L5 301 i 1.61170 :
F %7 0,51 B4 3.2 - 0.49 53 10,97 53 L7 3 471
Large Saws value ‘ : : : ‘
f 5.37 74 0.44__ 60 0.51 &0
All Sizes UGS lvaluei /2 o 17’.5 5871149 9.6 388 /?52.0/ 1391 44,3 342 /9
Multiply factor (f) AGS + UGS : All Species
by basal orea (BA) Size class MDM @ MD | BA®f: BA*f|Cords| BA . RD BdFt
Saplings i’;‘i LD 130
value :
Pales f 3743217 ,
Small Sows value 3. : 8 977
] T4.5: 14.5] 0.22 3. 538‘ : 7
; ws-|volus 733917339 46 i i
R 70,51 2051 0.24 358 112.113796
ws |voiue 13.3115.3] 0.J
Large Saws 'v"E 78.5.25.5 0.8 05? 0.1 § 74
Ali Sizes volue !%’.5f 13.7 g.zz.s.efzzzsx.a 3.5 1/57.? 96.7 fggzﬂ’




Appendix D. Sample Prescription Summary Worksheet,

— SILVAH - Prescription Summary Worksheet —

Stand 1D USDA, Fores! Service, NEFZS, Worren, PA 5/30
& i B . «
Yearsto Maturity Prescription Variables
Species BA |BAL 7| BA% S —— 3
~Hioek chery AT 3_ ‘ Site & Environmental Factors
White gsh &, ~
“Yellow poplar , Monagemeni Goal /
_Red mapls LI_1//7.9.20| 23.5 oot 1
“No. Ted ook Deer impact index [,L
Fastern hemlock K
A oihers o } Seed socurce index /
Sugar maple 30.0 . e
American _hesch 0.1 NARE 6.0 Site limitations 0
_Striped Mapie et :
Cther ogks, hick.
/8
Totol s . 19 29.6 Understory Factors
Yrs. fo Mel. = {18 ~ MDM)/growth factor @ Any small regen 50
3.5 _ R
(/3 - 1‘{,5)/_}‘1 =75 ~ /8 Any regen or residuals 53
Any small regen — no deer 76
Seed Source Index R  residual ga
- - i . ErY [u Seedtings ny regen or residucis no er 76
pecies i chles H_ e Sapling regen
__Black cherry 4.0 64/_/__‘ 256 4% pung reg 0
~2uger maple good 2.4 inferf
“Sugar mapie poor I TR Any inferference /3
_Whife_ash sl _ed | 10.%
_Red maple 1.5 34 5 $9.3
— -2 ! Overstory Factors
Total 357
o 577 Sapling basal areg //
M Seadlings (4 {0 -32]33-a3[a3-134 135+ .
Teed Source Tndesl 4 1T 3 1 3 171 Shade tolerant basal area 1’0
Relative stend densily q7
Shade Tolerant Composition e aamety AGS p
Species i Torgl basal area Relative dansily 3
Sygor mapia | 0.0 ;
An:xjér'icf.:n beech /16,0 Stand diamerer (MD) /37
Egstern hemlock Merch, stand diometer (MDM) 15
Totol 1;0/
- Years to maturity 18
Oak Stump Sprouting s -
‘ ; ription:
Spacies Size BA l f Sg{g#fg;g Presc pt
|_Sops 20.4
Poles 1.7
N.Red Oak SSaw 0.4
MSaw 0.1
LSaw c.0
Saps 18.6 COMM EIQC/AL THINN/NG’
Poles 2.1
Other ooks | 530w 0.4
MSaw 0.1
LSaw 0.0
Toial :
Adv: Regen Adiustment 01 5 | 101 15120
Stumps @ high deerm | 01 461 9717471198
Stumps @ low deer @1 O | 211461 711 97




Appendix E. Sample Distribution of Cut - Commercial Thinning.
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Appendix F. Sample Distribution of Cut - Standard Selection Cut.
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Appendix G. Sample Stand Analysis Tally Form.

— SILVAH - Computer Overstory Taily Form

USDA, Ferest Service, NEFES, Worren, PA  1/91

Overstory Da‘ta Stand ID 60/1/0/7/‘ \STA‘QN’D 23 sheet ml”c‘f;_B;_
2 HL [eloicls el lelplicls 2 ont | elolels
Species| dbh | 5| or g% ; | Species| dbh é or gg §g Species] dbh § or gg ;E
SlCounfiSloloix SliCounil S a |G| SiCountlGic|oiE

Bl 8l i2 R mll 22 6 SM Lzl i
‘SM o2l SMl 6l A8l 14l21 - 48
BCl/6|/]| % 1SimMi 0|2 Sm 4z )
Bcirizir] | RMIL411] 4 ABL 6|2 6
Bell 811 4 RM 0] ol

RMl 8l B.el22i/] 5 SM| 4y

RM| 8] e A8l 6|2 A
R:M [0l ABl Liz2l - EMml 141 2
R M 4#l/ [ Belaalzl o3 KMy 211 {
RMIIT il | Rm &1 4 SML_6ll
RMmll 82 | RMI/ 22 16 SMliIo]2 G
Bcll 2l 2 0 Bel /.31l 4
Rmi 81| S M &l B8C 14l 2
R M & Bell il 4 8¢ )81 4y
RMml 41 2 Bel/ 4l 4 Beljgii 3

0 ‘ Bellzia 2 Bcirglll 3
KM 12171 2 Bcll il & BCI 18] &
EmMli20i2) 18 gelzoy/| 4 Bl | LII| 3
R Mml/ 82 g S Ml it Bliloelll '3
RM T A2 2 wAlL 8l 0 :
BM b 2 Bellolll 3 Bel2aolll 5
Bcl2zol/] 35 YAVRATINE! sml_gl2l e
R M 62 BCi/ 8l 3 Belz 01 b
Rmi 41/ wWall g1 3 SM 6l

Bel /8111 2 S M 212 4 Smil 2yl /
Bcl22lll 6 XA NAVARN RMll 02 6
Rml 42l 1 pelzaill 4 SM10]]
Rmi]. 21l wAl2 0l 4 SM Iyl
gell2i2] e gell gl 3 il
Belzolj] 3 0 RM 10O

O - ' SMl 611 Rmllzizl &
SMil 01l - AR 2 RMit ol
gl 82l ‘3 Belj g2 '3 RmMi1:&1] b
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Appendix H. Sample printout from SILVAH stand inventory, analysis, and prescription program

SILVAH —-- SILVICULTURE OF ALLEGHENY HARDWOODS - V4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT SIMULATOR PROGRAM
DEVELOPED BY THE NORTHEASTERN FOREST EXPERIMENT STATION, WARREN, PA.

OWNER/AGENCY -~ USFS DATE TALLIED: APR/1982
FOREST/PROPERTY —-- KANE EXP. FOREST DATE PRINTED: 8/NOV/1991
COUNTY/DISTRICT -- ELX FILE: c:\silvah\sample.SIL
COMPT -~ STAND -~ 171 23 DEFAULT: SILVAH,DEF

ACRES — 100.00 TYPE: ALLEGHENY HARDWOOD
STAND AGE —= UNKNOWN SIZE: SMALL SAW

SITE - 70 FOR BC DENSITY: GT 95 %

COMPUTER SAMPLE AS PROVIDED IN TRAINING SESSION HANDBCOOK

OVERSTORY CRUISE INFORMATION

ko M St P St S VAR . rn. S S o o, . e . S o S . . i T O S A e

Overstory data is from an individual tree tally prism cruise,
using a 10 factor prism, and with trees tallied by
2 inch dbh classes, heights, and pulp & cull grades only.

Overstory data based on 19. plots:;
0. additional plots needed to reach 15 % of the mean;
0. additional plots needed to reach 10 % of the mean.

Mean basal area 1s 158. plus or minus 15. sguare feet per acre
at 90 % confidence ( 9. % of mean).

UNDERSTORY CRUISE INFORMATION

o s Y U s oy W e o D o G o . S St P ks A o T o e e R OV S

Data on advance regeneration, site limitations, and understory
is from a standard regeneration cruise using 6-ft radius plots.

Understory data is based on 38. plots.



SILVAH -~ SILVICULTURE OF ALLEGHENY HARDWOODS - V4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT SIMULATOR PROGRAM
DEVELOPED BY THE NORTHEASTERN FOREST EXPERIMENT STATION, WARREN, PA.

OWNER/AGENCY -~ USFS DATE TALLTED: APR/1982
FOREST/PROPERTY ~- KANE EXP. FOREST DATE PRINTED: 8/NOV/1991
COUNTY/DISTRICT -~ ELK FILE: c:\silvah\sample.SIL
COMPT ~ STAND -- 171 23 DEFAULT: SILVAH.DEF
ACRES “—  100.00 TYPE: ALLEGHENY HARDWOOD
STAND AGE —— UNKNOWN SIZE: SMALL SAW
SITE -= 70 FOR BC DENSITY: GT 95 %
COMPUTER SAMPLE AS PROVIDED IN TRAINING SESSION HANDBOOK
SPECIES OR % OF PLOTS AVERAGE
CATEGORY STOCKED VALUE
DESTRABLE TREE REGENERATION
BLACK CHERRY 47.
SMALIL OAK 0.
OTHER DESIRABLES 0.
** ALL DESIRABLES 5.
LARGE OAK 0.
** ANY SMALL REGEN 50.
RESIDUALS 5.
** ANY REGEN OR RESIDS 53.
SAPLING REGEN 0.
OAK SPROUT POTENTIAL 0. 0. Stumps/ac to sprout
%% ANY REGEN OR SPROUTS 50.
*% ANY REGEN,RESIDS,SPROUTS 53.

FACTORS AFFECTING REGENERATION DIFFICULTY

— - ——" 2 o o Sk ot A D Y SOV W ST TR T T e i Bk i it

DEER IMPACT
SEED SUPPLY

INTERFERING UNDERSTORY

" s i A o T ot i S0 ol o 4 it A . e

e v o i o i i ot Pt e T o

4 High
1 Abundant seeds

WOODY INTERFERENCE 5.
LAUREL & RHODO 0.
% FERNS 11.
% GRASSES 0.
*% ANY INTERFERENCE 13.
GRAPEVINES 0.

SITE LIMITATIONS FOR REGENERATICON

- s o w—

SITE LIMITATIONS

- o e s . i s s, s S

0.



SILVAH -~ SILVICULTURE OF ALLEGHENY HARDWOODS -~ Vv4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT SIMULATCOR PROGRAM
DEVELCPED BY THE NORTHEASTERN FOREST EXPERIMENT STATION, WARREN, PA.

OWNER/AGENCY

FOREST/PROPERTY
COUNTY/DISTRICT

COMPT -~ STAND

ACRES
STAND AGE
SITE

COMPUTER SAMPLE

SPECIES OR
CATEGORY

- <11 o oy o o ol i 2o S

COVER TYPE
HABITAT TYPE
SOTL, TYPE
SITE CLASS

SITE SPECIES
SITE INDEX
REL MERCH HT
ELEVATION
ASPECT

SLOPE %

TOPC POSITION

OPERABILITY

ACCESSABILITY

STRESS FACTORS
DEER IMPACT
GYPSY MOTH
OTHER STRESS

USFS DATE TALLTED: APR/1982
KANE EXP. FOREST DATE PRINTED: 8/NOV/1991
ELK FILE: c:\silvah\sanmple.SIL

171 23 DEFAULT: SILVAH.DEF

100.00 . TYPE: ALLEGHENY HARDWOOD
UNKNOWN SIZE: SMALL SAW

70 FOR BC DENSITY: GT 95 %

PROVIDED IN TRAINING SESSION HANDBOOK

% OF PLOTS

STOCKED VALUE

BC
70
1.00

(e eRe)

[Xs)

N

Forest
Unknown
Unknown

Unknown

Unknown
Unknown

Unknown

High
Unknown
Unknown



SILVAH -- SILVICULTURE OF ALLEGHENY HARDWOODS - V4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT SIMULATOR PROGRAM
DEVELOPED BY THE NORTHEASTERN FOREST EXPERIMENT STATION, WARREN, PA.

OWNER/AGENCY -— USFS DATE TALLIED: APR/1582
FOREST/PROPERTY ~- KANE EXP. FOREST DATE PRINTED: 8/NOV/1851
COUNTY/DISTRICT —-- ELK FILE: c:\silvah\sample.SIL
COMPT - STAND -= 171 23 DEFAULT: SILVAH.DEF

ACRES - 10C.00 TYPE: ALLEGHENY HARDWOOD
STAND AGE ~— UNKNOWN SIZE: SMALL SAW

SITE —— 70 FOR BC DENSITY: GT 85 %

COMPUTER SAMPLE AS PROVIDED IN TRAINING SESSION HANDBOOK

MANAGEMENT GOALS

e . s s o VAt St oy e 23D s St .

No restrictions on mgmt for either visual or wildlife goals.
For this goal, stand value is Mediunm

WILDLIFE TREES NO./ACRE
POTENTIAL DEN TREES .0
EXISTING DEN TREES .0
SNAGS WITH POTENTIAL CAVITIES .0
SNAGS WITH EXISTING CAVITIES .0
OTHER STANDING DEAD TREES (Not Snags) .0

WATER HABITATS WITHIN THIS STAND INCLUDE:

e G s S G S S " A Y " TR Y TS D GBS ke i 4B WU A 00 S ST Sl Y o S Y R W S S T TS s T e T

Unknown
Unknown

HABITAT CONDITICONS SURROUNDING THIS STAND

o o 4" o iy S L ) D AR MBS Y M s Ui SLED A CEM) S M S i s TS T T S T T ik s o

CLEARCUT ACRES W/I 1 MILE .0C
CULTIVATED ACRES W/I 1 MILE .00
OPEN ACRES W/I 1 MILE .00

WATER HABITATS INCLUDE: Unknown



SILVAH —— SILVICULTURE OF ALLEGHENY HARDWOODS - V4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT STIMULATOR PROGRAM
DEVELOPED BY THE NORTHEASTERN FOREST EXPERIMENT STATION, WARREN, PA.

OWNER/AGENCY -— USFS DATE TALLIED: APR/1982
FOREST/PROPERTY —— KANE EXP. FOREST DATE PRINTED: 8/NOV/1891
COUNTY/DISTRICT -- ELK FILE: c:\silvah\sample.SIL
COMPT - STAND -— 171 23 DEFAULT: SILVAH.DEF

ACRES - 100.60 TYPE: ALLEGHENY HARDWOOD
STAND AGE —— UNKNOWN SIZE: SMALL SAW

SITE - 70 FCR BC DENSITY: GT 9% %

COMPUTER SAMPLE AS PROVIDED IN TRAINING SESSION HANDBOOK

ORIGINAL STAND

PRODUCT LISTING (total stand)

SPECIES > ALL SP | BC RM SM AB WA B
NET LOG VOLUME (INT 1/4" LOG RULE) - MBF / 10
VENEER 7.8 i 6.7 .8 .1 .0 .3 .0
GRADE 1 44.4 37.7 4.8 .4 .0 1.5 .0
GRADE 2 33.8 } 15.1 11.4 1.9 .3 5.1 .0
GRADE 3 23.0 | 9.9 7.2 3.6 .1 1.1 1.1
PALLET .0 | .0 .0 .0 .0 .0 .0
TOTAL 109.1 | 69.4 24.2 6.0 .4 8.0 1.1
NET BULK VOLUME - CORDS / 10
BOLTWOOD .0 i .0 .0 .0 .0 .0 .0
PULPWOOD 185.4 75.9 52.9 40.8 3.9 5.5 6.4
FIREWOOD .0 } .0 .0 .0 .0 .0 .0
TOTAL 185.4 | 75.9 52.9 40.8 3.9 5.5 6.4

VALUE - DOLLARS / 1000

VENEER 37.2 i 35.5 .7 .1 .0 .9 .0
GRADE 1 210.6 [201.2 4.1 .4 .0 4.9 .0
GRADE 2 81.3 | 59.5 7.3 1.1 .0 13.4 .0
GRADE 3 36.6 | 31.2 2.9 .8 .0 1.5 .1
PALLET .0 | .0 .0 .0 .0 .0 .0
TOTAL 365.6 1327.4 15.1 2.3 1 20.7 .1
$/MBF 335. | 472.  s62. 39. 14. 260. 5.
BOLTWOOD .0 i .0 .0 .0 .0 .0 .0
PULPWOOD 3.7 1.5 1.1 .8 .1 .1 .1
FIREWOOD .0 i .0 .0 .0 .0 .0 .0
TOTAL 3.7 i 1.5 1.1 .8 .1 .1 .1
$/CORD 2. | 2. 2. 2. 2. 2. 2.

GR.TOTAL 365.3 {328.9 16.2 3.1 .1 20.8 -2



SILVAH -- SILVICULTURE OF ALLEGHENY HARDWOODS - v4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT SIMULATOR PROGRAM
DEVELOPED BY THE NORTHEASTERN FOREST EXPERIMENT STATION, WARREN, PA.

OWNER/AGENCY -
FOREST/PROPERTY --
COUNTY/DISTRICT --

COMPT - STAND
ACRES

HARDWOOD
STAND AGE
SITE
COMPUTER SAMPLE A

SPECIES > ALL SP
TOT BA 157.9
SPECIES% 100.
# TREES 505.
SAPS 33.
POLES 63.
SM Saw 76.
MED SAW 78.
1G SAaW 100.
ALL SIZE 70.
DIAM 3.1
DIAM MER 13.9
QUAD DIA 7.6
YRS MAT 22.
EFCT AGE 75.
Q FACTOR 1.41
WEIB C .00
REL DEN 97.
AGS RDEN 62.
GTOT CDS 50.2
NTOT CDS 40.1
PULP CDS 18.5
GRS BDFT 14047.
NET BDFT 10909.
DOLLARS 3693.

USFS

KANE EXP. FOREST

ELK FILE: c:\silvah\sample.SIL
- 171 23 DEFAULT: SILVAH.DEF
-—  100.00 TYPE: ALLEGHENY
UNKNOWN SIZE: SMALL SAW
70 FOR BC DENSITY: GT 95 %
PROVIDED IN TRAINING SESSION HANDBOOK
ORIGINAL STAND
BC RM SM AB WA B
COMPOSITION —-— BA, % OF BA, TREES
€4.7 41.1 30.0 10.0 6.8 5.3
41. 26.  19. 6. 4. 3.
51. 89. 159. 182. 7. 16.
QUALITY -~ % IN AGS
0. 67. 43.  20. 0. 0.

83. 68. 65. 0. 100. 80.

83. 76. 62. 33. 70. 50.

84.  40. 0. 0. 100. 0.
100. 0. 0. 0. 0. 0.

84. 69. 61. 16. 77.  60.
DIAMETERS AND AGES ~- INCHES, YEARS
16.4 12.9 9.1 6.0 14.6 9.4
16.4 13.3 9.9 9.6 14.6 10.0
15.3 9.2 5.9 3.2 13.5 7.7

8. 24. 54. 56 17.  53.

82. 66. 66. 64. 73. 67.

STRUCTURE
1.05 1.24 1.73 2.04 1.01 1.05
.00 .00 .00 .00 .00 .00
RELATIVE DENSITY ~- %
24. 26. 30. 11. 3. 4,
20. 18.  18. 2. 2. 2.

VOLUMES AND VALUES - INT 1/4" LOG RULE

24.7
19.8
7.6
8033.
6938.
3289.

DATE TALLIED:
DATE PRINTED:

APR/1982
8/NOV/1981

14.1 7.2 .6
11.3 5.8 .5
5.3 4.1 -4
3617. 1015. 101.
2422. 601. 42.
162. 31. 1.

2.
2.

OO,

91%.
796.
208.

1.1
.9
.6

362.
108.
2.



SILVAH -- SILVICULTURE OF ALLEGHENY HARDWOODS - V4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT SIMULATOR PROGRAM
DEVELOPED BY THE NORTHEASTERN FOREST EXPERIMENT STATION, WARREN, PA.

OWNER/AGENCY -- USFS DATE TALLIED: APR/19E82
FOREST/PROPERTY ~~ KANE EXP. FOREST DATE PRINTED: B/NOV/1991
COUNTY/DISTRICT -- ELK FILE: c:\silvah\sample.SIL
COMPT -~ STAND -- 171 23 DEFAULT: SILVAH.DEF

ACRES - 100.00 TYPE: ALLEGHENY HARDWOOD
STAND AGE ~~ UNKNOWN SIZE: SMALL SAW

SITE - 70 FOR BC DENSITY: GT 85 %

COMPUTER SAMPLE AS PROVIDED IN TRAINING SESSION HANDBOOK

ORIGINAL STAND

BASAL AREA - SQ. FT. PER ACRE

SPECIES > ALL SP | BC RM SM 2B WA B
DIA.
2 5.3 ; .0 .5 1.6 3.2 .0 .0
4 5.8 .0 1.1 2.1 2.1 .0 .5
6 8.4 i 0 1.6 4.7 1.6 .0 .5
8 1.6 4 1.1 3.2 5.3 .5 .5 1.1
10 17.4 | 21 5.3 7.9 1.1 .0 1.1
12 22.6 | 6.8 7.4 4.7 .5 1.1 2.1
14 27.9 [ 0.5 11.1 2.6 1.1 2.6 .0
16 22.6 j 4.2 5.8 1.1 .0 1.6 .0
18 20.5 [ 174 3.2 .0 .0 .0 .0
20 9.5 | 7.4 1 .0 .00 1.1 .0
22 5.8 | 47 1.1 .0 .0 .0 .0
24 .5 | .5 .0 .0 .0 .0 .0
SAPS 11.1 i .0 1.6 3.7 5.3 .0 .5
POLES 37.4 | .3-2 10.0 17.9 3.2 .5 2.6
SM SAW 73.2 | 31.6 24.2 8.4 1.6 5.3 2.1
MED SAW 35.8 [ 29.5 5.3 .0 .0 1.1 .0
LG SAW .5 | .5 .0 .0 .0 .0 .0
TOTAL 157.9 | 64.7 41.1 30.0 10.0 6.8 5.3
SPECIESS 100. | 41. 26. 19. 6 4 3.
ACCEPTABLE GROWING STOCK ONLY
SAPS 3.7 i .0 1.1 1.6 1.1 .0 .0
POLES 23.7 2.6 6.8 11.6 .0 .5 2.1
SM SAW 55.3 § 26.3 18.4 5.3 .5 3.7 1.1
MED SAW 27.9 [ 24.7 2.1 .0 .0 1.1 .0
LG SawW -5 .5 .0 .0 .0 .0 .0
TOTAL 111.1 ; S54.2 28.4 18.4 1.6 5.3 3.2



SILVAH -~ SILVICULTURE OF ALLEGHENY HARDWOODS - V4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT SIMULATOR PROGRAM
DEVELOPED BY THE NORTHEASTERN FOREST EXPERIMENT STATION, WARREN, PA.

OWNER/AGENCY ~— USFS DATE TALLIED: APR/1982
FOREST/PROPERTY ~- KANE EXP. FOREST DATE PRINTED: 8/NOV/1991
COUNTY/DISTRICT —-- ELK FILE: c¢:\silvah\sample.SIL
COMPT - STAND -- 171 23 DEFAULT: SILVAH.DEF

ACRES -~ 100.00 TYPE: ALLEGHENY HARDWOOD
STAND AGE —— UNXNOWN SIZE: SMALL SAW

SITE -- 70 FOR BC DENSITY: GT 95 %

COMPUTER SAMPLE AS PROVIDED IN TRAINING SESSION HANDBOOK

This Allegheny hardwood stand is dominated by Black Cherry, Red Maple,

and Sugar Maple, which together comprise 86 % of the basal area.

This is a small sawtimber stand, with average diameter of 13.1 inches.
Total growing stock amounts to 158. sg. f£t. of basal area per acre.
Gross total volume in all trees, to a 4-inch top, is 40. cords

per acre; if divided into pulpwood and sawtimber the net merchantable
volume is 19. cords of pulpwood and 10909. board feet of sawtimber
(Int 1/4" log rule) per acre. The total stand value is estimated to
be about 3693. dollars per acre.

Relative stand density is 97. % of the average maximum stocking
expected in undisturbed stands of similar size and species composition.
This density is well above the optimum for best individual tree growth.
At this relative density, growth rate of the biggest trees is probably
moderate, while growth rate of the medium and smaller-sized trees is
probably poor and mortality due to crowding high. Partial cutting

to provide more growing space for trees of better quality and speciles
is highly desirable at this time.

If this stand is managed under an even-age silvicultural systemn,
the several species groups will mature at markedly different times.
The average number of years to maturity is 22. and effective stand
age is about 75. years old.

If this stand is managed under an all-age silvicu}tural system,
the distribution of diameters, proportion of sawtimber, and density
of shade-tolerant species are adaptable to selection cutting.

Trees of acceptable quality for future growing stock provide a
fully stocked stand by themselves and warrant further management.
Sapling trees too small to be merchantable do neot represent a
significant proportion of stand stocking and need not be included
in any partial cuttings.

Advance regeneration of all types is scarcej harvest cuttings at
this time will not likely result in a satisfactory new stand.

Neither site limitations nor undesirable understory plants are likely
to interfere with attempts to establish regeneration.



STILVAH -- SILVICULTURE OF ALLEGHENY HARDWOODS -~ V4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT SIMULATOR PROGRAM
DEVELOPED BY THE NORTHEASTERN FOREST EXPERIMENT STATION, WARREN, PA.

OWNER/AGENCY -~ USFS DATE TALLIED: APR/1982
FOREST/PROPERTY —~- KANE EXP. FOREST DATE PRINTED: 8/NOV/1991
COUNTY/DISTRICT —- ELK FILE: c:\silvah\sample.SIL
COMPT -~ STAND ~-=- 171 23 DEFAULT: SILVAH.DEF

ACRES - 100.00 TYPE: ALLEGHENY HARDWOOD
STAND AGE -~ UNKNOWN SIZE: SMALL SAW

SITE - 70 FOR BC DENSITY: GT 95 %

COMPUTER SAMPLE AS PROVIDED IN TRAINING SESSION HANDBOOK

*kk k% *RECOMMENDED TREATMENT*%* %% %%

Commercial Thinning (intégrated sale)

Perform a thinning to provide additional growing space for the
better trees and provide some intermediate yield. Stand size and
composition are such that the thinning can be performed on a
commercial basis and will yield a product mix consisting of both
sawlogs and pulpwood.

The volumes to be removed are: 2001. bd ft (Int 1/4" log rule)
and 6.4 cords per acre.

k&% ¥ AMARKING INSTRUCTIONS***%*%*

Reduce relative stand density to 63. % leaving 109. sg. ft. of
basal area per acre. Remove trees in the size and cquality classes
shown below:

Cut 3. ocut of 5. trees from the polesize class.

cut 1. out of 4. trees from the ssawsize class.

Cut 1. out of 4. trees from the msawsize class.

cut 1. ocut of 2. trees from the lsawsize class.

about 80 % of the trees cut will be UGS. This will result in the
removal of about 84 % of the UGS this stand and about 100 % of
the merchantable-sized UGS.

Within the size and quality constraints above, favor the best trees
whenever possible. Try to preserve seed sources of scarce species

if they are desired in the regeneration, and strive for uniform
spacing among residuals whenever possible.



SILVAH -~ SILVICULTURE OF ALLEGHENY HARDWOODS -~ v4.50
STAND SUMMARY, PRESCRIPTION, AND MANAGEMENT SIMULATOR PROGRAM
DEVELOPED BY THE NORTHEASTERN FOREST EXPERIMENT *STATION, WARREN, PA.

OWNER/AGENCY -~ USFS DATE TALLIED: APR/1982
FOREST/PROPERTY —- KANE EXP. FOREST DATE PRINTED: 8/NOV/1881
COUNTY/DISTRICT —- ELK FILE: c:\silvah\sample.SIL
COMPT -~ STAND -- 171 23 DEFAULT: SILVAH.DEF
ACRES o 100.00 TYPE: ALLEGHENY HARDWOOD
STAND AGE —= UNKNOWN SIZE: SMALL SAW
SITE e 70 FOR BC DENSITY: GT 95 %
COMPUTER SAMPLE AS PROVIDED IN TRAINING SESSION HANDBOOK

ORIGINAL cuT RESTIDUAL { ORIGINAL cuT RESIDUAL

BASAL AREA - SQ FT/A ! SPECIES COMPOSITION - %

SAPS 11.1 .0 11.1 ; % BC 41. 48.
PCLES 37.4 22.4 14.9 i 3 WA 4. 5.
SM SAW 73.2 17.9 55.3 i % SM i9. 15.
MED Saw 35.8 8.7 27.1 | % RM 26. 24.
IG SAW .5 .2 .3 ; $ AB 6. 5,
TOTAL 157.9 49.3 108.6 !
NUMBER OF TREES - #/A ! QUALITY ~- IN AGS
# TREES 505. 89. 416. ' % AGS 70. 93.
DIAMETERS -~ IN. ! AGES - YRS.
DIAM 13.1 13.6 { YRS MAT 22, 17.
DIAM MER 13.9 14.8 i EFCT AGE 75. 78.
QUAD DIA 7.6 6.9 !
RELATIVE DENSITY - % ; STRUCTURE
REI. DEN 97. 63. i Q FACTOR 1.4 1.3
AGS RDEN 62. 54. H WEIB C .0 .0
BD FT INT 1/4", VALUE/A ' CORD VOLUME/A
GR. BDFT 14047. 2636. 11411. i TOT CDS 50.2 12.9 37.3
NET BDFT 10909. 2001.  8909. i NET CDS 40.1 10.3 29.9
DOLLARS 3693, 657. 3036. : PULP CDS 18.5 6.4 12.1
..... — - —— === TOTAL STAND = oo o e o s o e e
BD FT INT 1/4%, VALUE ! CORD VOLUME
NET MBF  1090.5 so0.s se0.s | wwmcve  sers; l28e. 3733
NET MBF  1090.9% 200.1  890. . i . .
M DOLIAR  369.3 65.7 303.6 % PULP CDS 1854, 642, 1212,



Marquis, David A.; Ermst, Richard L.; Stout, Susan L. 1992, Prescribing silvicultural
treatments in hardwood stands of the Alleghenies [revised). Gen. Tech, Rep. NE-96.
Radnor, PA: U.8. Department of Agriculture, Forest Service, Northeastern Forest
Experimenrt Station, 101 p.

This publication brings together the results of 20 years of research and experience in the
silviculture of hardwood forests in the Allegheny region. # provides a summary of
silviculturat knowledge, and guidelines, decision tables, and step-by-step instructions for
deterrmining silvicultural prescriptions in individual stands.
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Keywords: Silvicultural prescriptions, management guides, regeneration, stand culture,
Allegheny hardwoods, northern hardwoods, oak-hickory, decision support system

CAUTION

Pesticides used improperly can be injurious to man, animals, and plants. Follow the directions and heed
all precadtions on the labels.

Store pesticides in original containers under lock and key--out of the reach of children and animals--and
away from food and feed.

Apply pesticides so that they do not endanger humans, livestock, crops, beneficial insects, fish, and
wildlife. Do not apply pesticides when there is danger of drift, when honey bees or other pollinating insects
are visiting plants, or in ways that may contaminate water or leave illegal residues. Avoid prolonged
inhalation of pesticide sprays or dusts; wear protective clothing and equipment i specified on the container.

If your hands become contaminated with a pesticide, do not eat or drink until you have washed. In case
a pesticide is swallowed or gets in the eyes, follow the first aid treatment given on the label, and get prompt
medical attention. If a pesticide is spilled on your skin or clothing, remove clothing immediately and wash
skin thoroughly.

NOTE: Some States have restrictions on the use of certain pesticides. Check your State and local
regulations. Also, because registrations of pesticides are under constant review by the Environmental
Protection Agency, consult your local forest pathologist, county agricuitural agent, or State Extension
specialist to be sure the intended use is still registered.



