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Preface

Forest Service research on hardwood silviculture has been under way in northern
Pennsyivania since the Kane Experimental Forest was established in 1929. Throughout
the 1930's the Civillan Conservation Corp provided the manpower to Initiate many long-
term studies of ecology and forest growth. The experimental forest was closed during
World War li, and after the war, a small silviculture research program was maintained at
both the Kane Experimental Forest and the Pocono Experimental Forest. The Pocono
forest was privately owned, but research was conducted there by Forest Service
personnel. Many studies were maintained and remeasured by Ashbel Hough and others
throughout the long period of reduced activity until the late 1960’s.

In the 1960’s, the program was revitalized by combining the minimal staffs of the Kane
and Pocono Experimental Forests and establishing a new laboratory in Warren,
Pennsylvania. The silviculture research staff at Warren was expanded in 1970, which led
to a comprehensive research program on the forest management problems of the region.

The new program, combined with the reopening of the 1930 studies at Kane, provided for
rapid ac-umulation of scientific knowledge on the ecology and management of Allegheny
hardwoods. Special efforts were made to organize that knowledge into a coordinated set
of management guidelines. Initial guidelines included procedures to obtain satisfactory
regeneration after harvest cutting, and to control stand density and structure during
thinning. These guidelines have since been expanded into a complete system of stand
evaluation and silvicultural prescriptions that cover the full range of forest conditions and
management alternatives in the region.

Much other research is also applicable to the Allegheny region. Qak silviculture research
at the Central States Forest Experiment Station (later divided between the Northeastern
and North Central Forest Experiment Stations) in Ohio, Kentucky, and other Central States
has been used extensively, as has research of The Pennsylvania State University; West
Virginia University; and the College of Environmental Science and Forestry, State
University of New York at Syracuse. Research conducted or sponsored by the
Hammermill Paper Company, Tg Forest Products {formery Armstrong Forests), and
Glatfelter Pulp Wood Company has been important also.

in 1976, the Northeastern Forest Experiment Station and the Cooperative Extension
Service of The Pennsylvania State University organized several training sessions to explain
and demonstrate the silvicultural prescription system to practicing foresters. Since then,
two to four sessions have been held each year, with 20 to 30 participants at each session.
The sessions are updated periodically as new research information becomes available.
In 1985, a new classroom facility was built at Kane and in 1987 the sessions were
lengthened from 3 to 4 days each. In addition, some supplementary 1-day sessions were
added to provide in-depth coverage of techniques outlined in the basic sessions.

The sessions have been aftended by representatives from nearly every forest management
organization in the region: Allegheny National Forest, Monongahela National Forest, other
Eastern Region national forests and headquarters offices, State and Private Forestry,
Northeastern Forest Experiment Station, Pennsylvania Bureau of Forestry, Pennsylvania
Game Commission, New York Department of Environmental Conservation, forestry faculty
of eight or nine eastern universities, Hammermill Paper Co., International Paper Co., Tg
Forest Products Inc., Kane Hardwoods Division of Collins Pine Co., National Fuel Gas,



Westvaco, Charmin Paper Division of Proctor and Gamble, Glatfelter Pulp Wood Co., 15
to 20 forestry consulting firms and others. Ontario Ministry of Natural Resources has
participated and others have come from as far away as Chile, Iltaly, Holland, and New
Zealand.

The sessions provide excellent feedback on research needs. Some 60 to 80 participants
each year provide candid evaluations on the applicability of the research, and help to
identify areas needing further study or refinement. The result is an improved research
product as well as an effective technology transfer process.

About half of the time in each training session is devoted to classroom lectures in which
results of research and basic principles of silvicultural technique are presented. The
remaining time is devoted to practical field exercises in which participants have an
opportunity to apply the techniques under the guidance of course instructors. The
sessions represent an exceptional collection of practical information on the systematic and
scientific application of silviculture to a particular forest region.
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Pesticide Precautionary Statement

This publication reports research involving pesticides. It does not contain
recommendations for their use, nor does it imply that the uses discussed
here have been registered. All uses of pesticides must be registered by
appropriate State and/or Federal agencies before they can be recom-
mended.

CAUTION: Pesticides can be injurious to humans, domestic animals,
desirable plants, and fish or other wildlife--if they are not handled or
applied properly. Use all pesticides selectively and carefully. Foliow rec-
ommended practices for the disposal of surplus pesticides and pesticide

containers.

The computer program described in this publication is available on re-
quest 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 propri-
etary rights thereto nor represent it to anyone as other than a Government-
produced computer program.

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 Agricuiture
or the Forest Service of any product or service to the exciusioh of others
that may be suitable.



| introduction

David A. Marquis, Roe S. Cochran

Silviculture always has been a combination of art and science.
Silvicuitural systems and cutting methods are based upon scientific
principles, but recognizing which technique will provide best resuits
in any particular circumstance requires a great deal of experience
and judgment -- the art side.

The person prescribing silvicultural treatments in any forest stand
needs a thorough knowledge of present stand conditions, must be
aware of the possible treatments and their many effects, and must
juggle biological considerations with management objectives and
costs. When management goals include the integration of several
major resources, such as timber, wildlife, or aesthetics. the
decisionmaking process can be very complex. Forest types that
include variability in species composition and structure, such as the

eastern mixed hardwoods, add further to that complexity.

In the past, we have depended upon the judgment of experienced
silviculturists to weigh these many factors and determine the most
appropriate treatment or course of action. And we have depended
upon the skill of these same people to apply the prescribed
treatments to the highly variable situations they encounter in each
stand.

However, as our scientific knowledge grows and the range of
disciplines needed to deal with multiple resources increases, we must
have more objective ways to measure and evaluate forest stand
conditions and to arrive at recommended treatments.

Much of our research in the hardwood forests of the Allegheny
Region has been aimed at the development of a systematic and
quantitative procedure for stand analysis and prescription. The
articles that follow describe the continually evolving system that we
have developed for hardwood forests of the Alleghenies.

Quantitative Silviculture for the Alleghenies

The stand analysis and prescription procedures described here are
based on extensive research. Without such a foundation, no
collection of guidelines can be very meaningful. This research
included studies of important biological factors and investigations of
the ways in which these factors regulate tree regeneration, tree and
stand growth, or wildlife habitat. Guidelines based on research
results provide a basis to decide how much is enough or too much
in particular circumstances. For example, successful tree
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A complete series of guidelines
integrated into a stand analysis and prescription Qr
system involves an inventory of basic ()\/erbtu*y unders mw
factors that are then summarized and analyzed in specitic
evaluate the stand’s potential for growih and regeneration. Th
series of decision tables or charls is used 10 determine an
appropriate prescription based upon critical levels of the various site
and vegetation variables, in combination with spacific landowner
objectives.

All steps of this process are based upon stand and site variables that
have been quantified. As a result, the entire process can be
programmed, and the data analysis, report generation, and even the
decisionmaking can be automated to a considerable degree. Our
computer program has been named SILVAH, which stands for
SibViculture of Allegheny Hardwoods. As a result, the system of
stand inventory, analysis, and prescription is often referred to as the
SILVAH stand analysis and prescription system.

Whether or not the SILVAH computer program is used to automate
the process, the stand analysis and prescription technique provides
a systematic and quantitative way to make silvicultural decisions in
forest stands. It reduces the amount of subjectivity and judgment
required, and ensures consistency acruss all stands and individual
prescribers,

Assumptions and Applicability

The guidelines presented here were developed for and are applicable
to the cherry-maple (Allegheny hardwoods), beech-birch-maple
(northern hardwoods), oak-hickory. and oak-northern hardwood
transition forest types growing on the Allegheny Plaleau and
Allegheny Mountain sections of Pennsylvania, New York, West
Virginia, and Maryland. The guides to even-age intermediate cullure
are widely applicable, even outside the Allegheny Region. However,
the quides to regeneration are more restricted to the region of
applicability because of such local influences as deer populations,
site characteristics, climate, and insect pests.

The basic procedures and framework of the decisionmaking process
are universally applicable. If local silvical knowledge is sufficient to
permit the needed modification in decision criteria. this system of
stand inventory, analysis, and prescription can be adapted to maost
northeastern forests.



Management Goals

The silvicultural prescriptions currently incorporaled into the SILVAH
system assume that forest lands are being hold and managed for
multiple resource use, with timber production as one of the primary
goals.  Timber prescriptions may be modifled 7 aoc
selected wildlife and aesthetic goals as well.

mmaodate

The SILVAH systern further assumes that:
1. all resources are being managed on a sustained-yield basis;

2. emphasis in timber management is on sawlog and veneer
production of black cherry. sugar maple. rod rmaple, white
ash, northern red oak, white oak, and other valuable species
where they occur;

3. both even-age and uneven-age silvicultural systems will be
used, each where it is most appropriate for the management
objectives;

4. even-age silviculture will be applied to grow a {ull vield of
high-value products as quickly as is econormically feasible
without losing total wood production in the meantime. and
then reproduce the stand when it is mature by a means that
will provide full stocking of mixed species composition in the
next stand, including a substantial proportion of valuable
intolerants such as black cherry, white ash, northern red oak.
and red maple; and

5. uneven-age silviculture will be applied to obtain & substantial
yield of timber products while maintaining a continuous
forest cover at all times, for areas where aesthelics,
recreation, and late-successional wildlife species are of
special importance.

A Word of Caution

You must realize that our research is not completed. What we
describe must not be considered the final, ultimate, everlasting,
universal answer. Instead. this research represents the best
information that we currently have. The guides have been tested
extensively, and the system works consistently well in most common
situations.  But undoubtedly there will be modifications as we learn
more from research still under way. Furthermore, guidelines cannot
account for all the many variations that one encounters in the natural
world.

Therefore, apply the guidelines critically. You cannot abdicate your
responsibility to exercise professional judgment. The guides must be
“used as an aid to professional judgment, not as a substitute,



Always watch for situations in which the answer you gst from the
guidelines does not jibe with your professional experience. For
example, if you inventory a stand and work up the data to find that
the stocking guide indicates the stand 1o be fully stocked, you must
not accept that as gospel and forget everything else you have ever
learned. You should look at the stand and ask yoursell some
questions. The guide says this stand is fully stocked. Isit? Does it
look fully stocked? If it is, there must be alot of small dead trees in
the stand. Are they there? The stand should look crowded. Does
it? There should be relatively little understory except in open places,
and reproduction should be scarce and small. s that so?

If your answers to such questions conform to what the guides imply,
you can feel reasonably confident that both you and the guides are
on safe ground. If your answers do not fit, then something is wrong,
and you need to find out what is wrong before you proceed. Maybe
your inventory was sloppy or you did not take enough plots to get
accurate data. Maybe you made some mistakes in arithmetic, or
gave the computer improper processing instructions. Maybe the
composition of the stand is outside the range of the guides. Or
maybe the guides are wrong. So, the answer the guides provide
must not be accepted on blind faith.

The guides are intended to assign some mathematical quantities to
things we guessed at in the past. They are intended to reduce the
amount of subjectivity and seat-of-the-pants forestry that was used
in the past in stand prescription and marking. They are intended to
provide an objective, measurable, and remeasurable basis for
judgment. But that does not mean that the numbers generated are
invariably right, and everything else is wrong.

If that limitation is recognized, and the guideliness are used in
combination with a full measure of professional judgment, they
provide a powertful tool to make stand analysis and prescription more
accurate and consistent.  This quantitative approach to silviculture
combines more science than before, but does not obviate the need
tor the continuation of art.

The articles that follow illustrate how the art and science of
quantitative silviculture is being applied in the Allegheny forest region.



History & Origin of Allegheny Hardwoods

Davicd A Marguis
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1 The Allegheny hardwood--or cherry-maple--fo

2. is a subtype of the northern hardwood or bes

forest that spans the northern portion of the
States from New England to the Lake States.

3. Allegheny hardwonds occur on approximately
of the Allegheny Plateau and Allegheny Mour
Pennsytvania, New York, Maryland, West Virg
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4. The area occupied by Allegheny hardwonds is a heavily
forested region. it is one of the major contiguous blocks of
commercial foresl land in the Northeast, and wood-using
industries play an imporiant role in the rural economy of the
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region.
IR 5. Yet these forests are surrounded on all sides by the eastern
visows i <ot we megalopolis; nearly one-third of the U.S. population lives within

a day's drive of the region, providing a large and nearby
market for forest products and a demand for many other uses
of the forest iand.

6. Allegheny hardwood or cherry-maple forests are unique in that
they produce nearly all of the world's supply of commercial
black cherry timber.

7. Cherry is a wood of exceptional beauty used in the production
of fine furniture and veneer for cabinets and panelling.




$. Mo less important are the other hardwood species that grow
in Aflegheny foresis--such as white ash--the long-time favorite
wood for tool handles and baseball bats

9. and the maples, well-known as sources of lumber for furniture
and specialty products, for maple syrup,

10. and for their spectacular crange-red fall foliage.

11. Allegheny forests yield many social and economic benefits
other than timber products. Hunting is one major example.
Pennsylvania ranks first in the nation in the sale of hunting
licenses, with big-game animals such as deer a leading
attraction.




12. More than 400,000 deer are harvested annually in Plateau
forests along with bear, turkey, and many kinds of small game.

13. Fishing, hiking, camping. birdwatching, water sports,

snowmobiling and other forms of outdoor recreation,

14. water resources for home and industry,

156. and scenic beauty must be added to the list of benefits derived
from Allegheny hardwood forests.
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To fully understand the range of options available and the
acological basis  for sibvicultural treatments in Allegheny
Mardwoods, it is important o know something of the history
and origin of present stands.

When white settiers first came o northern Pennsylvania, they
found vast expanses of forest land stretching as far as the eye
could see,

Many of these original forests were mature and overmature,
and they contained very large trees of species like white pina,
eastern hemiock, American beech, and sugar maple.



20, Beech-hemiockand b ware by far the most
crgsenied mors than
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21. Hemiock was most abundant on moist sites along stream
valleys and poorly drained upland areas.

22. Beech, maple, and other hardwoods were more abundant on
better drained sites.

23. White pine was also a common and extremely important
species in the original forests. But stands containing large
proportions of white pine were small, occurring primarily on
river flats and fower slopes.

10



Not all stands were primeval in character. Disturbance such
as wildfires and windthrow were common, resulting in the
presence of stands of varying ages and sizes. These stands
represent various stages of recovery from natural disturbances.

indians were also responsible for many forest disturbances. All
northeastern Indians lived in villages; they cleared land for
agriculture, and often burned the woods to improve berry
production, hunting, and facilitate travel. Indian villages were
relocated rather frequently as soil and firewood were depleted,
so the total acreage affected was considerably larger than that
actually occupied at any one time.

Many white pine stands are thought to have originated on the
sites of abandoned Indian villages or on areas burned by
indians.

The presence of oak along the Allegheny River and its
tributaries is probably also the result of fires started by indians
who lived, hunted, and travelled along the river. The oaks are
more likely to resprout after repeated fires than most other
species. Under current fire protection programs, these oak
stands are gradually reverting to northern hardwoods.

11



31.

Europeans began to seitle northwestern Pennsyivania in the
mid-1700’s.  Early settlers cleared some fand for agriculture
and cut some timber for their cabins and barns.  Bul
setifement proceeded siowly untll the early 1800's,  For
example, in 1810 the population of Warren County was 26 and
that of McKean County was 142.

Even the earliest settlers did some timber cutting for market.
The first sawmill in Warren County was a water-powered mill
built in 1800; a raft of pine timbers from this mili was floated
down the Allegheny River to Pittsburgh in 1801, Despite this
early start, timber cutting remained limited during the early
1800's.

Cutting began to accelerate after 1840 when portable steam
power plants became available, making circular sawmilis
practical.

Mills that could cut 10,000 board feet of lumber per day
became common, and much larger circular mills were built
toward the end of the century.

12



| 32, Tanneries that used hemlock bark as their source of tannin for
! curing leather began to appear in the late 1850's. This infant

industry received a great boost in the 1860's by the demand
; for harness, military equipment, and industrial belting
| occasioned by the Civit War. Tanneries continued to increase
i in importance through the turn of the century,

An eighty-fold increase in coal production between 1850 and
1900, and an equivalent increase in the demand for mine
props, timbers, planks, and railroad ties, contributed to
expanded timber cutting

as did the demand for paper and other wood pulp products.

S By
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Settlement was proceeding more rapidly by 1850, and the
demand for lumber to build houses, stores, and furniture
increased markedly.

13



Major raliroads began o rsach the Allsghery nardhivood arsa
abowt this time. : and nreviously
inaccessible areas ot tmber and provided convenient
transportation for further development.  The first rafircad
reached Warren in 1859, and two others followed within the
naxt 10 years.

During early years of this period, white pine was the major
species cut, mainly along the drainages. It was floated down
secondary streams to mills, and floated,

rafted, or barged down the Susquehanna and Allegheny Rivers
to major markets in Williamsport, Harrisburg, Philadelphia,
Pittsburgh, and Cincinnati.

As late as 1875, pine was the predominant species passing
through the big boom at Williamsport. But as limited supplies
of pine were depleted and demands for construction lumber
increased, more and more hemlock was cut.

14



40. By 1880, nearly 8 times as much hemlock was passing through
the Williamsport boom as pine--a complete reversal within 15
years.

Also, during this period, some large and especially valuable
hardwoods were removed--for furniture, panelling and interior
trim. Red oak and white ash were cut near the mills, whereas
species such as yellow-poplar, cherry, chestnut, and basswood
were cut elsewhere because they float well and could be
transported by stream.

These early cuttings for white pine, hemlock, and selected
hardwoods  did not result in extensive clearcutting.
Hardwoods and hemlock of the quality desired were scattered.
And white pine rarely grew in pure stands over extensive
areas; it typically grew as small groups of trees intermingled in
stands of other species.

43. Furthermore, the technology required to move large volumes
of logs was not well advanced enough to permit clearcutting
of major portions of the virgin forest. Most of the cutting was
still confined to areas where streams could be used to
transport logs to the mill.

15



45, Log slides were often built to extend the distance that logs
could be moved.

46. Splash dams permitted logs to be driven down very small
streams. With high water during the spring run-off, these dams
filled up quickly. When the gates were opened, a rush of water
carried the logs down otherwise shallow streambeds.

47. Many attempts were made 1o tap the timber resources more
distant from streams. Horse-pulled wagons were used to haul
both bark and logs over dirt or even plank roads. But road
construction was difficult and expensive and hence little used.

16



48. Some ambitious loggers built tram roads--the torerunners of

logging railroads. Tracks were built of heavy timber on which
wheeled iog carts could be moved.

49. Because of the dependence on water transport, and markets

limited to only the larger trees of selected species, the major
portion of the virgin forest--lying on the uplands--remained
fairly much intact through about 1880. The cuttings for pine,
hemlock, and selected hardwoods were to be scattered and
patchy partial ones that left considerable amounts of residual
overstory in most places.

50. But these cuttings did create openings in the extensive forests

51

and resulted in considerabie amounts of advance hardwood
reproduction.

During the last half of the 19th century, the industrial revolution
had begun to change the methods used to accomplish nearly
everything, everywhere. By about 1880, major advances in
logging, transportation, and milling methods combined to
create dramatic changes in timber harvesting on the Allegheny
Plateau.

17
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The most important change affecting timber production was
the development of railroad locomotives designed especially
for logging. Originally they were handmade and were little
more than a boiler mounted on a flat car with a
specially-designed means of transmitting power to the driving
wheels.

Logging engines were powered by a crankshaft geared to each
axle. This model of the Shay was first of several logging
engine designs. These geared engines, although slow, were
capable of traversing very steep grades and they could
negotiate very uneven tracks and sharp curves.

Other steam-powered equipment that added greatly to the
ability to move large volumes of timber included steam tower
skidders and log loaders like this American loader.

18



56. Before long, logging ralroads had been built up nearly every
valley to reach the timber on the high ground above,

57. and daily log trains delivered previouslty undreamed of
quantities of logs to the mills on a year-round basis. It was not
necessary 1o rely on access to streams; railroads could reach
anywhere and they did.

58. By 1890 the stage was set for a dramatic change in forest
cutting operations. Logging railroads had solved the problem
of transporting logs from rugged mountain areas.

59. A major driving force behind the ensuing forest exploitation
was the tanning industry, which by the early 1900’s had
become not only the major forest industry in northern
Pennsylvania, but--as represented by the U.S. Leather
Company--the largest single industry in the United States.

19



] annavies used remendous guantities of hemiock bark i
§ which they exiracted the tannin used to cure leather, These

huge piles of hemitock bark were photographed at the Ludiow
Tannery of the Curtis Leather Company.

61. Contrary to popular opinion, hemiock logs were seldom left in
the woods to rot after the bark had been removed. This belief
apparently was perpetuated because the logs were often left
for several months during the bark peeling season while all
available labor was used to peel the bark. Those logs were
usually retrieved later and cut for construction lumber.

62. The ready and dependable supply of iogs and markets and the
development of the band saw led to a large sawmill industry,
which was often associated with the tanning industry.

63. The combination of the two products, bark and sawlogs, made
it possible to finance the expense of building railroads to reach
the timber while providing good profits besides.

20



64. This same combination also led to a third major forest industry:
wood chemical plants that produced charcoal, wood alcohol,
acelic acid, acetate of lime, and similar products. Tanneries
provided dependable markets for many of the chemicals
produced, whereas the established logging railroads made
transport economical enough to permit bulk recovery of these
small wood products.

65. Chemical wood plants provided a market for virtually every size
and species of tree growing on the Plateau.

66. Nearly everything was useable. Bark was peeled from the
hemlock to use for tanning leather, and the logs were cut for
construction lumber.

67. Hardwood logs were also used for construction lumber and for
railroad ties, barrel staves, lath,

21



cpality furndure, cherry dimenzior

69. tool handies, baseball bats from these white ash rounds.

70. Boltwood was used for charcoal and wood chemicals

71. or for pulp and paper products.

22



72. Scrap pieces were made into clothes pins or other small
products, or were cut and bundied for kindling wood for use
in the many stoves of that era.

73. lLogging camps sprang up everywhere to accommodate the
multitude of loggers required to cut and skid the timber.

74. During this era, deer were hunted and sold on the open market
to supply the camps with venison and hides. As a result of
excessive deer harvests, the deer herd in Pennsylvania was
nearly eliminated by the turn of the century.

75. During the railroad era between 1890 and 1930, the virgin and
partially cut forests of the Allegheny Plateau were almost
completely removed.

23



ing--the rallroad fogging era~-began

a peak about 1910, and ended about
he forests of the Allegheny Plateau had

RAILROAD LOGGING
1890 - 1930

In a few areas, the heavy coniferous slash left after railroad
logging

77.

resulted in severe forest fires. When this occurred on poorly
drained soils, especially in areas where deer browsing or frost

damage was heavy,

78.

79. orchard or open stands resulted that have persisted without
much tree cover to the present time. Typically, these areas are
located in the vailey bottoms or occasionally on the poorly
drained soils of the broad, flat plateau tops.
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80. These areas are now dominated by such plants as aster,
goidenrod. grass, and fern with only a few widely spaced trees
of black cherry or red maple.

81. On most of the Allegheny Plateau on areas that were not
burned severely, fine new second-growth stands containing
valuable species such as black cherry, white ash,
yellow-poplar, red maple, and sugar maple have developed.

82. This stand on Little Arnot Creek is typical. It had been partially
cut in 1868 for hemiock. In 1927, the stand became part of the
first commercial timber sale on the newly formed Allegheny
National Forest.

83. Al hemlock and hardwood sawiogs were removed during the
winter of 1927-28

25



o
of saplings was

Ty
a new forest
the stand had grown into the small

several dominant black cherry stems in the

foreground provide a reference that can be used to watch the

s £

£ o)

= = o

& e b=

G & =

= @ ©

sl o m.v

[ fu. &

= © «

& 5 @ o3
g ® 5 5 S a8
&2 » P 8o 80T
g 5 < > D
@ T 0@ > = oo
5§ >R 2o 2L 5
PR

2 2 5% 3 58
Hom - @ - Q m D
4 0 ; .

& & & &

il

26



88, through age 40

89. 1o age 50

90. and up to age 60 in 1988. This stand exhibits all the
characteristics of a typical Allegheny hardwood stand that
resulted from the railroad era clearcuttings.

Within the general pattern of cutting described, great variation
occurred from place to place. The number of partial cuts made
in an individual stand during the 1850 to 1890 period ranged
from none to several; the severity ranged from light to heavy.
Each of these partial cuts was followed by a surge of advance
reproduction that influenced the composition and character of
the next stand after the railroad era clearcuttings removed the
remainder of the overstory.
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Although the chemical wood clearcuts were about as complete
as a commercial clearcut can be, some residuals were left in
most stands. The number, size, and distribution of the
residuals had an important influence on the character of the
next stand. Many stands never received a chemical wood
clearcut, whereas others were clearcut several times. Some
examples of the major stand types that originated from these
different patterns of cutting follow.

The first example is a stand of mature and overmature northern
hardwoods that had been cut over lightly about 1900 for
hemiock logs. In 1935, it contained about 106 square feet of
basal area per acre almost entirely in beech and sugar maple.
The canopy had been opened appreciably by the hemlock
cutting and by natural mortality of the old-growth trees, many
of which were overmature.

As a result, there was a dense understory of sugar maple and
beech advance seedlings throughout the stand

and in areas where the hemlock cutting had been heavy, there
were some pole-size trees of a new age class.
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A cut to remove the balance of the sawtimber combined with
a chemical wood ciearcut, was completed in 1935. Tallies
made after cutting revealed that about 180 stems per acre 1-
to 8-inches in diameter were left standing after the chemical
wood cut. The stems represented 10 square feet of basal
area.

As part of an experiment, eight 1/4-acre plots were established
in this stand to determine the influence of those small residual
trees. All stems larger than 0.5-inch dbh were mowed down
on two of these plots immediately after commercial logging
was complete, thus creating a truly even-aged stand.
However, 5,000 to 6,000 stems of sugar maple and beech
advance reproduction less than 0.5-inch d.b.h. that were not
mowed. There were no significant number of black cherry
advance seedlings.

Data from the mowed plots 35 years after clearcutting illustrate
the composition and structure of truly even-aged stands in the
cherry-maple type. When the number of trees in this stand is
plotted over diameter class, the diameter distribution for the
stand forms an inverse J-shaped curve. This type of diameter
distribution is traditionally associated with all-aged stands.
Even-aged stands are assumed to follow a bell-shaped or
normal curve. This apparent discrepancy in stand structure
has led to many erroneous conclusions about the age
arrangement and proper management of northern hardwood
forests. Some have assumed that because a stand exhibits a
typical all-age diameter distribution, it must be all-aged. But
nothing is further from the truth, as illustrated by this truly
even-aged stand.

The inverse-J distribution occurs in even-aged stands because
the tolerant species such as sugar maple and beech are
capable of surviving for many years without growing much
when they are crowded or overtopped. In dense young
stands, a few individuals emerge into dominant crown
positions and grow rapidly. The remaining tolerant stems are
overtopped but survive leaving a large number of trees in the
small diameter classes. This is the inverse-J curve.
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When such stands contain a mixture of species of widely
different tolerances and growth rates, the diameter distribution
and crown canopy is stratified by species groups. The
intolerants grow better than other species and capture
dominant crown positions and larger diameters. The
intolerants that do not maintain dominance quickly die and are
absent from the smaller size classes. But the tolerants survive
in the lower crown layers and smaller sizes and create a highly
stratified, even-aged mixture. Even-aged Allegheny hardwoods
usually contain black cherry in the dominant position, sugar
maple and beech in the suppressed position, and red mapie in
an intermediate strata between the two extremes.

The diameter distribution of the intolerant cherry does form a
bell-shaped curve even though that of the entire stand as a
whole does not. The distribution for black cherry is a
bell-shaped curve that moves to the right and becomes
increasingly flatter as the stand matures. Note that the largest
cherry in this stand are 13 inches d.b.h. at age 35.

By contrast, the distribution for sugar maple is a very steep
inverse-J curve with the largest sugar maple much smaller than
the largest black cherry at the same age. In this stand, the
largest sugar maple were only 7 inches d.b.h. at age 35.

Leaving a small number of residual trees during the final -
chemical wood clearcut resulted in slightly larger diameter

distributions from the unmowed plots. The general form of the

diameter distribution for black cherry remains the

same--bell-shaped with little difference between mowed and

unmowed plots.
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180 residual trees (10 sqg. ft. of BA)
at fime of cutting

represent

40 % of BA at age 35

AT AGE 35
Mowed W/Residuals
% Cherry 65 35
Dia. (QSD) 2.8 4.4
Eff. Age 24 42
Tol. BA» & 0 35
Largest BC 13 15
Largest Maple © 14

104,

105.

106.

The maples in both plots have steep inverse-J curves, but the
unmowed plots contain a few maples of larger diameters that
cause the tail of the inverse-J curve to extend much farther
than would be expected in a truly even-aged stand. The trees
in this extended tall are the residual stems of a distinctly older
age class. These residuals have a place in the main crown
canopy, and the diameters are approximately the same as
those of the larger black cherry. Although the slight difference
in the diameter distribution of sugar maple in the two stands
may appear inconsequential, the residua! trees have had a
major impact on stand development.

The relatively small number of residuals left after chemical
wood cutting (180 stems per acre representing 10 square feet
of basal area) constitute about 47 square feet or 40 percent of
the total stand basal area at age 35.

Leaving a few tolerant residual saplings and poles had these
effects: A lower proportion of black cherry (35 versus 65
percent of the basal area) and correspondingly higher
proportions of sugar maple and beech than that on the mowed
plots; a larger quadratic stand diameter (4.4 versus 2.8 inches);
faster stand development producing an effective age of 42
years versus 24 years; presence of tolerant species in the main
crown canopy and merchantable size classes -- 35 square feet
of sugar maple and beech versus none in the mowed plots.
The largest sugar maple in the mowed stand was 6 inches,
whereas in the unmowed plots they were as large as 14
inches. Even the cherry were slightly larger in the plots with
residuals, suggesting that cherry grows faster when in mixture
with maple than it does in pure stands.
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107,

108.

108.

Examination of numerous other stands that were clearcut for
chemical wood and known to contain small residual trees has
revealed the same paftern consistently Where sugar maple
and beech are present in the main crown canopy in diameters
comparable 1o the largest black cherry, the sugar maple and
beech are invariably residual stems of an older age. They are
in the main crown layer because they received a head start on
the faster growing intolerants.

The second example is a stand that received two chemical
wood cuts. The original stand on this site had been clearcut
about 1895, resulting in a 42-year-old second-growth stand
when this photo was taken in 1837. The second-growth
contained a considerable number of black cherry stems that
had originated after the first clearcut, along with the usual
sugar maple and beech. There was little advance
regeneration, such as found in the old-growth stands of that
era. Because the stand was young, there were few sawlogs
and the second clearcut in 1937 was for chemical wood only.

Strip-wise fashion was the usual practice when cutting for
chemical wood only. This usualy was not feasible in a cutting
where sawlogs were removed first (the usual practice) because
of the slash and skid trails caused by the sawlog harvest. Two
cutters were typically assigned to a strip about 60 feet wide.
They felled the trees from the center of the strip and cut the
center line very clean to facilitate skidding with horses. Slash
was allowed to accumulate along the edges of the strip.
Although trees as small as 2 or 3 inches d.b.h. were utilized for
chemical wood, the cutters seldom bothered to cut such small
stems when they were located in the windrows of slash along
the strip edge.
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110. Evidence of this type of cuiting is plainly visible today if you

111

112,

113.

know what to look for.  Such stands contain lines of
shade-tolerant residuals in the main crown about 60 feet apart.

The shade tolerant species in areas between the lines have
small diameters and suppressed crown positions. The large
trees in the areas between the lines are fast-growing
intolerants. Because stumps of young trees sprout vigorously,
these third-growth stands that resulied from clearcutting of
young second-growth typically have a very high percentage of
sprout origin stems.

This aerial photograph shows clearly the strip-wise pattern of
cutting and windrows of slash that were common in the
chemical-wood-only cuts.

For our third and final example, here is a stand that never
received a chemical wood clearcut. This stand was partially
cut for hemlock sawlogs in 1888, and then cut again for the
remaining hemiock and hardwood sawlogs in 1900. Because
the stand was never cut for chemical wood it never received
a complete clearcut, though the final sawiog cut was quite
heavy. A surge of reproduction developed after each of the
two partial cuts, and this reproduction, together with some
residuals from the original stand, provides three distinct age
classes in the present stand.
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Because basal area was not reduced below about 40 square
feet per acre, the proportion of shade-intolerant species tends
to be low in these multi-age stands that were never clearcut.
The black cherry diameter distribution in this stand is broad
and irregular. This is typical of older stands with a low
percentage of cherry. Several closely spaced age classes of
cherry cause the curve to show several slight peaks.

The sugar maple distribution in multi-aged stands may depart
dramatically from the inverse-J form. The intermingling of
several age classes, and death of the very small maples in this
older stand produce a nearly bell-shaped curve. So, shade
tolerant species often exhibit diameter distributions exactly
opposite of what you would expect. If the sugar maple
exhibits a steep J-shaped curve, it is probably an even-aged
stand. If it exhibits a bell-shaped curve, it is often a multi-aged
stand.

Most Allegheny hardwood stands can be grouped into four
major types on the basis of past cutting history: truly even-
aged stands, third-growth even-aged stands with residuals,
second-growth even-aged stands with residuals, and muiti-
aged stands.

Truly even-aged stands are rare and limited to research plots
and small portions of stands where the final cutting was usually
complete. The previous hemlock-beech old-growth stands
may or may not have had partial cuts during the 1850-1900
era. To be truly even-aged, the final cut must be complete
leaving no residual stems larger than seedling size.

34



ha arcsts canopy of rgly even agexd stands s highly stratified
‘ ocherry mousunlly abundant and ocoupies the
dorninant Srosvn postions and larger diameters, There are few,
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- Third-growth, rvenagod 1;3'@53513 resulted from two clearcuts
over a short perind of time, Usually, the Hrst was a combined
sawlng-chemicat wond c~§r‘an:~m i the 18801920 era, followed
by a second clearcut for chemical wood only i the 192040
ara.

- These third-growth stands typically have a high percentage of
cherry usually regenerated after the first clearcut, providing a
source of cherry sprouts in addition 10 new seedlings tollowing
the second clearcut. Third-growth stands usually have a very
high percentage of sproul-origin stems hecause young trees
tend to sprout prolifically when cul. The canopy is stratified
with tolarant residuals in the main canopy arranged in paraliel
lines as a *esuez of the strip-wise pattern of cutting. These
stands tend 1o be our youngest because this type of cutting
accurred zmdr(,‘ the end of the raifroad logging era, after the
old-growth stands were gone. Quality of third-growth often
seems poor, bocause of the young age and the high
proportion of sprouts.

Second-growth, even.agoed stands are perhaps our most

common type. They originated from the most typical pattern
of cutting--one or two partlal cuts in the 1850-1910 era.
followed by a clearcut for sawlogs and chemical wood in the
1900-30 era
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Most of the original old-growth stands on these sites had one
or more partial cuts before the final clearcut, and this
encouraged inlarge amounts of tolerant advance regeneration.
Much of this tolerant advance growth was too small to harvest
at the time of the final clearcut, and some of these stems were
left as residuals. So these second-growth, even-age stands
often have a fair proportion of tolerant residuals in the main
crown canopy, distributed at random through the stand. Most
second-growth stands are slightly older than the third-growth
discussed previously because final harvests of this type
occurred eadier, while some old growth was in existence.

Multi-age stands never had a complete clearcut. The final
partial cut usually was confined to sawlog trees. This partial
cut may have been heavy and was often called a commercial
clearcut. But considerable quantities of pole- and sapling-size
trees were left as residuals. Often, this type of cutting
occurred in areas where there was no chemical wood markets,
or where the final cut occurred before the chemical wood
plants were built.

Muiti-age stands are our oldest stands because they originate
from the cutting that occurred in the 1880-1910 era before
chemical wood plants were widely distributed. Shade-tolerant
species are usually well represented in the main crown canopy,
so the distinct stratification evident in even-aged stands is
absent. The tolerant residuals often dominate the stand, and
it is common for some of them to exceed several hundred
years of age. Cherry percentages are usually low, because of
the incomplete cutting and high density of residuals.

These stands are often classified as northern hardwoods rather
than Allegheny hardwoods. These type differences, of course,
are simply the opposite ends of a continuum that forms the
northern hardwood ecosystem. Many of the differences we
observe in present day stands on the Allegheny Plateau are the
result of differences in their past cutting history. This is true of
such characteristics as species composition, age, amount of
sprouting, and crown stratification.
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FOREST CO

Understanding how the present {orests originated and
developed, should enable you to determine proper fores!
management and provide insight into cutting techniques that
will produce desired regeneration today.

Several lessons can be learned from our examination of past
history.  Although we tend to think of our present second-
growth stands as even-aged stands resulting from complete
clearcutling at the turn of the century, this is an
oversimplification.  The present stands are not completely
even-aged. They were created by a sequence of cuts that
resembled shelterwood or diameter-limit cuttings more than
clearculting. A close look at these stands reveals that their
age arrangement is complex and that regeneration did not
always originate in one fell swoop.

Cherry seedlings (and red maple} can start at the time of
clearcutting and outgrow already established seedling-sapling
advance reproduction of sugar maple and beech. Because
present stands lack tolerant advance reproduction and may
contain smail cherry advance seedlings, it is no wonder that
clearcutting today tends to create nearly pure cherry third-
growth, Deer browsing, of course, may limit any kind of
reproduction today.

1f stands with a mixture of tolerants and intolerants are desired,
it probably will be necessary to retain sapling- and pole-size
stems of the tolerant species at the final harvest so that a new
stand containing both species groups in the main canopy will
result. In other words, creation of stands that can be managed
by even-age techniques sometimes requires creating several
age classes on purpose.
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Stand Exam

Stand Analysis

Stand Prescriplion

The BILVAH (SHVicoiture of Allegheny Hardwoods) stand
analysis and prescription procedure provides a systematic
way 10 evaduate forest slands and make sitvicultural decisions,

and consists of three steps (@) stand exammation, (b) stand
analysis, and (o) stand prescription

The stand examinagtion or inventory described here provides
the basic data needed to determine the stand's density,
ion. structure, stage of maturity, and
potential s growth or regeneration.  Sitvicultural
freatments can be based on these measured facts rather than
subjective fudgments. Inventory data collectad in this imanner

sl you not only how much you can cut, but also precisely
i
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DELINEATE
STAND BOUNDARIES

Stand units usually are identified from aerial photographs first
and later checked and adjusted on the ground as needed.

Stand boundaries should be set to keep the stand as uniform
as possible in composition, age, structure, and site quality.
However, consideration also should be given to the ease of
management. Boundaries that coincide with easily
recognized features of the terrain such as roads or streams
allow for more efficient field work and stands that can be
reidentified readily.

Stand area is dictated largely by stand conditions--the
amount of uniform conditions available in one block. Stand
area should be large enough to provide a reasonably efficient
field operation which varies with size of ownership. On large
ownerships, stands less than 10 acres may prove inefficient,
but stands as small as 3 to 5 acres may be practical on smait
properties. Areas of uniform stand condition usually do not
cover 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, avoid very small stands and
fong narrow ones such as those indicated by arrows.
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ESTABLISH
CRUISE LINES

CRUISE DESIGN

Across Topographic
Features

w

9.

10.

11

An acetate overlay on the aerial photo with each stand
numbered provides a useful method of keeping track of
stands, cruise lines, and plot locations as well as a place to
record field notes on changes in stand condition.

The next step is to devise a sampling scheme that ensures
the plots are well distribisted 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 be laid out across topographic features
rather than 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 like roads and powerlines, and overstory plots
should be at least 100 feet apart to avoid overlap.

The number of cruise lines, the spacing between them, and
the spacing between plots on a line must be set to obtain
enough well-distributed sample points to provide accurate
estimates for the stand. The number of plots required to
keep standard error within any desired limits can be
calculated if data on variances are available.
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12.  Avoid laying out cruise lines that miss significant portions of
the stand. Even if the overstory is uniform, understory
conditions can be quite variable.

13.  The number of plots needed to obtain an adequate sample
depends on stand conditions.

14.  Critical overstory parameters (total basal area, species
composition, stand diameter, relative density) usually can be
estimated plus or minus 10 percent (at a 95% confidence
level) with a sample of 10 to 25 plots, depending on variability
in the stand and stand size.

15.  As a rule of thumb, we suggest a minimum of 10 overstory
plots in stands that have relatively uniform conditions (such

| 1 O PLOT MlNiMUM as young, previously uncut, and fully stocked stands),

e Young

9 Uncut

® Fully Stocked
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and a minimum of 15 overstory plots in stands that have less
unifform conditions (such as previously cut, older, or
understocked stands).

For stands greater than 20 acres in size, take an additional
overstory plot for every 8 to 10 acres over 20 acres.

Because of the variability in numbers of desirable advance
seedlings and amount of undesirable herbaceous cover, more
regeneration plots than overstory plots are required for an
adequate assessment. We recommend two regeneration
plots for every overstory plot.

To obtain the desired number of understory plots, iocate the
cruise lines and overstory plot centers first. Each overstory
plot center also will be an understory plot center. In addition,
take an extra understory plot halfway between each of the
combined overstory-understory piot locations.
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Attempt 1o seloct & stand or group of stands that can be
examined in a day and fay oul the cruise lines so that the end
point of one stand corresponds as closely as possible to the
beginning point of the next stand. Also, if possibie lay out the
entire day’s work in a circular route so that you finish the day
near the starting point and your vehicle.

Do not assume that the top of the aerial photo is north when
determining the bearings of your cruise lines. Some photos
are as much as 15°to 18° off. Use a U. S§. Geoclogical Survey
sheet or a known straight feature on the ground 1o orient
your photo.

In laying out cruise lines, look for checkpoints such as road
intersections, well openings, and other features that can be
used to verify your location. Try to begin each cruise line
from such a checkpoint that is easily identifiable 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). You may wander
far off course if you do not plan your cruise and check
yourself carefully.

Use the acetate overlay you made as a working field map.
Record bearings of cruise lines, intervals between plots, and
connecting lines between stands on the overlay. These
overlays are also a useful place to record changes in
understory conditions, such as wet areas, or in overstory
conditions that may lead to breaking the stand into two
stands or changing the typed stand boundaries. Good field
notes on the overlay make data summarization easier.

After 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 all that are needed to locate the
actual on-the-ground plots. Be sure to take the plot wherever
it falls--do not move plot locations to avoid thick patches of
beech brush, slash piles, or other unpleasant conditions as
this will bias the data. Do not move it into areas of good
timber either.
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23.  Data onoverstory and understory conditions plus information
on site limitations are collected and recorded during the
course of the stand inventory. First we discuss overstory
data collection.

DATA COLLECTIO

s

24. The recommended sampling procedure for the overstory is a
variable radius plot using a ten-factor prism to obtain a basal
area tally of all trees 1.0-inch d.b.h. or larger. Trees intercepted
by the prism are recorded by species, diameter, and quality. If
accurate sawlog volume estimates are desired and if data are
being summarized by computer, you may aiso record
merchantable sawlog height, grade, and defect for sawtimber-
size trees. Other prism factors, or fixed-area plots, also may be
used if desired.

25. We have designed two overstory tally forms for entering all
overstory data collected during stand inventory (Appendix 2
and 3).
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Overstory Data

SILVAH - Computer Over
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ONE INCH CLASSES

PSS 2
oo

TWO INCH CLASSES

performed by compuier.

sampled in the overstory is recorded on a separale line.

For example, suppose we intercepted a 20-inch black cherry
with the prism. From the mnemonic species code list
(Appendix 1), we find the species code for black cherry (BC)
and record it on the tally form in the first column. The SILVAH
program recognizes three different types of species code
(Appendix 1): forest survey, mnemonic, or user defined.

Diameter breast high {d.b.h) should be estimated and recorded
to the nearest 1- or 2-inch class. Estimating d.b.h requires
practice--inexperienced workers often find it necessary to
measure diameters for a day or two. Thereafter, occasional
checks should suffice except for large trees, which are difficult
to estimate accurately. In this example, we record the tree as
20 inches d.b.h.

Caution--breaking points for trees recorded by 1-inch size
classes fall on the half inch, and breaking points for trees
recorded by 2-inch size classes fall on the whole inch. For
example, when using 2-inch diameter classes, the 14-inch class
extends from 13.01 to 15.00; and for 1-inch classes, it extends
from 13.51 to 14.50. Be consistent when recording trees, and
use either 1-inch classes or 2-inch classes but not both.
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z UGS
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]

Will Survive 15 Years

Will Never Conlain Sawlog
Will Not Survive 15 Years

Unacceptable Species

DEAD (Code 3)
= Salvage sales

e Optional (wildlife)

30

31.

32.

33

Three quality classes are recognized and are recorded as
coded values.

Acceptable growing stock trees (AGS, code 1) are trees that
either now contain sawlog material or have the potential in the
future to contain sawlog material anywhere in the tree, are of
an acceptable commercial species and will survive until your
next entry. Do not discriminate because of size; assume that
every tree will grow to sawtimber size and judge quality on that
basis.

Unacceptable growing stock trees (UGS, code 2} are trees that
do not presently contain sawlog material or do not have the
potential for sawlog material, are of an unaccepiable species
or in your judgment will not survive until your next entry. All
noncommercial species are considered unacceptable growing
stock.

The third quality code is for recording dead trees {code 3).
This coding is designed to give volume estimates from dead
trees if a salvage cut is prescribed. Tallying dead trees is
optional. This quality class also can be used to tally non-
salvageable material that has benefit for wildlife.
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In our example, the ree is acceptable growing stock or guality
Code 1.

If accurate sawlog volumes are to be calculated from the
inventory data, merchantable sawlog heights {in numbers of
8-foot bolts) should also be recorded for each tree that
contains a sawlog. These merchantable heights will be used
in sawlog volume calculations. If no heighis are recorded for
sawlog trees, SILVAH will estimate merchantable heights from
equations of average heights encountered in stands in
northwestern Pennsylvania. In the exampie, there are four 8-
foot bolts or 32 feet of clear bole.

36. Estimates of merchantable sawlog height should be o a point

where diameter drops below the minimum inside bark diameter
for sawtimber or the height at which the bole breaks up. We
recommend a minimum diameter inside bark (d.i.b) of 10.5
inches for hardwoods.
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37.

38.

39.

i heights are not recorded on the form, the height column may
be used to record tree count. The number of trees with the
same species, diameter, quality, and other attributes is entered
into the column--the example shows three. You must record
the proper code in the overstory cruise type field as described
later.

SILVAH gives you several options for recording tree grade
depending on the accuracy you desire and the time and
money you are willing to spend on an inventory. These
options are coded values entered on the header sheet and are
clearly defined in Appendix A of the User's Guide to SILVAH.
If you choose not to grade trees, SILVAH will estimate grade
based upon equations of average grade recovery by species
and d.b.h., including a percentage for culls and sawtimber-size
trees containing only pulpwood. If either all trees or no trees
are graded (with prism cruise), the appropriate cruise type (in
the stand ID data block) is 1. If you use a fixed area cruise,
the code is 4.

One option that adds very little time 1o an inventory but
increases accuracy is to code in the grade column only those
trees that are culls or sawtimber size trees containing only
puipwood volume. {f you choose this option, use a cruise type
7 for prism cruise or 8 for fixed area cruise in the stand ID data
block.

It is very important to enter the proper code for cruise type on
the header sheet to allow SILVAH to properly analyze your
cruise data.
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40.

41.

42.

43.

For example, if you intercept a t4-inch sugar maple that
contains only puipwood material and code the grade as 6, the
program will assign only puipwood volume to this tree.

Likewise, if you intercept a 16-inch culi red maple, you would
code it 8 in the grade column. The program will not include this
tree in volume estimates.

Crown condition if oaks is the single most important factor in
predicting mortality due to gypsy moth defoliation-induced
stress. Three classes are recognized. Crowns in good
condition (code 1) have less than 25 percent dead branches,
little or no epicormics, and healthy foliage. Crowns in poor
condition (code 3) have one or more of the following
conditions: 50 percent or more of the branches are dead;
foliage density size and coloration are abnormal; or epicormic
sprouting is heavy. Trees whose crowns fall between these
extremes are rates as fair (code 3).

If accurate timber values and net volumes are to be calculated
from the inventory data, percent defect also may be recorded.
Enter a value from 0 to 9 representing the percentage (to the
nearest 10 percent} of the merchantable tree volume that is
unmerchantable due to decay, sweep, crook, or other defect.
Thus, a 1 equals 10 percent, 9 equals 30 percent and so on. |f
you choose not to collect and record defect, deductions will be
made based on averages of defect by species and diameter
from a sample of trees in northwestern Pennsylvania.

if information is desired on wiidlife habitat, overstory trees with
value as den trees or snags may be recorded. Care should be
taken to mark dead trees using a code 3 in the quality column.
Both potential and actual den trees and snags are recorded
using the codes shown here.
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44. A zero entered in the species column of the tally form separates
one plot from the next; a -1 in the species column after the zero
indicates the last plot in the stand.

SILVAH - Computer Overstory Tally Form —| 45. The completed overstory tally form should ook like this. By
i e T 85 e maintaining each plot separately in this way, it is possible to
bverstory Data wra calculate plot to plot variances and estimate sampling accuracy.
1ed { R
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46. If you intend to calculate the stand summary and prescription
by hand, the alternate manual tally form may be used (Appendix
3). Instead of recording each tree, a dot tally of the entire stand
is made. Trees intercepted by the prism are dot tallied by
species, size class, and quality class.

47. Five size classes are recognized on the manual tally form.
When using this form, we recommend using size class breaking
points that correspond to t-inch diameter classes. Thus,
saplings are 1.0 inch to 5.5 inches d.b.h. (i- through 5-inch
classes). Poles are 5.6 10 11.5 inches d.b.h. (6- through 11-inch
classes). Smail sawtimber is 11.6 to 17.5 inches d.b.h. (12-
through 17-inch classes). Medium sawtimber is 17.6 to 23.5
inches d.b.h. (18- through 23-inch classes). Large sawtimber is
23.5 inches d.b.h. and larger (24-inch class and larger). When
these size classes are entered into the computer, use the
following diameter midpoints: 3", 8", 14", 20", 26", respectively.
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49.

50.

51.

Two quality cla arg recoynized on ihe manual talty sheel
acceptable growing-stock (AGS) wees are unaccepiable
growing-stock trees (UGS). Dead trees are not tallied but could
be tallied on a separate sheet If merchantable volume of dead
material is wanted as described befora.

No provision is made for separating plots on the manual tafly
form--data from all plots are combined in the dot taily. But the
number of plots sampled must be recorded. Make an “X" (or
record total number of trees intercepted by the prism) in the
boxes provided for this purpose. if numbers of trees per plot
are recorded rather than an "X", sampling error for total basal
area can be calculated.

That completes the review of the tally forms; next we discuss
inventory procedures. As with any prism cruise, two sources of
error should be avoided: sampling and procedural.

First we look at sampling errors that are caused by variability
within a stand. Some portions of a stand may differ from other
portions in species composition, density, tree size, and so on.
To get an accurate stand average, plots must be located so as
to sample the various conditions. Sampling error can be kept
to acceptabie limits by sampling enough evenly distributed plots
to adequately cover the entire stand.
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55.

By analyzing the cruise of a stand used in a field exercise, | wili
illustrate what a poorly laid out cruise can do to sampling error.
it is a 32-acre stand on which we have a 100 percent inventory
of all trees 1.0 inch and larger, 30 we know exactly what is
there. For red maple, we know there are 45 square feet of
basal area per acre.

. For an exercise, we laid out 10 variable radius prism plots that

were not evenly distributed throughout the stand. These plots
were carefully measured to eliminate any error in procedure
producing what we call an "accurate cruise.”" As you can see,
the poorly distributed plots missed the areas with a higher basal
area of red maple (the shaded areas) resulting in a 22 percent
error due to an inadequate sample. We can minimize, but not
eliminate, sampling error by sampling enough well-distributed
plots to thoroughly cover the stand.

The second type of error found in prism cruising is error in
procedure. With care, this source of error can be eliminated.

Inaccurate prisms are one source of procedural error. 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
has not been 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 tree at exactly 33
feet.
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and vertical {except
for slope or leaning
side 1o s ack on level
ground, horizontal deflection is allered and a cumulative error
is introduced.

Overfamiliarity also can cause problems, Experienced foresters
sometimes go through the motions of making a prism count
without ever actually fooking through the prism.  Avoid
subconsciously deciding whether the tree is in or out until you
have checked it with the prism

Borderline trees present another problem. improper
classification of borderline trees (trees that you can not
positively identify as in or out through the prism) has been a
source of error in past tallies. If pressures to get the job done
preclude checking borderline trees, we recommend counting
each one as a 1/2 tree as opposed 10 counting every other
one. Total basal area will be no different, but compaosition and
distribution will be. For example, counting the first borderline
tree, which may be a pole sugar maple, while ignoring the
second, which may be a black cherry small saw, would affect
both composition and distribution.

Half-trees may be recorded on the computer tally form by
adding a 5 to the quality class. Thus, an acceptable growing
stock borderline tree is tallied as 6 (1 + 5) in the quality
column. The computer summarization program will interpret
this as a half-tree. If you are recording data on the manual
form, use an "X" rather than a dot, or keep them separate.

The most accurate procedure is to measure the distance to the
tree centerline and its d.b.h. If the distance in feet is more than
2.75 times the diameter in inches, the tree is out of range for a
10-factor prism. Otherwise itis in. A 75-foot, automatic return
tape that can be clipped to the belt will facilitate such checks.
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Small trees present another problem. In tallying the basal area,
one precaution is especially important:  do not overlock the
smail trees. The overstory density guide is based on all trees

1.0 inch d.bhe or larger. Decisions on appropriate thinning
procedures and evaluations of selection cufting require
knowledge of the proportion of the stand in this size class. I
the small trees are overooked or deliberately ignored, the
guides will give you the wrong answer.

including these small trees does not add appreciably to the time
required for the overstory 1ally, because relatively few of these
trees are picked up in the 10-factor prism  cruise in older
stands. At the other sampling extreme. many of the small trees
and even some larger trees will be dead when stands are very
dense; be sure not to include these in the tally unless they are
coded as dead trees. Dead trees should not be counted unless
you plan 1o salvage merchantable volume from these stems or
want to record them for wildlife purposes.

Be sure 1o include all live noncammercial species in your tally
as they are taking up growing space and are part of the
growing stock.

data from the field exercise we also were able to
demonstrate procedural error. On those 10 plots for which we
had an "accurate" prism cruise, we had students from previous
training sessions take those plots using the exact same plot
center. The resulis of 10 years ot data from student inventories
show that their average estimate of red maple basal area was
26 percent too low due to improper procedure in using the
prisim.

. Combining the sampling error caused by poor cruise design

with improper procedure in using the prism gives us a total
cruise error of 42 percent. I you are going to invest time and
money to conduct an inventory, it is imperative that you control
these important but often overlooked sources of error.
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between the overstory plots will also be nesded to oblain an
adequate sample. Al locations where both overstory and
understory data are collected, tally the understory data first to
avoid estimating errors due 1o trampled vegetation,

Most of the understory data will be collected on a 6-foot radius
plot. This size was selected because it approximates the ground
area occupied by a single tree when the tree first reaches
merchantable (pulpwood) size.

. Guides to the numbers of seedlings required per 6-foot plot at

various times in the regeneration process have been developed
by Marquis and others. These guidelines assure that there is at
least one stem per 6-foot plot when the stand first reaches
merchantable size--thus assuring full stocking.

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 recommended.
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—————  Regeneration Data

87 Understury dala are recorded on a separate tally form

68. Although it may seem necessary at first to make a
time-consuming count to determine whether a plot has the
required number of appropriate-size seediings, this is seidom
necessary. With a little experience, the determination can be
made on most plots without any counting.

69. Most plots will be abundantly stocked or

70. sparsely stocked, and seedlings that are large enough to count
will be readily visible from a standing position.
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You must keep an accurate record of the number of understory
plots examined. Some plots may have no data in any of the 16
factors, so, indicate each plot tallied by placing an "X" through
the plot number at the top of the regensration block on the tally
form. After the cruise is completed, count the number of plots
taken and enter this value in the box for # plots (regen).

In completing the Regeneration tally form (Appendix 4), the first
step is to assess the amount of desirable advance regeneration
on the 6-foot radius plot. Black cherry and oak are tallied
separately from other desirable species. Desirable species may
vary from location to location or ownership to ownership, but a
fist should be developed and applied consistently so results are
comparable from stand to stand.
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Black Cherry Yellow-Poplar
Red Maple Cucumber
Sugar Maple {Basswood)
White Ash (Hemiock)
Red Oak

4.5 FEET TALL +

75.

76.

Advance seedlings are weighted by height and vigor. Seedlings
such as the sugar maple on the right should not be counted.
Any seedling that is less than 2 inches tall, has fewer that two
normal-size leaves or still bears cotyledons has a poor chance
of survivai and sheuld not be counted. Seedlings between 2
inches and 1 foot 1all such as the one in the middie are counted
as one seedling, and those of good vigor over 1 foot tall as on
the left are counted as two seedlings.

Desirable timber species usually include black cherry, sugar
maple, red maple, white ash, yellow-poplar, cucumbertree, red
oak, white oak, and basswood. In some localities, beech, birch
{yellow and sweet), oaks other than red or white, hickory,
hemiock, and white pine also may be considered as desirable.
Count these species as desirable only if they fully meet the
management objectives for the property.

Large oak regeneration is based on guides from the Central
States where only seedlings 4.5 feet tall or taller are counted as
advance seedlings. Count each such stem as one seedling.
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Sugar maple, beech, hemlock
3'=10" DBH of good form
and quality
Record Species Code

77.

78.

79.

If there is a sugar maple, beech, or heminck 3 to 10 inches
d.b.h. on the 6-foot radius plot of acceptable quality 1o leave as
a residual tree, record the species code of that tree in the
residual box.

Desirable resicual trees have at least moderately good crowns
and clear straight boles free of branches, epicormic branches,
or other defects for at least the first 17 feet, Remember that
residual trees are very large advance regeneration. They will be
left after the final harvest cut to form a part of the new stand.
Because they will be essentially open-grown for 30 to 40 years
{(until the fast-growing intolerant seedlings catch up to them),
bole quality will not improve. Therefore, residuals must be free
of branches or defects initialty. {f your organization does not
retain residuals after harvest cutting, do not record in this row.

Particular attention should be given 1o epicormic branches.
Stems with more than one or two epicormics on the butt log
should not be considered acceptable residual trees.
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Record Number of Stems
< orequal 1’ = 1 stem

> 1 = 2 stems

81.

82.

ing regen, if there are at least two stems of commercial
5 0.5 inch to 2 inches d.b.h., or at least one stem 210 6
hes d bh on the 6-foot radius plot, record the species code
of the dominant stem. Do not count stems of species that
would be considered woody interference such as beech-root
suckers.

Saplings should be stems of a distinctly different age than those
in the overstory--usually ones that originated after a heavy
cutting within the past 25 years or so. Sapling regen is an
entire new age class that is already well established and
growing vigorously, under the present canopy, and that needs
only 1o be released to form the next stand.

Stems of beech, striped maple, sourwood, blackgum, elm,
hophornbeam, and blue beech on the 6-foot radius plot should
be counted as woody interference. Count ali stems less than
1 foot tall as one stem, and all stems over 1 foot tall as two
stemns.
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84. 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 that half ot

Coded Value - 8’ Plot the plot area; (2) present on less than half the plot area, but
" , more than 1 foot tall; (3) present on more than halt of the plot
1= <1 and <50% of plot area, but less than 1 foot tall; (4) present on more than half of
- g3 the plot and more than 1 foot tall.
2 = >1 and <50% of plot P
3 = <1 and >50% of plot
4 = >1" and >50% of piot

85. Because the remaining undesirable understory attributes tend
to be more variable, we will assess them on the larger 26-foot
radius plot. Record an ocular estimate of the percentage of the
larger plot surface area covered by fern or grass foliage, when
viewed from directly above the plot.
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Percemt

a5 Count any fern that grows as individual fronds from the ground
level. Thase ferns reproduce through underground rhizomes
and spread very rapidly under light conditions created by partial
cutting.

87. Ferns that grow in clumps, tend not to spread rapidly after
thinning, so we estimate their percent coverage and record a
number equal 10 one-half our estimate.

88. Record the weighted average percentages of the plot covered
by fern foliage.
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FERN AND GRASS

ASSESS SEPARATELY

SITE LIMITS
Evidence of Poor Drainage
or Rock anywhere on 26’ plot
1 = Poor drainage
2 = Rock

89. For grass and sedge, record an ocular estimate of the
percentage of the plot surface covered by foliage of any grass
or sedge.

90. If grass and fern are found together on the same plot, do not
add percentages together as the rate of spread of one species
is independent of the amount of the other species.

91. Record the number of grapevines in the crowns of any tree on
the 1/20-acre plot.

92. Record the coded value in the site limits row for each 1/20-acre
plot on which there is any evidence of either poor soil drainage
or high stone content in the surface soil. Use a code of 1 for
poor drainage, 2 for rocky surface. A blank or zero indicates
that there are no site limits on that plot.
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soil samples or digging solt pits is neither feasible nor
ry to determine site limitation.  They should be

On the Allegheny Plateau, look for poor soif drainage in
concave positions of broad flat ridge tops, in upland botioms,
and at the base of slopes. Low topography is more likely to be
poorly drained than is high topography. Convex topographic
configuration generally indicates well-drained or moderately
well-drained soils. In valley bottoms, soil drainage becomes
poorer from the stream channel toward the base of slopes.
Concave and low-lying areas in bottoms are especially likely to
oe poorly drained, as are 1oes of slopes with many seeps.

. Other indicators of poor soil drainage include: standing water

in depressions or wet surface soils that persist during the
dermant seascn and during periods of normal rainfall in the
summer and early faii;

presence of wet-site plants such as sedges, rushes, sphagnum
moss, sensitive fern, interrupted fern, cinnamon fern, skunk
cabbage, false hellebore, and marsh marigold;
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EXPANDED TALLY

Regener

87. and very deep spongy humus layers at the soil surface.

98. Stony areas can be recognized afler a little experience. Look
for the stone layer beneath the forest fioor in road cuts. Large
sandstone outcrops generally will be present somewhere
upslope as well. The hard and uneven feel of the soil surface
when walked upon is a sure indicater of many surface stones.

9g. When complete, the expanded regeneration tally sheet will ook
like this.
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2 .IPD ;ff/ 1
4 10 0 15 17 i
. CHECKMARK TALLY |

Deer Impact Index of 4

® Property

® Stand

— SILVAH - 1D & Regen Tally Form ~

1071,

102.
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An alternative method for assessing the understory
condition is 1o determine at each plot if the criteria for
your appropriate deer density is met or not.  The
amourt of advanced seedlings for a piot to be stocked
varies tremendousty with the deer impact index. In this
example, use a deer impact index of 4, which reqguires
that a plot contain at least 25 black cherry, 40 small oak,
or 100 other desirables for a plot to be considered
stocked.

You just make a checkmark if the stocking criteria for
your deer impact index is met. A completed checkmark
tally would iook fike this.

The identification 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 information requested at the beginning of this block
identifies the particular stand by ownership and location.



104. The middle section requests specific information on the
type of cruise used. It is important to fill out this section
very carefully. The most impoitant coded values in this

CRUISE INFORMATION section are reviewed here.
| 2 jo N R
1 S fo.oe
4 kR |
5.0
105. Species codes are coded values telling the computer
which particular system you used.
SPECIES CODES
1 = Mnemonic
2 = User-Defined
3 = Forest Survey
1086. Likewise, record a coded value for the d.b.h. class.
DBH CLASSES
1 = 1" Class
2 = 2" Class
3 = 5 Major Classes
. Cruise Type 107. The coded value for the type of overstory cruise is
?“'“j’“‘“i”“”“?‘ ] necessary for the computer to know how you used the
individual T | Prism | Fixed various fields on the tally form so the data can be
ndividual Tree i { i
All/None Graded ’ 1 . properly summarized.
Grads 6, 8 Only L7
Counts Col 4 2 s
Dot Tally L3 6
; !

70



o
I

None

1 = Condensed {checkmark)

2 = Btandard (counts) Defaull

1 = 8 Hadius (defaull)

2 = Milacre

SITE AND MANAGEMENT GOALS

HEIGHT ADJUSTMENT

1.50 = High
1.00 =Medium (Default)
0.50 = Low

108,

110.

111

71

he aporopriate vaiue for the type of regeneralion

Finally, rocord the coded value for the size of plot used
1o assess advanced seedling stocking.

The final portion of the identification biock describes
particular site factors and management goals that may
influence the final prescription. I you are in an oak
stand, it is necessary 1o iake site index.

it you did not record actual heights, you may make an
adjustment in the Iocal heights used in SILVAH.



[ MANAGEMENT GOALS

-.Code
1 No Restrictions (Defautlt)

Even/Uneven Age - No Clearcut

2
3 Uneven-Age - Maximize for Timber
4

Uneven-Age - Large Trees
Effect on Deer
Regeneration impact
Faifure - Vvery Higt (5)
L gd‘
Honoculture - . W B . High (a)
e - :
Specios SR -, C ™ .l Moderate 3}
Sucoess oo ‘\@ T Low (2)
o Beoss oL vary Low )
6T e w w % a2 w

Deer Population — no./sq. mile

DEER IMPACT INDEX
Code Rating

Very Low

Low

Moderate
High (Default)
Very High y

n & WO N -

112.

113.

114,

115.

The final prescription that SILVAH will generate is
dictated by ycur specific management goals. Codes 2,
3, and 4 indicate restrictions that visual or wildlife goals
for this stand may impose on timber cutting methods.

Deer impact index is a function of deer density and the
amount of alternative food available within a 1-mile
radius of the stand. Deer population can be estimated
using pellet group counts or from your State Game
agency’'s estimate for your area. Using this chart,
determine the deer impact index for your stand.

Then, enter the appropriate coded value on the tally
form.

You have completed the first step in the three-step
process--the stand inventory. You are now ready to
enter the data into the computer to begin the second
step--stand analysis.
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APPENDIX 2

—— SILVAH - Computer Overstory Tally Form —

USDA. Forest Service, NEFES, Warren, PA  1/91

Overstory Data stand ID Shest ___of

zl o leololclS Il elslcls I E

Species| dbh | o] or B §§ Species| dbh 9| or |o %’ ° z Species| dbh gl or o=l =z
SiCountl S| &SI SiCountlSlalGiz SiCountlSlaic |z
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APPENDIX

3

——  SILVAH - Manual Overstory Tally Form  —
Stand (D UTDA, Farest Service, NEFES, Warren, PA 1751
i 5 | Other
AGS Black | White | Yellow | Red |MN. Red!fostern] Al Sugor | Amer. | Striped! sqis.
Size class cherry| as! poplar{ maple; oak jhemlock others mc:p'rai beech mcpleghgckgr\/
| i
Saplings Dot ;
1.0 -~ 5.57 ‘
BA LS— R S
Poles Dot
5.5 - 11.5" .
BA
Smail Scws Dot i
L T T I
BA . -
Medium Saws | Dot
179 - 235"+ 0 b b s
BA
Large Saws Dot
23.57 +
BA i
Totel Basal area |
Poles & larger
Cther
UGS Black | White | Yellow| Red |N. Red|Eastern] All Sugar | Amer. | Striped| gqks,
Size class cherry| ash | poplar| mapie| oak Ihemlock others| maple| beech | maple hickory
|
Saplings Dot
1.0 - 5.57 ; R
P BA
Poles Dot
5.5 - 11.5" -
BA
Small Saws Dot
11.5 - 17,87 1 .. W B - e
— BA
Medium Sows |Dot
17.5 - 23.5" . - [N SRR S SR
Ba
Large Saws Dot
23.5" + . S SN U B S
BA
Total Basal areo
Poles & larger
AGS + UGS
BA Poles & larger
J | | Vi L ag | Conversion
Plot 1123 4567 8|3 10]11]12]13]14]15]16[17|18]19]20] "
| I i 1 i ! BAFI# picts
Count f { J ] ! i
t i | ! |
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BA = Dots ® Corversion factor
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Remarks

Vorr\pqnm ni/t

5, Warren, BA 1/

dem‘% fﬂaa‘i ion {}a‘{a

pecies u0d8¢

Overg’rory Cmsw

negnn Cruise

| TGH\/ mom‘h

Sheet

N Acrque in stand

Cover ;ype

EicVOnon

Site spemes

A%pr‘

we mm 5

| Height adjust

i
1

Operobﬂny

Acres W/1 1 mi.

1 Water code

Water code

i
opo posﬁson

Cu'fxvm(on

Open

- code

Management goal

|
Gypsy moth

Notes

Regeneration Data

1j213ta(5]6

1 Black cherry

14/15]16(17 18

2 Small ook

9 Scphng regen

19 Woody interference

11 Laurel & Rhododendron

12 Ferns

15 Gropevines

16 Site limitations ol

i
:
i
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Stand Data Summary and Analysis

Susan L. Stout

L

— SILVAH - Prescription Summary Worksheet —

— SILVAH - Manual Overstory Summary -

— SILVAH - Manual Overstory Tally Form  —

T SILVAH - 1D & Regen Tally Form

......... gomufication Data Co e

e

1.

The second step in the SILVAH process is to summarize and
analyze inventory data from forest stands.

Here we review the process by which you use a computer or
calculator to summarize the inventory data you collect and use
that summary to select a prescription outlining appropriate
treatment of the stand. Usually, a computer makes these
calculations, but working through the calculations step by step
gives you a better understanding of the way the SILVAH program
works and of the results that appear on SILVAH printouts.

The forms used for the calculations are shown in Appendices 1-
5. They are provided blank so the reader may practice the
procedures described and as an example. The forms have two
main purposes: they give users without a computer access to
the SILVAH system, and they help computer users learn what the
computer does with inventory data.
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Srend 10

Bk 1 White

cherryy  ath

:
Bk | Whiie

Chsree o 0%n

4.

it data are collected on the Gomputer D Tall
data can be transferred 1o the Manua {
{Appendix 1 and 2j, but the reverse Is 1ot true benause of
groupings by size class.

1

On the Manual Overstory Tally form, data are organized by
broad size class, quality class, and species group -- AGS
(Acceptable Growing Stock) and UGS (Unacceptable Growing
Stock)--definitions for the quality classes are shown in Appendix
6. Rows to total basal area in poles and larger for each species
group by quality class and for both quality classes combined are
provided.

The species are grouped based on the growing space
requirements of the different species. The basis for the groups
is described in more detail later. However, make note of the
groups. The black cherry, white ash, yellow-poplar group
includes only these three species.
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Tanual verstory ram -

USTDA, Faragt Sery

i 1

: |
erlowl Red N Ned;Egs?ern% Al Sugan
opiar| mapie: ook hemlocki others| mapld

LTUA Tormst Service, NITET wrean, B4 1)
. C o Gther
Re\df Lagrern Al Sugar ! Amer. | Stripag! maks
oK ihem!owi hers r‘r‘xcpieg heanh ‘ maple %hlv:kory
: : : i |
! i i i '
. } ! !
H N ’ .
T ; o ; i
{ : : i
; .
; | i |
] | ) | .
: : : .
: i .
f ;
} ; 9.
|
- . |
Saphngs Dot |
1
i
1.0~ 5.5 .
BA.

el Sows " Dot

11.5 - 17.5" . i
BA

Madium Saws {Dpt

17.5 - Z3.5" e |

BA

Large Saws Dot

235" + . !
BA !

The red maple, red oak, eastern hemiock, and others group
includes northern red oak, red maple, birch, pin cherry,
cucumbertree, and basswood. Because it is the intermediate
group in growth rate, growing space, crown size, and tolerance,
we assign other species 1o this group when growth patterns and
growing-space requirements are unknown. Eastern hemlock is
tallied here as are other conifers.

The sugar maple, American beech, striped maple, and other oak
group includes sugar and striped maple: American beech: white,
chestnut, black, and scarlet oak; and the hickories.

The diameter ranges for the five size classes are shown on the
Manual Overstory Tally form. These broad groupings are
adequate for characterizing and controlling stand structure.
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Baery

Poles & larger

AGS + UGS

BA Poles & lorger
P 1 i 2 3 i 4
Fie L
kT
Count i ; b
| {
Pl
]
i
{
i
§
15
\\

L4 - Dots * Commrsion e

Black
herry

While

Rt

Yellow
poplar

I
|
i
i
B

10,

11

12.

13.

The first set of overstory calculation
tally form.  We convert the dot tally inv
basal area per acre in cach szz@/spemes

Steted on the
astimates of

.,;32335;»«
=
i‘»

—

o © =
)

\(n

To make this conversion, we must record the number of
overstory plots tallied. The plot count row may be checked off
or the number of trees intercepted by the prism at each plot may
be noted. !f you note the number of trees per plot, you can
determine the variability of basal area from plot to plot and
decide whether your inventory represents an adequate sample.

The prism conversion factor in the lower right corner of the tally
form equals the prism factor--in our example, 10--divided by the
number of prism plots. For the sample stand, there were 19
prism plots, so the conversion factor is 10/19, or 0.526. That is,
every dot in the sample dot tally represents slightly more than
half a square foot of basal area per acre. We recommend that
you record this number to three decimal places to minimize
rounding error.

Now, multiply the number of dots in each cell times the prism
conversion factor. This gives an estimate of the basal area per
acre for that cell. For example, our tally form shows five dots
in the black cherry/pole/AGS cell. Five times 0.526 is 2.6 square
feet per acre for that cell. Record this estimate below the dot
tally in each cell. There are 110 cells: 5 size classes x 2 quality
classes x 11 species. Record these values to one decimal place
1o minimize rounding error.
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t4. We only calculate one subltotal for each species group on the
form: the basal area in trees of pole size or larger. We will use
this number later to calculate an index value for probable seed
production in this stand. The computer makes this calculation
using frees 8 inches or larger, since 8 inches is about the
threshold for seed production. Since we have grouped trees by
size class, we calculate this value for trees 6 inches or larger,
that is, the poles and larger size classes.

15.  For each species, add and record the basal areas for poles and
larger AGS and record this on the appropriate line in the middle
of the tally form,

16. then record the basal areas for poles and larger UGS near the
bottom of the form
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17
17,
.
i |
L
B
WGl
AGS « UGB
A iy A Dieaerdt e
S
18.
19.

and finally record the sum of the val

summary line at the bottom of the form.

At this point, transfer basal area values to the Manual Overstory
Summary form (Appendix 3). Two copies are provided so that
you can use one to summarize the data from Appendix 2. On
this form, fill in basal area data for each of the three species
groups, by size and quality class.

In the lower right corner of this form, final estimates of basal area
per acre, relative density per acre, board-foot volume per acre,
and cordwood volume per acre for the entire stand will be
recorded. Elsewhere on the form, subtotals of these values by
species group, size class, and quality class will be recorded.
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SA i 20.  The calculalions are straightforward. From sxtensive research,

we have developed basal area conversion factors for each
A o ' o size/quality /species combination; so, we can convert the basal
ST e R D area estimates from the inventory to other values that we need.
L oo : There are factors in the relative density column, factors in the
‘ e board-foot column,

007 4B 0.9
21.  and factors in the cords column. Each of these factors is
multiplied by basal area for the appropriate size/quality/species
et combination, and the subtotals added, to get the stand
- estimates.
- ]
>>>>>> ,,“),_‘ o R P
8.5 5.510.18
EREE IR N i vpvcich I
.24 .
265 26.500.28!
B R - ‘ 22.  The first step in using this form is to transfer the summary basal
‘ F\f—”:’ . area information from the tally form to the summary form.

UGS |
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wal Overstory Summary

L, Warr

M-~ HRO—EH~0th | SM=AR=5IM~00 All Specis

) -:Eldﬂ BA RO

ULDA, Forest Sacvics, MEFLS

RM~NRO-EH-0th | SM

1
it

BA

asad areas for the species ip
i, by slee and qualily class, For example, meé
3 1.6 sauars fest of American beech, 1.6 square
feet of sugar maple in sapling acceptable growing stock, and no

basal area in striped maple or other oaks and hickory.

24.  So,record 3.2 in the SM-AB-StM-0OO0 sapling acceptable growing
stock cell. There are 30 target celis.

25.  After transferring the appropriate basal area sums to all 30 cells, 4
calculate several subtotals. For each quality class, calculate

species totals for all size classes, and record at the bottom of the
quality class,

26. and calculate size class totals for all species groups, and record
to the right of each size class.
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; 27, Calculate overall totals for each quality ciass as well

=00 Al Species UGS

g w 28.  Overall totals for each size class and the whole stand are
3 e recorded in the BA column of the summary block. After this first
step, we know how much basal area is in our stand, and we
‘ have a sense of how that basal area is divided by quality, size,
e and species group. In the sample stand basal area is 158
' square feet per acre, of which about 46 square feet are
unacceptable growing stock.
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- R
e closs BA RO Batt
. P Ai. - :.‘..vmuw..
i r
5 ] ;
R 1,44
cvalue
R K o
bt .60 1
- cafust,
P Daw t 30,0
i RloN )
. 0,37 54
fvalue
o itw s J""\‘?}
o f 031 18
. {vmuw
< " -
Laws ) 0.5
. ’ 14
svalun] sy
vt 5 4

1
PoaC-wA-YP
i :

60 CHILDREN |
: or !
40 ADULTS {7

30.

31.

Bul how crowd
optimal for the stad? Ae
the site and converting It the wood progucts that we would
fika? To answer these questions, we need 1o know ihe relative
density of the stand.

Relative density compares the crowding in a forest stand to the
crowding in a stand at the average maximum density observed
in stands of similar average tree size and species composition.
Our research has shown us how much growing space a tree of
a given size and species needs in undisturbed, maximum density
stands, and we have translated these to the Relative Density
factors on this work sheet.

Relative density is easy to understand if we consider school bus
capacity. School buses usually have two capacities printed on
the side: 60 children or 40 aduits, for example.
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T
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1
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80% BC

80% SM/BE

32.

33.

34.

35.

So, how crowded is the bus if there are 40 people on 1?7 Wel,
that depends. If the 40 peopie on the bus are adults, then the
“relative density” of the bus is 40/40, or 100 percent.

But if the 40 people are children, then the relative density is
40/60, or about 67 percent, and there is still some room for the
kids to spread out or for a few more passengers, perhaps even
some adults.

We could translate these bus capacities to "crowding factors" for
children and adults: The crowding factor for a child would be
1/60, and that for an adult, 1/40. The relative density factors on
this work sheet are conceptually the same. Black cherry
poletimber, for example, regardless of quality, contributes about
0.6 percent per square foot to the crowding of a stand, while red
maple poletimber contributes about 0.76 percent per square fool.

The species groupings on this worksheet are based on
differences in the relative density factors. in undisturbed stands
with a high percentage of black cherry, basal area and number
of trees per acre will be much higher than they are in stands of
similar tree size with a high proportion of sugar maple and
beech. Stands with a high proportion of red maple will have
intermediate levels of basal area and number of trees per acre.
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Growing Space
Acres x (01

2 /

O
4 8 12

Sive cla

- fvaius
EIWESREI RIS
f 1B

]
|
i
¢
T
i

Evmh.m

Poles

fvalue

Small Sows |
i

36.

37.

38

This graph shows the growing st

natural stands with a bigh proportion of this 5y
tasal area and number of irees pe e than #y sie
other species. The sugar maple/American beech group has the
requirements, and those of the red mapie

largest growing space

group are intermediafe.

We have estimated the basal area in each size/qguality/species
cell, so calculating the relative density for that cell is a matter of
a multiplication: Basal area per acre times relative density factor
equals relative density per acre. Do that 30 times,

and then calculate the various subtotals again. The relative
density of this stand is approximately 97 percent, or very close
to the maximum that we expect in a stand of that size and
species composition.
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The next set of calculations s used 1o estimate the board-foo!
volume of the stand,  Again, we have calculated a board fool
factor for sach species group. by gualily and sawtimber size
class.  in the SILVAH program, the volume of each tree iz
calculated by an equation based on species, diameter, and

j i you do not record height. SILVAH uses the heights on
this chart, based on data from the Allegheny National Forest and
Hammermill Paper Company. For the manual calculations, we
have developed factors 1o give a rough estimate of the average
volume per sguare foot of basal area in each size and species
group. The total will be a very rough estimate of the actual
board-foot volume In the stand, but the relative volume
caleulated for different stands should give you an idea of which
ones are carrying high volumes and which ones are not.

Note that the black cherry/white ash/yellow-poplar species
group has different board foot factors than the other two groups.
The black cherry group has more volume per square foot than
do trees in the other groups.

Note, too, that the factors for UGS are half those for AGS. This
allows for the fact that at least some of the UGS will have no
sawlimber volume, and, in general, the volume will De less per
square foot.
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43.

44.

Agamn, the calculation involves multiplying basal area per acre I

each size/species/quality cell by the board foot factor. Be sure .
to multiply the board foot factor by the basal area, not the

refative density. Thare are only 18 cells this time, since we ars

dealing with sawtimber oniy.

But we have just as many subtotals, by size classes within
qualities, by species within qualities, and overall.

Finally, we need to estimate the cordwood volume in the stand.
Again, we have developed factors that convert basal area to
cordwood volume, and these do not vary enough by species or
quality to perform separate calculations. 8o, the cordwood
factors are printed in the cord column near the grand total block.
Muitiply basal area per acre times the cordwood factor to obtain
an estimate for each size class. This total is the last of our four
grand totals.
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45,

46.

47.

48,

This figure represents the total--cordwood including the
sawtimber. A rough estimale of the cordwood excluding
sawlogs can be made by dividing the board foot volume by 800
and subtracting the quotient from the total cordwood volume.

We will extract other overstory values to use in determining the
prescription, but first we need to summarize the understory
values collected in the form of weighted counts on the ID &
Regen Tally Form (Appendix 4). The form contains inventory
data to be used in completing a sample summary. The
procedure for making these counts is reviewed in the article
“Stand Examination Procedures.”

The first step in data summary on this form is to summarize data
for advance regeneration. You must calculate the total number
of plots that have sufficient regeneration stocking for the level of
deer pressure on that stand in the black cherry, small oak, all
desirables, and large oak categories. The criteria are partially
displayed on this table, see Appendix 6B. Choose the
appropriate level of deer pressure, and for each advance
regeneration category, count the number of plots that meet or
exceed the count in the table. For example, in the sample stand,
the deer pressure index is 4. That means we need a weighted
count of at least 25 black cherry seedlings for a plot to be
considered stocked.

The stocked plots are circled on the tally form, and the count
recorded in the # column to the right.
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Type i Counting Crite
Woody Interferance 15 with 12 stems or
more
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coverage

Grass &4 piots with at 'east 30%

coverage

Count plots coded 4 as 1,
count plots coded 2 or 3 as
12

Al plots with at feast 1 vine

taurel and Rhododenaron

Grapeving

48.  Add the counts inrows 1, 2 and 3 (black cherry, smali oak, and
other desirables) to calculate an "all desirabxes” total to compare
with the appropriate “all desirables” criterion.

50. Record this number in the "all desirables” # column.

51. For the residuals and sapling regen rows, count the number of Q
plots that have an entry and record the value in the # column.

52. Critical levels of interference are listed on this table, also found
in Appendix 6C.
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53

54.

55.

56.

For the woody interference, laurel and rhododendron, fern, grass,
and grapevine rows, count the number of plots that meet these
criteria and record in the # column.

For the site limitations row, count the number of plots with an
entry and record this value in the # column.

Three rows of regeneration data are combinations of other
categories: any small regen, any regen or residuals, and any
interference. Each of these is highlighted on the tally sheet, and
a list of row numbers combined to form this row is in the title
biock.

To complete these combined rows, determine whether any of the
rows listed meet the appropriate criteria. For example, the
numbers in the any small regen block are 1,2,4, and 5, or bilack
cherry, small oak, all desirables, and large oak. So, for each plot
that met the criteria for one or more of those rows, put a check
mark in the any small regen, or sixth, row. Total the number of
check marks and record the value in the # column. Do likewise
for any regen or residuals (row 8) and for any interference (row
14).
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anhy countable see@‘ n 1S OF interfererice.  The prescription

selection for any stand is based on m percentage  of
regeneration pir;zs meeting stocking criteria. The percentage can
be correct only if the total number of regeneration plols is

accurately reft ec*ed on the form, so & is critical to record plots
that had no recordable data.

There is one exception to this procedure for summarizing
regeneration data. in stands with a significant component of
pak, the probable contribution of oak stump sprouts to the next
stand can be calculated from overstory data and added to
advance regeneration stocking.

The Prescription Summary Worksheet (Appendix 5) contains the
oak stump sprouting section required to compicte thise
calculation. To calculate the expected number of stump sprouts

per acre, record the basal area for each size class and each oak

species group represented in the stand in the BA column.

Muitiply the basal area times the appropriate factor on the table.

Add these to estimate the total number of slumps that will

contribute sprouts to the next stand. For example, 10 square

feet of white oak poletimber would yield 21 sprouting stumps per

acre.

The bottom of this section has figures used to determine the
adjustment to advance regeneration stocking represented by oak
stump sprouts. Locate the number of sprouts you calculated in
the last step in the column for the appropriate deer pressure,
then read the adjustment factor in the first column.  The
maximum adjustment for stump sprouts is 20 percent. For
exampie, the 21 sprouts per acre we expected from our 10
square feet of white oak poletimber would add 5 percent to our
advance regeneration stocking in a low deer pressure area. In
a high deer pressure area, we would interpolate from the table
and add about 2 percent to advance regeneration stocking.
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SUMMARY DATA SHOWS:
Overstory species composition. basal area. density,
structure and quality
Understory species composition. secdling numbers,

residual trees. interfering plants, and site problems

ANALYSIS:
Extract 17 variables that will uniquely

determine a prescription for this stand

Prescription Variables

Site & Environmental Factors

—

Understory Factors

Overstory Factors

51,

62.

63.

Add this adjusiment percentage to the any regen or residuals
row of the regeneration data summary {row 8) on the 1D &
Regen Tally Form.

After completing the three summary forms, we know a great deal
about the present overstory--species composition, density, basal
area, structure, and quality. We also know a great deal about
the present understory--seedlings, potential residual frees or
saplings of a different age class, site problems, and interfering
plants.

The next step is to extract the particular overstory and
understory values needed to determine the best prescription for
this stand. Record the values on the Prescription Summary
worksheet (Appendix 5).

The values we will extract are those needed to use SILVAH'S
decision charts. in concept, we are extracting key information
about management objectives and constraints, the regeneration
capacity of the stand, and the maturity and present growing
conditions of the overstory.
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P?@SC??@??QH Variables 65. The first group of considerations are site and environmental

: e factors. Management goal and deer impact index are the first of
Site & Environmental Factors these factors.

Manogement !

Deer impact index

|
|
|
!

Site limitations

66. They are found in the identification data block of the ID &
RegenTally Form {Appendix 4).

67. The codes for these values are reviewed in the article "Stand

Prescriptioﬂ Variables Examination Procedures." Management goal is the code that
represents management objectives and constraints for the stand.
Site & Environmental Factors Management goal ranges from 1 for those whose goal is
Monagement Goal | ¢ maximum timber production with even-age practices 1o 4 for

U S — those whose goal includes some timber production while
retaining many large trees.

Sitg Hmilations

fond X " Food A

68. The values for deer pressure range from 5 for very high to 1 for
Prescription Variables very low.

Site _& Environmental Ff_ac;crs

|
]
i
|
;
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Seed Source Index

L

70.

71.

72.

The third of the site and environmental factors is seed source
index. it indicates the adeguacy of seed source, which, if too
fow, is a very important limiting factor for regeneration.

Our research indicates that trees 8 inches and larger are the
principal sources of seed in Allegheny hardwood and oak stands.
Using the manual form, we can not break out trees 8 inches and
larger, as the computer does. However, we can total the basal
area in trees 6 inches--or pole size--and larger. Make this
compromise when using the manual procedures.

This calculation is performed in the Seed Source Index column
in the left hand column of the Prescription Summary worksheet.

We have already calculated the basal area in poles and larger for
each species or species group on the Manual Overstory Tally
form. In the sample stand, there are 64.5 square feet of basal
area in pole size and larger black cherry trees. Record this value
in the BA column of the Seed Source Index section on the
Prescription Summary worksheet.



Seed Source Index

- BA M Seedlings
Species f Poles +| &4+
Black cherry 14.0l649.5 |
sugar mople geod 12.4] |
Suger maple poor  11.2 ,

White osh 1.5 éq
Red maple = 11.5{39,5
Ocks 1.0

Totol

M Teadbngs

73.

74.

75.

76.

Cur data on seed production cover the major species in the
Allsgheny hardwood and oak forests of the Allegheny Plateau
region.  Record the basal area in poles and larger for black
cherry, white ash, red maple, the oaks, and sugar maple in the
Seed Source index section.

Two rows are provided for sugar mapie basal area. in some
parts of the Allegheny region, such as southwestern New York
state, sugar maple trees tend to be in the main crown canopy,
have vigorous healthy crowns, and produce ample seed. if the
stand you have sampled is similar, record the basal area in poles
and larger trees on the sugar maple good row.

In other regions of the Plateau, however, such as the Allegheny
National Forest, sugar maple rarely reaches into the main crown
canopy. The crowns of sugar maple in such stands are often
small and lack vigor. In some stands, seed production is also
limited by disease, insect defoliation, or decline. When the stand
you have sampled is similar, record its basal area in pole and
larger trees in the sugar maple poor row.

Next, multiply each basal area by the seed scurce factor in the
column labeled f. Record the answer, which is an estimate of
the number of seedlings in thousands of that species likely to be
produced per acre over the 5-year period of a shelterwood seed
cut, in the last column of the section, and sum the values.
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77.  Finally, match your total to the values in the M seedlings row,
and read the appropriate index value below. An index value of
1 indicates abundant seed production, while an index value of 4
indicates severe limitations to regeneration due to seed
production.

78. Record the index value in the seed source index row in the Site
and Environmental Factors section.

79.  The final row in the Site and Environmental Factors section, site
limits, is the percentage of regen plots that were checked off as
either wet or rocky.

80. The value for this prescription variable can be transferred directly
from the ID & Regen Tally Sheet (Appendix 4). In the sample
stand, it was zero.
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Understory Factors

81.

82.

84.

Most of the Understory Factors also can be tansferred directiy
from the understory summary {Appendix 5) 1o the appropriale

space on this form.

We have already calculated the values for any small regen, any
regen or residuals, sapling regen, and any interference.

So, we record the values: 50 percent of understory plots
stocked with any smail regen, 53 percent with any regen and
residuals, none with sapling regen, and 13 percent with any
interference.

We need to make two new calculations, however. Because
seedlings inside fences are protected from deer browsing and
the associated losses, the regen stocking required for successful
regeneration cuts inside a fence is lower than that in moderate
to high deer pressure areas. The values that we need for any
small regen-no deer and for any regen or residuals-nc deer are
calculated from our weighted counts, just as the original values
for any regen and any regen or residuals were calculated. For
the no deer values, however, we use the criteria for plot stocking
associated with a deer pressure of 1 on the advance regen
stocking table in Appendix 6B.
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85.

86.

87.

88.

For example, we only considered those plots with 25 or more
black cherry seedlings stocked in our original calculations, since
25 was the criterion associated with our ambient deer pressurs
level of 4. But if we were inside a fence, 10 seedlings per plot
would be ample stocking.

With this criteria, many more of the understory plots can be
considered stocked with the various categories of advance
regeneration. The criteria for other desirables and all desirables
under a Deer impact Index of 1, for example, is 15 seedlings; so,
there is a very big change in these figures.

In the sample stand, using these changed criteria, 30 of the
regeneration plots in the sample stand, or 76 percent, can be
considered stocked with any regen, and with any regen and
residuals.

We transfer these values to the Understory Factors section,
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89.

91.

To these values, we would add the oak stump sprouting
adjustment for low deer pressure in a stand with oak. {

The final category of values that we need to extract from our
data summary is Overstory Factors. Three of these can be
transferred directly from the Manual Overstory Summary sheet
{Appendix 3).

Sapling basal area is the grand total for saplings, all species, all
qualities. For this stand, the value is 11 square feet, and it is
found in the sapling cell of the basal area totals column, and
recorded on the Prescription Summary worksheet.
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52, Relative stand densily Is also the total, for the whole stand. The
total relative density is in the lower right corner of the Manual
Overstory Summary sheet.
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PSR TS e 93.  The relative density AGS is the total relative density for the
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gort| ©A  RD summary block near the top of the Manual Overstory Summary
. sheet. For this stand, the value is 63 percent.
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94. Record all three values on the Overstory Factors section of the

Overs
tory F %Ctors Prescription Summary worksheet (Appendix 5).

Sapling basal graa i

Shade tolerant bosal areo

Relative stond density i

Relotive densify AGS

biand  diomeder (MD)

erch. stand diometer (MDM)

ears to maturity
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g5. The next value is shade tolerant basal area. We are interested
in this value because we need zmple basal area in shade tolerant
species if uneven-age management techniques are to succeed
in this stand. A section is provided for this calculation on the feft
side of the Prescription Summary worksheet.

96. Calculate the total basal area in sugar maple, American beech,
and eastern hemlock. The total you calculate should include all
size classes and both quality classes.

97. Record each species total on the appropriate line and sum thesey
values. For this stand, the total is 40 square feet. ‘?(

98. Record the sum as the shade tolerant basal area in the Overstory
Factors section.
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100.

101.

The next three calculations are interrelated, and are used 1o
assess the maturity of the stand. They also will be reference
values for development of a marking guide i the stand
prescription calls for any intermediate cuttings.

The stand diameters that we calculate are the diameters at the
midpoint of the basal-area distribution. Diameter (MD) is the
diameter at the midpoint of the entire distribution, while the
merchantable diameter (MDM) is the diameter at the midpoint of
the distribution of merchantable stems, or poles and sawtimber.
We choose these diameters because they refiect the diameter of
the trees that will be managed. We can also determine these
diameters accurately from prism data.

Other diameters are greatly affected by the numerous small trees
that persist in the understories of mixed hardwood stands. This
graph compares three different diameters over the life of a
hardwood stand with a persistent understory of shade rolerant
species.  You can see that "MD", the diameter used in the
SILVAH calculations, tracks right along with the diameter of the
dominants, codominanis, and intermediates, whereas the
diameter of the tree of average basal area (QSD, or guadratic
stand diameter} falls behind early. This occurs because its
catculation is heavily influenced by the numerous small trees.

107



104.

103.

FEVIRA
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and so on There is one mtazmn for Qﬁml- »ﬁmu MQ the m&déa?
diameter of the whole siand, and anciher, (o the lel, for
calculating MDM, the medial diameter of the merchantable
portion of the stand.

Multiply the basal area in each size class times the appropriate
diameter, and record these products on the form, Record the
answers for poles and larger trees twice, to make the calculation
for the whole stand and another for the merchantable trees.

Then sum and divide the result by the total basal area of the
included classes. For MD, divide the total weighted basal area
for all size classes, 2158.3, by the total basal area in the stand,
or 157.9, and record this answer in the appropriate cell at the
bottom.
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105, For MDM, divide the total in the next column, 2125.0, which
exciudes the saplings, by the basal area in the merchantable
sizes, 157.9 minus 11.1 equals 146.8. The answer, 14.5, is
recorded as the MDM.

106. Then record the values to one decimal place on the MD and
MDM rows in the Overstory Factors section on the Prescription
Summary worksheet,

107. The final calculation is that for years to maturity. Our definition
of stand maturity is based on many simulations of stand
development, using an economic criteria of dollars per acre per
year, or the culmination of mean annual increment of dollar
value.

108, With this criteria, most Allegheny hardwood stands reach
maturity when the medial diameter of the merchantable portion
of the stand reaches 18 inches.
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108.

110.

111,

112

Years to maturity is an estimate of how long it will take the stand
to reach that point. To make this estimate, we need 1o knuw the |
present merchantable diameter and something about the rate at
which that diameter increases. We have used growth data from
some 200 plots to develop an equation that will estimate years
untit MDM equals 18 inches.

Calculate years to maturity in that section in the upper left corner
of the Prescription Summary worksheet.

The rate of average diameter growth for species in the black
cherry and red maple groups is about 0.2 inches per year. This
is an increase in average diameter, which comes about both
through the growth of living trees and through the mortality of
the smaller ones.

The rate of average diameter growth for species in the sugar
maple/American beech group is about 0.15 inches per year.
Both of these factors are recorded in the factor columns of the
Years to Maturity section.
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113. Use the Years to Maturity formula to calculate the years to
maturity for each individual species group, or use a weighted
average growth rate, reflecting the species composition of the
entire stand, and calculate the years to maturity for the stand as
a whole. This weighted average growth factor equals the basal
area in each species group times its appropriate growth factor,
divided by the total basal area of the stand. The answer wiil
always be between 0.15 and 0.2.

114. To determine the answer for the sample stand, record the basal
area from each species or species group in the first column of
this section. Be sure to include saplings here.

115. Subtotal the basal area by the two species groups in the BA
sums column. Multiply each subtotal by the appropriate growth
factor and record the product in the BA*f column.

116. Sum these products and divide by the total basal area to
determine the weighted average growth factor for the stand:
0.19.
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‘, 117. The diameter of the merchantable portion of the stand, MDM, is
L 14.5 inches. With 3.5 inches in merchantabie diameter to grow !

‘ to stand maturity, at a rate of 0.19 inches per year, we anticipate
that this stand will mature in about 18 years.
-
i; =
—
i
Overstory Factors 118. The transfer of this value to the years to maturity row of the
S ‘ ; Prescription Summary worksheet (Appendix 5) completes the list
peping Dasal arsa i of prescription variables for this stand. Now we are ready to
Ehade alerant basal aren 40 determine the prescription.
elative stond densify Q7
Relotive aznsity AGS 2%
biond  dicmeter (MD) (3. 7
Herch. stond dicmetze {MOM) /45
ears to meturity 8

119. What is this prescription? The prescription selection process is
described in another chapter. For this stand with a management
goal of 1, 63 percent acceptable growing stock, and 18 years to

- maturity, we are considering intermediate treatments under an

even-age silvicultural system.

Yoampr v maturity . /"
230y o motund . o
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Prescription:

120. The stand’s relative density exceeds 80 percent and its sapling
basal area is less than 20 square feet, s0 a commercial thinning
should be quite feasible in this stand. In fact, with a board-foot
volume of approximately 9,000 board-feet or more than 30 cords,
this thinning should make quite an aftractive sale.

121. Thus, the prescription is for a commercial thinning.

122. We hope that this materiai has helped you understand the
processing "inside” the computer program. All of the calculations
that | have described are basically what happens--with lightning
speed--inside a computer running the SILVAH program. All you
have to do is give the program some good data. By going
through the calculations by hand once or twice, you really can
"see through" the case of your computer to understand the
caiculations that are being made.
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APPENDIX 1

— SILVAH - Computer Overstory Ta!iy Form —

USDA, Forest Service, NEFES, Warren, PA 1/ &N
Overstory Data sand D Comp 171, STANDIZ3 sheet | of 3
2| H | olol el o I I A R P 2 oH felplels
Species| dbh | g} or g% ;._’g Species| dbh {5 or g%’ég Species: dbh || or gggg
SiCountiGiaiolx SiCountl Sials iz SiCounti Sl is|z
RC|i 81| 2 RMII 212 6 5 ML 20 l
S M 212 S M gl A Bl 142 g
BCirejl el SMi1 Dl2 smM| 82 &
gcli 2l ! RMit4]1 4 AB 612 &
8CiI gl 4 Rmi 1 0|1 O
Rm| gl BCi22iil & smMl 411
RM| &8I Bl 10O} 48 62 &
RMiL O AB| &2 RM 1411 2
RMIlL 411 / BClz22i2| 3 RMi 12| {
Rmil el [ RMit 41t 4 S M el
Rmiirgi2 1 Rm| 1 22 6 sl Ol2 2
Bcir 21 2 Q Bcirgiill 4
L2ry alt s M8 BCli 41 2
M| 8! BcCltel!l! 4 Bcli 8l 4
Kal 411 2 BCir4( 4 BCliglll 3
Q BClr 22 2 BCiiBlLLl 3
RMi1 21| 2 Bcllell |l 4 BCclI &l _4
RM|20I2 8 BClzolll 4 BCll il | 3
RumlI glz 8 sm| 4l Bcil ol 3
M2y 2 WA 81/ O
RMII 61| 3 BCil o/ 3 Bclizoill A
BclzZolr| 5 BClt ¢ii] 3 cM B2 &
PM 47 BCl/ 8l 3 Eclzols 7
Ru 4l WALl 41/] 3 Sl Gl
BC|!/81 2 sSMl_22 G S My 20t/
BCl1221 & Bcll 2.2 1 RMI{ D2 &
RMII 4121 1 Bclz2i1l 4 SMiL O
Rmit 21t / WAL 2D/ 4 SMmii 4
B /122 o Bcl/ 81| 3 o
gclaol! 3 O M7 Ol
0 SM 6!/ RMi/ 22 &
S ML Ol AB| 21 2mii Ol
Bcit82 .2 Bci/82, 3 P 8l 4
RM I LIt 3 Beltomlt] 3 AB| 82 >,
amil 02 S M O M Al
ML 5 M Ol BuMll 2] /
Bcilalii 3 SMIt O RM|i ol 4
Rmi(plll 2 BCi/l o2 2 Pyl gl2 2
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SILVAH - Computer Overstory Taily Form ——

S V.

Overstory Data Stand iD Shest ___of ___

N @ . @ . @

| Hh leltiels =0 HE L els ;« e 2 HE el ; o

. =2 o . , w E = . P he] fy
ies| dbh | ©| or | 3|21 5 %] Species| dbh | T| or |G| 5| D] Species! abh | 2| or 15121313
RPN o B 3 [ N ol [ R

SCountl i O SiCountiGliaiol® S|Count S|
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Stand 1D

SILVAH - Manual Overstory Tally Form

USDA, Farest Service, NEFES, Warren, PA 1791

AGS

Size class

Amer.f Triped! oaks,

hemiocki ofhers beech | maple |y
| | Ihi

| Other

ckory

Y
i

Saplings Dot
1.0 —~ 5.5" ’

. BA
Poles Dot{" "

5.5 - 11.5"

BA

Smaoll Saws Dot

11.5 - 17.5"

A

Medium Saws {Dot

17.5 = 23.57

BA

Large Saws Dot

23.5" +

8A

Total Basol area

Poles & lorger

27

UGS

Size class

Amer. |Striped| 54ks,
heech | maple hickory

Other

Py
Py

Saplings Dot

1.0 = 5.5"

Poles Dot

5.5 - 11.5" -
BA

Small Saws Dot

11.5 - 17.5" ) ..
8A

Medium Saws [Dot

17.5 = 23.5" |.
BA

Large Saws Dot

23.5" +
BA

Total Basal area
Poles & larger

AGS + UGS
BA Poles & larger

Piot

~J
(€]
e

i

Conversion
20 factor

Count ‘/1/

N

N E

N

BAFi® phesz

10/lq2‘526

BA = Dots * Comarsion fector



——  SILVAH - Manual Overstory Tally Form —
Stand iD USDA, Forest Service, NEFES, Warren, PA  1/31
Other
AGS Black | White | Yellow! Red |N. Red Eastern| All Sugar | Amer. | Striped| 4qks,
Size class cherry| ash | poplar{ maple| oak |hemlock] others| maple| beech | maple hickory
Saplings Dot
1.0 - 5.5" .
BA
Poles Dot
5.5 - 11.5"
BA
Small Saws Dot
1.5 - 17.5"
8A
Medium Saws |Dot
17.5 - 23.5"
BA
Large Saws Dot
23.9" + .
BA
Total Basal orea
Poles & lorger
UGS ; . Other
Black | White | Yellow| Red |N. Red|Eastern] All Sugar | Amer. |Siriped| 5qks,
Size class cherry! ash | poplar| maple| oak |hemlocld others| maple| beech | maple hickory
Saplings Dot
1.0 - 5.5"
BA
Poles Dot
5.5 - 11.5"
BA
Smait Saws Dot
1.5 - 17.5"
BA
Medium Saws (Dot
17.5 - 23.5" |
BA
Large Sows Dot
23.5" + -
BA
Total Bosal area
Poles & larger
AGS + UGS
BA Poles & lorger
Conversion
Plot Y1203 4 151617819 110(11112113{14115716 1171181920 factor
. BAFT® pices
Count
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APPENDIX 3

—— SILVAH - Manual Overstory Summary —
Stand ID USDA, Forast Service, NEFES, Warren, P2 1/3)
AGS BC~-WA-YP RM—NRO—EH=0th | SM—AB-StM-00 All Species AGS
Size closs | BA RD BdFt| BA RD BdFt| BA RD BdFt| BA RD BdFt
Sapli value ; ""/ 12 3.0 2.7
spines f 1.44 ¢ 0 1.21 1.17 42 4.9
Pol value 197 L.B 1.5
o f 3.1 0.60 ! , 7.0 0.76 -6 0.99 23.7 20.2 i
Smolf Saws | volue 117 2520 .1 1248 55 371
¢ o0 0.33 84 /9.5 0.57 64|28 591 s 55.3 28.3 41349
Medium Saws |volue 8.0 3302 1O 223
£ 25.8 0.31 128 2.1 0.49 106 0.92_ 106 279 9.0 3525
value
L Saw a.l 74 .
aree mewe f -2 0.27 148 0.44 120 0.91 120 05 0.1 74
All Sizes AGS |value\59. g4 2/.7 589, 31.6 20.(1 1471 |20.6 20.7 371 1li.6 ©25 7738
uGs BC~WA-YP RM—NRO~EH-Oth| SM—-AB-StM—-00 All Species UGS
Size class ! BA RD BdFt| BA RD BdFt] BA RD  BdFi BA RD BdFt
Sapli value ’, 1.3 : 6.6
ijmgg £ 1,44 0 1.21 1,17 0.9 8.1
Pol volue 0.3 2.8 9.9
o f 0.5 Q.60 Fira 0.76 0.99 /3.7 12.5
Smeall Saws value 2.7 286 3.‘? 2/8 3.‘; l34
f 6.8 0.39 42 6.8 0.57 32 4.2 0.94 32 /7.8 10.5 638
Medium Saows value L5 301 &6 170
f 4.7 0.31 64 3.2 0.49 53 0.92 53 7'67 3.0 471
Large Saws value ‘ ‘
¢ 0.27 74 D.44 50 0.31 60
Al Sizes UGS veluel/2.0 4.5 587 |14 g Q.6 288|195 20.0 134 |4¢.3 34.2 1109
Multiply factor (f) AGS + UGS All Species
t i { 3 T
by basal ares (8A) Size class | MDM MD | BA*f BA*f|Cords| BA RD BdFt
Saplings value .1 13,0
ivciue
Pol &.7
| Sl 374 327
Small Saws ib. ! 73 38.8 4777
0.22 :
Medium Sows 8.6
00a|S5-8 2.1 399¢
L Saw 0.
arge Saws ‘ s o5 0.1 74
L ]
All Sizes volvelq.5 (3.7 2126021583 315 | 157.9 9¢.7 8847
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——  SILVAH - Manual Overstory Summary —

Stand ID USDA, Forest Service, NEFES, warren, P& 1/91
AGS BC-WA~-YP RM—NRO—EH~Oth| SM~AB~StM=00 All Species AGS
Size closs BA RD BdrFt| BaA RD BdFt]| BA RD  BdFt BA RD Bdrt
Saplings value
{ 1.44 1 1.21 1.17
Poles value '
f 0.60 } 0.76 0.99
Small Saws value
f 0.33 84 0.57 64 0.94 64
Medium Saws vaiue ) ) ) o
f 0.31 128 0.49 106 0.92 106
t
Large Saws volue
f 0.27 148 0.44 120 0.91 120

All Sizes AGS |value

UGS BC-WA-YP RM~NRO~EH=0th | SM-AB—~StM—~00 All Species UGS
Size class BA RD B8gFt| BA RD  BdFt| BA RD  BdFt BA RD BdFt
Saplings value
f 1.21 1.17
Poles value
f 0.76 0.99
Small Scows value
........................................ ot 039 42 0.57 32 0.94 32
Medium Saws value ‘
f 0.31 64 0.49 53 0.92 53
value
Large Saws
f 0.27 74 0.44 50 0.91 60

All Sizes UGS |value
i

Multiply factor {f) AGS + UGS All Species
by basal ar A o
y basal ares (BA) Size class MOM MO | BA®f BA®f|Cords] BA  RD BaFt
Saplings value
L o f 3.0
Poles value
f  8.5]0.18
Small Saws value
f 14.5 14.5] 0.22
Medium Saws value ,
f 20.5 20.510.24
vaiue
Lorge Saws
f 26.5 26.510.28
b ]
All Sizes value
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APPENDIX 4

—— SILVAH - ID & Regen Tally Form —

USDA, Forest Service, NEFES, Warren, PA 1/91

Ildentification Data

Owner/Agency UISIFS Sheat / of 2
Forest/Property (K A N|E| |Elx P FOIRE[ST S
County/ District EiLIK |
Compartment/Unit 1170 Stand No. Z3
Remarks P i REGEN DATA
Species Codes 13 dbh classes 12 Tally month '0?43 Year | { 1@ |8 9
Overstory Cruise Type | 7| # plots 1.9 BAF/plot size e . (00
Regen Cruise Type |2 | # plots 38 Plot size !
Acreage in stand j ! O}O 1O Stand age O
Cover Type Habitat type Soil type ﬁ Site class
Site species Site Index ; Height adjustment %
Elevation Aspect Slope % 1 | Topo. position 1 j
Operability Access Water code Water code
Acres W/1 1 mi. Clearcuts ; Cultivation i Open i Water code E
Management goal |/ i Mgmt. value | { Deer impact index 41 Gypsy moth ! Stress [
Notes
Regeneration Data (38 pIofs)
N S N = | %
1_Black cherry 30140/ 5125 |40/75|55.20 1525 10,36 25\i0l15| 36 5 |
2 Small cak , ;

2 Other desirobles 56 12520 5062020 7548050 55 25 56,75 7850

¢ Sapling regen

10 Woody interference 12 ) 8 549 |
71 Laurel & Rhododendron
12 Ferns S5 2513075 |50 )15 2030 40l50] 0|5 | 5|20

13 Grasses

15 Grapevines Lo | :

16 Site limitations |
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SILVAH - ID & Regen Tally Form

USDA, Forest Service, NEFES, Warren, PA  1/91
Identlflcatlon Data
Owner/Agency 17 !5 F 5 { ‘ | 2 ot 2.
Forest/Property ik & NIE! 1Elx PW ORE|SIT T
County/ District EiCik | 4[ :
Compor?mem‘/Uni?_ I }'7 { Stand No. 213
Remarks P2 REGEN DATA- 1D ON P. 1
Species Codes ] dbh classes | Tally month | | | Year
Overstory Cruise Type # plots BAF/plot size
Regen Cruise Type # plots Plot size
Acreage in stond i t i Stand age
Cover Type Habitat type Soil type g
MWSHe species | Site Index Height adjusiment i l
Elevation Aspect Slope % i Tope. position z i
Qperability Access Water code Water code
Acres W/1 1 mi. M(:”i;;rcuts } Cdﬁ@éhoﬂ ] Open Water code

Management goal | Mgmt. value Deer impact index ..! Stress
Notes
Regeneration Data
U UL AR RS T < T

1
2

3

_Black cherry

30 50‘2&‘25 O 20

155 IO 5017590 80

& P2

Smatl oak

i
{
{

Other Q@Serobies

e

. lmke5| | |58
Aftdesirables . odeafo bl sfmpy

5 | o 3075150| | |i5

5

Res:cucis

“Any régen-or-Res.

Waoody interference

Sopling regen

{

T T S SN T G AR P
|
!

808

Lourel & Rhododendron

Ferns

&0 5 5.

Grosses

h A:ny- intrfe

R RCRTY 2" REESURER

18

Gropevines

Site limitations
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—— SILVAH - ID & Regen Tally Form -

USDA, Forest Service, NETES, Worren, P& 1/91

Identification Data

Owner/Agency EU;;S 15 % . ! Sheet £ of L.
Forest/Property K A A el lelx P crolrles | T T
County/ District £ ‘L & l

Compartment/Unit ] Nivar Stond No. 213

Remarks EXAMPLE OF SUMMARIZED FoRM

Species Codes i % dbh ciosses} Tally month ] 1 i Year I

Overstory Cruise Type # plots BAF / plot size

Regen Cruise Type # plots Plot size

Acreage in stand i i ) Stand age

Cover Type Habitat type ! i Soil type ! Site class

Site species Site Index Height adjustment i E

Elevation Aspect Slope % g % Topo. position { ;
Operabitity i Access Water code Water code

Acres W/1 1 mi. Clearcuts { Cultivation 3 } Open l Water code 1
Management goal ! { Mgmt. value Deer impact index | % Gypsy moth ’ tress j

Notes

Regeneration Data

.........

(38 plots
R B BB S 2o+ 3
! Black cherry /ﬂ@zo@g 5/0;203,0 5 1D ;'@ 5/@?@ ‘; 1125 8 47
2 Small oak il 0 | |
3 Other desirables k040 5 I5L.’5 5 10,3075 50 i s . $

e b

& »
]
0%
&

AN desirdbles.

5 Large oak | | i

o Aaysmiglt regen fzasvl Wyl LT e

» Sapling regen
v Woody interference ) z g 1/10l5 z )
11 Lourel & Rhododendron
12z Ferns b5 5 laolic) | G 101D 4 Lot

13 Grosses

Dye ARy intrfr ',;",3@#‘.42'0/?3‘Aifii» K B 5 43
15 Grapevines [ P | b !
16 Site limitations P o P ! ' | i
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— SILVAH -

Ownw 7 m;cw 5

bpec. es Qodes

it

Acrm«gt m strmd

oty

o —
"J

\,O\/t‘f |\I/Q(}

O;Jer \mxm‘

A cres W/! 1 rm.

Ma nager e:m s mi

ldemiﬁcaﬁ n Dat

alue &+ Dear impact

1D & %?‘%%z%@;gm Tally Form

piots
T

]

I
| i i
e i
Site xmj,

A pw\‘

i
; Wu?;r c

b Cultivation

Shest of

e Regeneratlon Data

10111092113

t

B e BRI CE

R

1 Back cherry .

. 3 O*l!

HJ deswn‘\‘es

5 La ge ook

& ‘Anyi regen’or 'R‘e_slz; ~Bor7|

° Qoplmg reger

4l Laurc & ﬁhodedendro':

LT0, 1132 00 15

Ty Any

15 Grapevines

6 Site limitations
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BT

Stand 1D

APPENDIX

o

SILVAH - Prescription Summary Worksheet —

Maturit

Years to

Trs. in Mot = (18 - MDM‘,"_,,QWM

(18-145) /0.19 =

Ot"?

18

factor o

Seed Source Index

Sugar
W'Hiiﬂ BE

O Nt O

asal oreag

o}
0
.

Any ragen
Arvy

Any recen e ran

Ralgtive stand

Prescs';ptson Vaﬂabies

Sue & Envzmﬂmemal r~a<: ors

rignt Sogl !

{A

4.

or rasiduals

sl reg ~= no deer

duale ~ no duer

13

5(‘
53

TR

g tolaranmt b

density

m Yer

1()fr1e?wr (Mu‘M\

Oak Stump Sprouting

N.Red Ock | SSaw
| MSaw
I LSaw

34 %/
I : T na ! i Sprouting
Species i Size BA L T Umps
Saps 120
Poles !

. Saps i
i Poles
Other ooks | SSaw
' MGSaw

DONWO OO -
B o L s U

Total

Adv. Regsn Adjustmenti o~ 8!

mqh deerm | 0 14

T Stumos

Prescription:

CommERC [ AL

T ety NIN G

125




Stand 1D

— SILVAH - Prescription Summary Worksheet

SOA, Forest Service, NEFES, Warren, P4

/30

Years to Maturity

L Ba (<BA ) A

Prescription Variables

Species | ‘Sums} : -
TBlack Cherry i Site & Environmental Factors
feiﬁi?oewGss;;for ) i Management Goaol

flzd r?c?p;Zk ; 20 Deer impact index

. i

E;:;sj)?:;riem!cck | - ! Seed source index

Jugor mopie I Site limitations

‘Striped Maple i ‘ 15

Other ooks, hick. | L

Total S Understory Factors

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

Any small regen

Any regen or residuals

Seed Source Index

Any small regen — no deer

Species

£ BA iM Seediings
Poles +i sa<f

Any regen or residuals — no deer

Qaoks

_ Black cherry
Sugar maple good
Sugar maple poor
White ash
Red maple

|

j‘_qu....-mxs
Slovun eo

Sapling regen

Any interference

Total

)

Overstory Factors

Sapling basal area

M

edlings 4 |0 -32] 33-83185-134] 135+

dSource Index{ 4 T T 3 i

Shade tolerant basal arec

Shade Tolerant Composition

Relative stand density

Species i Total bosal arec

Relative density AGS

Sugar mapls )

A“ﬁenm*\ beech

tand diometer (MD)

stern

hemlock

Total

Merch, stand diameter (MDM)

Yeors to maturity

Oak Stump Sprouting s«

Species : Size BA : f Jsp{f:,:égg
Saops 20.4
Poies 1.7
N.Red Oak SSow 0.4
MSaw RO
_______ LSaw | o0
Saps 118.6
Poles 2.1
Other oaks SSaw 0.4
MSaw 0.1
Locw 0.0
Totai s

Adv, Regen ;—\aiummemi 01 5 10x 15120

Stumps @

high deer® | 4619711471198

0
Stumps @ iow deer /& 211460 71] a7

Prescription:
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Appendix 8A. Growing Stock Quality Class Definitions

Code

Definition

1

Acceptable Growing Stock {(AGS) - These trees are suitable for retention in the
stand for at least the next 15 year period. They are trees of commercial species
and of such form and quality as to be salable for sawtimber products at some
future date.

In making this determination, judge each tree on its own merits; assume that
every tree will be allowed to grow to sawtimber size even though it is now a small
tree in an older stand. Saplings are especially difficult to judge; most knots,
bumps and stoppers will be confined to a small core if the sapling actually grows
to a larger size, so most saplings are acceptable.

If in doubt about the correct quality class for any tree, consider it acceptable.
Many acceptable trees will be removed if a partial cutting is prescribed for the
stand, so do not consider the quality determination a cut-leave tally.

Unacceptable Growing Stock (UGS) - These trees do not have the potential to
make salable sawtimber products in the future. They.may be high-risk trees--
trees with disease, damage, or dieback that threatens their survival--or trees of
such poor form that they just have to be removed regardless of the effect that
removal will have on stand structure and species compaosition.

Dead - Standing dead trees.
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?ﬁ‘-&ppeﬂdix 6B,

Deer Advance Fegen Species Group
impact Index
Black Srmall Other i Large
Cherry Oak Desirable Desirable Oak
Species Species

Weighted no. per plot

5 50 &0 200 200 1
4 25 40 100 100 1
3 20 30 50 50 1
2 15 20 30 30 1
1 10 10 15 15 1

Appendix 6C.

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