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Abstract 

This report presents an analysis 
of the results of the third forest sur- 
vey of Pennsylvania as well as 
trends that have occurred since the 
previous surveys. Topics include 
forest area by ownership, stand 
size, and forest type; timber volume 
by species, location, and quality; 
biomass; timber products output for 
sawlogs, pulpwood, and fuelwood; 
timber's role in the state's 
economy; and growth and removals. 
Forest area, volume, and growth and 
removals are projected through 
2008. Nontimber forest resources 
and uses-water, soil, minerals, 
fish, wildlife, and recreation-are 
discussed and related to each other 
and to the timber resource. Also 
identified are forest management 
opportunities for increasing the pro- 
duction of major forest resources 
and enhancing the benefits derived 
from Pennsylvania's forests. 
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Foreword 

This analysis of Pennsylvania's 
forest resources draws upon the re- 
sults of three forest inventories con- 
ducted by the Resources Evaluation 
Unit of the Northeastern Forest Ex- 
periment Station, USDA Forest Serv- 
ice, in cooperation with the Pennsyl- 
vania Bureau of Forestry, Depart- 
ment of Environmental Resources. 
Additional information and data, 
especially for nontimber forest re- 
sources, were provided by a variety 
of agencies and organizations in- 
cluding the Bureau of Resources 
Programming, the Bureau of State 
Parks, and the Bureau of Surface 
Mine Reclamation, Department of 
Environmental Resources, the Bu- 
reau of Economic Development of 
the Pennsylvania Department of 
Commerce, the Pennsylvania Gov- 
ernor's Office of State Planning and 
Development; the Pennsylvania 
Game Commission; the Pennsylva- 
nia Fish Commission; The Pennsyl- 
vanla State University; the USDA 
Soil Conservation Service; the U.S. 
Army Corps of Engineers; the U.S. 
Department of Energy; the Pennsyl- 
vania Forestry Association; and the 
Western Pennsylvania Conservancy. 

-- 

A tremendous amount of 
data was collected during the 
preparation of this report. The au- 
thors analyzed only what they be- 
lieved were the most important 
aspects of Pennsylvania's forest 
resources. Much additional data 
are available and further analyses 
are possible. Should you require 
additional information, contact 
Resources Evaluation, USDA For- 
est Service, Northeastern Forest 
Experiment Station, 370 Reed 
Road, Broomall, PA 19008 (tele- 
phone: 215-461-3037) 

The Allegheny Mountains and the West Branch of the Susquehanna Rlver from 
Hyner V ~ e w  (Cllnton County). Note that the r~dges  are s ~ m ~ l a r  In elevation, w h ~ c h  IS 
character~st~c of a dissected plateau 
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Highlights 

This report covers many items 
related to the past, present, and fu- 
ture conditions of the many forest 
resources in Pennsylvania. The fol- 
lowing are a few of the more impor- 
tant highlights; the reader will find 
more detailed discussions and 
analyses in the sections that follow. 

*From 1965 to  1978 total forest 
land increased slightly while com- 
mercial forest land area decreased 
by about 2 percent. 

*Forest industries and State agen- 
cies showed increases in commer- 
cia1 forest-land acreage, most of 
this coming from the largest own- 
ership group-miscellaneous pri- 
vate-which showed a loss of 
more than 1 million acres. 

@Pennsylvania's forests are matur- 
ing. There are more sawtimber 
stands and fewer poletimber 
stands. 

*Growing-stock volume increased 
by 22 percent and sawtimber vol- 
ume by 48 percent from 1965 to 
1978. These increases are the re- 
sult of a bulge of timber volume 
moving from smaller to larger 
diameter classes. 

*Red maple maintained its standing 
as the species with the most 
growing-stock volume; because 
most of this volume is in small 
trees, red maple was a distant 
second to northern red oak in 
sawtimber volume. 

*Sugar maple growing-stock vol- 
ume rose by 60 percent between 
surveys, the largest percentage in- 

crease among the major species. 
Maples will continue to increase 
more than oaks. 

*The aboveground green weight of 
all live trees 5.0-inches in diameter 
at breast height (dbh) and larger is 
1.3 billion tons. Twenty-three per- 
cent of this is topwood and 
branchwood, and the utilization of 
this resource can be greatly ex- 
panded. 

*Hardwood sawlog quality has im- 
proved. In 1965, 28 percent of the 
hardwood sawtimber volume was 
Grade 2 or better material. By 1978, 
this figure had risen to 37 percent. 
Increasing average tree size is the 
most important reason for the im- 
provement. 

*The total output of timber prod- 
ucts from all sources was 212.5 
mil l ion cubic feet in 1976, a 21- 
percent increase over 1964's out- 
put. 

*Sawlogs continue to dominate 
timber products output, but pulp- 
wood production accounts for an 
increasingly larger share of the 
output. 

*Annual hardwood mortality in- 
creased by 60 percent between in- 
ventories, largely as a result of 
heightened insect and disease at- 
tacks in the oak forest types. 

*Thirty-year projections (1978 to 
2008) indicate a slightly declining 
commercial forest-land base, a 
slowing of the increase in grow- 
ing-stock inventory, and a steadily 
decreasing growth-to-removals ra- 
t io. 

@Forests provide valuable protec- 
t ion for many of Pennsylvania's 
watersheds. 

*Forty-four percent of Pennsylva- 
nia's area is covered by soils with 
very good to excellent potential 
for growing trees. 

@Increased activity in oil and gas 
exploration and extraction and 
strip mining of coal will have both 
negative and positive impacts on 
forest resources. 

@Pennsylvania's streams and ponds 
support about 170 species of fish, 
most of which depend on quality 
water and protection provided by 
forest land. 

*More than 230 of the bird and 
mammal species in Pennsylvania 
are at least partially dependent on 
forested environments. 

*Much of the booming demand for 
outdoor recreation in Pennsylvania 
is satisfied by publicly owned for- 
est land. Many millions of acres of 
privately owned forest land are 
available for some public recrea- 
tion, but they are presently under- 
utilized. 

*Many forest management opportu- 
nities are available to  the private 
Pennsylvania forest-land owner. 
There are opportunities for en- 
hancing single benefits such as 
wood production, wildlife habitat, 
esthetic enjoyment, and recrea- 
tional or wilderness values, and 
for enhancing a variety of com- 
binations of these benefits. 



Background 
The history of land use and the 

accompanying development of for- 
estry in Pennsylvania provides back- 
ground information that is neces- 
sary for understanding the present 
condition and trends of the state's 
forest resources. 

oak were dominant in the southern 
areas (Braun 1950). 

These magni f icent  stands, 
some believed to have contained 
more than 100,000 board feet per 
acre, were seen as obstacles to set- 
tlement. As land clearing began in 
the southeast corner of his prov- 
ince, William Penn, in 1681, directed 
the colonists to "leave one acre of 
trees for every five acres cleared." 
Most settlers, anxious to  establish 
farms and develop their fertile land, 
paid little attention to Penn's fore- 
sighted attempt to conserve the for- 
est resources. After all, the climate 
and soils were favorable, fires were 
rare, streams ran full and clear with- 
out dangerous flooding, and the tim- 
ber stretched on seemingly forever. 
Why not clear all of the land? The 

consequences of such an attitude 
became painfully clear to  Pennsylva- 
nians over 200 years later. 

As the population increased, 
the Coastal Plain and Piedmont 
physiographic regions, with their 
fertile soils, level to rolling topog- 
raphy, and relatively long growing 
seasons, could no longer support 
Pennsylvania's settlers. Pioneers 
moved up the river valleys, into the 
Ridge and Valley region (Fig. I ) ,  and 
cleared the more level and fertile 
valleys. Anthracite coal was discov- 
ered in east-central Pennsylvania 
early in the 1760's, and forests were 
cleared to get at this valuable fuel. 
Despite such activity, the state was 
sti l l  75 percent forested 200 years 
after the first settlers became estab- 
lished. 

Before the first settlement of 
Europeans in the early 17th century, 
Pennsylvania was sparsely popu- 
lated with Indian tribes, who cleared 
l i t t le land. Except for such clearings 
and a few natural meadows and sa- 
vannahs, the area now known as 
Pennsylvania was covered with vir- 
gin forests. In the northern plateau 
areas, the forests consisted of white 
pine and hemlock mixed with beech 
and sugar maple. White oak, Amer- 
ican chestnut, hickory, and chestnut 

Prong 

Plain 

Blue Ridge 1 
Figure 1.-The physiographic regions of Pennsylvania (adapted 
from Fenneman 1938). 



Aerial view of the Ridge and Valley region of Centre and Clinton Counties. The Industrial Revolution led to 

Western Pennsylvania Conservancy 

the end of Pennsylvania's old-growth 
forests as the logger and farmer 
teamed up-the former to  fell the 
timber, the latter to convert the land 
to agricultural use. The mining indus- 
try required much wood for timbers. 
Charcoal was needed to fire the iron 
furnaces. The tanning industry re- 
quired tons of hemlock bark. Logs 
were removed for construction lum- 
ber, railroad ties, shingles, barrel 
staves, lath, furniture, tool handles, 
and other products. Timber utiliza- 
tion was very complete (Marquis 
1975). By 1850, the center of logging 
in America had shifted from Maine 
and New York into Pennsylvania. Be- 
tween 1850 and 1870, the Common- 
wealth led all states in sawtimber 
production. 

During the 1800's and early 
1900's, timber harvesting in Pennsyl- 
vania consisted of removing most 
merchantable trees from the area 
being logged. This uncontrolled log- 
ging ranged from high grading, 
where only the best trees were 
taken, to complete removal of all 
trees. The forests were exploited, 

Fel l~ng trees and peel~ng the bark for use In tann~ng leather was arduous labor at 
the turn of the century 

Pennsylvania Bureau of Forestry 
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and no consideration was given to 
the desirability of adequate regen- 
eration following cutting (Nelson et 
al. 1975). 

This heavy logging was fol- 
lowed by repeated fires, and after 
each one came poorer soil condi- 
tions, higher runoff, and the produc- 
t ion of poorer quality timber. Be- 
cause of the unique market for 
small timber used as props and lag- 
ging in mines, many of these sec- 
ond-growth stands, especially in the 
anthracite region of east-central 
Pennsylvania, were repeatedly cut 
when the trees reached pole size. 

From 1850 to  1920 most of 
Pennsylvania's magnificent old- 

growth forests were reduced to ar- 
eas where hillsides were bare and 
streams were muddy and prone to 
flash flooding. Some wildlife spe- 
cies that were once abundant be- 
came scarce, and boom towns were 
becoming ghost towns. An esti- 
mated 10 million acres of prime for- 
est land were converted to  other 
uses, primarily agriculture. Of the 
forest land that was left, more than 
5 million acres were barren and un- 
productive, while many more were 
poorly stocked with trees. Most of 
the woodland areas were unproduc- 
t ive, unattractive, and unregulated 
(Illick 1923a). Common sights on the 
landscape were blackened snags, 
bramble thickets, and scrub oak bar- 
rens. 

As a result, many people be- 
came concerned and organized an 
effort to restore the forests in some 
measure. In 1886, the Pennsylvania 
Forestry Association was founded 
t o  secure and maintain a due pro- 
portion of forest area throughout 
the state. In 1895, the Pennsylvania 
Bureau of Forestry was established 
primarily to put out fires but also to 
establish State Forest Reserves. Dr. 
Joseph T. Rothrock was instru- 
mental in initiating many such pro- 
grams and is most deserving of the 
t i t le "Father of Pennsylvania For- 
estry." 

As the loggers moved into 
West Virginia, the Lake States, and 
beyond, and as wildfires were 

Logging, fires, and erosion left many hillsides denuded in central Pennsylvania 
(Costello Cut, Potter County, 1918). 

Pennsylvania Bureau of Forestry 



brought under control, the forests 
began to recover. Tax sales made 
thousands of acres of cutover forest 
land available at low cost. The State 
took advantage of this and in 1898 
made the initial purchase of 39,277 
acres of today's 2-million-acre State 
Forest System. In the mid-1920's, 
the Federal Government began buy- 
ing land for the Allegheny National 
Forest. Forest-land acreage slowly 
increased as marginal cropland and 
pasture were abandoned, and as 
farmers moved to the cities where 
industries were gearing up for war- 
time production. 

Pennsylvania's forests were 
gradually recovering and developing 
much better than many people had 
anticipated. Good stands of second- 
growth timber became established 
on most of the cutover areas (Nel- 
son et al. 1975). Returning with the 
trees were more stable watersheds, 
abundant and varied populations of 
fish and wildlife, and areas ideally 
suited for outdoor recreation. 

While the forests have made a 
remarkable comeback in the last 80 
years, many impacts on the forest re- 
sources have been less than favor- 
able. During the early part of the cen- 
tury, one of Pennsylvania's most 
common and valuable hardwoods, 
the American chestnut, was wiped 
out by a devastating blight. Only 
small trees, originating as sprouts 
from the old roots, can be found in 
Penn's Woods today. Also, during the 
last decade, insect pests such as the 
oak leafroller, oak leaftier, and the 
gypsy moth have defoliated millions 
of acres of forest land and caused ex- 
tensive mortality. Coal mining, espe- 
cially surface mining in the western 
bituminous fields, is disturbing thou- 
sands of acres of forest land annual- 
ly, sometimes adversely affecting 
many forest resources. 

Penn's Woods are continually 
changing. Some changes are subtle 
and gradual, others are obvious and 
occur over a short period. Without 
quantifying and assessing the con- 
dition of the many resources of the 
forest, we are unable to see where 
we have been, where we are, and 
where we are going. We need this 

information if we are to plan for the 
future. This is where forest surveys 
come into the picture. 

Forest Surveys of Pennsylvania 

To keep abreast of current for- 
est conditions and to monitor re- 
source trends and project future re- 
source supplies, Resources Evalua- 
tion (formerly Forest Survey) of the 
Northeastern Forest Experiment 
Station, USDA Forest Service, has 
inventoried the forest resources of 
Pennsylvania on three occasions. 
The first forest survey was con- 
ducted over a 5-year period 
(1949-54) and resulted in statistical 
data dated 1955 (Ferguson 1958). 
The second survey was conducted 
in 1963-65 with a 1965 survey date 
(Ferguson 1968). The most recent 
survey was made in 1976 and 1977 
with a survey date of 1978. All of 
these surveys were conducted in 
cooperation with the Pennsylvania 
Bureau of Forestry. 

The results of the latest survey 
have been published in 76 statistical 
tables (Considine and Powell 1980). 
This report is a detailed analysis of 
the third survey and draws heavily 
on much of the data presented in 
the statistical report. A copy of the 
statistical report may be useful in 
following the analysis more closely. 
Comparisons between the third sur- 
vey and either of the two previous 
surveys forms the basis of the trend 
and projection analyses. 

Since the first survey, demands 
on the forests of Pennsylvania have 
increased dramatically. Demand for 
timber products has risen, interest 
in  game and nongame wildlife has 
expanded, recreational use has be- 
come heavier, and demands on the 
water resource, much of which is di- 
rectly linked to the forests, have in- 
creased and broadened. Due to the 
increasing pressures on the state's 
forests, the forest surveys have in- 
creased in scope and complexity. 
This report, for instance, includes 
an expanded analysis of the nontim- 
ber forest resources and some of 
their myriad interactions. 

Eight Geographic Units 

To provide better quality re- 
gional information, Pennsylvania 
was divided into eight geographic 
sampling units (Fig. 2). An attempt 
was made to define areas with 
homogeneous forest conditions. 
Since these unit boundaries are 
identical to those of the 1965 sur- 
vey, we can make some compari- 
sons of inventories and analyze cer- 
tain trends for comparable areas of 
the state. Since the number of re- 
measured plots was small in rela- 
tion to the number of new plots es- 
tablished in 1978, data on growth, 
removals, and mortality for the re- 
measured plots are presented for 
six geographic units. The six units 
coincide with the eight units except 
that the North-Central and Alle- 
gheny Units are combined into one 
unit, as are the Northeastern and 
Pocono Units. Analysis and com- 
parison of geographic unit data for 
forest area, timber volume, and 
growth and removals are found in 
those particular sections of this re- 
port. 

Before getting into these analy- 
ses, a brief description of these dif- 
ferent regions of Pennsylvania with 
some basic resource and population 
statistics may be helpful. Data for to- 
tal population and population density 
are based on preliminary information 
of the 1980 census of population ob- 
tained from the PhiladelphiaOffice o f  
the Bureau of Census in January 
1981. The source of rural population 
data is the U.S. Department of Com- 
merce (1972); estimates of per capita 
income are from the U.S. Department 
of Commerce (1 980). 

Pennsylvania 

Counties: 67 
Land area: 28,778,240 acres 
Commercial forest: 55 percent of 
land area 
Net volume per acre of commercial 
forest land: 1,366 cubic feet 
Population: 11,807,984 
Rural population: 29 percent 
Population density: 262.6 per 
square mile 
Per capita income: $5,622 
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Figure 2.-The eight geographic sampling 
unitsof Pennsylvania. 

Western Unit 

Counties: 12 
Land area: 5,606,400 acres 
Commercial forest: 45 percent of 
land area 
Net volume per acre of commercial 
forest land: 867 cubic feet 
Population: 3,204,996 
Rural population: 27 percent 
Populat ion densi ty:  365.9 per 
square mile 
Per capita income: $5,736 

This is the largest of the eight 
units. Farm and forest land uses are 
interspersed throughout, except in 
the greater Pittsburgh metropolitan 
area. Farm land is more productive 
in the northern counties, which 
were glaciated. The volume per acre 
of forest land is the lowest of any 
unit. The Western Unit also has the 
greatest concentration of bitumi- 
nous coal fields in the state. 

Southwestern Unit 

Counties: 5 
Land area: 2,636,800 acres 
Commercial forest: 61 percent of 
land area 
Net volume per acre of commercial 
forest land: 1,206 cubic feet 
Population: 606,316 
Rural population: 54 percent 
Populat ion densi ty:  147.2 per 
square mile 
Per capita income: $4,800 

This unit contains some of the 
most rugged mountainous terrain in 
the state. Mt. Davis in Somerset 
County, with an elevation of 3,213 
feet above sea level, is the highest 
point in Pennsylvania. The famed 
Laurel Highlands are located in this 
unit, and forest recreation, especial- 
ly skiing, is very popular. 

Allegheny Unit 

Counties: 8 
Land area: 3,993,600 acres 
Commercial forest: 82 percent of 
land area 
Net volume per acre of commercial 
forest land: 1,906 cubic feet 
Population: 213,233 
Rural population: 69 percent 
Population density: 34.2 per square 
mile 
Per capita income: $4,582 

This unit is characterized by hilly 
terrain, and has a relatively short 
growing season. It contains the Alle- 
gheny National Forest and substan- 
tial amounts of State-owned forest 
land. The area is famous for its black 
cherry production. It is the most 
heavily forested unit and has the 
highest volume per acre of all units. 
White-tailed deer populations are 
generally h igh throughout this 



region. Total human population and 
density is lowest, as is per capita in- 
come. The greatest proportion of 
people is in rural areas. 

North-Central Unit 

Counties: 7 
Land area: 4,028,800 acres 
Commercial forest: 71 percent of 
land area 
Net volume per acre of commercial 
forest land: 1,302 cubic feet 
Population: 509,604 
Rural population: 56 percent 
Population density: 81.0 per square 
mile 
Per capita income: $4,665 

This unit is heavily forested, but 
has more farm and other nonforest 
land than the Allegheny Unit. The 
western half of the unit contains 
major bituminous coal fields, many 
of which are being surface mined. 
The forest composition is transi- 
tional, being influenced from the 
north by the Alleghenylnorthern hard- 
woods and from the south by the 
more central oak-dominated forests. 

South-Central Unit 

Counties: 9 
Land area: 2,953,600 acres 
Commercial forest: 56 percent of 
land area 
Net volume per acre of commercial 
forest land: 1,447 cubic feet 
Population: 570,918 
Rural population: 54 percent 
Population density: 123.7 per square 
mile 
Per capita income: $5,118 

The most dominating feature of 
this unit is the ridge and valley land- 
form pattern, which bends around 
from the south to the northeast. The 
prominent ridges are nearly parallel 
and often extend unbroken for many 
miles. The often steep slopes are 
generally forested, broken occasion- 
ally by rock outcrops and barren 
talus-strewn areas. The valleys be- 
tween the ridges are used primarily 
for agriculture, which highlights the 
contrasts in the physical features. 

Northeastern Unit 

Counties: 5 
Land area: 2,287,360 acres 
Commercial forest: 59 percent of 
land area 
Net volume per acre of commercial 
forest land: 1,349 cubic feet 
Population: 386,387 
Rural population: 40 percent 
Population density: 108.1 per square 
mile 
Per capita income: $4,712 

This rather heavily forested unit 
is  the smallest in total land area. It 
lies in the glaciated part of the Alle- 
gheny Plateau, and thus has many 
small natural lakes, ponds, and 
swamps. This, plus its relatively low 
population density, makes it one of 
the prime areas for black bear in the 
state. Agricultural land use is also im- 
portant, though Lackawanna County 
contains Scranton and its suburban 
communities as well as some dis- 
turbed anthracite mining areas. 

Pocono Unit 

Counties: 8 
Land area: 2,748,160 acres 
Commercial forest: 60 percent of 
land area 
Net volume per acre of commercial 
forest land: 1,088 cubic feet 
Population: 814,044 
Rural population: 38 percent 
Population density: 189.6 per square 
mile 
Per capita income: $4,669 

This unit contains the major 
anthracite coal fields of the country. 
The western part is more agricultural 
while the eastern part is more for- 
ested. This area is recovering more 
slowly than the remainder of the 
state from the repeated and heavy 
logging and fires during the early 
1900's. The current low volume per 
acre reflects this slow recovery. As 
i ts name suggests, this unit contains 
the area commonly referred to as the 
Pocono Mountains. This forested 
region has many glacial lakes and be- 
cause of its location receives heavy 
year-round recreation use by the 

more urban residents of southeast- 
ern Pennsylvania, northern New Jer- 
sey, and southeastern New York. 

Southeastern Unit 

Counties: 13 
Land area: 4,523,520 acres 
Commercial forest: 22 percent of 
land.area 
Net volume per acre of commercial 
forest land: 1,653 cubic feet 
Population: 5,502,486 
Rural population: 18 percent 
Population density: 778.5 per square 
mile 
Per capita income: $6,021 

This large unit contains the least 
amount of forest land, both in total 
and as a percentage, of all eight 
units. Its volume per acre is high, 
however, attributable in part to a long 
history of relatively low levels of tim- 
ber removals. The forests are domi- 
nated by oak cover types. Farms and 
built-up or urban areas cover most of 
the area. This part of the state has the 
most prime agricultural land and the 
highest population, populat ion 
density (due primarily to Philadelphia 
and its influence), and per capita in- 
come. The land is generally level to 
gently rolling with few hills of any 
distinction. It has the longest grow- 
ing season in the state. 

Forest Area 

The total area of Pennsylvania is 
29,013,120 acres. This makes it the 
33rd largest state in the Nation, but 
second only to New York in the 
Northeast. Subtracting 234,880 acres 
of inland water (large lakes, reser- 
voirs, and rivers) leaves a total land 
area of 28.8 million acres. Nearly 12 
million acres, or 42 percent of the 
land area, is in nonforest land use. 
More than 6.4 million acres are either 
cropland or pasture. The remaining 
5.6 million acres are in urban or built- 
up land, roads, rights-of-way, small 
bodies of water, or other nonforest 
use. 

The most common land cover is 
forest, accounting for 16.8 million 



Residents of Philadelphia and other urban centers depend on the outlying forests 
for wood products, outdoor recreation, clean air and water, and many other impor. 
tant benefits. 

Pennsylvania State 
Pasture, cropland, and forest land account for 81 percent of Pennsylvania's land Department of Commerce 
area, The present arrangement and distribution of these land uses in the state cre- 
ates outstanding wildlife habitat, both in quantity and quality. 

Western Pennsylvania Conservanc,~ 



acres or 58 percent o f  the state's land Forest land 1955 1965 1978 
area. Forest land is classified as - - - - - - - - - - - Acres - - - - - - - - - - - 
either noncommercial or commer- 
cial. Noncommercial forest land Commercial 15,607,500 16,230,900 15,923,700 
covers about 900,000 acres in Penn- Noncommercial 97,000 354,000 902,200 
sylvania, and is con~posed of produc- 
tive reserved, unproductive, and ur- Total 15,704,500 16,584,900 
ban forest land. Urban forest land is a 

16,825,900 

relatively new classification that de- 
scribes land that could be consid- 
ered commercial forest land except 
that i t is surrounded by residential, 
commercial, or industrial develop- 
ments. Noncommercial forest land, 
while accounting for only 3 percent 
of the state's land area, and from 
which little or no timber will be har- 
vested, is nevertheless very impor- 
tant-especially to the urban and su- 
burban residents of Pennsylvania. All 
publicly owned parks with forest land 
are considered productive reserved 
and, along with urban forest land, 
provide much of the green space that 
is becoming more precious for a ma- 
jority of the state's population. 

Commercial forest land, the land 
class that our survey was designed 
for, accounts for the remaining 15.9 
mil l ion acres of forest land, and 
makes up 55 percent of Pennsyl- 
vania's land base. Table 1 in the Ap- 
pendix includes a detailed break- 
down of the forest land by county, 
type of forest land, and ownership. 

Trends 
To discuss trends in forest area, 

we need to have the best estimates 
for at least two points in time. We 
could take the previously published 
estimates (for 1955 and 1965) and 
compare them with the 1978 esti- 
mate. However, in calculating the 
1978 area estimate of commercial for- 
est, we used a new technique that re- 
sulted in better county-level statis- 
tics. Part of this technique entailed 
recalculating estimates from 1955 
and 1965 so that the basis for all 
three survey estimates was consis- 
tent. The recalculations yielded dif- 
ferent but, we believe, better esti- 
mates of commercial forest land for 
1955 and 1965. Comparable esti- 
mates of forest land for the three sur- 
vey dates are: 

Forest area has changed dramat- 
ically since the time William Penn es- 
tablished the colony of "Penn's 
Woods" (Fig. 3). Historical records in- 
dicate that nearly all of the state was 
forested 300 years ago. As more and 
more settlers moved in and cleared 
land for farming, the forest area de- 

clined. Toward the end of the 19th 
century, the clearing of forest land 
for timber picked up momentum; by 
the early 20th century, forest land 
area was at i ts lowest point. Much of 
the logged-over land was burned over 
and eroded so badly that i t was con- 
sidered to  be barren land. 

Creation of Wild and Natural Areas is the rnajor reason for the decline in cornmer- 
cia1 forest land administered by the Bureau of Forestry. 

Western Pennsylvania Conservancy 



Year 
Figure 3.-Probable decline and rise of forest-land area in Pennsylvania, 
1660 to 1978 (Sources: lllick 1923b; Ferguson 1958; Ferguson 1968; Consi- 
dine and Powell 1980). 

Then, as the last of the big trees 
were felled and as people had no 
need for additional cleared land, the 
area of forest land stopped declining. 
As nature began to reclaim the 
ravaged hillsides and as many margi- 
nal farms were abandoned, the area 
of forest land began its gradual cl imb 
to  its present level. 

During the period from 1965 to 
1978, acreage shifted in and out of 
various land use classes. The net ef- 
fect of these changes was that forest 
land increased slightly-by 241,000 
acres or 1 percent. Noncommercial 
forest 1an.d acreage rose by 548,200 
acres in the 13-year period. Much of 
this increase occurred on State- 
owned forest land where newly ac- 
quired land and previously owned 
land were classified as productive re- 

served (State parks and Wild and 
Natural Areas) or as unproductive for- 
est land. 

The net effect for commercial 
forest land, on the other hand, was a 
slight drop of about 300,000 acres or 
2 percent between 1965 and 1978. 
This change is the net effect of loss- 
es to other land uses exceeding 
gains from other land uses (Fig. 4). 
Over this period, we estimate that 
commercial forest land gained about 
300,000 acres, about three-quarters 
of  this from agricultural land (old 
fields and pastures) reverting to for- 
est. But in otherareas throughout the 
state, about 600,000 acres of corn- 
mercial forest land were being 
cleared, flooded, developed, or re- 
classified to noncommercial use. 

Nearly 60 percent of this land was 
classified as "urban and other." In a 
separate evaluation of land clearing 
in Pennsylvania between 1957 and 
1971, we found that commercial for- 
est land was converted to  a number 
of urban and other land uses. The 
largest of these was rights-of-way 
(roads, pipelines, and powerlines) fol- 
lowed by housing (both single and 
multifamily), mining (primarily sur- 
face coal mines), industrial-commer- 
cial, public recreation, and other in 
that order. Nearly 25 percent of the 
loss (150,000 acres) was the result of 
public agencies reclassifying com- 
mercial forest land to a noncommer- 
cial use. Approximately 70,000 acres 
went into agricultural land while 
another 30,000 were flooded to make 
ponds or reservoirs. 



Fiaure 4.-Gain and loss of commercial 

Gain in commercial forest land from 

Loss of commercial forest land to 

fo;est land in Pennsylvaniafrom 1965 
t o  1978. 

Water Non- Agricultural Urban and All Land 
commercial Land Other Land Uses 
Forest Land 

Abandoned farmland is the major source 
of new forest land in Pennsylvania. 
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With land use patterns varying 
across the state (Fig. 5), it is not sur- 
prising that the change in commer- 
cial forest acreage has varied be- 
tween the geographic units: 

Commercial forest land 
Unit 

1965 1978 

The Western Unit maintained its 
forest area over this period. Any de- 
crease in forest area due to expan- 
sion of urban and built-up land 
around Pittsburgh and other urban 
areas was offset by a corresponding 
increase in forest area from marginal 

Change farmland and reclaimed surface 
mines. 

- - - -  Thousand acres - - - - Percent The Northeastern Unit showed 

Western 2,522.6 2,534.3 + 0.5 
the largest absolute and percentage 

Southwestern 1,709.7 1,597.1 - 6.6 
change, registering the only signifi- 

Allegheny 3,325.4 3,282.2 - 1.3 cant gain of commercial forest acre- 

North-Central 2,900.6 2,859.8 - 1.4 
age. Our data indicate that this was 

South-Central 1,721.4 1,642.0 - 4.6 primarily due to the reversion of 

Northeastern 1.220.7 1.357.3 + 11.2 abandoned agricultural land. 

Pocono 1,763.7 1,656.7 - 6.1 
Southeastern 1,066.8 994.3 - 6.8 

All units 16,230.9 15,923.7 - 1.9 

Forest Agricultural and open 

Figure 5.-Generalized land use map of Pennsylvania for the early 1970's 
(Source: Pennsylvania Land Policy Project 1975). 



Percent Commercial Forest Land 

Figure 6.-Distribution of commercial forest land in Pennsylvania, 1978. 

The distribution of commercial 
forest land by county (Fig. 6) shows 
the highest concentration of forests 
in the northern and central parts of 
the state. The Allegheny National 
Forest, most of the State Forests, 
and most of the State Game Lands 
are found in these counties. Because 
of the relative lack of development 
and the abundance of forest land 
with its associated resources and op- 
portunities, the highlands of this area 
have received special attention. The 
Pennsylvania Department of Environ- 
mental Resources (DER) has devel- 
oped general management guide- 
lines for the "North Central High 
Mountain Area" since it is one of the 
few large remote forested regions re- 

maining between the east coast 
megalopolis and the Chicago-Detroit- 
Cleveland urban complex of the Mid- 
west. The Western Pennsylvania 
Conservancy has proposed a regional 
strategy for conserving the unique 
natural assets of this area while pro- 
moting needed economic develop- 
ment. A forum of interested parties 
has recently been set up to address 
this proposal. 

The more sparsely forested 
counties are in southeastern and ex- 
treme western Pennsylvania (Fig. 6). 
These areas match the urban and ag- 
ricultural counties shown in Figure 5 
quite well. When used together, 
these two maps provide a good but 

general picture of the distribution 
and extent of the important land uses 
in the state. 

Ownership 

Fully one-fourth-4.2 million 
acres-of Pennsylvania's forest land 
is  publicly owned. This is the great- 
est proportion and acreage in public 
holdings of any state in the North- 
east. The Pennsylvania Bureau of 
Forestry manages 2 million acres of 
State Forests for such diverse bene- 
f its as timber products, wildlife habi- 
tat, outdoor recreation, water, and 
minerals. The other large multiple- 
use manager is the USDA Forest Ser- 
vice, which administers the 489,000 



Certain areas of north-central Pennsylvania are covered with unbroken 
expanses of forests. 

Western Pennsylvania Conservancy 

acres of  forest land in the Allegheny 
National Forest. The Pennsvlvania 
Game Commission manages i . 1  mil- 
lion acres of forest in State Game 
Lands primarily to improve wildlife 
habitat. In this process, numerous 
other forest resources are enhanced. 
The remaining public forest land is 
held by diverse organizations, many 
of which provide forest recreation 
(State Parks) or plentiful fresh water 
(municipal watersheds). 

Nearly 83 percent of the public 
forest land is classified as commer- 
cial forest. The remaining 17 percent 
is noncommercial forest land, which 
means that as a result of either its lo- 
cation, low productivity, or adminis- 
trative designation, this acreage can- 
not provide a sustained yield of tim- 
ber crops. Nearly all of the noncom- 
mercial forest land is publicly owned. 

Seventy-five percent of the for- 
est land is in private hands. Nearly 99 
percent of this land, or 12.5 million 
acres, is commercial forest land. The 
heaviest concentrations of privately 

Forest land, the darker shades in this aerial view, is relegated t o  relative- 
ly small and scattered tracts in  southeastern Pennsylvania (Berks Coun- 
ty). 

Agricultural Stabilization and Conservation Service 
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owned commercial forest land are in 
the western and eastern parts of the 
state (Fig. 7). The private lands are 
held by an estimated 490,100 owners. 
In an ownership study conducted in 
conjunction with this forest survey, 
the characteristics and attitudes of 
these diverse owners were assessed 
and analyzed (Birch and Dennis 
1980). This study showed that 86 per- 
cent of the private landowners are in- 
dividuals (as opposed to partner- 
ships, corporations, clubs, etc.), 
most of whom live within a mile of 
their woodland. The average size 
holding of individual owners is 20.3 

acres. Only a little more than one-half 
of the private landowners have held 
their land for more than 10 years. 
Benefits other than timber produc- 
tion are more important to most land- 
owners; 75 percent have never har- 
vested timber from their land. The 
average forest holding of these 
owners is only 16.1 acres. About one- 
half of the private owners, holding 
about one-fifth of the private com- 
mercial forest land, indicate that they 
never plan to harvest timber from 
their woodland. Slightly more than 
one-half allow some form of recrea- 
tional use of their land by the public. 

No Commercial Forest Land 

40 - 55% Private 

56 - 70% Private 

71 - 85% Private 

The trends in ownership of com- 
mercial forest land are shown in 
Figure 8. Most of the changes have 
occurred since 1965. Farmer, State, 
Federal, and County and Municipal 
ownership have been relatively con- 
stant over the 23-year period. State 
Forests and State Game Lands have 
been expanding as a result of active 
land acquisition policies, but the rise 
in commercial forest acreage has 
been slight since 1965 due to the re- 
classification of forest land to non- 
commercial forest land by the Penn- 
sylvania Bureau of Forestry. Forest 
industry holdings have more than 

Figure 7.-Distribution of privately 
owned commercial forest land, by coun- 
t?. 
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Figure 8.-Trends in ownership of corn 
rnercial forest land. 

doubled since 1955. These industries 
are consolidating their holdings as 
well as expanding to obtain a more 
productive and reliable timber base. 
Nearly all of the increases in State 
and forest industry holdings have 
been at the expense of the miscellan- 
eous private landowner category. 
This category, while still far and away 
the most dominant, is the only one 
that showed a substantial decrease 
since 1965. In additio'n to purchases 
by State agencies and forest indus- 
tries, the miscellaneous private land- 
owners are the ones most likely to 
lose commercial forest land to such 
nonforest uses as highways, rights- 
of-way, shopping centers, and hous- 
ing developments. 

Stand Size 
Over the 13-year period from 

1965 to 1978, the stand-size compo- 
sition (i.e., sawtimber stands, pole- 
timber stands, sapling-seedling 
stands, and nonstocked areas) has 
shifted toward a more mature distri- 
bution (Fig. 9). The 1965 inventory 
showed that sawtimber stands domi- 
nated with 44 percent, followed by 
poletimber stands (35 percent), 
sapling-seedling stands (19 percent), 
and nonstocked areas (2 percent). By 
1978, the gap between the sawtirnber 
and poletimber proportions had 
widened. Many poletimber stands 
had matured into sawtirnber stands 
to more than offset any change in 
sawtimber stands to smaller stand 
sizes. 

The share of the commercial for- 
est base in sapling-seedling stands 
has changed little over the 13 years, 
remaining at or near 20 percent. 
These stands usually originate from 
abandoned agricultural land that has 
reverted to forest, or from forest land 
that was extensively cut over, regen- 
erated naturally, and is now in an 
early stage of development. The sta- 
bility of sapling-seedling stand's per- 
centage indicates that as much land 
is coming into this class by the pre- 
viously mentioned processes as is 
moving out into the poletimber-size 
class. This stability suggests that the 
combined effect of agricultural rever- 
sion and clearcutting intensity has 
remained relatively constant over 
this period for the state as a whole. 



Nonstocked Sapling- Poletimber Sawtimber 
Areas seedling Stands Stands 

Stands 

Figure 9.-Trends in stand-size class of commercial forest land. 

Over the last 60 years or so, the 
acreage of nonstocked areas has 
been declining, and by 1978 was 
about 200,000 acres. This low figure 
attests to the fact that cleared land in 
Pennsylvania does not remain barren 
for long. Seedlings, seedling sprouts, 
and stump sprouts, responding to 
abundant water, nutrients, and light, 
usually reclaim the land within a cou- 
ple of years. 

In a regulated hardwood forest, 
that is, an intensively managed forest 
that produces a steady and continual 
supply of sawlogs, one suggested 
optimum distribution of stand sizes 
is 50 percent in sawtimber, 30 per- 
cent in poletimber, and 20 percent in 
sapling-seedling stands (Liscinsky 
1978). On a statewide basis, these 
percentages are now at 48, 31, and 19 

respectively, indicating a favorable 
situation for the hardwood timber re- 
source, and one that favors many 
wildlife species as well. This stand- 
size distribution has not, however, re- 
sulted from intensive forest manage- 
ment-only a small fraction of Penn- 
sylvania's forests have received such 
treatment. The current situation is 
the result of a combination of 
arbitrary cuttings, abandonment of 
farmland, and natural forces. These 
have occurred in the absence of any 
concerted and unified effort by the 
forest-land owners of the state. The 
decline of wildfires, due largely to 
fire control efforts of the Bureau of 
Forestry, also has contributed to this 
maturing stand-size distribution. 

However, among the geographic 
units there is considerable variation 

in stand-size distribution, reflecting 
the past cutting histories and mar- 
kets for the forests in these areas. As 
shown in Figure 10, the proportion of 
commercial forest land in sawtimber 
stands ranged from 32 percent in the 
Pocono Unit to 69 percent in the 
Southeastern Unit. Poletimber 
stands ranged from 14 percent in the 
Southeastern Unit to 40 percent in 
the Northeastern Unit, and sapling- 
seedling stands and nonstocked 
areas ranged from only 9 percent in 
the Allegheny Unit to 33 percent in 
the Western Unit. 

For an explanation of how past 
management has affected the stand- 
size distribution, let's look at two ad- 
jacent but very different units- 
Pocono and Southeastern. The 
Pocono Unit has the lowest concen- 
tration of sawtimber stands in the 
state and, consequently, relatively 
high proportions of poletimber and 
other stands. At the turn of the 19th 
century, iron ore was discovered in 
this region, and furnaces were built 
to process the ore into iron. These 
furnaces initially required steady 
supplies of charcoal to fuel them, 
and this charcoal came from the 
abundant hardwood (mainly oak) re- 
source. Heavy and frequent cuttings 
were made through the early 19th 
century. Then anthracite coal was 
recognized as the better f uel. The for- 
ests, however, were still cut fre- 
quently as they now supplied the 
thousands of mine timbers needed 
for the construction and expansion 
of the underground mines. This 
heavy cutting through the 19th cen- 
tury and early into the 20th century 
left the forests with few sawtimber 
stands but many sapling-seedling 
and poletimber stands. As the de- 
mand for charcoal and mine timbers 
dropped and was eventually replaced 
by a less intense demand for sawlogs 
and pulpwood, the resource began to 
recover and mature. Recent trends in- 
dicate the proportion of sapling- 
seedling stands is decreasing and 
that sawtim ber stands are increas- 
ing. But with poletimber stands still 
dominating, the resource is still 
several decades away from adistribu- 
tion more favorable for sustained tim- 
ber yield. 



Scale and State Average 
u 

Figure 10.-Stand-size distribution, by geographic unit, 1978. 

The Southeastern Unit, just to 
the south, has a much different 
stand-size distribution (Fig. 10). Here, 
sawtimber stands account for nearly 
70 percent of the commercial forest 
land, with the remainder divided rela- 
tively evenly between poletimber and 
other stands. This region was the 
first area in the state to be settled. 
The old-growth timber stands were 
cleared for farming, and by the early 
19th century most of the best agricul- 
tural lands had been identified and 
were in pasture or cropland. A rela- 
tively small fraction of the land was 

left in a forested condition, so forest 
industries turned their attention to 
the more northern and western areas, 
where timber was cheaper and more 
plentiful. In this region, 86 percent of 
the commercial forest land is in pri- 
vate hands, and the average private 
holding is only 11 acres (Birch and 
Dennis 1980). Under such circum- 
stances, heavy cutting often is not 
desired by the landowner. This is es- 
pecially true of clearcutting, which 
would create sapling-seedling 
stands. These are some of the rea- 
sons why sawtimber stands have 

dominated the southeastern forests 
for many decades, and trends indi- 
cate that the proportion of poletim- 
ber and other stands is continuing to 
decline. 

Since sawtimber stands have 
special significance in that they pro- 
vide a variety of benefits to forest 
users, it is useful to know which 
counties have especially high con- 
centrations of this resource. While 
north-central counties such as Ly- 
coming, Centre, and McKean have 
the greatest areas of sawtimber 



Oak-hickory sawtimber stands account for about 4 million 
acres of forest land in Pennsylvania. 

treatments, the ratio of thinnings to 
regeneration cuts has been roughly 5 
t o - l  (personal communication; ~ o e l  
Hockinson, Allegheny National For- 
est). Regeneration cuts, which would 
produce sapling-seedling stands, are 
occurring at an annual rate of 1,000 
acres. These management activities, 
as well as multiple-use policies, have 
favored retaining a heavy proportion 
of the Forest in poletimber and saw- 
timber stands. Since most of the 
stands are 50 to 70 years old, future 
inventories of the Forest will prob- 
ably show a sizable shift of poletim- 
ber stands into sawtimber stands. 

The State Forest distribution 
shows the greatest percentage in 
sawtimber stands (74) and the lowest 
percentages of poletimber (23) and 
other (3) stands. Much State Forest 
land is similar to Allegheny National 
Forest land, especially as regards 
past history and current manage- 
ment. Part of the explanation for the 
difference between the National For- 
est and the State Forest distribution 
is that State Forest lands contain a 
higher proportion of oak types than 
the National Forest. The oak types in 
Pennsylvania generally were cut 
earlier than the northern hardwoods 
types, and are therefore more mature. 
This leads to more sawtimber stands 
in the oak areas than in the northern 
hardwood areas. 
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stands, it is in counties such as 
Adams, Cumberland, and York where 
sawtimber stands dominate the com- 
mercial forest land (Fig. 11). These 
three southern counties combined 
have 276,600 acres of sawtimber 
stands, but sawtimber stands ac- 
count for 78 percent of the commer- 
cial forest in these counties. Centre 
County, on the other hand, has 
283,500 acres of sawtimber stands, 
but these stands represent only 56 
percent of the county's commercial 
forest land. As a comparison of 
Figures 6 and 11 shows, a county 
need not be heavily forested to con- 
tain a high concentration of sawtim- 
ber stands. This has significance for 
buyers of large hardwood sawlogs, 

recreation planners seeking older 
growth forests for parks, and bird- 
watchers looking for screech owls, 
Carolina chickadees, or hairy, wood- 
peckers, which dwell in mature oak 
forests. 

The five large ownership classes 
in Pennsylvania show some interest- 
ing differences in stand-size distribu- 
tion (Fig. 12). The Allegheny National 
Forest has the greatest proportion of 
poletimber (40 percent) and a low pro- 
portion of sapling-seedling and non- 
stocked areas (5 percent). Since the 
USDA Forest Service began to man- 
age this land, 250,000 to 300,000 
acres have received some sort of 
management treatment. Of these 

The other public group is domi- 
nated (83 percent) by State Game 
Lands. The management goal on 
these lands is to enhance the habitat 
for all species of wildlife. To achieve 
this goal, the Pennsylvania Game 
Commission is increasing the di- 
versity of habitats through a judi- 
cious use of cutting. While saw- 
timber stands still dominate, pole- 
timber stands are a close second 
(Fig. 12). Also, the Game Commission 
often acquires lands that have been 
logged and that may be in a smaller 
stand-size condition. This also helps 
explain why over one-half of the 
Game Commission's forest land is in 
poletimber stands, sapling-seedling 
stands, or nonstocked areas. 

Forest industry is an ownership 
group that uses varied approaches to 
woodland management. Some indus- 
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Figure 11 .-Sawtimber stand-size distribution, by county, 1978. 
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tries manage their forest land inten- 
sively to produce large quantities of 
timber products. Management and 
harvesting practices vary according 
to the product needed. Other indus- 
tries rely on private forests for their 
timber. They may practice only low- 
cost, extensive management on their 
own lands, keeping them in timber 
for insurance or investment pur- 
poses, or both. These varied ap- 
proaches have resulted in sawtimber 
stands accounting for nearly 60 per- 
cent and poletimber stands account- 
ing for 28 percent of forest industry 
forest land. The dominance of saw- 
timber stands is not surprising since 
they are the most valuable stands 
and provide the many timber prod- 
ucts that Pennsylvania's forest in- 
dustriesneed. . 

The other private landowners 
have a hodgepodge of management 
plans, ranging from no plan at all, to 
one that is kept in the back of the 
owner's mind, to one that is formal- 
ized in writing. Looking at these di- 
verse lands from a statewide per- 
spective, the proportion of sawtimber 
stands is the lowest while the propor- 
tion of sapling-seedling stands and 
nonstocked areas is the highest (Fig. 
12). This condition may be attributa- 
ble to more reversion of nonforest 
land to forest land, heavier cutting of 
sawtimber stands, andlor more pro- 
longed regeneration periods com- 
pared with those of other ownership 
groups. Few other private land- 
owners manage their land primarily 
for timber products, but many have 
cut timber because they believed it 
was mature or they needed the 
money and were offered a good price 
(Birch and Dennis 1980). Many land- 
owners, when they feel that their 
timber is large enough to have any 
commercial value, will cut their 
woodlands without giving much 
thought to regenerating these 
stands. In certain areas where the 
deer populations are so high that 
they prevent adequate regeneration, 
new stands may stay in a nonstocked 
or seedling condition for an ab- 
normally long period. In fact, the 
other private group not only has the 
highest percentage of other stands 
but also has more than 200,000 acres 

(nearly 100 percent of the state's to- 
tal) of nonstocked areas. 

Looking at the stand-size distri- 
bution, we can gain some insight into 
the impact forest-land ownership on 
Pennsylvania's forest resources. 
Stand-size has some obvious implica- 
tions for timber products, but also is 
an important indicator of the forest's 
ability to provide wildlife habitat and 
recreation opportunities, and to pro- 
tect soil and water resources. Differ- 
ent owners andlor managers have dif- 
ferent perspectives on the mix of 
these values that forests should pro- 
duce. This variety of approaches to 
forest management has contributed 
largely to the diverse stand-size dis- 
tributions (Fig. 12) and to the rich 
mixture of conditions and opportuni- 
ties that characterize the commercial 
forest land of Pennsylvania. 

Forest Type 

Pennsylvania's commercial for- 
est land is composed of 33 forest 
types, based on plurality of species 
stocking. Twenty-one of these are 
relatively uncommon, accounting for 
only 11 percent of the total commer- 
cial forest area. Seventy-eight per- 
cent of this forest land base is in 10 
types. Individually, these range from 
5 to 15 percent of the forest area. 

To simplify the discussion, the 
33 types can be assigned to 9 forest- 
type groups. Two of these groups- 
oaklhickory and northern hard- 
woods-dominate Pennsylvania's 
forests, so much so that the other 
seven groups together only account 
for 13.2 percent of the commercial 
forest land (Fig. 13). 

The geographic location of 
Pennsylvania is the primary reason 
why these two forest-type groups 
dominate. Oaklhickory forests prevail 
throughout the Midwest and the Mid- 
Atlantic regions in moderately dry to 
moist temperate climates. The soils 
generally are well-drained and ungla- 
ciated. The northern hardwoods (ma- 
plelbeechlbirch) prevail in glaciated 
regions such as New England, New 
York, and the Great Lake States. They 
tolerate cooler and moister condi- 
tions than oaks. Pennsylvania en- 
compasses conditions that favor 
either forest-type group and a broad 
and ill-defined transition zone where 
there is considerable mixing and in- 
terspersion of the forest types that 
make up these two groups. The aver- 
age number of days without a killing 
frost seems important in separating 
these groups, and in Pennsylvania 
the boundary approximates the 140- 
day lines highlighted in Figure 14, 
with oaks generally dominating in 

Top Ten Forest Types 
Thousand Percent 

acres of total 
1. Sugar maplelbeechlyellow birch 2,413 15 
2. Chestnut oak 1,817 11 
3. Black cherry 1,394 9 
4. Red maplelnorthern hardwoods 1,324 8 
5. Mixed northern hardwoods 1,180 7 
6. Northern red oak 943 6 
7. Mixed central hardwoods 941 6 
8. Red maplelcentral hardwoods 869 6 
9. White oaklred oaklhickory 856 5 

10. Post, black, or bear oak 772 5 

Total 12,509 78 



Scotch and Virginia pine 1.3% 7 

White pine/Hemlock 3.7% 7 . L L h L  

ine 0.8% 
ce/Fir 0.5% 

Elm/Ash/Red maple 
3.7% 

Oak/Hickory 47.2% 

Northern hardwoods 
39.6% \ 

Figure 13.-Percentage of commercial 
forest-land area, by major forest-type 
group, Pennsylvania, 1978 (the oaklgum 
group amounts to less than 0.1 per- 
cent). 

Figure 14.-The average number of days without a killing frost (Source: 
Cunningham et at. 1977). 



areas with more frost-free days. The 
cutting practices and fires earlier in 
this century did not favor the reestab- 
l ishment of softwood stands 
(especially white pine and hemlock), 
and lowland conditions that would 
support elmlashlred maple or 
oaklgum stands are uncommon. 

The most abundant type group is 
oaklhickory. This group accounts for 
the majority of the commercial forest 
acreage in the North-Central (54 per- 
cent) and the Southwestern (58 per- 
cent) Units, and dominates the 
South-Central, Pocono, and South- 
eastern Units (72 percent). The nine 
oaklhickory types account for 7.5 mil- 
lion acres of commercial forest land. 
Within this type group, the most 
common type is chestnut oak with 
1.8 million acres. Sawtimber stands 
dominate the group with 53 percent 
while poletimber stands are next with 
30 percent, followed by other stands 
with 17 percent. Besides the white 
pine and hemlock type group, 
oaklhickory has the highest percent- 
age of sawtimber stands, an indica- 
tion that this is one of the more ma- 
ture forest-type groups in the state. 

The other major forest-type 
group, northern hardwoods, ac- 
counts for 6.3 million acres and domi- 
nates the forests of the Allegheny (69 
percent), Northeastern (64 percent), 
and Western (44 percent) Units. The 
sugar maplelbeechlyellow birch for- 
est type is most prevalent with 2.4 
million acres. The black cherry type 
accounts for 1.4 million acres and, 
from a timber perspective, is the 
most valuable type in Pennsylvania. 
The stand-size distribution of the 
northern hardwoods type group is 
similar to the statewide average, with 
46 percent in sawtimber stands. Two 
ownership classes, National Forest 
and forest industry, are dominated 
(70 and 55 percent, respectively) by 
northern hardwoods. This is ex- 
pected since all of the Allegheny Na- 
tional Forest and over half of the for- 
est industry woodlands are located in 
the Allegheny Unit. 

The other forest-type groups, 
while accounting for only 13 percent 
(2.1 million acres) of the commercial 
forest land area, are i,mportant in en- 

Old-growth hemlock stands are rare in 
Penn's Woods today (Tionesta Scenic 
Area, McKean County). 

riching the variety of forest condi- 
tions in Pennsylvania. The evergreen 
hemlock, pine, and spruce stands 
provide both a welcome contrast to 
an otherwise drab winter landscape 
and valuable wildlife cover for avarie- 
ty of species. Where markets exist, 
these types also provide valuable 
timber products. 

Since the last survey (Ferguson 
1968), the definition of our forest 
types has changed so significantly 
that comparisons of the 1978 data 
presented here or in the statistical re- 
port (Considine and Powell 1980) with 
those from previous surveys are not 
valid and should not be attempted. 

Timber Volume 

Although Pennsylvania's com- 
mercial forest-land base decreased 
slightly since the last survey, timber 
volumes have generally increased. 
Between 1965 and 1978, growing- 
stock volume increased from 17.9 to 
21.8 billion cubic feet, a gain of near- 
l y 22 percent. Similar increases were 
also reported in recent surveys of 
West Virginia (Bones 1978) and Ken- 
tucky (Kingsley and Powell 1978), 
where the forests that were cut over 
during the early part of the century 
continue to grow back. 



Pennsylvania forests also ex- 
perienced a sizeable increase in saw- 
timber volume, from 31.3 to 46.4 bil- 
l ion board feet-a 48-percent in- 
crease. The magnitude of the saw- 
timber volume increase is larger than 
those observed in the neighboring 
states, in part because Pennsylvania 
was logged over before those states. 

There are a number of factors 
that help explain the sizeable grow- 
ing-stock and proportionately larger 
sawtimber increase, the most impor- 
tant of which is that Penn's Woods 
are maturing. A significant portion of 
the trees have reached large pole- 
timber or small sawtimber size-a 
time in the life of trees when annual 
growth rates are high. While the 
amount of timber volume grown in a 

given year is influenced by a host of 
favorable and unfavorable factors, 
the annual trend since the last survey 
has been for successively larger 
amounts of volume to be added to 
the growing-stock inventory (see 
Growth and Removals). 

The maturation of the forests 
may be easily seen in Figures 15 and 
16. In Figure 15, the distribution of 
numbers of growing-stock trees by 
diameter class, shows proportionate- 
ly more trees in the 10-inch class and 
above and proportionately fewer 
trees in the 6- and Sinch classes in 
1978 than in 1965. Figure 16 shows 
the growing-stock volumes by diame- 
ter class for the two surveys. In es- 
sence, a bulge of timber volume 
which entered the growing stock in- 

ventory probably around the time of 
the first survey in the early 1950's is 
passing through the diameter 
classes. This bulge originated in the 
early decades of this century when 
most of Pennsylvania's forest lands 
were logged, often repeatedly. About 
the same time, large acreages of 
farmland, mostly of marginal produc- 
tivity, were abandoned. People were 
leaving the farms for jobs in  the 
state's rapidly expanding industrial 
cities. As a result, large blocks of 
land reverted to woodland within a 
relatively short time(Fig. 3). It is inter- 
esting to note that while the majority 
of Pennsylvania's volume is in hard- 
wood species, a similarly shaped 
bulge of pine volume has been ob- 
served in some southeastern states 
(Boyce et al. 1975). 

6 8 10 12 14 16 18 20+ 
DBH Class (inches) 

Figure 15.-Distribution of growing-stock trees, by diameter class, Penn- 
sylvania, 1965 and 1978. 
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Figure 16.-Net volume of growing stock, by diameter class, Pennsylva- 
nia, 1965 and 1978. 

Because of the slight decline in 
commercial forest land while timber 
volumes were building, the per-acre 
inven~tory changes are even more dra- 
matic, especially when examined by 
ownership classes. 

On public lands, growing-stock 
volume per acre jumped by 53 per- 

cent between surveys-from 1,184 to 
1,808 cubic feet. The private owners 
had a much more modest 15-percent 
increase-from 1,078 to 1,243 cubic 
feet. The trend in stand-size distribu- 
tion of commercial forest land for 
these two ownership groups offers 
an explanation for the differential vol- 
ume increases: 

Stand size Public Private 

1965 1978 1965 1978 

- - - - - -  - -  - - Percent - - - - - - - - - - 
Sawtimber 44 6 1 44 44 
Poletimber 45 32 32 3 1 
Sapling-seedling 10 7 22 23 
Nonstocked areas 1 - 2 2 

Total 100 100 100 100 

Private ownerships had and have 
a much larger portion of their land in 
sapling-seedling and nonstocked 
stands. These low-volume stands 
have pulled down overall averages. 
Also, the stand-size distribution on 
the surface has changed little over 13 
years. But what the balance really 
means is that the harvesting and 
other losses of sawtimber stands 
kept pace with the ingrowth from 
pole to sawtimber. Harvesting of 
these sawtimber stands reduced vol- 
ume buildups. 

The stand-size distribution on 
public lands is different from private 
lands. Harvesting did not keep up 
with the maturing stands. This al- 
lowed a sizeable increase in saw- 
timber stands and a resulting higher 
increase in volume. The increase of 



sawtimber stands on public lands 
should not be a surprise. Public lands 
usually are managed for a variety of 
uses, timber being one of many. 
Timber management is usually for 
high-quality sawtimber, which re- 
quires long rotations. This means 
that compared with private lands, 
proportionately fewer sawtimber 
stands were cut on public lands. 
However, we anticipate higher har- 
vesting levels on public lands over 
the next few decades. Volume per 
acre increases should be smaller, re- 
flecting this rise in removals. 

Species 

Pennsylvania is dominated by 
hardwoods. In fact, Pennsylvania has 
more hardwood growing-stock vol- 
ume than any other state in the coun- 
try (USDA For. Serv. 1980~) .  Pennsyl- 
vania's growing-stock volume is 92 
percent hardwood-20 billion cubic 
feet-and 8 percent softwood-1.8 
billion cubic feet. These proportions 
have not changed since the 1965 sur- 
vey, though their totals increased by 
22 and 24 percent, respectively. 

Not all species within these two 
groups performed equally. In order to 
discuss species' changes in more de- 
tail, we grouped the 64 commercial 
tree species encountered in our sur- 
vey into nine groups. Each group has 
at least 1 billion cubic feet of grow- 

Pennsylvania's Top Ten 
Mill ion 

Species cubic feet 
1. Red maple 3,370 
2. Northern red oak 2,598 
3. Chestnut oak 2,058 
4. Sugar maple 1,991 
5. Black cherry 1,892 
6. Whiteoak 1,368 
7. Beech 901 
8. Blackoak 890 
9. Whiteash 880 

10. Hemlock 872 

Total 

Percent 
of total 

15 
12 
10 
9 
9 
6 
4 
4 
4 
4 

ing-stock volume. Eight of these 
groups, with relatively few species in 
each, wil l  be discussed in decreasing 
order of dominance: red maples, 
northern red oak, chestnut oak, sugar 
maple, black cherry, softwoods, se- 
lect white oaks, and other oaks. The 
ninth group, other hardwoods, will be 
discussed last, even though it has 
the most volume. 

Red maples. This group includes 
red and silver maple. Red maple ac- 
counts for over 99 percent of this 
group's growing-stock volume. Red 

maple has the largest volume of any 
species in the state (see box), a posi- 
tion it also held in 1965. It has 15 per- 
cent of the growing-stock volume, 
but 19 percent of all growing-stock 
trees. This indicates that most of the 
volume is in smaller trees. Seventy- 
one percent of red maple trees are 
less than 9 inches in dbh. This is why 
i t  is a distant second to  northern red 
oak in sawtimber volume. The follow- 
ing shows the percentage of grow- 
ing-stock trees on commercial forest 
land in 1978, by species and diameter 
class. 

Diameter class (inches at breast height) 

Species 5.0- 7.0- 9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0- 29.0+ All 
6.9 8.9 10.9 12.9 14.9 16.9 18.9 20.9 28.9 classes 

White and red pines 41 24 17 8 3 
Hemlock 43 24 12 10 5 
Select white oaks 33 26 18 10 6 
Northern red oak 25 21 19 14 8 
Other oaks 23 22 19 14 10 
Chestnut oak 33 29 18 10 5 
Sugar maple 38 29 15 9 5 
Red maples 45 26 15 8 4 
Beech 39 23 16 9 6 
White ash 36 22 18 11 6 
Black cherry 29 26 20 12 6 
Aspen 43 30 18 6 2 

All species 37 26 17 9 5 

W- Less than 0.5 percent 

25 



Red maple is one of  the few 
species that has growing-stock 
volume in all nine of Pennsylvania's 
forest-type groups (see Table 2 in the 
Appendix). Red maple is the most 
v o l u m i n o u s  s p e c i e s  i n  t h e  
elmlashlred maple and northern hard- 
woods type groups. One-third of red 
maple's volume is in the oaklhickory 
type group, where its volume is al- 
most as high as the select white oaks 
and other oak species groups. In the 
white pine and hemlock and oaklpine 
type groups, red maple is the most 
voluminous hardwood species. All of 
this attests to the wide variety of 
sites that red maple grows on and the 
wide variety of species associated 
with it. 

Between surveys, red maple's 
volume increased by about one-third. 
A number of factors helped red ma- 
ple hold its top position in growing- 
stock volume and even increase its 
lead over red oak. The species is op- 
portunistic and aggressive (Powell 
and Erdmann 1980). American elm, 
which used to be the dominant spe- 
cies in the elmlashlred maple type 
group, has been decimated by the 
rapid spread of Dutch elm disease. 
~ e d  maple replaced many of the dead 
elms, and is now the dominant spe- 
cies in this wet-site type group. 

In the northern hardwood type 
group, red maple has done well for 
several reasons. First, it grows rapid- 
ly in Pennsylvania's northern region. 
Second, though it has recently be- 
come a preferred timber species, red 
maple for many years was not as pre- 
ferred as black cherry, yellow birch, 
and sugar maple. This allowed timber 
volumes to build. Finally, and proba- 
bly most important, since many of 
the forest stands in the northern 
counties originated about the same 
time, we are seeing a discernible suc- 
cessional trend. After the original 
harvesting, fast-growing, shade-in- 
tolerant species like black cherry 
grew rapidly. Red maple, which is 
more shade tolerant and slower grow- 
ing, did not do as well initially but is 
now gaining on cherry. Since the red 
maple resource is not yet mature, i t  is 
likely to show sizeable increases for 

several decades, but coming on 
strong is an even more shade-toler- 
ant species-sugar maple (personal 
communication, Dave Marquis, USDA 
Forest Service). 

In the oaWhickory type group, 
heavy oak mortality from several in- 
sect pests created openings in the 
stands that red maple exploited. 
Other opportunities for red maple's 
expansion were created from harvest- 
ing the more desirable oaks for saw- 
timber and pulpwood. 

Although red maple occurs in 
every county in the state, it is con- 
centrated in the northern counties. 
With 40 percent of i ts growing-stock 
volume in the Allegheny Unit, 18 per- 
cent in the North-Central Unit, and 12 
percent in the Northeastern Unit, red 
maple has 70 percent of i ts volume in 
20 northern and northeastern coun- 
ties. 

Ten percent of all live red maple 
trees are cull-twice the proportion 
found in the select oaks. There are by 
far more rotten red maple trees than 
rotten trees of any other species, and 
rough trees outnumber rotten trees 
by about 25 percent. 

Northern red oak. This valuable 
species has the second highest 
growing-stock and highest saw- 
timber volume in the state. Red oak 
has 12 percent of the total growing- 
stock volume and 8 percent of the 
growing-stock trees, indicating that 
more of i ts volume is in larger trees. 

In fact, the distribution of grow- 
ing-stock trees by diameter class 
points out interesting differences be- 
tween red oak and several other spe- 
cies, notably red maple and aspen. 
Red oak has a much lower proportion 
of trees in the 5.0- to 6.9-inch diame- 
ter class than maple and aspen. This 
seems to indicate a future problem 
for red oak. While red oak is longer 
lived than many species and may 
need fewer small trees to sustain a 
given sawtimber level (Merritt 1979), 
there is concern about the long-term 
prospect for the oak resource. 
Regeneration failures have been 

documented and efforts to stimulate 
regeneration generally have been 
successful (Marquis et al. 1976). 

The short-term prospect for the 
resource is good. Growing-stock vol- 
ume increased by 11 percent be- 
tween surveys. Although this was a 
lower percentage increase than the 
maples and cherry showed, the 
inventory still increased by 264 mil- 
l ion cubic feet. 

Northern red oak is the most 
voluminous species in the oaklhick- 
ory type group (Table 2). Eighty-four 
percent of its volume is in this type 
group. It is also the oak most often 
associated with the northern hard- 
woods, aspenlbirch, and white pine 
and hemlock type groups. These type 
groups are most common in areas 
north of central Pennsylvania. 

Red oak growing-stock volume 
i s  concentrated in the central 
portions of the state. Forty percent of 
the volume is in the North-Central 
and Allegheny Units, while another 
30 percent is split between the 
Southwestern and South-Central 
Units. 

For the state as a whole, 5 per- 
cent of all live northern red oak trees 
are cull. There are about 11/z times as 
many rough as rotten trees. 

Chestnut oak. This species cur- 
rently has 10 percent of the state's 
growing-stock volume and ranks 
third among all species. This volume 
represents a gain of 8 percent since 
1965. Chestnut oak is concentrated 
mostly in the ridge and valley physio- 
graphic region (Fig. 1). Over 40 per- 
cent of i ts volume is in the South- 
Central and Pocono Units. Befitting 
its reputation as a species of general- 
ly low quality, chestnut oak has pro- 
portionately nearly twice as many 
cull trees as do the select white oaks 
and northern red oak. Rough trees 
outnumbered rotten trees by two to 
one. 

The following shows the percent 
distribution of  growing-stock volume 
in 1978, by species, across the geo- 
graphic units of Pennsylvania. 



Species 
West- South- North- South- North- South- Al l  
ern western central Central eastern POcOnO eastern units 

White pine 
Hemlock 
Select white oaks 
Northern red oak 
Chestnut oak 
Black oak 
Sugar maple 
Red maples 
Beech 
White ash 
Yellow-poplar 
Black cherry 

All species 

Percent - - - - - - - - 
18 18 11 
5 17 10 

15 4 16 
15 7 7 
25 a 3 17 

a Unit where largest species volumeoccurred. 
W-Less than 0.5 percent. 

Sugar maple. The volume of 
sugar maple rose by about 60 percent 
between inventories, the largest per- 
centage increase among the major 
species. Sugar maple ranks fourth in 
the state with 9 percent of the grow- 
ing-stock volume. It also has 9 per- 
cent of the growing-stock trees. Un- 
like red maple, sugar maple's volume 
is  almost wholly concentrated in the 
northern hardwood type group. 
About 7 percent of all live trees are 
cull, with the number of rough and 
rotten trees nearly equal. 

The dramatic increase in sugar 
maple volume is related directly to 
the progression of forest succession 
in the state. Over half of sugar ma- 
ple's volume is in the Allegheny Unit 
and over half of its volume increase 
occurred there. Therefore, a discus- 
sion of the trends in this unit will 
highlight the reasons for the state- 
wide increase. Many forests in this 

unit are second growth and originat- 
ed from heavy cutting 50 to 90 years 
ago. Since that time, the natural pro- 
gression of stand development has 
dictated which species would grow 
fastest and predominate.' Fast-grow- 
ing, shade-intolerant species like 
black cherry had the first growth 
spurts and big increases in volume. 
Cherry had more volume than sugar 
maple during the first and second in- 
ventories-a situation that is now re- 
versed. 

Sugar maple is slower growing 
than cherry and red maple and was 
overtopped by their growth. Develop- 
ment of sugar maple's timber vol- 

Marquis, David A. The effect of past 
cutting history on the structure, species 
composition, and development of present- 
day Allegheny hardwood forests. USDA 
For. Serv., Northeast. For. Exp. Stn., 
Broomall, PA (Manuscript submitted to  
Forest Science). 

umes has taken longer because of its 
slower growth and has been helped 
because timber harvesting has been 
light relative to timber inventory. Su- 
gar maple's development under un- 
disturbed conditions has also been 
observed in upland stands in other 
states (Schlesinger 1976). In those 
stands that are not heavily disturbed, 
sugar maple will continue to show 
significant increases for several dec- 
ades. 

Black cherry. Pennsylvania is the 
center of the black cherry supply for 
the world. A valuable sawtimber and 
veneer species, black cherry ranks 
fifth in the state for growing-stock 
volume and third for sawtimber. It 
has 9 percent of the growing-stock 
volume and seven percent of the 
growing-stock trees, indicating, as 
with red oak, that its volume tends to 
be on larger trees. 



A superlative old-growth black cherry in 
Tionesta Scenic Area (McKean County). 

Eighty-five percent of cherry's 
volume is in the northern-hardwood 
type group, though some volume is 
found in all the other type groups. 
While black cherry's geographic 
range includes all of Pennsylvania, 
most of i ts volume is in counties situ- 
ated within the Allegheny Plateau 
(Fig. 1). The Allegheny Unit covers a 
portion of the Plateau, and this is 
where cherry reaches its optimum 
development. Over half of its grow- 
ing-stock volume and nearly 60 per- 
cent of i ts sawtimber volume are 
found there. 

Black cherry was rare in the vir- 
gin forests of Pennsylvania, even on 
the Plateau (Hough and Forbes 1943). 
Logging and burning of the woods 
around the early part of this century 
created the openings that species 
like cherry needed to grow rapidly 

and become more abundant. SO 
cherry became a major component of 
many second-growth forests. 

As the Allegheny Plateau forests 
have matured, the species composi- 
t ion has shifted. Fifty to ninety years 
of growth has allowed species that 
grow slower than cherry, like red and 
sugar maple, to increase substantial- 
ly in volume. The cherry resource is 
more mature and has more sawtim- 
ber in the Allegheny Unit than the 
two maples, even though the maples 
have more growing-stock volume. 

Softwoods. In this hardwood- 
dominated state, softwoods are a mi- 
nor timber resource. Hemlock is the 
most abundant softwood, account- 
ing for nearly half of all the softwood 
growing-stock volume, yet represent- 
ing only 4 percent of the total grow- 

ing-stock volume. It is the only soft- 
wood among the 10 major timber spe- 
cies. Nearly three-quarters of hem- 
lock's volume is concentrated in the 
Allegheny, North-Central, and North- 
eastern Units where cool, moist 
growing conditions favor its pres- 
ence. Hemlockvolumes rose by more 
than 20 percent between inventories. 

White pine is the second most 
abundant softwood, accounting for 
about one-third of the volume. Two 
thirds of the white pine volume is 
concentrated in the North-Central, 
Northeastern, and South-Central 
Units. 

Although softwoods accounted 
for about three-quarters of Pennsyl- 
vania's lumber production around the 
turn of this century, they made up no- 
where near that proportion of the 
State's timber inventory. Heavy cut- 
t ing and fires depleted the softwood 
resource early in the century, and in 
some areas white pine and hemlock 
were virtually eliminated from the for- 
ests (Marquis 1975). 

With fire protection and the for- 
est's natural regrowth, the softwood 
volume is gradually increasing. As re- 
cently as the period between 1955 
and 1965, increases in hardwood vol- 
ume (on a percentage basis) exceed- 
ed softwood increases. Between 
1965 and 1978, however, softwoods 
had a higher percentage increase in 
growing-stock volume (24 percent) 
than hardwoods (22 percent). In- 
growth of softwoods into growing 
stock was an important component 
of this recent increase. Many soft- 
wood plantations established in the 
1930's and 1940's have developed to  
the stage where they could be con- 
sidered merchantable. The relatively 
low demand for timber products from 
softwood and the absence of insect 
and disease attacks in recent years 
also contributed to  the increase. 

As with the hardwood species, 
softwoods are not restricted to a par- 
ticular forest-type group. One should 
not assume that all or nearly all of the 
white pine and hemlock growing- 
stock volume is in the white pine and 
hemlock type group. The names of  
the type groups generally indicate 
species with a plurality of stocking 



(see the definitions of forest types in 
the Appendix). In the case of white 
pine, half of its growing-stock volume 
is in the white pine and hemlock type 
group. Hemlock, however, has only 
28 percent of its volume in that 
group. White pine and hemlock are 
by far the major species in that type 
group, but they are also common as- 
sociates in other type groups. In fact, 
60 percent of all softwood growing- 
stock volume is in hardwood type 
groups. 

Several softwoods are found in 
Pennsylvania, predominantly in the 
Pocono and Northeastern Units, 
which are of little economic value 
due to their very limited occurrence 
but are of high interest ecologically. 
These species-spruce, balsam fir, 
and larch-are characteristic of the 
boreal forest, usually found far to the 
north in Maine and Canada. Now in 
Pennsylvania they cover only a frac- 
tion of the area they once did. They 
are stands typical perhaps of an era 
when Pennsylvania's climate was 
colder and glaciers covered portions 
of the state. Boreal species were 
once more common than many of the 
species prevalent today. 

Select white oaks. In Pennsylva- 
nia, this commercially valuable group 
includes three species: white, 
swamp white, and bur oaks. Nearly all 
the volume in this group is in white 
oak. This group ranks sixth in grow- 
ing-stock volume. Over one-quarter 
of the volume in this group is in the 
North-Central Unit, with another one- 
third split between the Pocono and 
South-Central Units. This was the 
only major species or species group 
to show a decline in volume between 
inventories. The decline was not sig- 
nificant and was not evenly spread 
across all units; in fact, some units 
gained in volume. The largest de- 
clines were in the North-Central and 
Allegheny Units. During the period 
between inventories portions of 
these units were hit very hard by a 
number of insect and disease at- 
tacks. The select white oaks in these 
units seem to have suffered greatly 
as their mortality and cull increment 
were very high in relation to their 
gross growth. For the state as a 
whole, about 5 percent of all live se- 

lect white oak trees are cull, evenly 
split between the rough and rotten 
categories. 

Other oaks. Seven oaks (black, 
scarlet, pin, shingle, southern red, 
post, and willow) make up this di- 
verse group, though black and scarlet 
oaks dominate the growing-stock vol- 
ume (98 percent). Black oak alone 
ranks eighth in the state with 4 per- 
cent of the volume. Almost one-quar- 
ter of the volume in this group is lo- 
cated in the South-Central Unit. 
Growing-stock volume is up 7 per- 
cent since the last inventory. 

Other hardwoods. This diverse 
group accounts for the remainder of 
the hardwood volume-5.4 million 
cubic feet. It includes beech, white 
ash, yellow-poplar, sweet birch, hick- 
ory, and aspen. On the whole, they 
are distributed around the state, 
though certain species tend to be 
concentrated in particular units. For 
example, nearly one-third of the yel- 
low-poplar volume is in the South- 
eastern Unit, and over one-half of the 
beech volume is in the Allegheny 
Unit. 

Geographic Units 

The quantity and quality of the 
timber resources in Pennsylvania's 
eight geographic units are quite vari- 
able. A brief look at each unit, ranked 
by their average cubic foot volume 
per acre, will highlight their unique 
characteristics (Fig. 17). 

Allegheny Unit. This unit is 
Pennsylvania's premier forested 
area. It is 84 percent forested. In 1965 
and 1978 it had the highest growing- 
stock total and per acre volumes of 
any unit (Fig. 17). Per acre growing- 
stock volumes are 15 percent above 
the next highest unit and 120 percent 
over the lowest unit. This is an areaof 
active forest management by the for- 
est industries and public agencies, 
who own nearly 60 percent of the 
commercial forest land. 

The following shows the percent 
distribution of growing-stock volume 
in 1978, by species, within each geo- 
graphic unit in Pennsylvania. Note 
that red maple, sugar maple, and 
black cherry account for 55 percent 
of the inventory in the Allegheny 
Unit. 

Species 

W h ~ t e  pine 
Hemlock 
Other sof twoods 
Select white oaks 
Northern red oak 
Chestnut oak 
Black oak 
Sugar maple 
Red maples 
Beech 
White ash 
Yellow-poplar 
Black cherry 
Other hardwoods 

Al l  species 

W ~ s t -  South- Al  le-  Nor th -  South- North-  South- Al 1 
e rn  western gheny c e n t r a l  Cen t rd l  e a s t e r n  Pocono e a s t e r n  u n i t s  

-- - -- - - - 
- - - - - - - - Percent - - - - - - - - 

1 1 1 4 4 5 3 2 2 
2 3 4 6 2 8 5 W 4 
4 1 1 2 2 2 4 2 2 
8 6 2 10 9 3 12 8 6 

10 20 a 7 1 6 =  17 10 11 9 12 
1 15 3 l g a  1 8 a  9 10 21 4 
4 5 1 4 8 1 5 13 4 

10 7 17 5 2 14 4 W 9 
12 13 22d 1 6 =  6 21 a 15 7 16 
4 2 7 2 W 8 3 2 4 
5 2 4 3 5 4 2 7 4 
6 2 1 1 3 W 2 11 3 
lfja 9 16 5 1 6 2 1 9 
18 14 14 16 20 14 13 20 16 

100 100 100 100 100 100 100 100 100 

a Specles with largest volume In u n ~ t  
W-Less than 0.5 percent. 



Growing-Stock 

Inventory level as of 1965 

lnventory level as of 1978 

Growing-Stock 

Cubic Feet per Acre 

Figure 17.-Total and average per-acre growing-stock volumes by geo- 
graphic unit, Pennsylvania, 1965 and 1978. 



Six major species (hemlock, su- all the other units, the total volume seedling stands have low volumes in 
gar maple, red maple, beech, white percentage gain was larger than the relation to poletimber and sawtimber 
ash, and black cherry) have more vol- per-acre change because this unit stands and, like the insect-ravaged 
ume in this unit than in any other(see had a significant increase in its com- stands, tend to lower the average per 
page 27). mercial forest-land base. Since addi- acre volume. 

Southeastern Unit. This unit 
ranks second in volume per acre, a 
position it also held during the previ- 
ous survey. At first glance this is sur- 
prising since this unit is the least for- 
ested and most densely populated. 
These factors influence the volume 
total, which is the lowest among all 
units. But there is plenty of volume 
on the acres that are forested. Nearly 
70 percent of the commercial forest 
land is in sawtimber-size stands. The 
great majority of the forest land is pri- 
vately held and in small parcels. 
Timber harvesting pressure is rela- 
tively light. This allowed timber vol- 
umes to cl imb rapidly. Since these in- 
creases were on a declining land 
base, the per acre changes were 
much more substantial than total vol- 
ume changes. 

Timber volumes are more evenly 
distributed among species in this 
unit than in the Allegheny Unit. A va- 
riety of oaks, notably chestnut and 
black oak, account for over 50 per- 
cent of the volume. Black oak and 
yellow-poplar reach their maximum 
volume here. 

South-Central Unit. This unit 
ranks third in both volume per acre 
and total volume. In 1965 the unit 
held the same position in volume per 
acre but was one notch lower in total 
volume. Its percentage ~ a i n s  in per- 
acre and to'tal volume were in the 
middle of the range established by 
the units. 

As in the Southeastern Unit, 
oaks are the largest species group for 
timber volume. Chestnut oak and 
northern red oak are the principals in 
this CI~OUC), which accounts for over - .  
55 percent of the volume. Chestnut 
oak's maximum volume is in this unit. 

Norrheastern Unit. This unit is 
fourth in volume per acre and sixth in 
total volume, but had the largest per- 
centage gains of any unit for both 
categories. In 1965 this unit ranked 
seventh in per-acre volume and last 
in total volume. In contrast to nearly 

t ions to the forest land base had to 
be sapling-seedling stands with low 
volume, the overall per-acre average 
was pulled down. 

Much like the Allegheny Unit, 
the major species in the Northeast- 
ern Unit are northern hardwoods. Red 
and sugar maples account for over 
one-third of the volume. Beech, black 
cherry, and white ash make up an- 
other one-fifth. Proportionately, the 
Northeastern Unit has more soft- 
wood than the other units. 

North-Central Unit. This unit 
ranks f ifth in volume per acre but sec- 
ond in total volume. This low per-acre 
average is in sharp contrast to the Al- 
legheny Unit, its northern neighbor. 
Several factors seem to explain this 
difference. First, the species compo- 
sit ion of the two units is quite differ- 
ent. Four oaks account for over 40 
percent of the North-Central's vol- 
ume, while in the Allegheny Unit they 
account for only 13 percent. The in- 
sect and disease attacks that oc- 
curred in the North-Central Unit were 
directed mostly against oaks. Un- 
doubtedly, these attacks contributed 
to lower volumes on many acres, low- 
ering overall per-acre volume. 

Second, the black cherry compo- 
nent of the resource is much lower in 
the North-Central Unit than the Al- 
legheny Unit-5 versus 16 percent. 
Other factors being equal, stands 
with a significant component of 
black cherry have much higher 
volumes per acre than others. Thus, 
the Allegheny Unit, with its higher 
concentrations of black cherry, is ex- 
pected to have higher per-acre 
volumes. 

Third, the stand-size distribution 
of the North-Central Unit is such that 
it has twice as many acres of sapling- 
seedling stands as the Allegheny 
Unit. Strip mining has recently been 
heavy in the western half of this unit. 
Reclaimed strip mines that have been 
planted with trees or have reverted to 
forest are usually still in an early 
stage of development. These sapling- 

Southwestern Unit. This unit 
ranks sixth in per-acre volume and 
fifth in total volume. Its percentage 
increases were below almost all the 
other units. The most probable cause 
for the low increases is the heavy tim- 
ber harvesting pressure the unit re- 
ceives. Based on its timber inventory, 
this unit was cut more heavily for 
sawlogs and pulpwood than any 
other. This means the growth rate, 
which was near the state average, 
was not large enough to allow timber 
volumes to accumulate very much. 

The South-Central Unit is the 
only unit that has more sawmills per 
mil l ion board feet of sawtimber in- 
ventory than the Southwestern Unit. 
But the Southwestern Unit has pro- 
portionately more large sawmills 
than any other unit. Nearly 40 percent 
of  i ts sawmills have an annual pro- 
duction capability of more than 1 mil- 
lion board feet. Sawtimber harvest 
has been heavy In part because of 
concentrations of valuable species 
like red oak. Pulpwood harvest has 
been heavy because a number of 
pulpmills either were or are located 
in  or near this unit. Currently, only 
one pulpmill is active in the unit but 
several more are close by in neigh- 
boring counties or in Maryland. In the 
1960's there were three pulpmills in 
this unit alone. 

The species mix of this unit is in- 
teresting. Both oaks and northern 
hardwoods are well distributed. 
Oaks, with northern red oak dominat- 
ing, account for about one-half of the 
growing-stock volume. Northern 
hardwoods make up another one- 
third. This high percentage of north- 
ern hardwoods does not occur in the 
neighboring South-Central Unit. The 
Southwestern Unit with its higher 
elevations provides a more suitable 
environment for the northern 
species. This unit serves as a bridge 
connecting the northern units of 
Pennsylvania and the mountains of 
West Virginia where northern species 
dominate. 



Pocono Unit. This unit ranks 
seventh in per-acre and total volume. 
It has had repeated heavy timber cut- 
t ing and many fires (see Forest Area). 
Its forests have been recovering, but 
the commercial forest-land base and 
i ts timber volumes are currently be- 
ing reduced by recreational develop- 
ments. Nearly 30 percent of the com- 
mercial forest land is in sapling-seed- 
ling stands, and it is only one of two 
units that have less area in saw- 
timber-size stands than poletimber. 
Oaks and red maples account for 
about two-thirds of the timber 
volume. 

Western Unit. This unit sits at 
the bottom of the per-acre volume 
scale. It ranks fourth in total volume, 
but this is only because of its rela- 
tively large forest-land base. Fully 
one-third of its commercial forest 
land, the highest proportion of any 
unit, is in sapling-seedling stands or 
in nonstocked areas. These are very 
low-volume conditions. This unit also 
has the highest proportion of cull 
trees among all live ones; more than 
one in five is rough or rotten. These 
cull trees contribute nothing to grow- 
ing-stock volumes but occupy valu- 
able growing space. The following 
shows the numbers of cull, growing- 
stock, and live trees in each geo- 
graphic unit that are more than 5 
inches in dbh (1978). 

Geographic 
unit 

Total and per-acre volume in- 
creases in the Western Unit were 
negligible. This unit is not particular- 
ly active for timber removals, though 
there is quite a bit of strip mining. 

This unit has a high degree of 
species diversity. Oaks and maples 
each account for about one-fifth of 
the volume. Black cherry has the 
highest volume in  the unit (see page 
29), but as an indication of the unit 's 
timber quality, over one-half of the 
state's cull black cherry trees are 
found here. 

Biomass 

Most of the discussion of timber 
volumes in this report concerns net 
growing-stock and sawtimber 
volumes. However, these volumes 
are by no means the state's total 
wood resource. Rather, they repre- 
sent a segment of the wood resource 
bounded by specific size, species, 
merchantability, and locational char- 
acteristics. In light of the potential 
energy and nontimber benefits from 
the woods, it is worthwhile to exam- 
ine some of the other components of 
total timber volume. 

It was not practical for Re- 
sources Evaluation to estimate Penn- 
sylvania's total timber volume. To do 
so would have required calculating 

Cull Growing stock 

Western 
Southwestern 
Allegheny 
North-Central 
South-Central 
Northeastern 
Pocono 
Southeastern 

Thousands o f  trees 
248,626 
191,451 
540,607 
365,088 
200,774 
189,115 
225,258 
128,552 

All units 

timber volumes on nonforest and 
noncommercial forest land in addi- 
tion to commercial forest land. While 
we estimated the area in these land 
classes, we were not charged with 
developing timber volume estimates 
for nonforest and noncommercial for- 
est land. 

On commercial forest land, 
volumes were not calculated for trees 
less than 5 inches in dbh or for non- 
commercial species. The commercial 
species above 5 inches in dbh were 
segregated into growing stock, 
rough, and rotten categories based 
on form and soundness. For these 
trees, estimates of gross and net 
cubic- and board-foot volume were 
developed. 

The gross growing-stock volume 
for all live trees above 5 inches in dbh 
to  a 4-inch top, on commercial forest 
land, is estimated at 25.6 billion cubic 
feet. The estimated net volume for all 
commercial species is 23.6 billion 
cubic feet. This includes the net 
volume in rough and rotten trees- 
1.8 billion cubic feet. When the net 
volume in cull trees is deducted, the 
net volume in growing-stock trees is 
21.8 billion cubic feet. So the net 
growing-stock volume is 85 percent 
of the gross volume in all live trees. 
Fifteen percent of the gross all live 
volume on commercial forest land is 

Al l  live 
Proportion in 

cul l  trees 

Percent 
2 1 
19 
13 
11 
12 
13 
12 
13 



in noncommercial species and the 
unmerchantable portion of growing- 
stock and cull trees. 

Another way of examining the re- 
lationship between the growing- 
stock and cull portions of the inven- 
tory is to use the number of trees on 
Pennsylvania's commercial forest 
land. Fourteen percent of all live 
trees 5 inches in dbh and larger are 
classified as rough and rotten. One in 
seven hardwoods is cull, while only 1 
in 10 softwoods is cull. Compared 
with 1965, this shows a reduction in 
the proportion of culls. 

Pennsylvania is better off than 
nearly all of its northeastern neigh- 
bors in the proportion of cull trees in 
the timber resource. Only three 
northeastern states-Connecticut, 
Delaware, and New Jersey-have 
lower proportions of cull trees than 
Pennsylvania, while 10 others have a 
higher proportion. Two states-ver- 
mont and New York-have, propor- 
tionately, about twice as much cull 
as Pennsylvania. Fire, insect and 
disease attacks, and timber harvest- 
ing systems where only the best 
trees are removed have been his- 
torically linked with increasing cull 
proportions in the woods. In recent 
times, increased protection from 
fires and pests, and the use o f  more 
sound silvicultural practices, have 
helped bring about an increase in the 
quality and vigor of the woods. Ways 
to  further improve the quality of the 
state's forests are discussed later in 
this report (see Forest Management 
Opportunities). 

The foregoing discussions of 
growing-stock and cull volumes ex- 
clude an increasingly important com- 
ponent of the timber base-the por- 
t ion of a tree other than the main 
stem. Until recently, the merchanta- 
ble bole (or main stem) was the 
source of nearly all forest products. 
Generally decreasing tree size and in- 
creases in extraction and processing 
costs have prompted many wood-us- 
ing firms to consider using more of  
the aboveground portion of the tree. 
It has been shown that tree crowns 
and small trees can be used for do- 
mestic and industrial fuel, chips or 
particles in composite board prod- 

ucts, fiber for pulp and paper prod- 
ucts, mulch in agriculture, and as a 
bulking agent in municipal sludge 
composting. 

As part of a national effort to  
quantify the aboveground biomass 
on commercial forest land, estimates 
of live green weight were developed 
for Pennsylvania's trees. The results 
are shown in Table 3. The estimates 
are not complete in several respects. 
No data are included for the Al- 
legheny National Forest, and esti- 
mates for seedlings and saplings do 
not include State Forest lands. 

Despite these limitations, sev- 
eral interesting findings emerge from 
the data. Most significant is the 
amount of wood contained in tops 
and branchwood and in seedlings 
and saplings. There are an estimated 
962.1 million tons of wood in the mer- 
chantable bole of growing-stock and 
cull trees. Tops and branches from 
these trees have 294 million tons of 
wood, 31 percent of the merchant- 
able bole total. Growing-stock trees, 
being of better form and vigor, usual- 
l y have proportionately less biomass 
in  tops and branches than cull trees. 

Certain species yield proportion- 
ately more biomass from tops and 
branches than others. Age-class dis- 
tr ibutions, stocking levels, and 
branching characteristics strongly in- 
fluence a particular species' top and 
branchwood production. For grow- 
ing-stock trees, top and branchwood 
weight as a proportion of merchanta- 
ble stem weight ranges from 13 per- 
cent for basswood and yellow-poplar 
to 28 percent for northern red oak. 
Shade-tolerant species like sugar 
maple, beech, and hemlock generally 
have proportions closer to that of 
northern red oak (between 24 and 27 
percent). Shade-intolerant species 
like black locust, white ash, and 
black cherry tend to have proportions 
closer to those of yellow-poplar and 
basswood (16 and 17 percent, respec- 
tively). 

Our estimate of seedling and 
sapling biomass is 192.9 million tons 
(Table 3). This is a conservative esti- 
mate because it does not include 
seedlings and saplings on State For- 

est land (these data were not avail- 
able). But even this conservative esti- 
mate exceeds the weight of all cull 
trees by 68 percent and is 20 percent 
of  the merchantable bole total for 
growing-stock and cull trees. 

The feasibility of using these dif- 
ferent sources of biomass varies. The 
merchantable bole is the portion 
most intensively utilized, now, and 
this is likely to continue. The amount 
of wood in seedlings and saplings ap- 
proaches the amount in top and 
branchwood but might be harder to 
utilize because of high extraction 
costs and the desirability of protect- 
ing young stands. We can be certain 
of two things: (1) there is much more 
wood in the forest than we report as 
commercial timber volume, and (2) 
more of this wood will be utilized in 
coming years. 

Sawlog Quality 

In assessing the sawtimber re- 
source, sawlog quality is very im- 
portant. Pennsylvania has an esti- 
mated 4.3 billion board feet of soft- 
wood sawtimber. Only 2.1 billion 
board feet, the pines, were graded 
into standard-lumber grades. Of the 
graded volume, only 4 percent was 
Grade 1, and 13 percent was Grade 2. 
The remainder, 1.7 billion board feet, 
was in Grade 3. Yellow pines were of  
slightly better quality than the white 
and red pines, mostly due to the fact 
that yellow pines are allowed lower 
diameter limits for grade classifica- 
tion. 

Pennsylvania's hardwood saw- 
timber volume of 42.1 billion board 
feet dwarfs the softwood resource by 
nearly a 10 to  1 ratio. Hardwood quali- 
ty is not comparable with softwood 
quality because standards differ. Fif- 
teen percent of the hardwood volume 
is Grade 1, 21 percent in Grade 2, 48 
percent in Grade 3, and 16 percent in 
t ie and timber. This is an improve- 
ment over 1965 when Grade 1 was 9 
percent and Grade 2 was 19 percent. 

An important contributor to  the 
improvement in hardwood quality is, 
again, the maturing of forests. To be- 
come Grade 1 material a hardwood 
tree must attain a minimum dbh of  



about 15.5 inches. Young, small saw- 
timber trees may qualify in every way 
but diameter, so the maturing proc- 
ess is important. Currently, 51 per- 
cent of the hardwood sawtimber 
volume is in trees over 15 inches in 
dbh-an improvement over 1965 
when only 45 percent was over 15 
inches. Perhaps more important than 
this increase for all hardwoods is the 
increase in commercially valued 
species. Red oak currently has 61 
percent of i ts sawtimber volume in 
trees over 15 inches, up from 55 per- 
cent, and black cherry has 52 percent 
of i ts  volume in  trees over 15 inches, 
up from 42 percent. 

Besides this natural process, a 
much smaller contribution to this in- 
crease in sawlog quality might be at- 
tributable to the efforts of forest 
managers and landowners who are 
managing their forests for high-quali- 
ty sawtimber. More activity of this 
nature is probably occurring on lands 
owned by forest industries or ad- 
ministered by public agencies than 
on lands in the miscellaneous private 
sector. 

Timber Products Output 

Data on the output of timber 
products in Pennsylvania were col- 
lected in a primary timber industry 
survey in 1976. The data reflect the 
production for this particular point in 
time, and thus may not correspond 
directly to average annual removals 
for the period between surveys (see 
Growth and Removals). Additional in- 
formation can be found in Tables 27 
through 29 in "Forest Statistics for 
Pennsylvania-1978" (Considine and 
Powell 1980) and in "Pennsylvania 
Timber Industries-A Periodic As- 
sessment of Timber Output" (Bones 
and Sherwood 1979). 

The total output of timber prod- 
ucts from all sources was 212.5 mil- 
lion cubic feet in 1976. This is a 21- 
percent increase over 1964's output, 
but was less than the high of 215.1 
million in 1962 (Fig. 18). Since 1952, 
the output of sawlogs and pulpwood 
has increased while the output of 
other products has declined. The out- 
put of fuelwood generally declined 

from 1952 until the mid-1970's when 
i t  began to cl imb in response to ris- 
ing prices for fossil fuels. In 1952, 36 
percent of the total output was saw- 
logs and 16 percent was pulpwood. In 
1976, sawlogs and pulpwood were 49 
and 36 percent of the output, respec- 
tively, showing the decline of most 
products other than sawlogs and 
pulpwood. 

1952 1954 1962 1964 

Year 

Figure 18.-Timber products output from all sources in Pennsylvania, by 
selected products and years. 



The total output for 1976 can be classified as follows: 

Source Million 
cubic feet 

Percent 

Softwood growing stock 11.3 
Hardwood growing stock 159.2 

Total growing stock 170.5 
Other roundwood sources 5.9 

Total roundwood output 176.4 

Manufacturing residues 

All Sources 

The other roundwood sources men- 
tioned include rough and rotten 
trees, salvable dead trees, trees less 
than 5 inches in dbh, tree tops and 
limbs from commercial forest areas, 
or material from noncommercial for- 
est land or material from nonforest 
land such as fence rows and subur- 
ban areas. 

Output from roundwood has in- 
creased only by 9 percent since 1964, 
but output from manufacturing resi- 
dues increased substantially. In 1964, 
residues used for timber products 
amounted to 13.4 mil l ion cublic feet, 
or 8 percent of the total output. In 
1976, residues totaled 36.1 mil l ion cu- 
bic feet-an increase of 169 per- 

cent-and accounted for 17 percent 
of the total output. These figures 
along wi th  repeated uti l ization 
studies (Wharton and Bones 1980) in- 
dicate that the recovery of timber for 
products is improving. In 1966, 79 
percent of the growing-stock volume 
of a harvested tree was recovered for 
product. By 1977, the recovery rate 
had increased to 95 percent. Also, 
more biomass is now being re- 
covered from nongrowing-stock trees 
and logging residues as these 
operations have become increasingly 
profitable. We expect this trend to 
continue as timber supplies become 
tighter or as utilization technology 
improves. 

Output from hardwood species 
was 198.1 million cubic feet in 1976 
or 93 percent of the total. This is not 
surprising in a state that is so domi- 
nated by hardwood trees-they ac- 
count for 92 percent of the total 
growing-stock volume. This output 
increased by 36.4 mil l ion cubic 
feet-22 percent-since 1964. Most 
of this increase-28.7 mil l ion cubic 
feet-was in pulpwood. The output 
from softwoods in 1976 was 14.5 mil- 
lion cubic feet. Overall, this was only 
a 2-percent increase from 1964. With- 
in this species group, however, saw- 
log output rose by 47 percent while 
pulpwood output dropped by 38 per- 
cent. The following tabulation shows 
the output in 1976, by product. 

Product From roundwood From residues Total 

Million Percent Million Percent Million Percent 
cubic feet cubic feet cubic feet 

Sawlogs 103.7 59 - - 103.7 49 
Pulpwood 53.1 30 24.2 67 77.3 36 
Fuelwood 10.4 6 9.4 26 19.8 9 
Other 9.2 5 2.5 7 11.7 6 

-- 

Total 176.4 100 36.1 100 212.5 100 
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Year 

Figure 20.-Lumber production for major 
species groups in Pennsylvania for 1889, 
1930, and 1976, in percent. 

Figure 19.-Lumber production in Penn- 
sylvania for selected years between 1869 
and 1978. 

Year 



Lumber and Sawlogs Sawlog production still ranks first in Pennsylvania.. . 

Sawlogs, which are manufac- 
tured into lumber and other sawed 
products, have dominated the vol- 
ume of timber harvested for products 
since the first stand was logged over 
300 years ago. By 1860 Pennsylvania 
led the Nation in lumber production, 
a position it held through 1870. 
During these 10 years, annual output 
was about 2 billion board feet, ap- 
proximately one-sixth of the Nation's 
total. Production continued to climb 
unti l  it reached a peak of 2.5 billion 
board feet in 1889. By the early 1900's 
i t  had dropped to about 300 million 
board feet, and since then has gener- 
ally increased to its current level of 
about 500 million board feet. 

Softwoods dominated the indus- 
try until about 1910 (Fig. 19). Soft- 
wood production then declined until 
the mid-1920's when it leveled off at 
about 85 million board feet. Figure 20 
shows the trends, in percent, of 
major species groups from the time 
of peak production to 1976. In the 
18001s, hemlock and white pine were 
the major species cut for lumber 
since they were the species with the 
laraest and best trees and since thev 
hadv established markets. Now the& 
is little softwood volume in the state, 
so hardwoods naturally dominate 
lumber production. Various oak 
species account for 50 percent of the 
production. Most of this lumber is 
going into furniture, for which oak 
has recently established itself as a 
featured species. Cherry, ash, and 
maple also are valuable hardwood 
species, and they account for most 
of the remaining production. 

The number of sawmills con- 
tinues to decline. In 1947 the number 
of mills operating in the state stood 
at a record 2,745 (Bones and Sher- 
wood 1979). By 1954 the number had 
dropped to 2,379, and by 1964 there 
were 999 mills. The industry survey 
showed that there were 740 operating 
sawmills during 1976. This trend 
does not indicate a decrease in pro- 
duction, however, since the average 
production of sawmills has been 
steadily increasing. Low-production, 
portable, part-time mills are closing 
while high-production, stationary, 
full-time mills are fill ing the gap 
(Bones and Sherwood 1979). 

International Harvester Co. 

. . .but pulpwood production is increasing its share of the state's timber 
product output. 

Keway Manufacturing Company 
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Pulpwood 

Pulpwood production occupies 
an increasingly larger share of the 
timber products output of the state 
(Fig. 18). Pulpwood production in- 
creased from 534,400 cords in 1963 to 
955,400 cords in 1979-a 79-percent 
gain. Pulpwood production is made 
up of output from roundwood and 
output from manufacturing residues. 
In 1979, roundwood accounted for 67 
percent-636,600 cords. Ninety-five 
percent of this was from hardwood 
species. Aspen and yellow-poplar 
prodljced 36,600 cords; oak and hick- 
ory yielded 277,600 cords; and other 
hardwoods, mainly maples, beech, 
and birch, accounted for 288,400 
cords. Pine dominated the softwood 
production, though some hemlock 
was cut for pulpwood. Since 1963, 
roundwood output has increased by 
26 percent, with hardwood gaining 51 
percent and softwoods losing 70 per- 
cent. 

Of the 318,800 cord-equivalents 
produced from manufacturing resi- 
dues in 1979, 94 percent were hard- 
wood. Even though residues made up 
only 33 percent of the pulpwood pro- 
duction in 1978, this was much 
greater than the 4 percent share In 
1963. During this period they in- 
creased over thlrteenfold. Improved 
use of these byproducts by the pulp 
industry has substituted for the re- 
moval of thousands of cords of 
standing, live timber. Figure 21 
shows the trends in pulpwood pro- 
duction over this period for these 
components. 

Between 1963 and 1979, a total 
of 15 counties in Pennsylvania pro- 
duced more than 15,000 cords of 
pulpwood annually. The top 10 coun- 
ties and their average roundwood 
production (in cords) for this period 
are: 

1 Clearfield 
2 Bedford 
3 Huntingdon 
4 McKean 
5 Centre 
6 Elk 
7 Clinton 
8 Warren 
9 Lycoming 

10 Susque- 
hanna 

These counties produced more than 
5.3 mil l ion cords of  roundwood from 
1963 t o  1979, which amounts t o  52 
percent of the state total. 

Fuelwood 

Fuelwood is not considered an 
industrial product, but i t ranks third 
in Pennsylvania as a timber product. 
Since 1952, when more than 56 mil- 
lion cubic feet of fuelwood were pro- 
duced, the trend until the mid-1970's 
was down. A low of  18.2 mil l ion was 
reached in 1964, and by 1976 produc- 
tion was up slightly to  19.8 mil l ion cu- 
bic feet or 247,175 cords. Hardwoods 
have dominated, and in 1976 ac- 
counted for 97 percent of the state's 
fuelwood output. 

While we do not have statewide 
data on fuelwood production since 
1976, we do know that this produc- 
tion has increased dramatically. Ac- 
tivity on State Forest land may be in- 
dicative of what has happened 
throughout the state. In 1976, 14,000 
cords of fuelwood were sold from 
State Forests, and by 1979 70,000 
cords were sold. 

As with pulpwood, fuelwood pro- 
duction comes from both roundwood 
and manufacturing residues. In 1976, 
53 percent, or 130,000 cords, was 
from roundwood sources. The bulk of 
this went into household heating and 
cooking. The remaining 47 percent, 
or 117,175 cords, came from slabs, 
edgings, and other manufacturing by- 

products. Most of this was used by 
wood-based industries to generate 
heat and electricity for their opera- 
tions. 

The outlook for fuelwood pro- 
duction seems very good (see Forest 
Management Opportunities). With 
the rapidly rising prices of natural 
gas and oil, individuals and busi- 
nesses are giving greater attention to 
wood for energy. Hardwoods gener- 
ally provide more heat per volume 
unit of wood than softwoods, indi- 
cating that Pennsylvania's hardwood- 
dominated forests can satisfy much 
of this increased demand. 

Other Products 

In 1976, output of other indus- 
t r i a l  p r o d u c t s  a m o u n t e d  t o  
11,768,000 cubic feet or 6 percent of 
the total timber products output. This 
represents a decline of 36 percent 
since 1964 and a drop of 49 percent 
since 1954. In 1964, other products 
output was 11 percent of the total, 
and in 1954 its share was 12 percent. 
So besides declining absolutely, its 
small fraction of the total timber 
products output is getting smaller. 

The most important product in 
this group is mine timbers, which 
represented 39 percent of other prod- 
ucts output in 1976. In general, out- 
put of this product is declining in 
Pennsylvania as strip mining in- 
creases and deep mining (where the 
timbers are used) decreases. Also, in 
the deep mines, timbers are being re- 
placed to some extent by roof bolts, 
which also serve to support the roofs 
of the mines. 

The next largest component of 
this group is an assortment of many 
minor products called miscellaneous 
products. These include wood fiber 
products; hewn ties; charcoal and 
chemical wood; handle and bat 
stock; and excelsior, shingle, and 
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Large firewood piles are not  uncommon backyard sights, especially in 
rural Pennsylvania. 

Western Pennsylvania Conservancy 

turnery bolts. In 1976, their output 
totaled 4.4 mil l ion cubic feet or 37 
percent of the total for other prod- 
ucts. 

In 1976, veneer log output was 
2.1 million cubic feet (14.7 million 
board feet) or 18 percent of the other 
products total. This figure put Penn- 
sylvania in fourth place among the 14 
northeastern states, behind Maine, 
Maryland, and New York (Bones and 
Dickson 1978). At that time there 
were four veneer plants operating in 
the state-three commercial or face 
veneer plants and one basket veneer 
plant. Northern red oak led all 
species, accounting for 54 percent of 
the production; black cherry was 
second with 22 percent. 

Cooperage and post production 
make up the remaining other prod- 
ucts. In 1976 they accounted for 
538,000 (4 percent) and 231,000 (2 per- 
cent) cubic feet, respectively. The 
output of these products has re- 
mained relatively stable since 1964. 

White oak is the premier tight 
cooperage species since it holds 
liquids very well. Most of the posts 
produced in Pennsylvania are from 
black locust, because this species is 
very durable and resistant to decay. 

Timber's Role in Penn. 
sylvania's Economy 

Pennsylvania has a varied group 
of wood-based industries. Propor- 
t ionately, these industries are not the 
major contributors to the state's 
economy that steel and some other 
industries are. On a local basis, how- 
ever, these industries can be very im- 
portant. And in terms of actual contri- 
butions (number of employees, pay- 
roll, and value added), Pennsylvania's 
forest industries compare favorably 
with or even exceed the contribu- 
t ions of forest industries in states 
like Maine where these industries are 
very important. 

In 1977, Pennsylvania wood- 
processing plants produced nearly 

$4.7 billion worth of products- 
nearly 6 percent of the state total 
(U.S. Dep. Commer., Bur. Census 
1979). This figure is somewhat con- 
servative because some furniture and 
fixture industries, which use wood, 
were not included in the analysis. It 
was difficult to distinguish the por- 
t ion of the product value that was at- 
tributable to timber. 

Of the 18,781 manufacturing es- 
tablishments reported by the 1977 
Census of Manufactures, about 10 
percent were wood-based industries. 
Slightly more than a third of these 
firms were primary processors such 
as sawmills, veneer mills, and pulp- 
mills. The remaining two-thirds were 
classed as secondary processors. 
They are a diverse group producing 
items such as flooring, furniture, 
paneling, pallets, and paper. 

Total employment in wood- 
based industries represented slightly 
more than 4 percent of the state's 
total manufacturing employment. In 



terms of employment, many wood- 
based industries were small. Over 
two-thirds of the firms employed 
fewer than 20 people. Primary firms 
usually employed fewer people than 
secondary firms. Payroll for the 
wood-based industries was in excess 
of $800 million for 1977, nearly 5 per- 
cent of the state's total manufac- 
turing payroll. 

In terms of benefits to local com- 
munities and to  the state, it is impor- 
tant that two-thirds of Pennsylvania's 
wood-based industries are secondary 
industries. The additional processing 
of the wood resource by secondary 
industries generally creates more 
value added by production than does 
processing by primary industries. 
Value added is the difference be- 
tween the cost of goods, fuel, and 
energy used by the firm and the value 
of the product it sells. For secondary 
industries, higher levels of value 
added mean more money is available 
for wages, salaries, profits, taxes, 
and depreciation. In short, value 
added generates funds to help main- 
tain local and regional economies. In 
1977, wood-based industries generat- 
ed almost 6 percent of the state's 
total value added by manufacture. 

Over time, consumer tastes 
change, economic forces evolve, and 
the mix and balance of a state's in- 
dustries adjust to the new demands. 
Since the second forest survey in 
1965, the performance of Pennsyl- 
vania's forest industries has been 
mixed in terms of number of firms, 
number of employees, real payroll, 
and real value added (Table 4). 

Trend analysis is made diff icult 
because the Bureau of the Census in 
1972 reclassified some industries 
into different groups. Pennsylvania's 
wood users fall into one of three 
broad industry groups: Lumber and 
Wood Products (SIC 24), Furniture 
and Fixtures (SIC 25), and Paper and 
Allied Products (SIC 26). SIC is an 
acronym for Standard Industrial Clas- 
sification, and represents a grouping 
of similarly based firms. 

The Paper and Allied Products 
group did better than the other two 
and is important to the health of 

Pe~nsylvania's forest economy. Be- 
tween 1967 and 1977, this group grew 
in real dollars (1967= 100) by more 
than 9 percent in payroll per employ- 
ee, and more than 30 percent in value 
added. In 1977, the Paper and Allied 
Products group paid more in payroll 
and generated more value added than 
the othertwo groups combined. 

Two industries within this group, 
Papermills and Miscellaneous Con- 
verted Paper Products, were respon- 
sible for most of the increases in pay- 
roll and value added. Paperboard 
mil ls and especially paperboard con- 
tainers and boxes were industries 
that somewhat offset the sizeable in- 
creases of the other firms by their de- 
cline in real terms for payroll and 
value added. 

Extensive reclassification of the 
industries within the Lumber and 
Wood Products group prevents anal- 
ysis before 1972 except for the Log- 
ging Camps, Log Contractors, and 
Sawmill industries. The Lumber and 
Wood Products group includes many 
of Pennsylvania's primary wood proc- 
essors, which collectively represent 
about half of the number of establish- 
ments in the group. In terms of em- 
ployment, the primary processors are 
small; less than 10 percent employ 
more than 20 people. While the num- 
ber of logging camps and log con- 
tractors fluctuated widely between 
1967 and 1977, the number of saw- 
mil ls and planing mills declined. 
During the period the number of 
larger sawmills increased, which 
means the loss of smaller mil ls was 
higher than the figure of net change 
show. The decline of smaller mil ls is 
a trend seen across much of the Na- 
tion. 

A secondary processing indus- 
try that did well between 1972 and 
1977 was Wood Containers. Com- 
posed mostly of pallet-making firms, 
this industry increased in number of 
establishments by nearly 75 percent, 
in number of employees by 36 per- 
cent, and in value added by 30 per- 
cent. There is no doubt that an impor- 
tant factor in the recent success of 
this industry is its ability to use lower 
quality hardwoods as a raw material 
over a range of diameter classes. 

This is a resource that has been in- 
creasing in supply in Pennsylvania 
since the last forest survey. 

The recent success of the pallet 
industry and portions of the paper in- 
dustry would seem to be an indica- 
tion for the future of Pennsylvania's 
forest industries. Industries that can 
use a variety of species of different 
quality will have a greater potential 
supply of raw material. Many other 
factors decide whether or not an in- 
dustry will be successful but, given 
the projected wood resource outlook 
for Pennsylvania, those industries 
that can process a wider selection of 
trees from Penn's Woods will have a 
key advantage. 

Growth and Removals 

Components of Change 

There has been a sizeable in- 
crease in Pennsylvania's timber 
volumes between the second and 
third surveys. To better understand 
this change, it is necessary to exam- 
ine the components of inventory 
change. The difference between 
average annual net growth and re- 
movals is the average amount added 
to  the inventory for each year be- 
tween the surveys. 

Between 1964 and 1977, average 
annual growing-stock net growth for 
all species was 555 million cubic 
feet; average annual removals totaled 
255 million cubic feet. This was a 
growth-removals ratio of nearly 2.2 to 
1. The difference between growth 
and removals was 300 million cubic 
feet. The ending inventory level is 
calculated by taking this annual in- 
ventory change, multiplying it by the 
number of years between surveys, 
and adding the product to the begin- 
ning inventory level. For growing 
stock, the calculation (in million cu- 
bic feet) is: (300 X 13) + 17,852 = 
21,756. Hardwoods accounted for 90 
percent of the growing-stock growth 
and removals-just about their pro- 
portion of the inventory. 

Net growth is itself the sum of 
several components. Net growth is 
the result of accretion (growth on the 



init ial inventory), plus ingrowth This Clinton County h i l ls~de suffered heavy mortality from the oak leaf- 
(growth on trees that become 5 roller and was subsequently clearcut to salvage the t~mber. 

inches in dbh and larger), minus 
mortality and cull increment (the 
volume that became rough or rotten). 'c 

j 
Accretion plus ingrowth is termed 
gross growth. "-: 

Gross growth averaged 700 mil- 
lion cubic feet per year. Three-quar- 
ters of gross growth, 520 million 
cubic feet, was accretion, and the re- 
maining quarter, 180 million cubic 
feet, was ingrowth. As was discussed 
in the section on timber volume, 
Penn's Woods are maturing, long 
enough that accretion would be ex- 
pected to exceed ingrowth. Since the 
state's timber is dominated by hard- 
woods, it follows that hardwood 
gross growth was mostly accretion- 
501 of 641 million cubic feet. 

Growing-stock gross growth was 
reduced by an average of 21 percent 
annually from mortality and cull in- 
crement. While this percentage 
seems high, it is still better than 
about half of the 13 other northeast- 
ern states. Hardwoods suffered pro- 
portionally higher losses of gross 
growth than softwoods, 22 versus 8 
percent. For both hardwoods and 
softwoods, mortality was more sig- 
nificant than cull increment. Of the 
average 145 million cubic feet of lost 
annual hardwood gross growth, 105 
were attributable to mortality. 

Comparisons of certain pub- 
lished components of net growth 
estimates between the second and 
third surveys cannot be made. In the 
second survey, cull increment was 
subtracted directly from accretion. 
This directly affected the estimates 
of gross growth. In the third survey, 
estimates of cull increment were de- 
veloped separately and then sub- 
tracted from gross growth, along 
with mortality, to yield net growth. 
These two cao_mputation methods 
invalidate comparisons between the 
estimates of accretion, gross growth, 
and cull increment. 

We can, however, compare esti- 
mates for net growth and mortality. 
Total net growth is currently 60 mil- 
lion cubic feet lower than the esti- 
mate from the previous survey. Soft- 

wood net growth increased, but hard- 
wood growth declined. Since hard- 
woods dominate the resource, over- 
all growth declined. 

A major contributor to  the de- 
cline in net growth was mortality. In- 
creased mortality levels for hard- 
woods, primarily due to insect and 
disease attacks on oaks, accounted 
for about two-thirds of the decline in 
net growth. 

Timber removals are, by Re- 
sources Evaluation definition, more 
than timber cut for products (Fig. 22). 
In 1976, timber product removals 
(sawlogs, pulpwood, and other prod- 
ucts) were about two-thirds of all re- 
movals. This proportion is lower than 
the estimate of 76 percent from the 
last survey because the total now in- 
cludes estimates of timber volume 
lost to land clearing and reclassifica- 
tion of commercial forest land. 

Timber lost as logging residues 
is a significant type of removal. Since 
the last survey the proportion of tim- 

ber lost to this cause declined from 
24 to 20 percent of the total. In- 
creased stumpage and energy prices 
and new harvesting technology were 
important factors in the improved 
timber utilization trend (Wharton and 
Bones 1980). Despite the improved 
utilization, more wood is lost as resi- 
dues than is cut for pulpwood, so 
there is room for improvement. 

Timber destroyed during land 
clearing and timber removed from the 
inventory due to the reclassification 
of commercial forest land to noncom- 
mercial accounted for the remaining 
removals. Timber lost to reclassifica- 
t ion was quite high between surveys, 
higher than we expect it will be in the 
future. 

While net growth declined, aver- 
age annual removals increased by 25 
percent, from 204 to 255 mil l ion cubic 
feet. This trend was expected. Tim- 
ber inventories have been rising 
since the first inventory and forest in- 
dustries reacted to take advantage of 
the situation. On a statewide basis, 
the woods are not in danger of being 
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Figure 22.-Distribution of growing-stock removals, by source, Pennsyl- 
vania, 1976. 

overcut anytime in the near future 
since the ratio of growth to removals 
is greater than 2 to  1. 

Geographic Unit Growth and 
Removals 

The following shows the average 
annual growth and removals for 
Pennsylvania's units for 1964-77. Due 
to the distribution of remeasured 
plots, the Allegheny and North- 
Central Units were combined into 
one, as were the Northeastern and 
Pocono Units. 

For all units except the Western 
Unit, the growth rate is much higher 
than the removal rate. The Western 
Unit's growth is the lowest of any 
unit and barely exceeded removals. 
The large acreage of sapling-seedling 
stands and nonstocked areas and the 
high amount of cull trees kept net 
growth low. At the other end of the 
state, the Southeastern Unit, with its 
low removals pressure and large 
acreage of sawtimber stands, had the 
highest growth per acre. 

Unit Net growth Removals 

- - - - -  Million cubic feet - - - - - 
Western 39 34 
North-Central 255 98 
Southwestern 56 38 
Northeastern 95 32 
Southeastern 50 2 1 
South-Central 60 32 

Trend-level estimates are an- 
other type of growth and removals 
calculation. They differ from average 
annual estimates in that they repre- 
sent growth, removals, and mortality 
for the last full year of the period be- 
tween inventories. This is the reason 
trend-level estimates are often the 
basis for projections. Additionally, 
average annual change is based on a 
simple straight line between the two 
inventories, while trend change 
(trend growth minus trend removals) 
is developed from a compound 
change function. 

When inventories increase be- 
tween surveys, trend-level change is 
higher than average annual change. 
Trend-level net growth of growing- 
stock for 1977 was 607 million cubic 
feet versus 555 for average annual. 
Trend-level removals were 279 mil l ion 
cubic feet versus 255 million cubic 
feet. 

Oaks and maples dominated tim- 
ber volumes, but had different rela- 
tionships between growth and re- 
movals. Oaks had proportionately 
low growth and high removals and 
mortality levels. This resulted in only 
a slight increase in the oak inventory. 
In fact, the trend change for oak was 
only 0.5 percent of its 1978 volume. 
Northern red oak did somewhat 
better than the average for all oak, 
but select white oaks did much 
worse. They were the only major 
species or species group among all 
species that had removals exceeding 
growth. 

In contrast to the oaks, maples 
had proportionately high growth and 
low removals and mortality. These 
proportions left plenty of room for in- 
ventory increases; the trend change 
was 2.5 percent of 1978 timber levels. 
Sugar maple had the widest margin 
between growth and removals of any 
species, 71 million cubic feet. 

Black cherry's situation bodes 
well for the near future. Growth is 
over three times removals, and the 
trend change is 2.0 percent of 1978 
inventory levels. 



Direct comparisons between the 
current trend level and the previous 
average annual estimates of species 
growth and removals are not valid be- 
cause of the different methods of cal- 
culation. However, certain patterns 
are evident. The most important one 
as far as species are concerned is 
that maples are accounting for more 
of the hardwood growth while the 
oaks are accounting for less. 

Among ownership classes, 
Pennsylvania's public lands had the 
highest growth-removals ratio-4.3 
to 1. These lands are actively man- 
aged but often for nontimber pur- 
poses, so timber volumes have been 
able to accumulate much faster than 
on private lands. Public lands, with 
their large proportion of sawtimber 
stands, are in a good position to pro- 
vide increasing amounts of quality 
sawtimber. 

Resource category 

Commercial forest 
land 

Softwoods 
Growth 
Removals 
lnventory 

Hardwoods 
Growth 
Removals 
lnventory 

All species 
Growth 
Removals 
lnventory 

Two classes of private owners 
were analyzed and their growth-re- 
movals ratios were similar. Forest in- 
dustries had a ratio of 1.6 to 1, the 
lowest of any ownership. They cut 
more of their timber growth than any 
ownership, but still had enough of a 
margin for inventories to build. The 
other private group had a growth-re- 
movals ratio of 1.7 to 1. This group 
had the lowest growth of any owner- 
ship, and supported more harvesting 
than they are often given credit for. 

Timber Outlook 
The 13 years since the last sur- 

vey of Pennsylvania have generally 
been good ones for the state's for- 
ests. The outlook for the state as a 
whole over the next 30 years is favor- 
able. This estimation is based on pro- 
jected levels of  growing-stock 
growth, removals, and inventory to 
2008: 

15,765 15,608 15,453 

- - Mil l ion cubic feet - - - - - - - 

These projections included a 
number of assumptions about the 
change in the commercial forest-land 
base and future growth and removals 
rates. Continuing downward pres- 
sure on the commercial forest-land 
base is expected. Agriculture wil l  not 
be as important a factor in future re- 
ductions as moves to reserve or pre- 
serve forest lands and the clearing of 
forest land for nonagricultural pur- 
poses like pipeline and transmission 
line rights-of-way, urban and subur- 
ban expansion, and recreational de- 
velopment. Counter-balancing with- 
drawals will be some increase in for- 
est land due to the abandonment of 
agricultural (primarily pasture) land. 
Losses are expected to exceed gains, 
not by a great deal, but enough that 
the annual decrease in commercial 
forest land is projected at 0.1 per- 
cent. 

Projections for softwoods and 
hardwoods were developed sepa- 
rately and summed for the total. Pro- 
jections for each species group were 
made at the per-acre level and ex- 
panded by the commercial forest- 
land base for the particular year. 

Growth projections for hard- 
woods were based on several as- 
sumptions. The first is that the cur- 
rent level of management the re- 
source receives will remain relatively 
constant. Another important one is 
that insect (particularly gypsy moth) 
and disease attacks will continue to 
plague hardwoods (especially oaks) 
for at least several decades. This 
means hardwood growth is projected 
to stay at 1977 levels for about 20 
years. Between the 20th and 30th 
years, growth wil l  improve as other 
species fill in gaps created by the in- 
sect attacks. 

Hardwood removals projections 
are based on the 1977 trend-level esti- 
mate. We project that they will in- 
crease at an annual rate of about 2.8 
percent. This rate is near the top of a 
range of possible rate increases sug- 
gested by some resource experts. 
The rate of increase used for projec- 
t ions is higher than the annual rate of 
increase between the second and 
third surveys (2.1 percent), because 
heavier removals pressure is ex- 



pected on the hardwood resource to 
satisfy increased demand for timber 
products and fuelwood. 

Softwood growth projections 
also were based on the 1977 trend- 
level growth estimate. We project the 
growth will increase at an annual rate 
of 2.4 percent. This was the rate of in- 
crease between the second and third 
surveys. We used this for projections 
because softwoods are not expected 
to  have the insect and disease prob- 
lems that hardwoods will. For the re- 
movals projections, we used the 1977 
trend-level estimate, and we expect 
softwood removals to increase at an 
annual rate of 2.6 percent. 

These assumptions and projec- 
t ions indicate a slowing of the in- 
crease in growing-stock volumes for 
softwoods and hardwoods. The slow- 
down will be more pronounced for 
hardwoods. Over the next 30 years, 
softwoods are projected to increase 
their share of the inventory from 8 to 
11 percent. Public agencies in Penn- 
sylvania are committed to maintain- 
ing or increasing softwoods on their 
lands, and forest industries are plant- 
ing softwoods on some of their lands 
on an experimental basis. 

Hardwood inventories will build, 
though not as fast as softwoods. 
Still, hardwood volumes will dwarf 
softwood volumes in 30 years. The 
proport ionately lower hardwood 
growth offers many more forest man- 
agement opportunities than prob- 
lems for industries and forest manag- 
ers. Overstocking will probably will 
become increasingly important in the 
lower growth rate. On the portion of 
the commercial forest-land base ac- 
tually surveyed by Resources Evalua- 
tion, about one-half of the area was 
either fully stocked or overstocked 
with growing-stock trees. Another 39 
percent was medium stocked. With 
removals projected to lag behind 
growth, more of the medium stocked 
and fully stocked stands will move to 
the overstocked condition, causing a 
loss of growth potential. This creates 
thinning opportunities. 

The species mix of Penn's 
Woods is likely to change over the 
projection period. Not only will soft- 

woods assume a larger share of the 
inventory, but maples, black cherry, 
beech, and some low-value oaks 
should increase. 

It is not that these trees, with the 
exception of black cherry, are re- 
ceiving excellent management, but 
that they are less pressured by in- 
sects and diseases and today's tim- 
ber markets. Thus, as man and nature 
affect certain species in the woods, 
others are left relatively free to grow. 

Certain commercially valuable 
oaks, notably white and northern red 
oak, will be subject to continued har- 
vesting pressure and remain vulner- 
able to  insect attack. This is not to 
suggest that timber volumes of these 
species will definitely decline, but 
that they are more likely to increase 
at slower rates, thus becoming a 
smaller component of the overall in- 
ventory. Aspen and gray birch are in- 
tolerant species, valuable for wildlife 
and pulpwood, that have declined in 
importance and will continue to do 
so unless increased management 
and harvesting reverse this trend. 

Penn's Woods will not be static 
over the next 30 years. New harvest- 
ing and product technologies, con- 
sumer tastes, insect and disease at- 
tacks, multiple-use considerations, 
and perhaps even climatic changes 
will emerge and change the forest's 
character. Pennsylvania's forest 
managers and planners have an excit- 
ing and challenging opportunity to di- 
rect and shape some of these 
changes. These are discussed in the 
section entitled Forest Management 
Opportunities. 

Nontimber Forest Resources 
and Uses 

So far the emphasis of our analy- 
sis has been on the timber resource. 
Since the passage and implementa- 
t ion of the Resources Planning Act of 
1974 and the Renewable Resources 
Research Act of 1978, Resources 
Evaluation has expanded its inven- 
tory and analysis efforts to provide a 
more comprehensive assessment of 
all natural resources associated with 
forest ecosystems. Recognizing that 
the forest is much more than trees, 

there are many forest resources 
other than wood that are worthy of 
our attention. 

The major nontimber resources 
or uses of Penn's Woods are water, 
soil, minerals, fish, wildlife, and rec- 
reation (including scenic and esthet- 
ic values). While these will each be 
discussed separately as they relate 
to  forest land in the state, i t  is not 
possible to isolate them from each 
other or from the timber resource. It 
is the combination and interaction of 
all resources that make up and define 
a "forest." Each resource or use is an 
integral part of the whole, and each 
one adds to the richness and diversi- 
ty that make the forests of the Com- 
monwealth so special and important. 

Keeping this in mind, let's take a 
closer look at these other resources 
and uses and see how and why we 
consider them essential to an analy- 
sis of Pennsylvania's forests. 

Water 

In any state blessed with plenti- 
ful forest land, good water is cer- 
tainly a major and essential product 
of the forest. This is especially so in 
Pennsylvania, where 58 percent of 
the land is forested. Forested areas 
serve as reception and storage areas 
for many of the state's rivers and mu- 
nicipal water supplies. A continued 
supply of good water is critical be- 
cause Pennsylvania's economic and 
social development is dependent on 
it. While somewhat arbitrary separa- 
tions of the water and other re- 
sources of the state are necessary to 
facilitate discussion, their interac- 
tions and interdependencies should 
be kept in mind. 

Pennsylvania is well endowed 
with abundant surface and ground 
waters. Surface waters have received 
the heaviest pressures-both in with- 
drawls and on site use. Estimates of 
ground water supplies indicate a 
large potential to satisfy future needs 
but this resource is mostly undevel- 
oped. Given the water shortages 
Pennsylvania has experienced re- 
cently, future development of this re- 
source seems certain. 
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Surface waters are generally di- 
vided into lakes and rivers. Both the 
lakes and rivers are important, 
though their roles are somewhat dif- 
ferent. Lake Erie, the oldest and 
warmest of the Great Lakes, supports 
a port and much recreation, and 
forms part of the state's border. 
Lakes and marshland created by the 
last period of glaciation are found in 
the northwest and northeast corners 
o f  the state. Conneaut Lake is the 
largest natural lake in the state and 
like most of Pennsylvania's natural 
lakes is of glacial origin. Manmade 
lakes across the state were built by a 
variety of private, State, and Federal 
organizations. In varying degrees 
they provide a wide range of benefits: 
water quality control, low-flow aug- 
mentation, flood control, hydroelec- 
tric power, and numerous recrea- 
tional activities. More than 185,000 
acres of pond and lake surface can 
be fished and more than 174,000 are 
suitable for boating (Pa. Off. State 
Plan. and Dev. 1976). 

Development of Pennsylvania's 
natural resources and the growth of 

her industries and population have 
been greatly influenced by three 
major rivers and their tributaries- 
the Susquehanna, the Ohio, and the 
Delaware (Fig. 23). From the time of 
the earliest settlers until the con- 
struction of the modern highway sys- 
tem, the navigability of the rivers and 
land travel made possible by river val- 
leys opened the way to colonization. 
The Susquehanna system, covering 
most of the central and southern sec- 
tions of the state, drains the largest 
area-20,831 square miles-and is 58 
percent forested. The Ohio River sys- 
tem, primarily a result of the conflu- 
ence of the Allegheny and Mononga- 
hela Rivers, drains 15,639 square 
miles of Western Pennsylvania and is 
also 58 percent forested. The Dela- 
ware River forms the eastern border 
of the state and drains 6,278 square 
miles. Forty-two percent of this river 
basin is covered with commercial for- 
est land. Together, these three river 
systems have more than 50,000 miles 
of surface water, of which 16,000 
miles and 4,000 miles are available 
for fishing and boating, respectively. 
Small portions of two other river sys- 

tems, the Genesee and Potomac, 
drain portions of Pennsylvania. 
Smaller streams are plent i ful  
throughout the state, especially in 
the west and north where they often 
cut deeply into the broad Appalachi- 
an Plateau. 

While a valuable resource, Penn- 
sylvania's waters are also a vulner- 
able resource. Currently, the state's 
waters are indeed quite different 
from those seen by the early Dutch 
and Swedish colonists. Settlement 
came slowly to much of Pennsylvania 
through the mid-1800's. Forest and 
water problems were likely few and 
localized. However, from the mid- 
1800's into the 1920's a series of 
events occurred which were to affect 
the lands and waters for many years. 

Increasing immigration and dis- 
covery of local energy sources 
helped swell Pennsylvania's popula- 
tion and power the Industrial Revolu- 
tion. Farming intensified, industries 
developed to extract and transport 
the State's abundant resources of 
coal and wood, and cities and towns 

River 



grew. The quality of forests and the 
waters declined. 

Hills and valleys were stripped 
of their trees, and improper cultiva- 
tion practices hastened erosion. 
Large fires were c o ~ m o n .  Untreated 
wastes from industries and towns 
were flushed down the rivers. Results 
of these abuses were obvious: silta- 
t ion of river channels, discoloration 
of previously clear waters, unsuitable 
drinking water, very high flows during 
wet seasons, and very low flows dur- 
ing dry seasons. The problems did 
not go unnoticed, nor would they be 
solved easily. The immediate profits 
generated during the boom period 
belied the economic and social costs 
that were passed on to subsequent 
generations. Some of the lands and 
waters are still polluted as a result of 
the early shortsightedness. 

As lumbering operations moved 
west and marginal farms were aban- 
doned, nature's tremendous regener- 
ative abilities were evidenced by the 
"greening up" of many areas. Aided 
by tree planting and extensive fire 
protection, the forests grew back vig- 
orously. Stabilization of many water- 
sheds was so improved that by the 
1940's forest-related water problems 
declined in seriousness in relation to 
those of other sources. 

Examining how forests influ- 
ence and can be managed for water 
wil l  provide a better understanding of 
how closely related these two re- 
sources are. Forests influence water 
as it moves from the atmosphere to 
the stream both above and below 
ground. Tree and shrub cover first af- 
fect precipitation as it falls. Leaves, 
needles, and branches intercept part 
of the rain or snow. Some falls or 
drips through to the forest floor. 
Another portion of the water is con- 
centrated by stems and branches and 
flows down the main trunk. The final 
portion of gross precipitation evapo- 
rates from the leaf and stem surfaces 
directly. The net amount of precipita- 
t ion reaching the forest floor varies 
widely, from 0 to 95 percent, depend- 
ing on the type of precipitation and 
intensity of the storm (Hewlett and 
Nutter 1969). 

Once the water has reached the 
forest floor it moves in one of three 
general ways: evaporation, infiltra- 
tion, or overland flow. Infiltration, the 
movement of the water through the 
soil, is an important process because 
i t  serves to reduce overland flow and 
slow water movement to the stream. 
Overland flow is not desirable be- 
cause it is the cause of much erosion 
and elevated peak flow. The forest 
floor helps reduce overland flow be- 
cause it has higher rates of infiltra- 
t ion than does bare soil. The force of 
falling water is greatly reduced under 
forest conditions by the layers of veg- 
etation and the organic litter layer. 
Water hitting the soil with less force 
causes less of the mineral soil to be 
dislodged, resulting in clear water for 
infiltration. Of eight major factors in- 
fluencing infiltration rates, water 
quality is often considered the most 
critical because soil pores are left un- 
blocked, allowing normal drainage. 
Muddied or clouded water disrupts 
and blocks soil pores, retarding infil- 
tration and creating potential for 
overland flow (Hewlett and Nutter 
1969). 

Certain portions of the water in 
the soil are subject to use by trees. 
Most of the water absorbed by the 
roots moves up through the tree and 
returns to the atmosphere as water 
vapor. The transpirational use of 
water is generally 40 to 60 percent of 
annual precipitation (personal com- 
munication, Howard G. Halverson, 
USDA Forest Service). However, a rel- 
atively large amount of water is still 
available for water system recharge. 
Water stored and cleansed by the soil 
replenishes surface or ground waters 
with purer water and does so in a 
slower and more orderly fashion than 
water yielded by overland flow. 

The tempered release of clean 
water may be the forest's greatest 
contribution to improving water con- 
ditions. Despite the interceptive and 
absorptive capacities of the forests, 
floods occur in forested areas. The 
mean annual precipitation for the 
state as a whole is approximately 42 
inches. Actual precipitation ranges 
from a low of 36 to a high of 50 inches 
in some areas, and annual variation 

may be as much as 10 inches. Snow 
makes up 7 to 11 inches of the total 
precipitation, and is heaviest in the 
northern and mountainous areas. 
Patterns of distribution are also im- 
portant. Between 55 and 60 percent 
o f  Pennsylvania's prec ip i ta t ion 
occurs during the spring-summer 
season mostly in the form of intense 
rainstorms. Coupled with Pennsyl- 
vania's generally steep slopes, char- 
acteristically thin mountain soils, 
and late spring thaws, the seasonal- 
i ty of precipitation has created dam- 
aging periodic floods despite the for- 
est cover. 

Since the beginning of this cen- 
tury, three management schemes 
have been used in an attempt to  alle- 
viate Pennsylvania's flood problems. 
Original flood control efforts from 
1900 to 1940 centered on reforesta- 
t ion and fire suppression on the 
many cutover upstream watersheds. 
Despite the general success of this 
program, the devastating flood of 
1936 vividly demonstrated the need 
for additional protection. 

The next 35 years were charac- 
terized by numerous construction 
projects designed to  upgrade water 
quality and to regulate the quantity of  
streamflow. Impoundments built 
during this period varied in size, pur- 
pose, and ownership. Many of the 
large reservoirs were built either by 
the U.S. Army Corps of Engineers or 
the State, and often provided signifi- 
cant secondary benefits. Twenty-two 
of the twenty-five Corps reservoirs 
completed or due to be completed by 
1981 wi l l  provide millions of visitors 
with fishing, boating, water skiing, 
picnicking, bathing, and other recrea- 
tional opportunities. Total water sur- 
face area of the completed projects 
is approximately 65,700 acres. Eight 
of the dams have been put into serv- 
ice since the last survey of Pennsyl- 
vania. The State also has several mul- 
tipurpose reservoirs. Four State 
Parks use water control impound- 
ments to  provide year-round benefits. 
Pymatuning, the largest of the State- 
controlled lakes with 14,528 surface 
acres, is unique; it hosts millions of 
visitors annually, providing valuable 
winter recreation and serving partly 



as a wildlife refuge for migratory 
waterfowl. 

Throughout the 1970s, mounting 
concerns over the environmental 
and economic impacts of large reser- 
voir projects caused a reduction in 
the number being planned and built. 
Most recently, the controversial 
Tocks Island project has been elimi- 
nated by the inclusion of the portion 
of the Delaware River in the National 
Wild and Scenic Rivers Program. 
With construction of reservoirs taper- 
ing off, emphasis on reducing flood 
damage is shifting to flood plain 
mapping and zoning. Effective super- 
vision of building on flood plains is 
an integral downstream component 
of a basinwide management plan, 
complementing the upstream reser- 
voirand reforestation efforts. 

Just as too much water creates 
problems, too little also presents se- 
rious difficulties. In a populous state 
like Pennsylvania, certain minimum 
flows are necessary to satisfy the de- 
mands of cities, farms, and indus- 

tries. This point was painfully 
brought home to many eastern Penn- 
sylvania communities during the 
1980-81 drought in the Delaware River 
Basin. Two basic forest management 
options can be used, alone or in com- 
bination, to influence water yields 
while maintaining water quality. 

Water yield from a forest is re- 
lated to the cover type. Conifers 
maintain most of their foliage 
throughout the year and so have 
higher interception and evaporation 
losses. Converting pine stands to 
hardwoods, which usually are with- 
out leaves for part of the year, is one 
method for increasing water yield. 

The harvesting system chosen 
for regeneration also affects water 
yield, especially during periods of 
low flow. Generally, cutting more 
trees per unit of area reduces transpi- 
ration and makes more water avail- 
able. Taken to an extreme, the clear- 
cutt ing of a forested watershed could 
significantly increase water yields. 

Harvesting done without streamside 
logging and with carefully planned, 
constructed, and maintained logging 
roads would have little negative im- 
pact on water quality. 

Cutting streamside vegetation 
invites physical disruption of the 
water course as well as the removal 
of shading trees. Exposing the 
stream to direct light was found to in- 
crease summer maximum water tem- 
peratures as much as 8°F in a central 
Pennsylvania watershed (Lynch et al. 
1 975). 

Improper road bui lding in- 
creases stream turbidity drastically 
unti l  logging is completed. In a West 
Virginia study of two logged water- 
sheds, the area having a carefully 
planned, constructed, and main- 
tained road system had only 3 times 
as much turbidity during logging as i t  
d id 2 years after logging stopped. 
The watershed with an uncontrolled 
road system had 245 times as much 
turbidity during logging as it did 2 

Poorly maintained logging roads lead to unnecessary soil erosion. 



years later (Kochenderfer and 
Aubertin 1975). The deterioration of 
water quality is significant not only 
for humans but also for many forms 
of aquatic life that have special habi- 
tats and narrow limits of tolerance. 
Dramatic fluctuations in stream tem- 
perature, turbidity, speed, and depth 
adversely affect many stream inhabi- 
tants, including important gamefish 
like trout. 

In 1981, the Pennsylvania For- 
estry Association published a book- 
let entitled "Timber Harvesting 
Guidelines." These voluntary guide- 
lines establish recommendations for 
cutting that would result in minimal 
disturbance to the land. 

The following are guidelines per- 
taining to  water resources: 

.Remove only individually selected 
trees within 50 feet of either side of 
all perennial streams. Attempt to 
maintain at least 50 percent of the 
overhead canopy. 

Locate roads and skid trails as far 
from watercourses as is practical. 
The minimum distance between a 
watercourse and any road andlor 
skid trail should be 50 feet plus 4 
feet for each 1 percent of slope. 

.Stream crossings should be 
avoided if possible. 

.Trees cut near streams should not 
be skidded across the stream. 

There are other guidelines that 
apply to wildlife, logging road con- 
struction, and scenic and esthetic 
values. The booklet is available from 
the Pennsylvania Forestry Associ- 
ation, 5205 Trindle Road, Mechanics- 
burg, PA 17055. 

Soil 

The forest soils of Pennsylvania 
are a vital but often overlooked forest 
resource. They directly influence all 
plant life and hence all wildlife de- 
pendent on plants for food and shel- 
ter; they exert a strong influence over 
the quality and quantity of the water 
resource available to plants and ani- 
mals; and they dictate which uses of 

the forest, including recreation, are 
acceptable. Any discussion of the 
forest resources, without giving 
proper attention to this basic, life- 
giving component of the forest 
ecosystem would be incomplete. 

Soils and trees, naturally, have a 
very close relationship. Soils provide 
trees with such essentials as anchor- 
age, water, nutrients, and oxygen for 
roots. Also, soil provides a medium 
for mycorrhiza-forming fungi. These 
fungi increase the absorptive surface 
area of root systems, which results in 
improved tree growth and vitality. 
Trees, on their part, provide organic 
material from decayed leaves and 
wood to enrich the upper levels of the 
soil. Tree roots also often help break 
up rocks into coarse fragments by 
growing into cracks and enlarging 
them as they grow. 

To understand productivity of 
forest soils, a brief discussion of soil 
formation and soil characteristics is 
helpful. Parent material is of primary 
importance. The rock from which a 
soil develops determines very much 
what type of soil it wil l  be. In western 
Pennsylvania, sedimentary rocks 
occur in horizontal beds. Slopes trav- 
erse a variety of sediments that give 
rise to different soils. Shales, includ- 
ing some limestone and calcareous 
ones, are most often exposed. 
Throughout the mountains of central 
Pennsylvania the sedimentary beds 
are folded. Erosion has left sand- 
stone ridges oriented in a southwest 
to northeast direction. The side 
slopes are colluvium (material that 
has moved downslope through gravi- 
ty) or shale. The valleys generally 
have soils derived from weathered 
limestone. The two northern corners 
of the state were glaciated. The 
glaciers transported and redeposited 
the material, formed gravel deposits, 
outwash plains and terraces. Someof 
these soils have stratified layers of 
sandy gravel which drain easily. 
Other glaciated soils are high in 
coarse fragments, and have fragipans 
(compact and impermeable subsoil 
layers). In southeastern Pennsyl- 
vania, beyond the Great Limestone 
(Cumberland-Lebanon-Lehigh) Val- 
ley, rocks are mainly sedimentary 
shales and siltstones. Also, there are 

several igneous rocks producing 
boulder-strewn soils that restrict ag- 
ricultural use (Cunningham et al. 
1977). 

Parent material, as it is influ- 
enced by climate, relief, aspect, bio- 
logical activity, and time, determines 
what type of soil is created and how 
productive it will be. For example, 
topography often directly affects the 
depth of the soil. Slopes erode near 
the top, creating shallow soils there, 
while the eroded material is depos- 
ited at the toe of the slope, resulting 
in deeper soils there. In general, 
deeper soils are more productive 
than shallow soils. In Pennsylvania, 
poorly drained (saturated) soils are 
common along streams, near the 
lower portions of slopes, and in low 
topographic positions. Productive 
soils require an optimum balance be- 
tween water and air. Poorly drained 
soils reduce the amount of oxygen 
available to roots, often reducing 
plant growth. Such soils are relatively 
unstable and will not support devel- 
opments such as roads and recrea- 
tion facilities. 

General statements of soil pro- 
ductivity often must be qualified. 
What is to be produced is very impor- 
tant. Agricultural crops have different 
requirements from timber crops. Ag- 
ricultural crops usually are more de- 
manding of soil, so a soil that is rated 
only good for such crops may be ex- 
cellent for growing trees. Forest soils 
generally are more rocky and less 
deep than agricultural soils. After 
hundreds of years of settlement, 
farming, and logging, the best agri- 
culture soils have been located and, 
in  the absence of roads, cities, and 
other developments, are generally in 
farm use now. Forest use has re- 
placed farm use on many lands that 
proved marginally productive for agri- 
culture. 

In recognition of the value of 
soils in determining land use, the 
Pennsylvania legislature passed Act 
319, the Farmland and Forest Land 
Assessment Act of 1974, commonly 
known as the Clean and Green Law. 
This law permits forest-land owners 
to receive a preferential assessment 
of their land based on the capability 



of the soil to produce timber crops. 
Highly productive land can produce 
more timber, and is taxed at a higher 
rate because of i ts greater potential. 

Where are the productive soils 
of Pennsylvania? To answer this 
question, we went to a general soil 
map of the state developed by the 
USDA Soil Conservation Service and 
The Pennsylvania State University. 
Although the state has 340 different 
soil series, the map was developed 
from 91 soils that account for 63 per- 
cent of the state's area. Each soil was 
rated for its potential to produce for- 
est crops. By assigning a numerical 
score to each rating we were able to 
calculate a woodland suitability class 
for each of the 58 major groupings of 
soils (associations) in Pennsylvania, 
based on the proportion of each soil 
in each association: 

Yield per acre of even aged, fully 
Woodland Site index stocked, natural stands a 

Suitability (height at 
Class age 50) Age 60 Age 90 

Cubic Board Cubic Board 
Feet feet feet feet feet 

Excellent 85+ 3,700 + 18,600 + 5,200 + 30,950 + 
Very good 75 to 84 3,700 18,600 5,200 30,950 
Good 65 to74 3,100 13,900 4,400 24,500 
Fair 55 to  64 2,600 9,700 3,650 18,300 

a Adapted from Schnur 1937. 
Entire stem inside bark. 
International 118-inch rule t o  a 5-inch top; includes all trees with 16-foot 

log. lnternational 114-inch rule is approximately 10 percent less. 

Forest soils with excellent po- (8 percent) (Fig. 24). The best soils 
tential cover 2.8 million acres (10 per- occur in the glaciated northwest, in 
cent of the state); very good soils the valleys of the Ridge and Valley 
cover 9.8 million acres (34 percent), Province and the broad Cumberland- 
good soils 13.8 million acres (48 per- Lebanon-Lehigh Valley, and Lancas- 
cent), and fair soils 2.4 million acres ter County. The very good soils are 

Good 

Figure 24.-Distribution of soils in Pennsylvania based on their potential 
for growing timber. 



concentrated in the western half of 
the state, the northern Susquehanna 
River drainage, and a strip along the 
Pennsylvania-Maryland, Delaware, 
and New Jersey border in the south- 
east. The good forest soils, which are 
most prevalent, are concentrated in 
eastern Pennsylvania. The poorest 
soils cover the least area and are 
found in the Lake Erie drainage and 
the ridges of central Pennsylvania. Of 
course, there is local variation within 
these four broad groups. Detailed 
county data are available from the 
USDA Soil Conservation Service. 

Undisturbed forest cover pro- 
tects soils very well. Erosion is mini- 
mized and compaction is negligible. 
Disturbanceof the forest floor will in- 
crease these problems, but to  varying 
degrees. When a forest stand is har- 

This main haul road was seeded and will 
return to forest land use naturally with 
no adverse environmental impact. 

vested, for example, the degree of 
erosion depends more on the logging 
practices, especially the location, 
construction, and the use of logging 
roads, than on the type or extent of 
the cutt ing itself (Pennock et al. 
1975). Where logging roads are well- 
planned, constructed, and main- 
tained, erosion will be minimized and 
usually within a year or two after log- 
ging the erosion problem will have 
disappeared. 

To keep soil erosion and stream 
sedimentation at tolerable levels, the 
Pennsylvania Department of Environ- 
mental Resources (DER) requires an 
erosion and sedimentation plan 
where fewer than 25 acres will be dis- 
turbed, and an erosion and sedi- 
mentation permit where more than 25 
acres will be disturbed. For timber 

sales, DER concludes that 10 percent 
of the logged area will be disturbed, 
so a permit is required for a sale area 
that exceeds 250 acres. 

Compaction has two important 
consequences. When the ability of 
the soil to absorb water is reduced, 
the potential for runoff and erosion is 
heightened. Also, if normal drainage 
and aeration processes are dis- 
rupt'ed, seedling establishment, sur- 
vival, and growth can be significantly 
reduced. Besides harvesting, heavy 
recreational use such as camping 
and hiking can result in compaction. 
In areas where compaction is likely 
to  occur, hardened surfaces should 
be installed to protect the soil. Where 
soils are compacted, use should be 
discontinued and the soil loosened if 
possible. 

The forest soils of Pennsylvania 
are vital and dynamic. Though they 
can be damaged, they yielded today's 
second-growth forests despite the 
tremendous stresses of massive log- 
ging operations and subsequent fires 
at the turn of the century. With 
greater emphasis on soil conserva- 
t ion this resource can continue to  
benefit the users of Penn's Woods. 

Minerals 

Pennsylvania is blessed with a 
wealth of mineral resources, espe- 
cially oil, natural gas, and coal, that 
originated from ancient forests and 
that are found today beneath thou- 
sands of acres of commercial forest 
land. If they are left in the ground, 
they have no impact on the forest re- 
sources above them. However, once 
we begin to extract them, the forests 
can be affected significantly. 

Oil and gas were formed from 
the decaying remains of dead plants 
and very small animals. This material 
collected at the bottom of lakes, 
swamps, and seas where it mixed 
with and was covered by sediments 
or mud. After hundreds of thousands 
of years, this heavy overburden ex- 
erted pressure and heat which, by 
processes not well understood, 
chanaed the oraanic matter into 

Pennsylvania Bureau of Forestry droplets of oil and vapors of gas. AS 



pressure increased, the oil and gas 
were squeezed out of the thin layers 
of mud and into sedimentary rocks 
with cracks and pore spaces (Wagner 
and Lytle 1968). Mostly sandstones, 
these rocks are common in western 
Pennsylvania, so the oil and gas 
fields of the state generally stretch in 
a broad band east to a line running 
from Bedford to  Tioga Counties. 

The first oi l  well was drilled 
south of Titusville in Venango 
County in 1859, making this the first 
center of oi l  production in the world. 
Production spread and by 1891 the oil 
industry reached a peak annual pro- 
duction of about 31 million barrels. 
Pennsylvania led all states in oil pro- 
duction until 1895. While production 
in 1977 was only 2.7 million barrels, 
Pennsylvania petroleum is still highly 
prized for its excellent lubricating 
characteristics. 

Gas production had developed 
concomitantly with oil but has not 
fluctuated as much. It reached a high 
of about 150 billion cubic feet in 1954 
and in 1977 production totaled 92 bil- 
l ion cubic feet. Pennsylvania uses al- 
most 5 times more gas than it pro- 
duces. This has led to many empty 
gas wells being available for storage 
of natural gas piped in from other 
areas. The impact on forests of these 
storage facilities is less than that of 
active wells. 

When oil and gas wells are 
developed in forested areas, small 
clearings, usually 114 to 1 acre, ar8 
made at the well site. Often accom- 
panying these clearings are roads, 
which provide access to the wells, 
electric lines, and pipelines, which 
transport the product to a pumping or 
compressing station. Depending on 
the size of the tract and number of 
wells, the loss of forest land can be 
significant. Oil wells are drilled at 
much closer spacing and occupy pro- 
portipnately more area than gas 
wells. The latter, when not asso- 
ciated with oil wells, have less im- 
pact on the forest resources. 

These impacts can be both nega- 
tive and positive. Oil and gas devel- 
opment generally is bad from a tim- 
ber viewpoint because of the loss of 

Oil wells can have significant impacts on forest resources. 

Western Pennsylvania Conservancy 

productive land and the increased the opportunity to  see the oper- 
management and logging problems it ations. Activities such as wilderness 
presents. Wildlife in general would backpacking would suffer. Effects on 
benefit due to  increased diversity of soil and water resources are nega- 
habitats. Some recreation would tive: during winter and spring, move- 
benefit from increased access and ment of heavy equipment can dam- 



age roads and compact soil; erosion 
may increase where the vegetation 
has been removed and the soil is ex- 
posed; and saltwater, oil sludge, and 
oil leaking from corroded pipes can 
pollute ground and surface water. En- 
vironmental disturbance from oil and 
gas wells tends to be long lasting on 
the surface resources. 

munds and Koppe 1968). In 1979, pro- 
duction of 89.2 million tons of bitumi- 
nous coal ranked third in the Nation 
behind Kentucky and West Virginia. 
Pennsylvania is the only state where 
anthracite coal is mined; production 
in 1979 totaled 4.8 million tons. In 
fueling homes and industries, this re- 
source has contributed significantly 
to the economy of the Common- 

On the Alleghenv National For- wealth. 

est, these mineral resources present 
a special problem. Every acre of the 
Forest has oil and gas potential. The 
value of this potential was recog- 
nized before Congress established 
the Forest in 1523, and subsurface 
rights were made available only for 2 
percent of the area. Because of the 
way these deeds were written on 
260,000 acres, an operator needs no 
permit to build a road, clear the area, 
and set up a well. Although oil and 
gas production in this area peaked 
years ago, the increased demand for 
fuel and development of new recov- 
ery methods have stimulated the 
search for these resources. Drilling 
activities are increasing on the For- 
est. In  1979, 500 hew oil and gas wells 
were drilled in the Forest-roughly 
double the number of new wells 
drilled in any year earlier in the 
decade. This brought the total num- 
be? of operating wells in the Forest to 
more than 5,000. The USDA Forest 
Service is working with developers so 
that their operations will have mini- 
mal adverse effects. Nevertheless, 
this unrestricted access on so many 
acres has precluded several forest 
uses which would normally be al- 
lowed, and has made uncertain the 
potential realization of long-term for- 
est and land use plans. 

Oil and gas development is not 
as disruptive or as widespread as 
coal mining. Coal is the most abun- 
dant and important of the mineral re- 
sources of Pennsylvania. The state's 
coal reserves are estimated to be 31 
billion tons, second only t o  West Vir- 
ginia in the Northeast, and fifth in the 
Nation (U.S. Dep. Energy 1980). Penn- 
sylvania's great reserves of high- 
quality coal, including coking coal, 
are responsible for the great iron, 
steel, chemical, glass, and metal-fab- 
ricating industries of the state (Ed- 

Like oil and gas, coal was also 
formed from the decayed material of 
prehistoric forests. Dead trees and 
ferns fell into swamps, forming a tan- 
gled mass of decayed matter called 
peat. After peat was laid down, the 
areas sank and were covered with wa- 
ter, sand, and mud. The great pres- 
sure from this overburden com- 
pressed the peat, forcing out oxygen 
and hydrogen and leaving the carbon 
that eventually became coal. All of 
the economically important coal 
beds were laid down 300 million 
years ago during the geologic period 
that bears the name of the state 
(Pennsylvanian). Coal seams in Penn- 
sylvania range in thickness from a 
few inches to 12 feet. 

The coal fields of the state are 
concentrated in the west (Fig. 25). 
Pennsylvania has three types of bitu- 
minous coal (high, medium, and low 
volatile) and two types of anthracite 
(semianthracite and anthracite). 
These five coals grade from west to 
east, and from high carbon content 
(88 percent) for high-volatile bitumi- 
nous coal to very high carbon con- 
tent (94 percent) for anthracite. The 
reason for this is that the heat and 
pressure on these coal beds in- 
creased from west to east as the 
earth's crust folded and buckled to 
create the Appalachian Mountains. 
Thus, the coal beds in the western bi- 
tuminous field are relatively horizon- 
tal while those in the eastern anthra- 
cite fields often are nearly vertical. 
As will be discussed later, this af- 
fects the type of mining and reclama- 
tion of mines in the different coal 
fields. 

The first bituminous coal was 
mined near Pittsburgh in 1761. An- 
thracite was discovered and mined 
near Wilkes-Barre later in that dec- 

ade. Production of coal peaked at 278 
million tons in 1917 and then dropped 
o f f  between the wars only to exceed 
208 million tons in 1944. Coal was 
king in those years, and nearly all of 
the production came from deep 
mines. After World War II, cheaper 
and cleaner natural gas and oil were 
substituted for coal, and railroads 
switched from coal to diesel fuel. 
Production of coal dipped to a low of 
79.7 million tons in 1961. The output 
of Pennsylvania mines has since 
risen to its current high of 94 million 
tons in 1979 (Pa. Dep. Environ. Re- 
sour. 1979). 

Although the anthracite fields of 
eastern Pennsylvania underlie about 
one-quarter million acres of commer- 
cial forest land, the impact on forest 
resources from mining this resource 
has continued to decline. Production 
reached a peak of 100 million tons 
after World War I. Since the last 
forest survey in 1965, production has 
dropped by 66 percent to  a record low 
of 4.8 million tons in 1979. Schuylkill 
and Luzerne Counties account for 79 
percent of the current output. 

The decline is generally attrib- 
uted to market problems. Anthracite 
was used for home space heating, 
and many users simply switched to 
fuels that were cheaper and easier to 
use. Anthracite has less sulfur than 
bituminous coal but still contains too 
much to be burned in the New York 
and Philadelphia areas-its primary 
markets. Particulate air pollution also 
is a concern in burning anthracite. Air 
pollution controls now favor bitumi- 
nous coal. Also, it is more costly to 
mine anthracite than bituminous 
coal. Surface mining the steeply in- 
clined seams is expensive, and many 
deep mines in the area are old and 
cannot accommodate modern ma- 
chinery. Miner safety is also a con- 
cern that has generated labor prob- 
lems in these mines. 

Most of the anthracite has been 
mined underground. As the coal was 
brought out, much refuse material ac- 
companied it. After as much coal was 
extracted from this material as was 
economically possible, the culm or 
slack was dumped into mountainous 
refuse banks that cover roughly 
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Figure 25.-Distribution of the bituminous and anthracite coal fields in 
Pennsylvania (Source: Edmunds and Koppe 1968). 

12,000 acres, polluting the landscape 
and rivers. Because of improved tech- 
nology (more efficient furnaces that 
can burn powdered coal) and higher 
prices for anthracite coal, much more 
coal is being extracted from this 
"waste" material. Efforts are being 
made to reduce these banks by using 
the leftovers as substitutes for cin- 
ders on roads, ingredients in cinder- 
block mix, road surfacing materials, 
and even as potting soil. 

Surface mining of anthracite 
reached a peak of 13.5 million tons in 

1948 and fell to 2.9 million tons in 
1979. Stripping the often vertical an- 
thracite seams calls for large, open 
pit or quarry-type operations, cre- 
ating problems not encountered in bi- 
tuminous strip mines. After the coal 
has been removed from the mine, the 
hole is backfilled with the overburden 
that was removed at the outset. It is 
virtually impossible to restore the pit 
so that it is filled to the rim. The re- 
sult is much like a basin with sloped 
highwalls to the rim. Thus, reclama- 
tion to the original contour of the 
land is difficult, and drainage is often 
changed considerably. An estimated 

28,000 acres have been disturbed by 
anthracite strip mining. 

The story of bituminous coal 
mining and its effect on the forest re- 
sources is much different. From 1965 
to 1977, 1.2 billion tons were pro- 
duced, and 39 percent came from sur- 
face (strip) mines. In 1965, stripping 
production was 23.7 million tons, or 
30 percent of the total. In 1979, strip- 
ping had almost doubled to 45.1 mil- 
lion tons and accounted for 51 per- 
cent of the total. Stripping produc- 
tion was near the record high of 46.6 



million tons produced in 1977 (Fig. 
26). No doubt, this level will be sur- 
passed in the 1980's as the Nation 
uses more coal to meet its energy 
needs and as mining technology ad- 
vances. Of the 25 counties with ac- 
tive strip mines in 1979, 5 accounted 
for 29 million tons or 64 percent of 
the strip-mining production. They are 
Clearfield, Clarion, Somerset, Cam- 
bria, and Jefferson. In 1978, Pennsyl- 
vania led the Nation in acres mined 
with 16,283(U.S. Dep. Energy 1980). 

Although the forest resources 
are most affected by surface mining, 
significant production still comes 
from underground mining, which also 
affects the forests. Areas of major 

impact are mine openings, storage 
points, waste dumps, and haul roads. 
Besides removing small areas from 
timber production, deep mining can 
create larger problems for the forest 
such as soil erosion, acid stream pol- 
lution, subsidence, and burning ref- 
use banks. Pennsylvania's Operation 
Scarlift has corrected some of these 
problems on abandoned mines, but 
much work remains. Despite these 
problems, surface mining has a 
greater impact on the state's forest 
resources and warrants the most at- 
tention. 

The bituminous fields are cov- 
ered by 5.7 million acres of commer- 

Figure 26.-The production of bituminous 
the all-time high reached in 1977. 

Year 
coal from strip mines is near 

cia1 forest land, 36 percent of the 
state's total. While not all of this 
overlies coal seams that can be ex- 
tracted by stripping, the potential for 
surface disturbance is great. Mining 
technology is continually improving, 
and even now old strip mines are be- 
ing dug out again as miners go for 
deeper seams, which were economi- 
cally unavailable before the advent of 
huge earthmoving machines and 
higher coal prices. 

Before 1945, when Pennsylvania 
became the first state to institute a 
mine reclamation program, little or 
no attempt was made to establish 
vegetation on strip-mined areas. 
While this left many areas scarred 
and barren, the effects could have 
been worse. Overburden from early 
strip mines was small because large 
earthmoving equipment was un- 
available. Thus, disturbance was not 
great (compared to today), and top- 
soil was often available for any 
reclamation work. Many of these un- 
reclaimed "orphan" mines are being 
redeveloped, and they will be re- 
calimed and returned to productivity 
under current regulations. The first 
reclamation projects occurred in 
1919. These were voluntary, and 
usually entailed planting tree seed- 
lings (conifers) on spoil banks. 

From 1945 to 1971, Pennsylvania 
strip miners operated under the 
Bituminous Coal Open Pit Mining 
Conservation Act. During this period 
an average of less than 10,000 acres 
were revegetated annually. An esti- 
mated 85 percent of reclaimed areas 
were planted to trees and shrubs, 
mostly conifers. 

In 1971 Pennsylvania enacted 
the Surface Mining Conservation and 
Reclamation Act. This act was con- 
sidered by many as the best in the 
country. The law has been effective 
in achieving reclamation of mined 
areas. One major change, however, 
was that fewer acres were being 
planted to trees since grasses were 
required on all reclaimed sites. The 
law made tree planting optional ex- 
cept in areas where grasses were not 
thought to grow well and where 
slopes were steep enough to need 



Strip mining can take land out of forest use when it is reclaimed and 
revegetated with grass. 

stabilizing. Since the law required the 
top strata of the soil to be saved and 
yepiaced after the mine was back- 
filled, it seemed that grass and leg- 
ume establishment would be facili- 
tated. 

In 1971 and 1972, nearly all strip 
mines were revegetated with grasses 
and legumes. But after a few growing 
seasons, despite fertilization and 
other treatments, many sites proved 
too harsh and the grasses died. To 
keep the areas in vegetation, many 
mines were planted to trees along 
with acid- and drought-tolerant 
grasses. In recent years, 12,000 to 
15,000 acres have been reclaimed an- 
nually. In 1978, 3 million trees were 
planted on 3,000 acres, 2,000 of 
which were originally planted to 
grasses and legumes that failed. Tree 
planting on strip mines is making a 
comeback; the acreage planted to 
trees doubled every year from 1975 to 
1978 (Personal communication, Phil 
Newell, Pennsylvania Department of 
Environmental Resources). 

Besides having better success 
with trees, strip-mine operators are 
finding that tree and grass reclama- 
tion costs less than grass and leg- 
ume reclamation. The most success- 
ful species is European white birch, 
which grows fast and tolerates acidic 
soils (pH of less than 4). Other popu- 
lar hardwood reclamation species in- 
clude black locust, hybrid poplar, and 
European black alder. In areas where 
deer populations prevent successful 
hardwood reclamation (because 
hardwood seedlings are preferred 
foods), conifers, especially Japanese 
larch, are recommended. Scotch, 
white, Austrian, and red pines are 
other conifers that have varying suc- 
cess rates for reclamation. 

Because Pennsylvania's bitumi- 
nous coal fields cover a broad range 
of land uses, terrains and soils, a 
general statement about land use af- 
ter strip mining would be unrealistic. 
For instance, reclaimed areas in the 
southwest may be used for pasture 

or for growing hay, while reclaimed 
areas in the northeastern bituminous 
coal field (such as Elk County) proba- 
bly wil l  become forest land. Today, 
most reclaimed areas will retain the 
previous general land use. Although 
it is too early to k n 0 \ ~  the impact of 
the Federal Surface Mining Control 
Act of 1977, P.L. 95-87), the new regu- 
lations likely will maintain the status 
quo. Changing the land use of a dis- 
turbed area, say from f0res.t land to 
farmland, requires lengthy explana- 
tion and justification. Otherwise, an 
operator could plant trees and move 
to another job in a relatively short 
time. So despite the fact that strip 
mining is disturbing more forest land 
each year, it seems that little acreage 
will be lost from the forest land base 
due to coal mining. 

Administrators of Federal and 
State laws will work together to en- 
sure that areas disturbed by surface 
mining are returned to productive 
use with minimal negative impacts 



on the forest resources. Timber, wa- 
ter, soil, wildlife, and recreational use 
will continue to be affected, often 
drastically, during the actual mining 
operation. But when the coal is gone 
and the land is properly restored, the 
outlook for these resources should 
be nearly as good as it was originally. 

Fish 

We think of fish as a forest re- 
source for many reasons. The main 
reason is that forests can provide 
high-quality, silt-free water at levels 
that are relatively constant. This is 
essential in providing the basic fish 
habitat. Fish are sensitive to pollu- 
tion. In fact, fish are used as indi- 
cators of water quality in streams 
that are being cleaned. Erosion leads 
to silt in streams, which harms fish 
by killing insects and other preferred 
foods, by filling in pools and spawn- 
ing areas, and by coating their gills, 
which causes them to suffocate. 
Well-managed forest land not only 
provides clean water, but it also pro- 
vides shade, which keeps water 
temperatures low enough to sustain 
viable populations of coldwater fish. 
Besides helping coldwater game 
fish, such as trout, forest shade also 
maintains populations of other small- 
er nongame fish, some of which may 
be essential food for larger predatory 
fish. Forests also support insect 
populations on which the fish feed. 
So all fish are dependent on forest 
land to a certain extent, whether they 
be game or nongame, coldwater or 
warmwater. 

Stable populations of diverse 
animal life require habitats that meet 
their specific needs. With about 170 
different species of fish in Pennsyl- 
vania, it is not surprising that the 
state has a variety of aquatic habi- 
tats, many of which are in forested 
settings. The Allegheny National For- 
est alone supports populations of 71 
fish species, six of which acquire 
special emphasis because their 
populations are very small. Pennsyl- 
vania has more than 45,000 miles of 
flowing water ranging from headwa- 
ters of mountain streams with only 
brook trout and related species to 
large rivers supporting 30 or more 
species (~oo~es l977) . -o ther  surface 
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water includes more than 2,000 im. 
poundments ranging from small farm 
ponds to reservoirs of thousands of 
acres; natural lakes, including the 
glacial lakes of northeast and north- 
west Pennsylvania; and Lake Erie. 

These diverse waters support a 
wide range of fish life, from tiny min- 
nows that feed on algae and small in- 
sects to 55-pound muskellunge that 
feed on smaller fish. While there are 
many more species of nongame fish 
than game fish (including panfish), 
the latter receive the most attention 
since catching them is the ultimate 
goal of more than 1 million fishermen 
in the state. 

Trout fishing dominates the 
coldwaters of Pennsylvania and is a 
very popular forest recreational ac- 
tivity. The average trout fisherman 
spends 10 days afield each year. The 
three species found in the state are 
brook trout, which is native; brown 
trout, which was introduced from 
Europe; and rainbow trout, which was 
introduced from California. Trout 

Forested streams often provide excellent t 

may be caught in all parts of the 
state, but are more frequently found 
in cool, unpolluted freestone and 
limestone streams and rivers of the 
mountainous regions. Eighty percent 
of coldwater fishing occurs on State 
land, much of which is forested. Sal- 
mon also are coldwater fish. Coho 
and Chinook salmon have been intro- 
duced successfully into Lake Erie 
and its tributary streams. Another 
salmon, Kokanee, has been intro- 
duced to Upper Woods Pond in 
Wayne County. 

Warmwater fishermen spend an 
average of 12 days a year pursuing a 
variety of species. Panfish, including 
bullheads, catfish, crappies, eel, 
perch, rock bass, and sunfish, are 
very popular, especially with younger 
anglers. Bass fishermen are chal- 
lenged by smallmouth bass, which 
abound in many streams and rivers 
such as the Susquehanna, Juniata, 
and Delaware, and largemouth bass, 
which are found in hundreds of lakes 
of all descriptions, including Rays- 
town Lake and Lake Wallenpaupak. 

.rout habitat 
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Walleye are next in popularity with 
the Susquehanna, Delaware and Al- 
legheny Rivers offering the best 
stream fishing. Pymatuning Reser- 
voir, Lake Wallenpaupack, and nu- 
merous smaller lakes also offer good 
walleye fishing. With the introduc- 
tion of the Amur pike, Pennsylvania 
is the only area in the world where 
one can catch every known member 
of the pike family (which also in- 
cludes northern pike, pickerel, and 
muskellunge). The Delaware also of- 
fers exciting fishing when shad make 
their spring run. 

These diverse habitats and 
healthy populations of so many game 
fish species have contributed to the 
increasing popularity of fishing in 
Pennsylvania. Licenses issued tell 
the story. In 1965 there were 512,653, 
and since then the number has risen 
steadily to 1,004,003 in 1979-a 96- 
percent increase in 14 years. 

The outlook for fishing in the 
state looks bright due to the work of 
the Pennsylvania Fish Commission 
(PFC). A major activity of the PFC is 
its stocking program. Fishing de- 
mand is now so high that if certain 
streams and lakes were not stocked 
with fish, the natural populations of 
game fish would be unable t o  with- 
stand the pressure, and the quality 
and quantity of fishing in these wa- 
ters would drop significantly. The 
PFC operates 12 fish cultural sta- 
tions. From July 1, 1979, to June 30, 
1980, these hatcheries stocked 54.4 
mil l ion fish. Fry (very small fish) ac- 
count for the bulk of these (85 per- 
cent), and nearly all are walleye. The 
others are nearly evenly split be- 
tween fingerlings (4 to 5 inches long) 
and adults. Most of the fingerlings 
are trout and salmon, while nearly all 
the adults are trout (personal com- 
munication, Steve Ulsh, Pennsylania 
Fish Commission). 

Since the average trout released 
is over 9 inches long, stocking these 
fish is a major effort. Besides the 
State hatcheries, two Federal hatch- 
eries (one in the Allegheny National 
Forest), and 167 cooperative coldwa- 
ter nurseries run by sportsmen's 
clubs helped raise trout in 1979. In 
that year, 800 streams covering 4,920 

miles and 90 lakes were stocked. 
Rainbow and brown trout each ac- 
counted for 41 percent of the stocked 
trout and brook trout accounted for 
the remaining 18 percent. Many re- 
mote and isolated mountain streams 
receive little fishing pressure and 
support good populations of native 
trout. To keep from interfering with 
these natural strains, these streams 
are not stocked. Ninety streams in 
forested settings have been set aside 
as Wilderness Trout Streams by the 
PFC (personal communication, Marty 
Marcinko, Pennsylvania Fish Com- 
mission). 

The PFC is also involved in other 
activities. At i ts Benner Spring Sta- 
tion in Centre County, fish cultural re- 
search is conducted in genetics, nu- 
trition, pathology, production statis- 
tics, techniques, and mechanization. 
The PFC also identifies and protects 
amphibian and reptile species that 
are threatened or endangered. Re- 
cently, the Massasauga rattlesnake 
was declared an endangered species 
in Pennsylvania, thus joining two 
frogs, three salamanders, five turtles, 
and five fish that have been given 
special protection. In a cooperative 
agreement with the Pennsylvania Bu- 
reau of Forestry, the PFC has pro- 
hibited the removal of reptiles or 
amphibians from 23 designated Natu- 
ral Areas in the State Forest System. 

Despite the variety of habitats 
and relatively good populations of 
many fish species, this resource is 
not without problems. Water pollu- 
tion in its myriad forms is the great- 
est threat to fish. Included are sedi- 
mentation, acid mine drainage, 
petroleum leaks (from pipelines or 
tankers), industrial wastes, nonpoint- 
source pollutants from agricultural 
lands and roads, and possibly acid 
rain. Also, the loss of shade that re- 
sults from removing trees from 
stream banks can present a local 
problem. 

As mentioned previously, undis- 
turbed or well-managed forest land 
does not contribute to these prob- 
lems, and in certain instances can al- 
leviate their impact. Forests can be 
managed for coal, timber, wildlife, 
and recreation as well as for fish. For 

instance, strip mines that are proper- 
ly reclaimed and revegetated with 
trees will not pollute streams with 
sediment or acid. Logging operations 
that leave buffer zones of trees along 
streams and operations in which 
roads are properly constructed and 
maintained wil l  not raise stream 
temperatures or sediment loads. And 
although little is known about the ef- 
fects of acid precipitation on forest 
ecosystems, forested watersheds 
might prevent some of this airborne 
acid from entering streams. Forests 
can and do provide us with a variety 
o f  benefits while simultaneously af- 
fecting Pennsylvania's fisheries in 
many positive and beneficial ways. 

In January, 1981 the PFC 
adopted a policy that shifted the 
philosophy and mission of the PFC 
from "recreation first" to "resource 
first." The aim is "to protect, con- 
serve, and enhance the quality and di- 
versity of the Commonwealth's fish- 
ery resource (including reptiles and 
amphibians) and to provide con- 
tinued and varied angling opportunity 
through scientific inventory, classifi- 
cation, and management of that re- 
source." I t  places a new emphasis on 
the importance of fish habitat, which 
i s  related in many ways to the forest 
conditions of the State. This policy 
wil l  be implemented through the 
1980's by Project FUTURE. 

Wildlife 

Wildlife is a renewable resource 
of great interest to hunters, bird- 
watchers, photographers, nalural- 
ists, and many others. Most wildlife 
species are closely related to  forests 
at various stages of their lives. About 
270 species of birds are found in 
Pennsylvania during one or more sea- 
sons of the year. Of these, 122 de- 
pend on  forests as their primary habi- 
tat, and 54 more use forests at least 
part of the time. For mammals, 50 of 
the 60 species in the state use for- 
ested habitats extensively, while 7 
others are partially dependent on 
tree-covered areas (Hassinger 1977). 

A great variety of wildl i fe 
abounds in the Commonwealth be- 



cause of the state's favorable cli- Hawk Mountain becomes crowded in September as people seek a good 
mate, topography, land use patterns, vlew of the annual raptor rnigrat~on through the valley. 
and history of sound wildlife manage- 
ment. Forest land amounts to 16.8 
mil l ion acres and farmland adds 
another 6.9 million acres of wildlife 
habitat. That these land uses to- 
gether account for 82 percent of the 
land area in the state is significant 
since nearly all species of wildlife 
rely on these areas for food and shel- 
ter. But another important factor is 
the physical arrangement and inter- 
spersion of farms and forests. The 
variety of land use patterns leads to 
diverse habitats which encourage a 
variety of animal life. For example, 
the ridge and valley region of central 
Pennsylvania has broad valleys, 
which were developed for farming, 
and ridges, which were left forested. 
These extensive ridges form long, un- 
interrupted forested corridors that 
favor many animals which cannot live 
in small woodlots isolated by land de- 
velopment. Many other species bene- 
f i t  from the miles of edge where 
ridges meet farmland as they provide 
immediate access to both forest and 
farmland habitats. 

The arrangement of people is 
another reason why wildlife is so 
plentiful. While many animals adapt 
well to urban arld suburban environ- 
ments, most prefer less intensively 
developed land uses. Urban develop- 
ment is most heavily concentrated in 
three major areas (Philadelphia, Pitts- 
burgh, and Wilkes-BarrelScranton), 
leaving much undeveloped space for 
wildlife. 

Wildlife can be divided into two 
broad groups-game and nongame. 
While most attention is focused on 
game animals, the nongame group is 
receiving increasing consideration. 
In 1981, a bil l  was introduced into the 
Pennsylvania General Assembly to 
allow taxpayers to contribute any or 
all of their Pennsylvania income tax 
refund for the purpose of funding in- 
creased management of nongame 
wildlife, and endangered plants, ani- 
mals, and fish. 

In numbers of species, nongame 
exceeds game by 5 times or more. 
Songbirds and raptors are perhaps 
the best known nongame animals. 

Nongame mammals, such as shrews, 
moles, mice and rats, are small and 
often nocturnal, and are rarely seen. 

Birdwatching is the most com- 
mon activity involving nongame ani- 
mals. Woodpeckers, chickadees, 
wrens, warblers, sparrows, and her- 
ons are but a few of the nongame 
birds that one may encounter. 
Though songbirds are most popular, 
raptors (falcons, hawks, and eagles), 
owls, and vultures are becoming 
more popular. The fact that parking 
space is hard to find on Hawk Moun- 
tain (near the border of Schuylkill and 
Berks Counties) during fall weekends 
testifies to this. 

Threatened and endangered spe- 
cies of wildlife are beginning to re- 
ceive deserved attention. The Penn- 
sylvania Game Commission (PGC) 
along with the USDl Fish and Wildlife 
Service, is determining the status of 
all species of wild birds and animals 
in Pennsylvania and developing plans 
to  protect threatened or endangered 
species. On the Allegheny National 
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Forest the Indiana bat, bog turtle, 
river otter, bobcat, raven, and great 
blue heron receive special consider- 
ation since their populations are very 
small on the Forest. In the past, mar- 
ket hunting threatened some species 
with extinction. Today, closely con- 
trolled and regulated hunting is an 
essential tool in wildlife manage- 
ment. The loss of habitat is by far 
today's most significant threat to 
wildlife populations. 

The largest animal in the state 
also happens to be a nongame wild- 
l i fe species-elk. This impressive an- 
imal was once common in Pennsyl- 
vania but became extinct in the Com- 
monwealth during the mid-1800's. 
Between 1913 and 1925, some elk 
were introduced from Yellowstone 
National Park into northwestern 
Pennsylvania. The herd had a rough 
time of i t  for 50 years-its population 
in 1974 was only 38. Since then, 
thanks to the management of the 
PGC and the Bureau of Forestry, the 
size of the herd has increased to over 
100 animals. Protected from hunting 



and located in the remote forests of 
Elk and Cameron Counties, the herd 
is responding well to the increased 
supplies of preferred food (aspen 
shoots and red oak acorns) that are 
provided on Game Lands and State 
Forests. Manipulation of their for- 
ested habitat is finally starting to pay 
off, and the future of these majestic 
animals is promising in the Common- 
wealth. 

Game animals are those har- 
vested by hunting or trapping. Penn- 
sylvania has been and still is the 
number one hunting state in the 
United States. For several years the 
state has been first nationally in num- 
ber of hunters and hunting licenses 
sold in nearly every category and in 
income derived from license sales. 
For the 1978-79 hunting season, the 
PGC issued 1,275,104 hunting li- 
censes, an increase of 34 percent 
since 1965. Sales of additional spe- 
cialty licenses are increasing rapidly. 
In 1979, 238,862 archery licenses 
were sold, a jump of 208 percent 
since 1965. Muzzle loader licenses 
were first issued in 1974. In 1979, 
25,321 of these were issued and 
short-term trends indicate a doubling 
each year for this fast-growing sport. 

One reason why hunting is so 
popular in Pennsylvania is the great 
access that hunters have to the land. 
The PGC manages 268 separate 
Game Land Tracts in 65counties, and 
these contain 1.1 million acres of for- 
est land. State Forests add 2 million 
acres, and the Allegheny National 
Forest contributes another 0.5 mil- 
lion forested acres. In addition toth is  
3.6 million acres of public forest land 
available to the hunter, data from our 
ownership study indicate that own- 
ers of another 7.3 million acres of pri- 
vate forest land permit some public 
hunting on their land. Thus, a sub- 
stantial amount of forest land is ac- 
cessible to the hunter. The PGC also 
works with many farmers through its 
cooperative farm-game projects and 
safety zone program. These add 
about 4 million acres of farmland that 
the hunter may use. 

Access is only the first step to 
successful hunting. Once you get on 
the land, there should be sufficient 

This State Game Land in the glaciated portion of the Allegheny Plateau 
(Erie County) provides wetland wildlife habitats that are relatively 
uncommon in Pennsylvania. 

The white-tailed buck is the object of attention for over 1 million hunters 
in Pennsylvania each fall. 
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Deer per Square Mile of Forest Land 

12 - 21 

Figure 27.-Densities of white-tailed deer vary considerably between 
Pennsylvania's counties. (Deer population statistics provided by William 
K. Shope, Pennsylvania Game Commission). 

populations of game animals to pro- 
vide good hunting. Pennsylvania has 
good to excellent populations of a 
variety of game species, most of 
which are closely tied to the forests 
of the state. Deer, the most popular 
game species in Pennsylvania, are 
found in every county, though densi- 
ties vary considerably (Fig. 27). Other 
popular big game animals are wild 
turkey and black bear. Turkey, which 
may be hunted in the spring and in 
the fall, depend on forests in part for 
food and cover, and are most com- 
mon in areas with extensive forest 

land. Black bear, which were not har- 
vested in 1975, 1977, and 1978, are 
making an excellent comeback. In 
1979,736 were harvested, and in 1980 
a near record 921 bears were taken 
legally. Reproduction and growth 
rates of bears are very good in Penn- 
sylvania. The PGC has a full-time pro- 
gram of research on and monitoring 
of this popular animal's activities and 
population. The highest concentra- 
tions of black bear are in the forested 
regions of north-central and north- 
eastern Pennsylvania. 

Other popular game species 
closely linked to forests are ruffed 
grouse, gray squirrel, and snowshoe 
hare. Furbearers associated with 
woodland include gray and red fox, 
beaver, and raccoon. Ring-necked 
pheasant, cottontail rabbit, bob- 
white, and mourning dove can be 
found in brushy seedling and sapling 
forest stands, but tend more toward 
agricultural land. Waterfowl, depend- 
ent on forests mainly for clean water, 
are found in marshes and in rivers, 
ponds, and lakes. 



Wild turkeys are elusive big game birds, 
and the state's forests provide them with 
essential habitats. 

Ruffed grouse populations have declined 
as the forests, which were cut over early 
this century, are maturing. 

Pennsylvania Game Commission Pennsylvania Game Commission 

The black bear is the largest game 
animal in Pennsvlvania. and the recent 

The wood duck is one of the few 
waterfowl species that live in forested 

resumption of ah annual hunting season habitats. 
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Deer, being the most econ- 
omically important wildlife species 
living in forests, deserve a closer 
look. There is no doubt that hunting 
in Pennsylvania is deer-oriented, and 
receives considerable attention from 
the PGC. In 1980, 135,477 deer were 
reported taken by hunters. Another 
26,772 were removed from the high- 
ways after being killed by cars and 
trucks. The PGC estimates that as 
many as 117,000 more deer were 
killed by hunters or vehicles, but 
were not reported or actually picked 
up. Thousands more were killed by 
free-running dogs, starvation, or 
other natural causes. These losses 
amount to about 40 percent of the 
deer herd annually, and are neces- 
sary to maintain a relatively stable 
population estimated by the PGC to 
be about 700,000. The PGC uses a 
multivariable population model to 
estimate both the deer population for 
each county and the number of deer 
that should be harvested to  maintain 
what the PGC feels is the proper 
number of deer in each county. We 
have supplied the PGC with our most 
recent data on the distribution of for- 
est land by stand-size class, an im- 
portant component of the population 
model. 

While keeping the population 
near the 700,000 level may be desir- 
able from a hunter's viewpoint, there 
are many foresters who argue that 
the herd should be reduced to levels 
compatible with forest renewal. Be- 
sides the costly damage done to ve- 
hicles, orchards, crops, and shrubs, 
the damage to forests is severe in 
many localities. Browse, the tender 
shoots, twigs and leaves of trees, is a 
winter staple of a deer's diet. Since 
deer generally reach no higher than 6 
feet above ground for browse, they 
feed primarily on seedlings and small 
saplings. When the deer population 
of an area exceeds the carrying ca- 
pacity of the natural range and the 
available forage, the seedlings 
needed to regenerate the area to for- 
est cover are destroyed. Growing 
space that would be used by such 
commercially valuable species as 
yellow-poplar, cucumbertree, white 
ash, and red and sugar maple be- 
comes filled with ferns, grasses, 
sedges, beech, striped maple, and 

The obvious browse line and lack of understory regeneration are clear 
signs that deer concentrations are excessive in this area. 

other nonpreferred browse species 
(Severinghaus 1978). Parklike stands 
are created, and though easy to walk 
through, are diff icult to regenerate to 
commercially desirable stands when 
cut. Thousands of acres of the 
Allegheny National Forest are in this 
condition, and while the problem may 
I-: most severe there, i t  exists in 
otherareas of the state as well. 

Besides the negative impact of 
the deer herd on the future timber re- 
sources of these areas, other wildlife 
resources are being damaged. The 
large deer herd has reduced popula- 
t ions of snowshoe hare and ruffed 
grouse in northern Pennsylvania and 
may be adversely affecting turkeys as 
they compete for food. Even the deer 
herd itself may be hurt, as the forests 
of the future will support only low 
populations if preferred food is un- 
available (Severinghaus 1978). 

To resolve this problem, many 
people have suggested reducing 
deer populations in these hard- 
pressed forested areas. In 1978, the 
Northern Hardwood and Plateau 

Chapters of the Society of American 
Foresters recommended that the 
PGC intensify its deer management 
by (a) using, within county bound- 
aries, deer management units with 
similar range conditions, and (b) es- 
tablishing for each management unit 
deer population goals that represent 
a proper balance between wildlife, 
timber, farm, and other natural re- 
source interests (Journal of Forestry 
1978). To help determine such 
population goals, the USDA Forest 
Service researchers at Warren, Penn- 
sylvania are attempting to identify 
the greatest density of deer (number 
of deer per square mile) that will al- 
low natural regeneration to develop 
satisfactorily. Foresters and others 
concerned about the forest re- 
sources of Pennsylvania hope that in 
the near future the deer herd will be 
controlled in these affected areas so 
that adequate numbers of desirable 
tree species can be established and 
grow naturally. 

Besides managing game popula- 
t ions by controlling the number of 
hunters, length of season, and bag 



Fencing deer out allows the protected area of th is 20-year-old clearcut (in 
the background) to  regenerate naturally. 

limits, the PGC supplements wild 
populations by releasing animals 

'raised on game farms. Currently, 
ring-necked pheasants and mallard 
ducks are being produced at six 
game farms located throughout the 
state. Turkey releases have been 
phased out, and pheasant production 
has been increased. Wildlife propa- 
gation is not as successful as fish 
propagation because released birds 
are more susceptible to predation 
and disease. 

Managing wildlife habitat is the 
most basic, enduring, and stable ap- 
proach to managing wildlife. Be- 
cause of the many animal species in 
Pennsylvania, an overriding manage- 
ment objective is to maintain a diver- 
sity of habitats that will benefit all 
wildlife. The arrangement of these 
habitats also is important. For exam- 
ple, in parts of southeastern Pennsyl- 
vania, there is sufficient acreage in 
woodlots to provide enough food and 
shelter to support turkey and bear 
populations. But because these ani- 

mals require extensive, uninterrupted 
blocks or corridors of forest, they do 
not inhabit this part of the state. 

Management for diversity entails 
protection and manipulation. Protec- 
tion means setting aside and saving 
certain habitats that are unique, rare, 
or endangered, and blocks of forest 
land that can be arranged for wildlife. 
This is normally done by public agen- 
cies, and the PGC and the Bureau of 
Forestry have protected thousands 
of acres, mainly forested, of State 
Game Lands and State Forests from 
changes in land use. Examples of 
protected areas are wintering and 
nesting grounds for game and non- 
game species and valuable stream- 
side habitat for furbearers. 

Habitat manipulation is a more 
common management tool available 
to the thousands of private forest- 
land owners in Pennsylvania. Service 
foresters employed by the Bureau of 
Forestry are available to assist land- 
owners in managing their woodland 

for wildlife and other forest re- 
sources. The PGC, Bureau of For- 
estry, and USDA Forest Service regu- 
larly use habitat manipulation to 
manage the wildlife on the lands that 
they administer. Habitat manipula- 
tion is the key to a cooperative 5-year 
fish and wildlife management pro- 
gram initiated in 1980 for the Alleghe- 
ny National Forest by the USDA 
Forest Service, USDl Fish and Wild- 
life Service, Pennsylvania Fish Com- 
mission, and Pennsylvania Game 
Commission, and is also the key to 
wildlife habitat improvement on the 2 
million acres of State Forest land. 

The objective of habitat manipu- 
lation is to provide a variety of habi- 
tats within a forested area with re- 
gard to species composition and ar- 
rangement, amount of edge between 
different plant communities, size and 
distribution of openings and type of 
vegetation in these openings, and 
size and age classes of trees. 

As examples of this, the Bureacl 
of Forestry established the following 
forest management guidelines: 2 to 5 
percent of the area in permanent her- 
baceous openings; 5 percent of the 
area in low or high evergreen cover; 
10 percent of the area in deciduous 
food and cover, primarily shoots and 
buds of new trees (this guideline is 
for even-age management areas 
where clearcutting is used); 25 per- 
cent of the tree cover in trees mature 
enough to produce seed (for wildlife 
food); and protection of large, old 
trees for their high seed production 
and cavity nesting sites (Hassinger 
1977). They also call for the protec- 
tion of spring seeps, which are impor- 
tant for turkey and other wildlife spe- 
cies. 

Important techniques used to 
create, maintain, and sometimes re- 
store a variety of habitats and mixed 
communities are timber cutting; in- 
stallation of shallow impoundments; 
stabilization of streambanks; and the 
planting of trees, shrubs, and herba- 
ceous plants. Timber cutt ing, 
whether timber stand improvement 
(TSI), border cuts, browse cuts, or 
commercial regeneration harvests, 
encourages natural regeneration of 
sprouts and seedlings. The PGC 



This gas pipeline right-of-way is maintained in permanent grass cover 
and provides habitat diversity and an edge effect desirable for many 
species of wildlife. 

bountiful opportunities for manage- 
ment, the resource is not without its 
problems. Some critical habitats in 
private ownership are being lost to 
other land uses. An example is the 
loss of some of the lowland bear 
habitat in the Pocono Mountains of 
northeastern Pennsylvania to home 
development. Besides this loss, the 
fact that large forested areas are be- 
ing subdivided into a variety of non- 
forest land uses is detrimental to 
many wildlife species. 

Another problem, unregulated 
motor vehicle access, can adversely 
affect waterfowl, turkey, great blue 
heron, raven, deer, bear, and bobcat. 
The effects include disturbance dur- 
ing nesting and brood rearing sea- 
sons, harrassment of deer and tur- 
keys in key wintering areas, and the 
possibility of overharvesting of some 
species in local areas. 

What is the future of Pennsyl- 
vania's wildlife resource? The strong 
interest and concern for Pennsyl- 
vania's wildlife will continue, as will 
the recent trend of increasing non- 

operates the Howard Nursery (Centre 
County), which produces and dis- 
tributes annually 3 million tree (most- 
ly conifer) and shrub seedlings. 

This 2-year-old aspen regeneration in a small clearcut will make excellent 
ruffed grouse habitat (Centre County). 

Management of forest land for 
wildlife can be compatible with man- 
agement for other forest resources, 
especially timber. The PGC is con- 
ducting research on State Game 
Land No. 176 (Centre County) to de- 
termine the effect of a profitable se- 
ries of systemized block cuttings on 
wildlife populations, especially cot- 
tontail rabbit and ruffed grouse. The 
idea is to create four distinct age 
classes of timber within a relatively 
small area and then repeat this pat- 
tern many times in a large area. 
Possible advantages are profit from 
timber, increased rabbit and grouse 
populations, spreading of the deer 
browsing pressure to lessen the ad- 
verse impact on tree regeneration, 
and increased populations of non- 
game species. 

Despite the generally good pop- 
ulations of wildlife species and the 



consumptive uses of wildlife (uses 
other than hunting and trapping). As 
this occurs, the rate of increase in 
hunting may level off. Possible rea- 
sons for this are continued urbaniza- 
t ion of the population, difficulty in 
finding open land, a decrease in the 
quality of the sport, an increase in 
the concentration of hunters, and in- 
creasing interest in other forms of 
recreation (personal communication, 
Jerry Hassinger, wildlife biologist, 
Pennsylvania Game Commission). 
Regardless of the trends in non- 
gamelgame interests, the wildlife re- 
source will continue to flourish due 
to  the extent and quality of the 
forests of Pennsylvania. 

Recreation 

Recreation is a human need, 
". . .ideally a change in lifestyle, even 
if only for a few hours or a weekend. 
I t  is a leisure with a purpose" (Jack- 
son 1978). Outdoor recreation allows 
relief from daily frustrations and re- 
vitalizes the spirit. For many Pennsyl- 
vanians, outdoor recreation is a most 
valuable benefit of forest land. 

During the 1950's, recreation 
and leisure became important to the 
economy of Pennsylvania as people 
gained more leisure time, money, and 
greater mobility. Since the second 
forest survey of Pennsylvania, the 
Commonwealth has dramatically in- 
creased its efforts to develop the 
state's recreation potential. As evi- 
denced by the statewide comprehen- 
sive outdoor recreation report (Pa. 
Off. State Plan. and Dev. 1976) and its 
annual updates, the activities of 
many State agencies in recreation 
planning are coordinated on a con- 
tinuing basis. 

Pennsylvania's climates and 
landforms provide the resources to 
support a diverse group of year-round 
recreational activities. Of the state's 
28.8 million acres, approximately 10 
mil1io.n are available for some kind of 
recreational activity. Private owners 
control more than half of these lands. 

While private lands currently re- 
ceive the most use, they are nonethe- 
less underutilized. Recreational plan- 
ning to include private lands has his- 

torically been difficult because of the 
large number of owners and the large 
acreages they control. An estimated 
52 percent of Pennsylvania's private 
forest-land owners controlling 8.3 
mil l ion acres allow others on some of 
their lands for a variety of recrea- 
tional activities. The most frequently 
allowed activities are hunting, hiking, 
and snowmobiling (Birch and Dennis 
1980). Efforts to  coordinate recrea- 
tion on private lands are increasing 
as several State agencies develop co- 
operative programs. 

Pennsylvania's State-owned 
lands are a most important outdoor 
recreational resource. After the pri- 
vate lands, State lands are the largest 
source of recreation land. Of the 
three State agencies most closely 
connected with outdoor recreation, 
the Department of Environmental Re- 

Hikers make good use of the forested 
t r a ~ l s  in Pennsylvania's publicly owned 
forests. 

sources is the largest land owner. 
Within DER, the Bureau of Forestry 
administers more than 2 million 
acres, and the Bureau of State Parks 
administers approximately 287,000 
acres. 

The State Forest System operates 
20 forestry districts. Although high- 
quality timber production is an impor- 
tant goal, the multiple-use principles 
under which the Forests are man- 
aged give equal priority to dispersed 
recreation. Driving for pleasure and 
hunting are the two most popular 
activities on State Forests. Recently, 
however, hiking and cross-country 
skiing have shown the most growth. 
More than 2,500 miles of foot trails 
are available and the Bureau of For- 
estry, in cooperation with local hiking 
clubs, IS working to develop more. 
Trails on the State Forests generally 

Pennsylvania Bureau of Forestry 



are of two types: long loops (10 to 85 
miles long) and short loops, which 
take 1 to 4 hours to walk. The short 
loop trails often are interpretive, 
highlighting unique geologic, scenic, 
or vegetational features of the forest. 
Primitive backpack camping is per- 
mitted along the long loop trails. 
Fourteen Wild Areas have been 
designated where no manmade de- 
velopment is allowed. 

The Bureau of State Parks lands 
are managed to encourage intensive 
recreation activities. The Bureau has 
117 recreational areas; 96 parks, 11 
State Forest picnic areas, and 3 envi- 
ronmental education centers. Seven 
other parks are under development or 

acquisition. Nearly all of the parks 
have some forest land which en- 
hances recreational experiences. Wa- 
ter is an important recreational fea- 
ture of the State Park system. Over 
half the parks have impoundments of 
at least 1 acre. These impoundments 
range from the 1-acre pond at Clear 
Creek State Park to the 14,528-acre 
lake at Pymatuning. Numerous other 
State Parks are near a creek, river, or 
Lake Erie. 

The value of water and trees to 
the State Parks is reflected in the 
popularity of activities associated 
with them. In 1979, picnicking had 
the greatest number of nontransient 
visitor days. In descending order, the 

Cross-country skiing is becoming very popular in  Pennsylvania's forests 
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next most popular activities were 
swimming, fishing, boating, and over- 
night camping. In 1979, over 23 mil- 
lion nontransient visitor days were re- 
corded. The total number of visitor 
days was nearly 38 million, the differ- 
ence between the two accounted for 
by transient use-pleasure driving. 

Except for the DER, the Pennsyl- 
vania Game Commission administers 
more recreation lands than any other 
State agency. By mid-1979 they 
owned 268 tracts totaling 1,207,978 
acres. The primary objective on 
Game Lands is to provide outdoor 
recreation in the form of sport hunt- 
ing. Concurrently, they try to provide 
compatible recreational activities 
such as birding, hiking, nature pho- 
tography, fishing, cross-country ski- 
ing, and controlled snowmobiling. 

Since the last forest survey of 
Pennsylvania, much of the State's 
acquisition and development of out- 
door recreation facilities has been 
stimulated by two State bond issues 
and, to a lesser extent, Federal fund- 
ing. The program began in 1964 when 
Pennsylvanians approved a $70 mil- 
lion bond, known as Project 70, to 
buy recreational lands in counties 
lacking park land and open space. 
Until 1964, most State Parks and 
Game Lands were in remote portions 
of the state. Project 70 focused on 43 
counties where 90 percent of the 
population lived, but where less than 
27 percent of the State lands were. Of 
the $70 million, $40 million was 
authorized for the purchase of State 
Park land and historical sites; $20 
million went to local governments on 
matching fund basis for parks and 
open space. The response from the 
municipalities was positive; to date 
over 400 projects occupying 163,000 
acres have been completed. Another 
$10 million from Project 70 was 
shared by the Game and Fish Com- 
mission for new lands and access 
areas to rivers, lakes, and streams 
(Schellenberg 1978). 

Also in 1964, the Federal Land 
and Water Conservation Fund Act 
was passed by Congress. Among 
other actions, this law provided for 
matching funds to States for the pur- 
chase and development of outdoor 



Whitewater raft ing on the Youghiogheny River can be a thri l l ing 
experience (Ohiopyle State Park, Fayette County). 

The Pennsylvania Fish Commis- 
sion's policy with Project funding 
was to improve fishing in all 67 
counties. Two new hatcheries were 
built and 10 existing hatcheries were 
renovated. These improvements 
coincided with monies spent on wa- 
ter quality improvement to greatly im- 
prove Pennsylvania's fishing. 

Capital funding from State bond 
issues will soon be exhausted. With- 
out these funds, land acquisitions by 
the State agencies wil l  be more diffi- 
cult. To meet the anticipated growth 
in outdoor recreation demand, the 
DER, Game Commission, and Fish 
Commission have been working to 
expand their landowner assistance 
and cooperative programs. Partici- 
pating owners receive the benefits of 
management and protection assis- 
tance. Certain programs permit pub- 
lic access to  the lands for recrea- 
tional pursuits. Expansion of the co- 
operative programs to include more 
owners of the laraest block of Doten- 

Western Pennsylvania Conservancy tial recreation lands will mean in- 
creased recreational opportunities 
for Pennsylvanians. 

recreation lands. This funding should 
be increasinalv im~o r t an t  in future 
years as cu r kn t  sources of capital 
are expended. Camping has great appeal in  Penn's Woods. 

Pennsylvania's second bond ref- 
erendum was passed in 1967. Known 
as Project 500, it provided $500 mil- 
lion primarily for the development of 
lands purchased under Project 70 
and for water quality improvement. 
Of the total, $200million went forout -  
door recreation projects, $200 mil l ion 
for abandoned mine reclamation, and 
$100 million for sewage plant con- 
struction. 

Many State Parks have opened 
since 1965 and many of the Parks 
under development have been a re- 
sult of the Project 70 and 500 money. 
The Pennsylvania Game Commis- 
sion's goal for i ts share of the funds 
has been to maximize the carrying 
capacity of wildlife on State Game 
Lands. So in addition to land pur- 
chases, money has been used for 
habitat improvement, waterfowl de- 
velopment, access road improve- 
ment, and game hatchery reserva- 
tions. Pennsylvania Bureau of Forestry 



The Allegheny National Forest 
accounts for three-fourths of the 
650,000 acres of federally managed 
land and water in Pennsylvania. 
Located on the scenic Allegheny Pla- 
teau in the northwestern corner of 
the state, the Forest attracts most of 
i ts visitors from western Pennsyl- 
vania and northeastern Ohio. The 
Allegheny National Forest is, how- 
ever, within a day's drive of many 
major northeastern and Canadian 
cities, making it accessible to mil- 
lions of  other people. 

The rr,ost popular activities on 
the Forest are czmping, hunting, me- 
chan~zed recreational travel, fishing, 
boating, and picnicking. Most of the 
developed recreational use and water 
activities occur on or along the edge 
of the Allegheny Reservoir, a U.S. 
Army Corps of Engineers project. In 
recent years, demand has stabilized 
for developed recreation and has in- 
creased for dispersed activities such 
as hiking, trailbiking, cross-country 
skiing, and snowshoeing. The Forest 
has responded by emphasizing fewer 
capital-intensive and more resource- 
based projects in its recreational pro- 
gram. Evidence of this is an increase 
in  trail construction. Roads and trails 
suitable for snowmobiling and cross- 
country skiing are being identified 
and marked. 

Two unique features of the Alle- 
gheny National Forest are the Hearts 
Content Tract and Tionesta Scenic 
and Research Natural Area. The Tion- 
esta is the largest virgin tract of tim- 
ber between the Smokey Mountains 
in the South, the Porcupine Moun- 
tains in Michigan, and the Adiron- 
dacks in New York. The Tionesta has 
two sections: the 2,018-acre Scenic 
Area where several trails allow visi- 
tors to walk through avirgin hemlock- 
beech forest; and the 2,113-acre Re- 
search Area where scientific study of 
the ecology of the virgin forest is 
conducted. 

Hearts Content is 122 acres rep- 
resentative of the virgin white pine- 
hemlock forest that once covered 
portions of the Allegheny Plateau. 

As a result of the USDA Forest 
Service's second Roadless Area Re- 

view and Evaluation (RARE II ), two 
areas in the Allegheny National For- 
est have been proposed for inclusion 
in the National Wilderness System. 
The 9,200-acre Tracy Ridge area and a 
group of eight islands are awaiting 
congressional action. 

Most other Federal recreation 
lands contain water impoundments. 
The USDA Soil Conservation Service 
has constructed small dams that are 
turned over to local concerns for 
management. Army Corps of En- 
gineers dams are usually much larg- 
er. Seven of the Corps' projects with 
recreational facilities are adjacent to 
a State Park; two projects are adja- 
cent to State Game Lands, and Rays- 
town, the largest reservoir in the 
state, is mostly within Rothrock State 
Forest. The National Park Service ad- 
ministers a large outdoor recreation 
zone-the Delaware Water Gap Na- 
tional Recreation Area. The Tocks 
Island dam and lake was to be a part 
of the recreation area, but the river 
section due to be flooded has been 
placed into the Wild and Scenic Riv- 
ers program. 

Pennsylvania is an active partici- 
pant in the national effort to recog- 
nize and protect the special recrea- 
tional value of portions of our river 
systems. The Federal effort, author- 
ized by the Wild and Scenic Rivers 
Act, of 1968, classifies rivers as 
"wild" (untouched in any way by 
civilization), "scenic" (basically un- 
developed but accessible by roads), 
or "recreational" (readily accessible, 
possibly with limited development, 
and that may have had some im- 
poundment or diversion). Portions of 
the Allegheny, Delaware, and Youghi- 
ogheny Rivers and Pine Creek are 
under consideration for inclusion in 
the National System. So far, only a 
stretch of the upper Delaware River 
has been given official status. 

Pennsylvania expanded the 
scope of the Federal plan in 1972, by 
enacting the Pennsylvania Scenic 
Rivers Act, which included the three 
Federal classifications and added a 
fourth-"modified recreationalM- 
where the river can be developed and 
the flow regulated by low dams. The 
State system uses public easements 

granted by landowners along the riv- 
er to allow access. Citizen commit- 
tees do most of the work in providing 
balanced recreational opportunities. 
Many streams and river sections are 
being inventoried and evaluated for 
inclusion in the State System. The 
Schuylkill River has been designated 
a Scenic River for almost its entire 
length. Stoney Creek has been desig- 
nated a Wild River. 

Forest Management 
Opportunities 

I s  There a Need t o  Manage the 
Forests? 

The forests of Pennsylvania to- 
day are generally not the result of for- 
est management but of the natural 
forces that regenerated the land after 
the extensive cutting and widespread 
fires that occurred during the early 
part of this century. The projections 
that we made for the next 30 years 
show timber volume continuing to in- 
crease under current management 
levels. The state appears to be ade- 
quately endowed with water, fish, 
wildlife, and recreation resources 
and opportunities. If most of this can- 
not be attributed to forest manage- 
ment, why should we discuss forest 
management opportunities? 

Part of the answer is that we can 
be misled by looking only at today's 
situation or what we may project for 
timber volume for the relatively near 
future. While nearly all forest re- 
sources are renewable, we must re- 
member how long it takes to renew 
these resources. Those who consider 
timber to be a crop, such as hay or 
corn, should realize that most hard- 
wood stands take 70 to 120 years to 
reach maturity. Since timber growing 
takes so long, careful and thoughtful 
planning and management can help 
ensure relatively steady, reliable sup- 
plies. The 40-year period prior to 1920 
included the harvesting of a tremen- 
dous amount of timber-a resource 
that required hundreds of years to 
accumulate. Many millions of acres 
of Pennsylvania's forest land will be 
maturing over the next 20 to 40 years. 
While a repeat of extensive, exploita- 
tive logging is unlikely, i t  is probable 



that much of the mature timber will 
be harvested. 

Presently in many areas of the 
state, forests that are harvested by 
clearcutting or killed by insects are 
not regenerating satisfactorily. Re- 
generation failures occur in both the 
Allegheny hardwood (Marquis 1974) 
and oak (Marquis et al. 1976 and 
Merritt 1979) areas of Pennsylvania. 
These failures might mean that no 
tree cover is revegetating the area; 
that only undesirable tree species 
such as striped maple (Acer pensyl- 
vanicum), pin cherry (Prunus pensyl- 
vanica), ailanthus (Ailanthus altis- 
sima), American beech, and black 
locust are regenerating the site; or 
that some desirable species are be- 
coming established at unsatisfactory 
stocking levels. While research is 
now being conducted on how to keep 
deer, acorn weevils, rodents, ferns, 
and other destructive agents from in- 
hibiting the establishment and de- 
velopment of desirable reproduction, 
these problems demonstrate a need 
for sound forest management. 

Besides the biological factors of 
time to maturity and regeneration 
problems there are socioeconomic 
factors affecting our 30-year timber 
projections (see Timber Outlook) that 
point to the need for forest manage- 
ment. For hardwoods we project a 
2.8-percent annual increase over the 
current level of removals. While this 
is our best estimate, it would certain- 
ly be low if greater demands are 
placed on the resource. Both national 
and international forces wil l  shape 
this demand. Pennsylvania's hard- 
wood timber is now reaching a size 
and quality that is well suited for 
manufacture into fine furniture. 
Europeans are very interested in this 
resource, and, if current trends hold 
true, may be importing even more oak 
than they are now (Kingsley and 
Powell 1979). In fact, a Belgian firm is 
constructing a secondary manufac- 
turing plant in Lock Haven that will 
require significant quantities of oak 
lumber. 

Demand for Pennsylvania's hard- 
woods for fuel by both the commer- 
cial and residential sectors no doubt 
wil l  increase. The state's forests 

would certainly contribute to the pro- 
posed national forest biomass ener- 
gy program (USDA For. Serv. 1980a). 
Also, the USDA Forest Service has 
predicted that at current prices, na- 
tional demand for softwood will out- 
strip supply (USDA For. Serv. 1980~) .  
To offset this deficit, greater empha- 
sis may be placed on utilizing hard- 
woods. These factors, independently 
or in combination, may result in sub- 
stantially higher timber removals 
than we project. 

Also, we should keep in mind 
that the rosy picture painted in our 
projections is for growing-stock vol- 
ume for all commercial species grow- 
ing on all commercial forest land. 
Much of this timber volume simply 
wil l  not be available to timber indus- 
try given the objectives of today's 
private landowner, harvesting tech- 
nology, and market conditions. Many 
private landowners never intend to 
cut and sell their timber. Further, 
much of the timber owned by people 
willing to cut is located in inaccessi- 
ble areas, on steep slopes, or along 
roads or streams where logging 
would detract from the scenery or 
damage the water resource. Not all of 
the projected timber volume will be 
of the desirable species or size that 
timber industries need. So any pro- 
jected surplus of growth over remov- 
als may not be the case for timber in- 
dustries that are seeking economical 
supplies of specific raw materials. 
Thus, forest industries are strong ad- 
vocates of increased levels of forest 
management on all commercial for- 
est-land ownerships. 

Another part of the answer as to 
why we discuss forest management 
opportunities is that many forest- 
land owners, regardless of national 
needs, what is "right" for the forest, 
or any other external considerations, 
may wish to enhance the benefits 
that their forest land can produce for 
them. Most private landowners see 
their situation in terms of immediate 
need; they do not perceive long-term 
management of forest land for timber 
to be in their self-interest. Many land- 
owners are interested in the income 
derived from timber sales or in 
money saved by providing their own 
firewood, but they need more than 

these economic stimulants to moti- 
vate them to manage their forests. 
They need to feel that management 
would enhance the other benefits de- 
rived from owning forest land-bene- 
f i ts such as a diverse songbird popu- 
lation, a scenic view, an unpolluted 
and productive trout stream, a well- 
used deer trail, or a solitary retreat 
where they can find some peace and 
quiet. 

Forest management can be used 
to  enhance these and many other 
tangible and intangible benefits that 
landowners perceive to be in their 
personal interest. For those landown- 
ers who have written or unwritten ob.. 
jectives and goals that they wish to 
realize from their forest land-be 
they esthetic enjoyment, plentiful 
wildlife, clean and reliable water sup- 
plies, wilderness experiences, or 
quality sawtimber trees-some dis- 
cussion of forest management op- 
portunities is desirable. 

Because owner objectives are so 
diverse and the combinations of po- 
tential forest benefits so numerous, 
we will discuss only a few of the 
more common and applicable man- 
agement opportunities. However, 
most of the various resources and 
benefits are related. Management for 
a certain benefit or series of benefits 
usually results in the production of 
other benefits as well. 

Basic Features of Forest Sites 

Before looking at opportunities 
directed at creating or enhancing 
specific benefits, there are two cri- 
teria worth mentioning that have 
some impact on all of the various op- 
portunities: potential site productivi- 
ty and size of tract. 

Potential site productivity is an 
estimate of how much timber volume 
an acre of forest land could produce 
at the culmination of mean annual in- 
crement if i t  were fully stocked with 
growing-stock trees. While the four 
classes that we normally use specify 
a range of annual growth in cubic 
feet, we recommend that the four 
classes be used only as relative indi- 
cators of site quality. 



Knowing which sites are more 
productive than others has many 
uses. From the point of view of forest 
industry, for example, the better sites 
wil l  grow more timber in less time 
with less cost. Highly productive 
sites would thus receive top priority 
for management. For owners inter- 
ested in managing land for diverse 
wildlife habitats, knowing which 
areas will react the fastest to cutting 
or other vegetation manipulation may 
influence his or her choice of areas to  
work in as well as the timing. Private 
landowners of 10 acres or more of 
contiguous forest land can receive 
preferential assessment of their land 
for tax purposes based on their 
land's productivity (see discussion of 
Act 317, the Clean and Green Law, 
undersoils). 

Among major ownership groups, 
forest industry lands have the high- 
est site quality, followed in descend- 
ing order by other private, National 
Forest, and other public. One might 
expect this since forest industries 
would make a conscious effort to ac- 
quire lands with the greatest poten- 
tial for growing timber. The low rank- 
ing of the public agencies, generally 
the Bureau of Forestry, the Game 
Commission, and the USDA Forest 
Service, also is not surprising. Much 
of the forest land that they ad- 
minister was purchased in tax sales 
after it was cut and burned over and 
found to be of little use. Much of this 
land occupies hillsides and ridges 
and generally is less productive than 
lower slope or bottomland sites. 

The five forest-type groups that 
account for nearly 100 percent of the 
commercial forest land in the state 
vary in average site qualities. In order 
of decreasing potential they are: 
white and red pine, northern hard- 
woods, elmlashlred maple, aspen1 
birch, and oaklhickory. The major rea- 
son for this relates to water as a limit- 
ing factor. Many of the white and red 
pine, northern hardwoods, and 
elmlashlred maple types occur either 
in areas that receive greater than 
average annual precipitation or on 
sites where adequate water is availa- 
ble throughout the growing season 
(e.g., lower slopes, bottomland, and 
streamsides). The oaklhickory types 

usually are found on drier sites (e.g., 
mid to upper slopes and ridges) and 
therefore, are not as productive. 

Site quality also varies from one 
geographic unit to another. The 
Western Unit has the best potential 
fo l lowed by the Southwestern, 
Southeastern, Northeastern, Al- 
legheny, North-Central, South-Cen- 
tral, and Pocono Units. This ranking 
generally follows the distribution of 
soils based on their potential for 
growing timber (see p. 51). This is 
most interesting because the West- 
ern Unit currently has the lowest vol- 
ume and growth per acre of all of the 
units. Opportunities for forest man- 
agement seem to have the greatest 
potential in that part of the state. 

Size of tract is an estimate of the 
extent of a forested tract of the same 
general management condition-for- 
est type (softwood versus hardwood) 
and stand size. I ts economic value of- 
ten depends on the type of forest that 
one is managing. Some say that any 
tract less than 50 acres is too small to 
yield a profitable return, but the own- 
er of a 15-acre tract of high-value tim- 
ber may not agree. 

Certainly, size of tract has many 
management implications. Some 
species of wildlife such as black bear 
require extensive and unbroken areas 
of forest land. People interested in a 
wilderness experience will avoid 
areas that have been split into many 
small tracts. Watershed management 
for stable yields of  clean water is 
made easier if most of the watershed 
is forested. Management for a variety 
of forest benefits is influenced by 
size of tract. 

Overall, 60 percent of the com- 
mercial forest land (excluding State 
and National Forests) is in tracts of 1 
to  50 acres, 20 percent in tracts of 51 
to  100 acres, 14 percent in tracts of 
101 to  500 acres, and 6 percent in 
tracts of 500 acres or more. These 
proportions hold true for sawtimber 
and poletimber stands, but 84 per- 
cent of sapling-seedling st.ands and 
nonstocked areas are in tracts of 50 
acres or less. This would be expected 
since most of these stands result 
from heavy cutting or farm abandon- 

ment, and neither tends to occur in 
large blocks. 

Variation between units is great 
(Fig. 28). At one extreme is the Al- 
legheny Unit with 38 percent of its 
forest land in tracts over 100 acres. At 
the other extreme is the Southeast- 
ern Unit with only 4 percent of i ts for- 
est land in tracts over 100 acres. This 
indicates that access to woodlots 
probably is good in the southeast, 
which favors certain kinds of timber 
harvesting and recreational oppor- 
tunities, but precludes management 
for black bear habitat or wilderness 
experience. Size of tract is helpful in 
identifying practical forest manage- 
ment opportunities. 

Opportunities for Enhancing Various 
Benefits 

Although managing forest land 
for multiple benefits is most com- 
mon, (and, usually hard to  avoid), to  
simplify our discussion we will deal 
individually with some of the princi- 
pal benefits and identify possible op- 
portunities which forest-land owners 
can use to  increase these benefits. 

Wood fiber, whether for saw- 
logs, pulpwood, firewoods, chips, or 
some other product, is one of Penn- 
sylvania's foremost forest resources. 
Although net growth is more than 
twice removals and inventories are 
increasing each year, there are op- 
portunities to increase timber yields 
and improve timber quality for those 
landowners who may wish to do so. 

One approach is to increase net 
growth by reducing cull increment 
and mortality (the two factors that re- 
duce gross growth to  net growth). 
For the period from 1964 to  1977, the 
annual loss due to  cull increment 
was 40 million cubic feet and the an- 
nual loss due mortality was 105 mil- 
l ion cubic feet. Much of this loss is 
diff icult to  control, and anything less 
than intensive forest management 
wil l  not affect i t  appreciably. Manage- 
ment can be useful in reducing 
losses from the three major causes 
of mortality and cull increment: wild- 
fire, disease, and insect attack. 
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Figure 28.-Size-of-tract distribution in Pennsylvania, by geographic unit 
(State and National Forest data are not included). 

Fire protection has been very 
successful in the last 60 years 
(Haines et al. 1978). The total number 
of  forest fires and acres burned de- 
creased, and the number of fires larg- 
er than 10 acres fell significantly. 
Most fires occur in the eastern and 
south-central counties, but the distri- 
bution is not even. The major threat 
of fire begins in mid-March, peaks in 
April, and ends in mid-June. There is 
a second, less severe, fire season 
that begins in early October and ends 
in late November. Campfires no 
longer are the major cause of wild- 
fires in Pennsylvania-incendiarism 
is. In 1980, 684 fires were set de- 
liberately, and they burned 3,604 
acres. This accounted for 35 percent 
of the 1,860 fires that year, fires 
which burned a total of 8,562 acres 
(Pa. For. 1981). 

Since most wildfires are caused 
by man, there are some steps that 
landowners can take to prevent such 
fires on their land. One approach is 

through education-of themselves 
and the people who may use their for- 
est land. With incendiarism as preva- 
lent as i t  is, good public relations 
with neighbors and users is impor- 
tant. Also, the Pennsylvania Forestry 
Association has established a fund 
that will pay up to $100 for informa- 
t ion leading to the arrest and convic- 
t ion of anyone who maliciously sets a 
forest fire in Pennsylvania. A $500 re- 
ward is offered by the Bureau of For- 
estry. 

Vigilance is crucial. Owners 
should learn to recognize and elimi- 
nate hazardous conditions, both nat- 
ural and manmade. Owners can clean 
out heavy accumulations of dead and 
fallen trees and remove debris along 
roads or in use areas. Any burning of 
debris such as leaves or brush 
should be done carefully, and only af- 
ter consulting local forestry officials 
on fire danger conditions. Debris 
burning is a major cause of wildfire in 
Pennsylvania. Roads and trails can 

be constructed to  open inaccessible 
areas and to serve as barriers to the 
spread of a fire. Safety strips around 
public use areas, railroad rights-of- 
way, public access roads are other 
means of preventing fire. 

Not all fire is harmful to  forests. 
Skilled application of acontrolled fire 
can reduce hazardous accumulations 
of fuel, help control insects and dis- 
ease, prepare planting sites, elimi- 
nate undesirable plant species, and 
improve wildlife habitat. Such pre- 
scribed burning should be planned 
and conducted only by people 
trained in the use of this manage- 
ment tool. 

Disease of forest trees contri- 
butes much to cull increment and 
mortality. There are many diseases 
that infect hardwood species, but the 
major problems result from heart 
rots, root rots, and stem cankers. 
Most diseases enter a tree through 
an infection court such as a scar, a 



branch stub, o ra  stump. Fire is close- 
ly related to disease in that it dam- 
ages many hardwoods by burning 
away enough of the bark to create en- 
trances for disease. Decay is com- 
mon in trees that originated from 
sprouting high on a stump. 

Several management activities 
can reduce the impact of disease. 
Maintaining a healthy, vigorous, and 
fast-growing stand will be beneficial. 
The faster a tree grows, the sooner 
open wounds will heal and the short- 
er time such wounds will be suscepti- 
ble to attack. Improvement cuts to 
eliminate diseased trees and thin- 
nings to stimulate growth will help. 
Eliminating decayed trees and shift- 
ing the growth potential to sound 
trees will result in a higher usable 
yield of wood volume at the time of fi- 
nal harvest. In selecting a potential 
crop tree from a group of sprouts, 
choose the stem that has a low origin 
(at or below ground level) and is as- 
serting dominance. When cutting 
trees, keep stumps as low as possi- 
ble to minimize high-stump sprout- 
ing. 

Insect pests also create prob- 
lems in certain areas. In the 1960's, 
mortality increased in many, oak 
stands in central Pennsylvania after 
attacks by an oak leaftier, and oak 
leafrollers, followed by the two-lined 
chestnut borer. But current concern 
centers on the gypsy moth. 

During the 1970's, gypsy moth 
populations increased, collapsed, 
and increased again. Infestation is 
spreading west through the state, but 
areas being hit hardest are in central 
and eastern Pennsylvania. The gypsy 
moth has been present in 5 million 
acres of forest land affecting 38 
counties. As of 1980 the infested area 
covered about 36 percent of the total 
susceptible forest area of mixed oak 
stands (Nichols 1980). Over a 5-year 
period (1972 to 1976), the average 
mortality in gypsy moth infested 
stands in Pike and Monroe Counties 
was 13 percent (Gansner and Herrick 
1979). Jim Nichols, Division Chief of 
the Pennsylvania Bureau of Forestry 
Division of Forest Pest Management, 
estimates that heavily infested areas 
have experienced 20 percent mortali- 

ty over the last 10 years (personal 
communication). For the state as a 
whole, our survey data show that an- 
nual mortality of oak is only 0.7 per- 
cent or about 7 percent over 10 years. 
This indicates that mortality result- 
ing from gypsy moth damage is not 
severe statewide. It is, however, a 
serious problem in local situations, 
undoubtedly reducing the growth of 
oak trees that are not killed. 

Attempts to control gypsy moth 
generally have been ineffective. 
Methods have included spraying and 
trapping the moth, and releasing 
predators and parasites that feed on 
the moth. The main reason why these 
methods are not working well is that 
they do not alter the current stand 
conditions that favor the gypsy moth. 
Logging followed by fires and the 

chestnut blight at the turn of the cen- 
tury have created millions of acres of 
relatively even-aged stands com- 
posed primarily of oak. 

Gypsy moth is expected to con- 
tinue to spread across Pennsylvania. 
The oak forests will continue to lose 
both growth and standing volume to 
this insect over the next several dec- 
ades. 

Regulating forest composition 
through management promises to be 
a most effective method of protect- 
ing forests from gypsy moth (Knight 
and Heikkenen 1980), as different 
tree species vary in susceptibility to 
defoliation. The following is a list of 
tree species by gypsy moth food pref- 
erence class (adapted from Houston 
and Valentine 1977): 

Gypsy moth defoliation has turned this late spring scene into one 
resembling midwinter. 



Most preferred 

Class 1 Class 3 

Chestnut oak Alder 
White oak American bass- 

wood 

Class 2 Apple 
Bigtooth aspen 

Black oak Gray birch 
Northern red Paper birch 

oak Post oak 
Scarlet oak Quaking aspen 

Intermediate 

Class 4 

American beech 
American chestnut 
American elm 
American hornbean 
Black cherry 
Blackgum 
Black walnut 
Butternut 
Common persim- 

mon 
Cucumbertree 
Eastern hemlock 
Eastern hop- 

horn bean 

Flowering 
dogwood 

Hackberry 
Hickory 
Pitch pine 
Red maple 
Red pine 
Sassafras 
Slippery elm 
Sugar maple 
Table-Mountain 

pine 
Virginia pine 
Witch-hazel 

Least preferred 

Class 5 

Black locust 
Eastern red- 

cedar 
Red spruce 
Scotch pine 
White ash 
Yellow-poplar 

Such opportunities obviously are 
not appropriate for extensive tracts 
of oak, especially since many sites 
are particularly well suited to grow- 
ing oak. In such instances, maintain- 
ing good stocking and normal distri- 
bution of age classes, removing sup- 
pressed and overmature oaks, devel- 
oping a ground cover of seedlings, 
and protecting against fire and graz- 
ing should lessen adverse impacts 
from the gypsy moth. 

Sometimes there is little the 
landowner can do to reduce mortality 

on his or her forest land. If the area 
should sustain heavy mortality and 
there are markets available, salvaging 
the dead material before it becomes 
unusable will allow at least some- 
thing to be recouped from the loss. 
There may be difficulties where ac- 
cess to dead material is inadequate 
or where the dead material is scat- 
tered throughout the stand. However, 
where possible, salvage is an impor- 
tant t imber management practice 
that merits consideration. 

Much research has been con- 
ducted on the silviculture (the devel- 
opment and care of forests) of 
oaklhickory, Allegheny hardwood 
(cherrylmaple), and northern hard- 
wood forests (Roach and Gingrich 
1968; Sander 1978; Marquis et al. 
1975; Roach 1977; Marquis 1979; Ben- 

nett and Armstrong 1981; Leak et al. 
1969). A basic principal mentioned 
frequently in this research is that by 
properly adjusting the stocking of 
stands, wood production can be 
maximized on usable trees. The idea 
is to first eliminate the cull trees from 
the stand and then to adjust the 
stocking of the remaining trees so 
that the stand is growing at i ts opti- 
mal rate, concentrating the full 
growth potential on the smallest 
number of trees. This stocking level 
actually occurs over a relatively 
broad range of conditions, but for 
production of high-quality sawtimber 
trees it is usually in the range that Re- 
sources Evaluation calls medium 
stocking (60 to 99 percent). 

In general, the forests of Penn- 
sylvania are at least adequately 
stocked (Fig. 29). Only about 4 per- 
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Figure 29.-Comparison of stocking of 
all live trees versus growing-stock trees 
only. 
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cent is poorly stocked, but 77 percent Defective trees, such as this beech, take 
is more than mediumstocked. If the UP growing space that healthy trees 

cull trees were removed from the could be using, yet they provide valuable 
shelter for cavity-using wildlife species. 

stands so that onlv arowina-stock 
trees were left, mkdyum sibcking 
would immediately improve from 19 
t o  39 percent of the area(Fig. 29). The 
proportion of poorly stocked stands 
would increase to 12 percent, and the 
proportion of fully and overstocked 
stands would drop to  49 percent. This 
identifies cull removal as a forest 
management practice that can im- 
prove the stocking needed for maxi- 
mum wood production. Total removal 
of  cull trees can adversely affect the 
wildlife resource, as is discussed 
later. 

After removing the culls, there 
sti l l  remains about 7 million acres of 
commercial forest land (excluding 
State and National Forest land) that 
could be thinned from full or over- 
stocking to medium stocking. This 
would release the remaining trees to 
grow faster and yield the landowner 
some financial return if the thinnings 
can be marketed as sawlogs, pulp- 
wood, firewood, or some other timber 
product. 

Timber growth on many of the 
unmanaged forests in the state could 
be enhanced by some type of 
planned cutting. For use as lumber, 
almost one in six live trees over 5 
inches in diameter is classed as 
rough cull or rotten cull. There is 
more than 1.8 billion net cubic feet of 
volume in these cull trees alone. This 
volume is equal to nearly 23 million 
cords of potential firewood. Even af- 
ter excluding from this estimate the 
significant portion of trees that 
should be left uncut because of their 
value for wildlife, there remains size- 
able fuelwood potential. Besides cull 
trees there is the potential to  recover 
for fuel the unused material left in the 
woods after the merchantable trees 
have been cut and the usuable vol- 
ume removed, the wood that may be 
buried or burned onsite as the by- 
product of land clearing, and the 
wood from dead trees that are not 
needed by wildlife. 

Assuming that oil, gas, and coal 
prices will continue to  rise, the use of 
wood as a renewable alternative fuel 

Pennsylvania Bureau 

wil l  intensify. Pennsylvania's forests 
are in a favorable position to meet 
part of this increasing demand. The 
potential supply of fuelwood seems 
plentiful, and the production of other 
forest resources, especially other 
types of timber products, can be in- 
creased substantially if the fuelwood 
is harvested according to sound for- 
estry practices. So there are oppor- 
tunities to  improve the quality and 
productivity of Penn's Woods while 
helping people meet some of their 
fundamental energy needs. 

To gain a general picture of the 
timber management practices need- 
ed in Penn's Woods, our field crews 
placed each forested ground plot 
they measured into one of seven 
recommended treatment classes 
(see Appendix for treatment class 
definitions). Statewide, the most 
common condition was that the 
stand was growing satisfactorily and 
required no treatment; these stands 

of Forestry 

covered 5.5 million acres or 40 per- 
cent of the commercial forest land 
excluding State and National For- 
ests. The other six classes and their 
percentages in decreasing impor- 
tance are: timber stand improvement, 
16 percent; stand mature and ready 
to  be harvested and regenerated, 13 
percent; improvement cut, 11 per- 
cent; stand conversion, 9 percent; 
thinning, 6 percent; and remove cur- 
rent stand and regenerate, 5 percent. 

There are interesting variations 
from this statewide average when the 
same information is shown by ge- 
ographic unit (Fig. 30). For instance, 
in  the Northeastern Unit, only 17 per- 
cent of the stands need no treatment, 
but 31 percent need thinning. The 
South-Central Unit seems relatively 
well off with 60 percent of its stands 
needing no treatment. But this unit 
has the greatest proportion needing 
improvement cuts-17 percent. In 
the Southwestern Unit, nearly one- 
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Figure 30.-Percentage of commercial forest land (exclud~ng State and 
Nat~onal Forests) in  each geographic unit, by recommended treatment 
class. 

fpurth of the forests are ready for har- 
vesting; this statistic is supported by 
the high percentage of sawtimber 
stands and high volumes per acre 
that are found in the region. The Al- 
legheny and North-Central Units 
show the greatest need forTSI. 

When the data are organized by 
forest-type group, "stand in good 
condition" is the most prevalent 
class for all type groups. The white 
and red pine group shows the great- 
est need for thinning. Many planta- 
t ions are at the stage where produc- 
tion will stagnate unless the better 
trees are given more room to grow. 
Sixteen percent of the oaklhickory 
stands are mature and ready for 
regeneration, but only 10 percent of 
the northern hardwood stands are in 
this condition. Twenty-one percent of 
the northern hardwood stands need 
some TSI. In the aspentbirch group, 
nearly one-third of the stands could 
be improved by converting the stand 
to  a more productive forest type. This 

is indicative of the transitory nature 
of the aspenlbirch types in Pennsyl- 
vania. 

This discussion of recommend- 
ed treatment opportunities is no sub- 
stitute for an on-the-ground inspec- 
t ion by a professional forester. The 
Bureau of Forestry, USDA Forest 
Service, USDA Soil Conservation 
Service, forest industries, and private 
consultants are some of the most im- 
portant agencies or people a land- 
owner can turn to for assistance on 
all aspects of forest management. 
Our field crews provided this in- 
formation to portray broad manage- 
ment opportunities for timber pro- 
duction only at this extensive level. 

Another important way in which 
a landowner can increase the amount 
of wood from his or her land is to 
strive for greater utilization when 
trees are cut. This means using the 
logging residues, such as branches 
and other wood above the merchanta- 

ble bole, as much as possible. Materi- 
al that is unacceptable for pulpwood 
may be useful for firewood. And if not 
useful for firewood, perhaps it can be 
chipped for pulp, fuel, mulch, bed- 
ding, or any of the many uses that 
cellulose has. Often it is not econom- 
ical to  use residues because of high 
costs of extracting and transporting 
the material. But over the past few 
years there has been a growing ap- 
preciation by loggers and wood 
processors of this previously ignored 
resource, and utilization rates have 
been improving (Wharton and Bones 
1 980). 

Management practices to en- 
hance wildlife benefits from forest 
land may be closely related to  those 
used to increase wood production. 
Growing wood fiber requires periodic 
cultural treatments. During this cycle 
of  cutt ing and regeneration, wildlife 
habitat is affected (see the earlierdis- 
cussion of habitat manipulation un- 
der Wildlife). Timber management 



can be compatible with wildlife habi- 
tat management (Roach 1974). The 
landowner could receive income by 
managing for timber and at the same 
time enhance the necessary food and 
shelter requirements for a variety of 
wildlife species. This dual approach 
may be particularly appealing to the 
many hunting and fishing clubs that 
own approximately 556,000 acres of 
forest land in Pennsylvania (Dennis 
and Birch 1980). 

This is not to say that all timber 
cutt ing is necessarily good for wild- 
life. The landowner or forest manager 
concerned with both timber and wild- 
l i fe needs to be aware of the impacts 
of timber management on wildlife, 
and may need to make certain modifi- 
cations in the usual timber manage- 
ment practices. For example, timber 
management practices usually are 
carried out on blocks of forest land or 
stands, some of which may be too 
large to maximize habitat diversity. 

While one 15-acre clearcut may mean 
low administration costs and good 
regeneration of desirable shade-intol- 
erant tree species, five 3-acre open- 
ings in the forest will do much more 
to  create diversified conditions and 
more edge for a wide assortment of 
animal species. 

Another possible conflict be- 
tween timber and wildlife manage- 
ment, and one that has received 
greater attention with the recent in- 
crease in cutting trees for firewood, 
is the removal of cull or dead trees. 
From a strict wood production view- 
point, all cull trees should be re- 
moved as they are unproductive and 
take up valuable space that could be 
used by healthy and rapidly growing 
trees. Firewood cutters, seeking to 
assist timber growers, normally use 
cull and dead trees if they are not too 
rotten. From the wildlife viewpoint, 
such trees often provide cavities that 
are used for nesting, escape, winter 

At a tlme when other food may be scarce, browse from the tops of trees 
harvested In late fall or wlnter IS especially beneflc~al to deer 

cover, and food seeking and storage. 
Rather than removing these trees, 
certain actions can be taken to im- 
prove and expand this particularly 
valuable wildlife habitat (Evans and 
Conner 1979). The trade-offs and val- 
ues involved in managing woodland 
for wildlife and firewood were dis- 
cussed by Carey and Gill (1980). 

Rotten cull trees often are good 
den trees for cavity nesting wildlife. 
An average acre of Pennsylvania for- 
est land contains about six rotten 
trees over 5 inches in diameter; the 
range is four in the Southeastern Unit 
to  nine in the Allegheny Unit. Red ma- 
ple makes up the greatest proportion 
of the state's rotten trees with 19 per- 
cent, followed by oaks with 16 per- 
cent, beech with 10, black locust with 
8, sugar maple with 7, and black 
cherry and sweet birch with 6 each. 

There are fewer cull trees now 
than in 1965. but there are still more 
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A cavity or hollow at the base of a tree can provide adequate shelter for 
nesting birds. 

than enough to support populations 
of the 33 kinds of birds and 17 mam- 
mal species that make some use of 
tree cavities and space under loose 
bark or crevices between surface 
roots (Hassinger 1980). 

There also are opportunities for 
management that favors mature, 
mast-producing trees. Here is how 
the major mast-producing species in 
Pennsylvania rank in percentage of 
numbers of sawtimber trees: 

Percent of 
Species al l  species 

oak 39 
black cherry 9 
beech 4 
tiickory 3 

Total 55 

While it is comforting to realize 
that such a high percentage of the 
state's sawtimber trees are valuable 
food products for wildlife, there are 

many stands in which stocking can 
be increased by sound forest man- 
agement. Management also can favor 
other species of trees, shrubs, and 
vines that many animals depend on 
for food and cover. 

Esthetic enjoyment of forest 
land is the most important single 
benefit that private landowners de- 
rived in the last 5 years and the one 
that they expect will be the most im- 
portant over the next 5 years (Birch 
and Dennis 1980). Natural stand de- 
velopment, particularly as the trees 
become relatively large in diameter 
and height, can produce stands that 
are scenic and attractive. But there 
are a variety of management prac- 
tices that can be applied to forest 
land to enhance the esthetic enjoy- 
ment derived from viewing wooded 
environments. In fact, managed 
stands generally have been found to  
be more attractive than unmanaged 
stands (Brush 1979). 
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The aspect of forest esthetics 
that managers can control most easi- 
ly is the structure of forest stands. 
Three-dimensional spaces can be 
shaped by varying stand density and 
canopy height. A variety of forest 
spaces are possible, ranging from 
open clearings to dense thickets. To 
produce forests containing an attrac- 
tive mixture of stands with a variety 
of sizes, ages, height, and species 
compositions required some form of 
even-age management. Timber pro- 
duction and wildlife habitat manage- 
ment are compatible with this ap- 
proach. 

Openings are very important in 
this type of forest landscape. The 
number, size, shape, orientation, 
spacing, and timing of openings 
leaves the landowner or manager 
with great flexibility in enhancing the 
esthetic characteristics of the land- 
scape (USDA For. Serv. 1980b). Gen- 
erally, the shape of an opening is 



more pleasing if i t  is free form and 
not geometrical. The edges should 
be feathered (partial cutt ing of trees 
near edge to create a transition in 
heights between areas) so that the 
openings will blend well with the sur- 
rounding area. It is helpful to retain 
some residual trees in an opening, 
either in groups or uniformly across 
the areas. In some instances it may 
be important to reduce the visibility 
of openings (especially during the 
first year or two until they revegetate 
satisfactorily) through the use of 
screening or by taking advantage of 
the satural topography. In other in- 
stances, openings can be used to 
create or enhance scenic vistas of 
meadows, lakes, streams, rock for- 
mations, or distant views. Roadside 
or trailside openings can be appropri- 
ate for this use. 

Another type of landscape which 
can be created by the selection sys- 
tem of management is an unbroken 
forest with a high percentage of large 
trees (18 to 30 inches in dbh) In mix- 
ture with smaller trees. Large stems 
are attractive to many people, but un- 
less they are already present in the 
stand it will take many decades for 
them to develop. If timber production 
also is a goal, the normal age used to 
select trees for cutting will need to 

be increased so as to grow trees to 
larger size before individual stems 
can be harvested. A minimum of 20 
years extension normally is required 
to  achieve a significant increase in 
the size of hardwoods. This type of 
landscape should be limited to rela- 
tively short segments along vehicular 
routes to eliminate the almost certain 
monotony that would otherwise re- 
sult. 

Cutting and logging are effective 
tools in esthetic forest management, 
but they also can result in temporari- 
ly unsightly conditions. Logging and 
skid roads should be carefully 
planned, constructed, maintained, 
and eventually revegetated unless 
permanent access is desired. Log- 
ging equipment should be compati- 
ble with the site conditions. For ex- 
ample, rubber-tired skidders should 
not be used on compactible soils or 
during seasons when deep rutting 
can occur. Also, one can use several 
treatments to reduce the negative 
visual impact of logging residues. 
These include complete removal, 
chipping, lopping with or without 
scattering, and piling or yarding with 
or without burning. Burning should 
be done only under the strictest con- 
trols and must be in conformance 
with local laws and ordinances. 

A scenic overlook can be created by planned cutt ing of an area or a 
specif ic group of trees (Cowans Gap State Park, Fulton County). 
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Property owners can commit all 
or part of their forest land to  scenic 
easements. An easement is a legal 
agreement between the owner and a 
conservat ion organization. The 
owner agrees to establish certain re- 
strictions over the property. Ex- 
amples would be restrictions against 
the removal of all trees; the use of 
eased lands as a landfill, a quarry, or 
a mineral excavation site; and future 
building construction. The restric- 
t ions in each easement agreement re- 
flect the desires of the property 
owner. The conservation organiza- 
t ion agrees to regularly inspect the 
eased areas for any violation and to 
ensure that conditions of the agree- 
ment are met. Besides the benefits of 
conservation, easements offer the 
opportunity to gain benefits through 
charitable income tax donations and 
the reduction of inheritance taxes 
without the sale or loss of land. 

Recreation and wilderness man- 
agement of forest land usually are 
closely associated with esthetic 
management since walking or driving 
through an area is one of the most 
popular outdoor recreational activi- 
ties. Hunting, fishing, birdwatching, 
and outdoor photography are tied to 
wildlife habitat management. 

Opportunities for enhancing rec- 
reational or wilderness values are 
closely related to size, location, and 
condition of the forested area as well 
as its proximity to roads and the 
sights and sounds of man's activi- 
ties. From the earlier discussion on 
size of tract, we saw that there are 
relatively few large, unbroken, tracts 
of forest land (Fig. 28). Although 
most lands best suited for wilderness 
experiences are in State Forests or 
the Allegheny National Forest and 
are managed as such by the Bureau 
of Forestry and the USDA Forest 
Service, there are some large and re- 
mote privately owned forested tracts 
that could be managed for wilder- 
ness values. Such a management 
strategy is more a matter of manag- 
ing use (people) than managing the 
physical resource (Hendee et al. 
1978). Smaller and more accessible 
tracts could be managed for dis- 
persed recreation activities such as 
hiking, camping, cross-country ski- 



ing, and snowmobiling. And many 
landowners find real recreational 
value in simply managing their wood- 
land for other forest benefits, such as 
timber or firewood production. The 
835 Tree Farmers who manage 
576,262 acres of forest land in Penn- 
sylvania can testify to this (personnel 
communication, Linda Rosenberg, 
American Fbrest Institute). 

This discussion of forest man- 
agement opportunities has looked at 
some of the many ways to enhance 
wood fiber production, wildlife habi- 
tat, esthetics, and recreational ex- 
periences, and has mentioned a few 
of the multiple-benefit combinations 
that can result. But it has not pro- 
vided an example of how a landowner 
can manage his woodland for many 
different benefits at the same time. 
One example that serves this pur- 
pose well is the woodland manage- 
ment plan that is being implemented 
on the East Woods tract of the Tyler 
Arboretum in central Delaware 
County (Arnold 1979; Montgomery 
1 980). 

This 93-acre tract is a showcase 
for demonstrating how landowners, 
through the proper application of sil- 
viculture, can integrate timber pro- 
duction with wildlife, esthetic, and 
recreational values. A management 
plan was prepared by Bureau of For- 
estry service forester in conjunction 
with arboretum officials. The area 
was inventoried and divided into 
seven distinct stands-each to be 
managed for specific objectives. Af- 
ter trees to be removed to  meet these 
objectives were marked, a logger was 
brought in to harvest sawlogs and 
firewood. The logging was done fol- 
lowing proper environmental guide- 
lines. The sawlogs were sold, the fire- 
wood was distributed at a reduced 
price to members of the arboretum, 
and the logged areas are now nearly 
unrecognizable as such. Wood prod- 
ucts were removed at a profit, esthe- 
t ic values were enhanced, wildlife 
habitats were created or improved, 
the water quality of the watershed 
was maintained at a high level, and 
hiking and interpretive trails were 
constructed to  enable people to see 
how forest management can provide 
all of these benefits. 

In conclusion, we have identi- 
fied many of the numerous oppor- 
tunities that exist for landowners to 
manage their properties to meet their 
personal objectives. If our society 
continues to make increased de- 
mands on Pennsylvania's forests, 
there are many opportunities to man- 
age these renewable forest re- 
sources to meet these needs. The 
Commonwealth's forests are resili- 
ent and dynamic. With proper man- 
agement, they should continue to 
provide plentiful and desirable uses 
and benefits that our society has be- 
come accustomed to. 
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Appendix 

Definition of tetms 

Accretion. The estimated net 
growth of growing-stock trees that 
were measured during the previous 
inventory, divided by the length of 
the period between surveys. It in- 
cludes the growth on trees that were 
cut during the period, plus those 
trees that died and were used. 

Annual mortality trend level. The 
estimated mortality of growing stock 
or sawtimber for a specific year (1977 
for Pennsylvania) based on average 
rates of diameter growth and mortal- 
ity for the period. This estimate is 
consistent with the average annual 
change during the period between 
surveys and with the current inven- 
tory. 

Annual net growth trend level. 
The estimated growth of growing 
stock or sawtimber for a specific year 
(1977 for Pennsylvania) based on 
average rates of diameter growth and 
mortality for the period. This esti- 
mate is consistent with the average 
annual change during the period be- 
tween surveys and with the current 
inventory. 

Annual removals trend level. The 
estimated removals of growing stock 
or sawtimber for a specific year (1977 
for Pennsylvania) obtained from a 
trend line for the period. This line is 
established by fitting a curve to 
actual removals data for several years 
during the period. The actual re- 
movals for the year given can vary 
from the trend estimate because of 
fluctuations in market conditions and 
other factors. 

Average annual net growth. The 
change, resulting from natural 
causes, in growing-stock or saw- 
timber volume of sound wood in 
growing-stock or sawtimber trees 
during the period between surveys, 
divided by the length of the period. 
Components of average annual net 
growth include the increment in net 
volume of trees that are present at 
the beginning of the period and that 
survive to the end (accretion), plus 
average annual ingrowth, minus aver- 
age annual mortality, and minus the 
net volume of trees that became 
rough or rotten during the period (cull 
increment). 

Average annual removals. The 
net growing-stock or sawtimber vol- 
ume of trees harvested or killed in 
logging, cultural operations-such 
as timber stand improvement-or 
land clearing, and also the net grow- 
ing-stock or sawtimber volume of 
trees neither harvested nor killed but 
growing on land which was reclassi- 
fied from commercial forest land to 
noncommercial forest land during 
the period between surveys. This vol- 
ume is divided by the length of the 
~e r iod .  

Board foot. A unit of lumber 
measurement 1 foot long, 1 foot 
wide, and 1 inch thick, or its equiva- 
lent. 

Coarse residues. Manufacturing 
residues suitable for chipping, such 
as slabs, edgings, and veneer cores. 

Commercial forest land. Forest 
land producing or capable of produc- 
ing crops of industrial wood (more 
than 20 cubic feet per acre per year) 
and not withdrawn from timber utili- 
zation. 

Commercial species. Tree spe- 
cies presently or prospectively suit- 
able for industrial wood products. Ex- 
cludes species of typically small 
size, poor form, or inferior quality, 
such as hawthorn and sumac. 

County and municipal lands. 
Lands owned by counties and local 
public agencies or municipalities or 
leased to them for 50 years or more. 

Cull increment. The net volume 
of growing-stock trees on the pre- 
vious inventory that became rough or 
rotten trees in the current inventory, 
divided by the length of the period 
between surveys. 

Diameter at breast height (dbh). 
The diameter outside bark of a stand- 
ing tree measured at 4% feet above 
the ground. 

Farmer-owned lands. Lands 
owned by farm operators, whether 
part of the farmstead or not. Ex- 
cludes land leased by farm operators 
from nonfarm owners. 

Federal lands. Lands (other than 
National Forests) administered by 
Federal agencies. 

Fine residues. Manufacturing 
residues not suitable for chipping, 
such as sawdust and shavings. 

Forest industry lands. Lands 
owned by companies or individuals 
operating primary wood-using plants. 

Forest land. Land at least 10 per- 
cent stocked with trees of any size or 
that formerly had such tree cover and 
is not currently developed for nonfor- 
est use. The minimum area for classi- 
fication of forest land is 1 acre. 

Forest type. A classification of 
forest land based on the species 
forming a plurality of live-tree stock- 
ing. The many forest types in Penn- 
sylvania were combined into the fol- 
lowing major forest-type groups: 

a. White pine and hemlock-for- 
ests in which white pine, red pine, or 
hemlock, singly or in combination, 
comprise a plurality of the stocking; 
in Pennsylvania, common associates 



include red maple, red oaks, white 
oaks, beech, black cherry, and aspen. 

b. Sprucelfir-forests in which 
spruce, fir, or tamarack, singly or in a 
combination, comprise a plurality of 
the stocking; this type is rare and lo- 
calized in Pennsylvania. 

c. Scotch and Virginia pine- 
forests in which Scotch, Virginia, or 
pitch pines or eastern redcedar, sin- 
gly or in combination, comprise a plu- 
rality of the stocking; in Pennsylva- 
nia, common associates include 
white pine, oak, yellow-poplar, and 
white ash. 

d. Oaklpine-forests in which 
hardwoods (usually white, scarlet, 
chestnut, northern red, or black oaks) 
comprise a plurality of the stocking 
but where Scotch, Virginia, or pitch 
pines or eastern redcedar comprise 
25 to 50 percent of the stocking; in 
Pennsylvania, common associates 
besides those listed above include 
red maple, black cherry, and hickory. 

e. Oaklhickory-forests in 
which upland oaks, hickory, yellow- 
poplar, black walnut, or redmaple 
(when associated with central hard- 
woods), singly or in combination, 
comprise a plurality of the stocking 
and in which Scotch, Virginia, or 
pitch pines or eastern redcedar com- 
prise less than 25 percent of the 
stocking; in Pennsylvania, common 
associates include white ash, sweet 
birch, black cherry, black locust, and 
sugar maple. 

f. Oaklgum-bottomland for- 
ests in which wet-site oaks or gums, 
singly or in combination, comprise a 
plurality of the stocking; in Pennsyl- 
vania, our survey encountered only 
one field plot in this group, and it was 
dominated by swamp white oak and 
had associates of quaking aspen, 
black cherry, red maple, and white 
ash. 

g. Elmlashlred maple-forests 
in which elm, river birch, sycamore, 
willow, or red maple (when growing 
on wet sites), singly or in combina- 
tion, comprise a plurality of the 
stocking; in Pennsylvania, common 
associates include red oaks, white 

oaks, hickory, black cherry, white 
ash, and sugar maple. 

h. Northern hardwoods-for- 
ests in which sugar maple, beech, 
yellow birch, black cherry, or red 
maple (when associated with north- 
ern hardwoods), singly or in combina- 
tion, comprise a plurality of the 
stocking; in Pennsylvania, common 
associates include white ash, hem- 
lock, sweet birch, northern red oak, 
basswood, aspen, white oak, white 
pine, and hickory. 

i .  Aspen lb i rch- fo res ts  in  
which aspen, paper birch, or gray 
birch, singly or in combination, com- 
prise a plurality of the stocking; in 
Pennsylvania, common associates 
include red maple, black cherry, 
sugar maple, and oak. 

Growing-stock trees. Live trees 
of commercial species classified as 
sawtimber, poletimber, saplings, and 
seedlings; that is, all live trees of 
commercial species except rough 
and rotten trees. 

Growing-stock volume. Net vol- 
ume, in cubic feet of growing-stock 
trees 5.0 inches and larger in dbh, 
from a 1-foot stump to a minimum 
4.0-inch top diameter outside bark of 
the central stem, or to the point 
where the central stem breaks into 
limbs. Net volume equals gross vol- 
ume, less deduction for cull. 

Hardwoods. Dicotyledonous 
trees, usually broad-leaved and 
deciduous. 

Industrial wood. All roundwood 
products except fuelwood. 

Ingrowth. The estimated net vol- 
ume of growing stock trees that be- 
came 5.0 inches or larger in dbh dur- 
ing the period between inventories, 
divided by the length of the period 
between surveys. 

International %-inch rule. A log 
rule, or formula, for estimating the 
board-foot volume of logs. The 
mathematical formula is: 

for 4-foot sections, where D = diam- 
eter inside bark at the small end of 
the section. This rule is used as the 
USDA Forest Service Standard Log 
rule in the Eastern United States. 

Land area. (a) Bureau of Cen- 
sus: The area of dry land and land 
temporarily or partly covered by wa- 
ter, such as marshes, swamps, and 
river flood plains; streams, sloughs, 
estuaries, and canals less than '1s 
statute mile wide; and lakes, reser- 
voirs, and ponds less than 40 acres in 
area. (b) Resources Evaluation: same 
as (a) except that the minimum width 
of streams, etc., is 120 feet, and the 
minimum size of lakes, etc., is 1 acre. 

Logging residues. The unused 
portions of growing-stock trees har- 
vested or killed in the process of log- 
ging. 

Manufacturing plant residues. 
Wood materials that are generated 
when converting round timber 
(roundwood) into wood products. 
This includes slabs, edgings, trim- 
mings, miscuts, sawdust, shavings, 
veneer cores and clippings, and pulp 
screening. If these residues are used, 
they are referred to as plant byprod- 
ucts. 

Miscellaneous private lands. Pri- 
vately owned lands other than forest 
industry and farmer-owned lands. 

Mortality. The estimated net vol- 
ume of growing-stock trees on the 
previous inventory that died from nat- 
ural causes before the current inven- 
tory, divided by the length of the pe- 
riod between surveys. 

National Forest lands. Federal 
lands legally designated as National 
Forests or purchase units and other 
lands administered as part of the Na- 
tional Forest System by the USDA 
Forest Service. 

Noncommercial forest land. Pro- 
ductive-reserved, urban, and unpro- 
ductive forest land. 

Noncommercial species. Tree 
species of typically small size, poor 
form, or inferior quality that normally 



do not develop into trees suitable for 
industrial wood products. 

Nonforest land. Land that has 
never supported forests, or land for- 
merly forested but now in nonforest 
use such as cropland, pasture, resi- 
dential areas, and highways. 

Nonstocked areas. Commercial 
forest land that is stocked with less 
than 10 percent of minimum full 
stocking with growing-stock trees. 

Plant byproducts. Wood prod- 
ucts, such as pulp chips, recycled 
from manufacturing plant residues. 

Poletimber stands. Stands 
stocked with at least 10 percent of 
minimum full stocking with growing- 
stock trees with half or more of such 
stocking in poletimber or sawtimber 
trees or both, and in which the stock- 
ing of poletimber exceeds that of 
sawtimber. 

Poletimber trees. Live trees of 
commercial species meeting region- 
al specifications of soundness and 
form and at least 5.0 inches in dbh, 
but smaller than sawtimber trees. 

Productive-reserved forest land. 
Forest land sufficiently productive to 
qualify as commercial forest land, 
but withdrawn from timber utilization 
through statute, administrative des- 
ignation, or exclusive use for Christ- 
mas tree production. 

Primary wood manufacturing 
plant. A plant that converts round 
timber into wood products such as 
woodpulp, lumber, veneer, cooper- 
age, and dimension products. 

Pulpwood. Roundwood con- 
verted into 4- or 5-foot lengths or 
chips, and chipped plant byproducts 
that are prepared for manufacture in- 
to woodpulp. 

Rotten trees. Live trees of com- 
mercial species that do not contain 
at least one 12-foot sawlog or two 
noncontiguous sawlogs, each 8 feet 
or longer, now or prospectively, and 
do not meet regional specifications 
for freedom from defect primarily be- 
cause of rot; that is, when more than 

50 percent of the cull volume in a tree 
is rotten. 

Rough trees. (a) The same as 
rotten trees, except that rough trees 
do not meet regional specifications 
for freedom from defect primarily be- 
cause of roughness or poor form, and 
(b) all live trees of noncommercial 
species. 

Roundwood products. Logs, 
bolts, or other round timber gener- 
ated by harvesting trees for industrial 
or consumer uses. 

Saplings. Live trees 1.0 through 
4.9 inches in dbh. 

Sapling-seedling stands. Stands 
stocked with at least 10 percent of 
minimum full stocking with growing- 
stock trees with half or more of such 
stocking in saplings or seedlings or 
both. 

Sawlog. A log meeting regional 
standards of diameter, length, and 
defect, including a minimum &foot 
length and a minimum diameter in- 
side bark of 6 inches for softwoods 
and 8 inches for hardwoods. (See 
specifications under Log Grade Clas- 
sification.) 

Sawlog portion. That part of the 
bole of a sawtimber tree between the 
stump and the sawlog top; that is, the 
merchantable height. 

Sawlog top. The point on the 
bole of a sawtimber tree above which 
a sawlog cannot be produced. The 
minimum sawlog top is 7.0 inches 
diameter outside bark (dob) for soft- 
woods and a 9.0 inches dob for hard- 
woods. 

Sawtimber stands. Stands 
stocked with at least 10 percent of 
minimum full stocking with growing- 
stock trees with half or more of such 
stocking in poletimber or sawtimber 
trees or both, and in which the stock- 
ing of sawtimber is at least equal to 
that of poletimber. 

Sawtimber trees. Live trees of 
commercial species at least 9.0 
inches in dbh for softwoods or 11.0 
inches for hardwoods that contain at 

least one 12-foot sawlog or two non- 
contiguous &foot sawlogs, and that 
meet regional specifications for free- 
dom from defect. 

Sawtimber volume. Net volume 
in board feet, International 1/4-inch 
rule, of sawlogs in sawtimber trees. 
Net volume equals gross volume less 
deductions for rot, sweep, and other 
defects that affect use for lumber. 

Seedlings. Live trees less than 
1.0 inch in dbh that are expected to 
survive. 

Site class. A classification of for- 
est land by inherent capacity to grow 
crops of industrial wood. Classifica- 
tions are based on the mean annual 
growth of growing-stock trees attain- 
able in fully stocked natural stands at 
culmination of mean annual incre- 
ment. 

Softwoods. Coniferous trees, 
usually evergreen and having needles 
or scalelike leaves. 

Stand. A group of forest trees 
growing on forest land. 

Stand-size class. A classifica- 
tion of forest land based on the size 
class (that is, seedlings, saplings, 
poletimber, or sawtimber) of growing- 
stock trees in the area. 

Standard cord. A unit of measure 
for stacked bolts of wood, encom- 
passing 128 cubic feet of wood, bark, 
and air space. Fuelwood cord esti- 
mates can be derived from cubic-foot 
estimates of growing stock by apply- 
ing an average factor of 80 cubic feet 
of solid wood per cord. For pulp- 
wood, a conversion of 85 cubic feet 
of solid wood per cord is used be- 
cause of the more uniform character 
of pulpwood. 

State lands. Lands owned by the 
State or leased to the State for 50 
years or more. 

Stocking. The degree of occu- 
pancy of land by trees, measured by 
basal area andlor number of trees in a 
stand compared to the basal area 
andlor number of trees required to 
fully use the growth potential of the 



land (or the stocking standard). In the 
Eastern United States this standard 
is 75 square feet of basal area per 
acre for trees 5.0 inches, and larger, 
in dbh or its equivalent in numbers of 
trees per acre for seedlings and sap- 
lings. 

Two categories of stocking are 
used: 

All live trees-these are used to 
classify forest land and forest types. 

Growing-stock trees- these are 
used to classify stand-size classes. 

Timber oroducts. Manufacturina 
plant byproducts and roundwooi 
(round timber) products harvested 
from growing-stock trees on com- 
mercial forest land; from other 
sources, such as cull trees, salvable 
dead trees, limbs, tops and saplings; 
and from trees on noncommercial 
forest and nonforest lands. 

Timber removals. The growing- 
stock or sawtimber volumes of trees 
removed from the inventory for 
roundwood products, plus logging 
residues, volume destroyed during 
land clearing, and volume of standing 
trees growing on land that was re- 
classified from commercial forest 
land to noncommercial forest land. 

Treatment class. A class as- 
signed by the field crews to each for- 
ested plot, describing the manage- 
ment treatment necessary to main- 
tain or improve the condition of the 
stand. The classes are: 

a. Harvest mature stand and re- 
generate-The trees appear mature 
for sawlog production, and the stand 
is ready for harvesting and regenera- 
tion. This treatment includes selec- 
tion cuts, clearcuts, shelterwood 
cuts, and seed tree cuts. 

b. Thin stand-A cutting made 
inaan immature stand to stimulate the 
growth of the trees that remain and to 
increase the total production of the 
stand. Trees removed represent a 
surplus. Thinnings are made after the 
sapling stage, and remove trees 
which are not in the dominant posi- 
tion in contrast to other intermediate 

cuts: Generally the stand is even- 
aged and polesize. 

c. lmprovement cutting-An in- 
termediate, selection cut made pri- 
marily to remove trees of undesirable 
form or species (including damaged, 
injured, and dead trees) from the 
stand. Removal of unmerchantable 
trees will be listed under timber 
stand improvement. 

d. Timber Stand lmprovement 
(TS1)-Weeding, clearing, liberation 
cuts, and other silvicultural practices 
generally associated with removal of 
nonmerchantable materials. 

e. Convert stand to another type 
by thinning andlor planting-Recom- 
mended for stands that are being 
taken over by undesirable tree spe- 
cies. It may also apply to stands that 
are understocked by desirable spe- 
cies. 

f. Remove current stand and 
regenerate-Stands needing this 
treatment are not mature but still 
should be removed and regenerated 
to improve their productivity. Ex- 
amples are stands where the opti- 
mum growth is past and late-aged 
stands where the trees have been 
suppressed. Clearcutting is the most 
common type of harvesting method 
used for this situation. 

g. Stand in  good condition and 
on schedule-Besides stands that 
are in good condition and would not 
be improved by any of the above 
treatments, this treatment class also 
applies to stands on marginal land 
that are not in the best condition for 
wood production. 

Trees. Woody plants that have 
well-developed stems and that usu- 
ally are more than 12 feet tall at ma- 
turity. 

Unproductive forest land. Forest 
land that is incapable of producing 20 
cubic feet per acre per year of indus- 
trial wood under natural conditions, 
because of adverse site conditions. 

Unused manufacturing residues. 
Plant residues that are dumped or de- 

stroyed and not recovered for plant 
byproducts. 

Upper-stem portion. That: part of 
the main stem or fork of a sawtimber 
tree above the sawlog top to a 
diameter of 4.0 inches outside bark or 
to the point where the main stem or 
fork breaks into limbs. 

Urban forest land. Noncommer- 
cial forest land within urban areas 
that is surrounded by urban develop- 
ment (not parks), whether commer- 
cial, industrial, or residential. 

Planning and Designing the Survey 

Pennsylvania's third forest sur- 
vey was planned and designed to sat- 
isfy national, regional, and state in- 
formation needs in an efficient man- 
ner. This Was accomplished in seve- 
ral ways. 

Considerable cooperation was 
sought and achieved among the pub- 
lic agencies managing forest land in 
the state. Pennsylvania's Bureau of 
Forestry completed its inventory of 
State Forests in 1977. The Allegheny 
National Forest was inventoried in 
1974. Resources Evaluation helped 
design these surveys and was able to 
ensure that most of the data provided 
by these surveys were compatible 
with data provided by our own survey. 
Working with the Bureau of Forestry 
and the Allegheny National Forest 
enabled Resource Evaluation to re- 
duce the land inventoried by more 
than 2 million acres. 

Another method employed to im- 
prove the efficiency of the third sur- 
vey was to use the 1955 and 1965 in- 
ventories while capitalizing on the 
new survey. Stratified double sampl- 
ing with partial replacement (SPR) 
was the sampling design used to ac- 
complish this task (Bickford et al. 
1963; Barnard 1978). By remeasuring 
a subsample of the previous surveys, 
we were able to update the 1955 sur- 
vey and the 1965 survey area and 
volume estimates to 1978. Taking 
these updated inventory estimates 
and combining them with estimates 
based only on data from new plots, 
we developed statistically improved 



estimates for forest area and timber 
volume. The next section on proces- 
sing provides more detail. For the 
same cost, SPR yields more 
statistically accurate estimates than 
other methods (Barnard 1974). 

In developing the estimates for 
the current survey, a sample was es- 
tablished on aerial photography 
dating from 1967 to 1971, the most re- 
cent photography available. Each 
aerial photo plot (first phase) was 
classified into one of several photo- 
interpretation (PI) strata. The strata 
were based on land use and, if for- 
ested, timber volume. For each 
stratum a ground plot subsample 
(second phase) was chosen randomly 
from the photo plot sample. In Penn- 
sylvania, the photo sample consisted 
of 79,373 plots. A subsample of 1,743 
was selected to be observed on the 
ground. 

Approximately 70 percent of the 
photo plots established on the 
ground were photo-interpreted as for- 
ested and thus in one of four timber 
volume classes. Each timber volume 
stratum was sampled with equal in- 
tensity, using a selection rule known 
as proportional allocation. This repre- 
sented a change from the second 
survey when optimal allocation was 
employed. Under optimal allocation 
higher timber-volume strata were 
sampled more heavily. 

On the ground, land use was ver- 
ified, and on the forested plots tree 
data were recorded. The plots con- 
sisted of a cluster of 10 prism points 
systematically arranged to cover ap- 
proximately 1 acre. At each point, 
trees 5 inches in diameter and larger 
were selected for tally by using a 
prism with a basal-area factor of 37.5 
square feet per acre. 

The other sets of independent 
estimates based on updating the 
1955 and 1965 surveys required the 
remeasurement of 504 %-acre fixed- 
radius plots originally established 
during the first s,urvey and 497 10- 
point plots originally established 
during the second survey. The fixed- 
radius plots were measured for the 
third time and were used in the 
growth and removals calculations. 

Processing the Data 

The processing of Pennsyl- 
vania's third forest survey repre- 
sented a major advance in forest area 
and timber volume calculations be- 
cause, in many cases, total estimates 
were developed directly for individual 
counties in the state. In the past, 
totals were developed for geographic 
units and prorated back to the county 
level. Prorations were based on the 
stratification, by county, of the 
photo-interpretation points. Now 
with the estimates usually developed 
on a county by county basis, the reli- 
ability of these estimates has been 
improved. This new technique also 
helps users who wish to analyze 
trends. 

Not all counties had individually 
estimated totals. Those counties that 
were too small (less than 60 forested 
Resources Evaluation ground plots) 
or that showed too much variation 
were grouped with one or more near- 
by counties which could or could not 
stand alone themselves. The result- 
ing groups of counties were called 
"supercounties". Data for the super- 
counties are presented in the county 
tables at the end of "Forest Statistics 
for Pennsylvania-1978" (Considine 
and Powell 1980). 

The Northeastern Forest Experi- 
ment Station uses the data proces- 
sing system FINSYS, or Forest Inven- 
tory System, developed by Wilson 
and Peters to process and compile 
tree and plot information into statisti- 
cal tables. FINSYS uses the totals de- 
veloped from two companion pro- 
grams, AREA and SPeeR, as input 
along with field data. FINSYS con- 
sists primarily of a series of compu- 
ter programs that edit field-tally data 
for errors, compile edited data into 
tables, and print county, geographic 
unit, and state summary resource es- 
timates in tabular form. 

FINSYS has several unique fea- 
tures, one of which is its flexibility. 
The system is not restricted to the 
northeastern forest survey but can be 

Wilson, R. W.; Peters, R. C. The 
northeastern forest inventory data proc- 
essing system. USDA For. Serv. Res. Pap. 
NE-61 and NE-70 to NE-80. 

used for any large-scale forest inven- 
tory. The user specifies what tables 
are to be produced. While a standard 
set of tables are produced for our re- 
source report, others can be pro- 
duced for special information re- 
quests. 

Another feature of FINSYS is its 
ability to produce a variance and 
sampling error for each estimate. 
These figures provide the user with a 
measure of the estimate's reliability. 

Because Pennsylvania's data 
came from three sources, the actual 
processing procedure was very com- 
plicated. Not all data were compati- 
ble with FINSYS and in some in- 
stances had to be processed manu- 
ally. 

Commercial forest area statis- 
tics were developed in several 
stages. First, information from the 
Resources Evaluation survey was 
used by the computer program 
AREA, based on Frayer and Furnival 
(1967), to produce a total estimate of 
commercial forest land for each 
county or supercounty. A current es- 
timate for each county or supercoun- 
ty was produced for each plot type: 
%-acre remeasured, 10-point remea- 
sured, and 10-point new ground. 
These three totals were inversely 
weighted by their variances and com- 
bined to form a single, independent 
total estimate. This combined esti- 
mate is statistically more accurate 
than a single estimate. FINSYS used 
these county totals and plot data to 
develop a set of tables of commercial 
forest land area by county or super- 
county. FINSYS then summed these 
county tables to produce geographic 
unit and state level tables. 

In those counties where State 
Forest and Allegheny National Forest 
lands occur, the area data from these 
ownerships were manually added to 
the appropriate tables. The Pennsyl- 
vania Bureau of Forestry and the Na- 
tional Forest provided us with the 
necessary updated area data. These 
data were free from sampling errors 
since all commercial forest land in 
these ownerships has been mapped 
and measured without sampling. Be- 
cause of this, that data could not be 



added to the Resource Evaluation 
plot data until all automatic data pro- 
cessing had been completed. 

Calculation of timber volume es- 
timates followed a different path than 
did area estimates. A computer pro- 
gram SPeeR, calculated county or su- 
percounty totals based on our plot 
data. State Forest county totals were 

developed manually to make them 
compatible with our totals. They were 
added to  our totals. These combined 
totals, plus our plot data and State 
Forest plot data, were used in 
FINSYS to produce volume tables by 
county, geographic unit, and state. 

National Forest volume data, un- 
like area data, had to  be updated be- 

Commercial Tree Species of Pennsylvania 

Scientific Name a Common Name 

Juniperus virginiana 
Larix laricina 
Picea abies 
P. glauca 
P. mariana 
P. rubens 
Pinus banksiana 
P. echinata 
P. pungens 
P. resinosa 
P. rigida 
P. strobus 
P. sylvestris 
P. virginiana 
Tsuga canadensis 

Acer rubrum 
A. saccharinurn 
A. saccharum 
Betula alleghaniensis 
B. lenta 
B. nigra 
6. papyrifera 
Carya spp. 
Castanea dentata 
Celtis occidentalis 
Cornus florida 
Diospyros virginiana 
Fagus grandifolia 
Fraxinus americana 
F. nigra 
F. pennsylvanica 
Gleditsia triacanthos 
G ymnocladus dioicus 
l lex opaca 
Juglans cinerea 
J. nigra 
Liquidambar styraciflua 
Liriodendron tulipifera 
Magnolia acuminata 
Nyssa sylvatica 

SOFTWOODS 

eastern redcedar 
tamarack (eastern larch) 
Norway spruce 
white spruced 
black spruce 
red spruce 
jack p ined 
shortleaf pine 
Table-Mountain pine 
red pine 
pitch pine 
eastern white pine 
Scotch pine 
Virginia pine 
eastern hemlock 

HARDWOODS 

red maple (soft) 
silver maple 
sugar maple (hard) 
yellow birch 
sweet birch (black) 
river birch 
paper birch (white) 
hickory 
American chestnut 
hackberry 
flowering dogwood 
common persimmon 
American beech 
white ash 
black ash 
green ash 
honeylocust 
Kentucky coffeetree 
American holly 
butternut 
black walnut 
sweetgum (red gum) 
yellow-poplar (tulip tree) 
cucumbertree 
blackgum (black tupelo) 

fore being added. The Forest was last 
inventoried in 1974. Growth data from 
that inventory and removals data 
from 1974 through 1977 were used to 
update the necessary volume ta%les 
from 1974 to 1978. These were then 
manually added to the FINSYS tabu- 
lar output to  produce the final volume 
tables. 

Occurrence 



Commercial Tree Species (cont.) 

Scientific Name Common Name Occurrence 

HARDWOODS 

Platanus occidentalis 
Populus deltoides 
P. grandidentata 
P. tremuloides 
Prunus serotina 
Quercus alba 
Q. bicolor 
Q. coccinea 
Q. falcata var. falcata 
Q. im bricaria 
Q. macrocarpa 
Q, muehlenbergii 
Q. palustris 
Q. phellos 
Q. prinus 
Q. rubra 
Q. stellata var. stellata 
Q. velutina 
Robinia pseudoacacia 
Salix nigra 
Tilia americana 
Ulmus americana 
U. rubra 
U. thomasii 

American sycamore 
eastern cottonwood 
bigtooth aspen 
quaking aspen 
black cherry 
white oak 
swamp white oak 
scarlet oak 
southern red oak 
shingle oak 
bur oak 
chinkapin oak 
pin oak 
willow oak 
chestnut oak 
northern red oak 
post oak 
black oak 
black locust 
black willow 
American basswood 
American elm 
slippery elm 
rock elm 

a Little, Elbert L., Jr. 1979. Checklist of United States trees (native and 
naturalized). U.S. Dep. Agric., Agric. Handbk. 541. 375 p. 

Based on the frequency of tally of commercial species 5 inches or 
larger in dbh on forest survey field plots: vr: very rare (<0.05 percent); r: 
rare (0.05 to  0.49 percent); c :  common (0.5 to  4.9 percent); and vc: very 
common (>5.0 percent). 

Names in parentheses are other frequently used names. 
Species introduced into Pennsylvania. 
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Table 1.-Pennsylvania'sforest land 1978 (in thousands of acres) 
- - - -- 

Commerc~al forest land Product~ve reserved Unproduct~ve 

Countyand unlt Allegheny State Allegheny Urban Total 
Nat~onal State Game Other Private Total Nat~onal State Other Christmas 

Forest Forest pub l~c  tree Total 
State Other Total forest 

Forest Forest Lands publlc a Forest land 

Allegheny 
Armstrong 
Beaver 
Butler 
Crawford 
Erie 
Greene 
Indiana 
Lawrence 
Mercer 
Washington 
Westmoreland 

- - - - 

Western U n ~ t  - - 5 5 86 4 16 9 2,425 5 2,534 3 - - 4 3  730 - - 77 3 20 5 - - 22 3 22 3 2,654 4 

Bedford 
Blair 
Cambria 
Fayette 
Somerset 

Southwestern Unit - - 66.8 152.4 48.6 1,329.3 1,597.1 - -  4.9 60.7 - - 65.6 2.0 3.9 30.1 34.0 1,698.7 

Cameron 
Elk 
Forest 
McKean 
Potter 
Sullivan 
Tioga 
Warren 

Allegheny Unit 485.0 636.3 223.5 19.3 1,918.1 3,282.2 4.0 23.8 12.0 - - 39.8 0.6 15.7 0.6 16.3 3,338.9 

Centre 
Clarion 
Clearfield 
Clinton 
Jefferson 
Lycoming 
Venango 



North-Central Unit - - 545.4 196.8 29.7 2,087.9 2,859.8 - -  31.0 20.3 - - 51.3 1.6 130.1 13.4 143.5 3,056.2 

Dauphin 
Franklin 
Fulton 
Huntingdon 
Juniata 
Mifflin 
Perry 
Snyder 
Union 

South-Central 
Unit - - 275.5 129.7 39.6 1,197.2 

-- 

Bradford - - 3.3 43.4 0.3 333.8 380.8 - - - - 0.7 - - 0.7 0.6 - - - - - - 382.1 
Lackawanna - - 4.4 4.3 9.0 170.2 187.9 - - 0.1 3.6 - - 3.7 3.5 2 0 0.3 2.3 197.4 
Susquehanna - - - - 12.6 - -  307.4 320.0 - - - - 0.3 - - 0.3 - - - - 0.9 0.9 321.2 
Wayne - - - - 11.5 2.9 292.8 307.2 - - - - 2.3 - - 2.3 - - - - 1.0 1.0 310.5 
Wyoming - - - - 27.6 - - 133.8 161.4 - - - - - - - - - - - - - - 1.0 1.0 162.4 

Northeastern Unit - - 7.7 99.4 12.2 1,238.0 1,357.3 - - 0.1 6.9 - - 7.0 4.1 2.0 3.2 5.2 1,373.6 

Carbon 
Columbia 
Luzerne 
Monroe 
Montour 
Northumberland 
Pike 
Schuylkill 

-- - - 

Pocono Unit - - 64.8 163.4 30.9 1,397.6 1,656.7 - - 12.0 108.4 21.4 141.8 2.9 3.2 4.2 7.4 1,808.8 

Adams - - 19.0 0.1 1.0 83.7 103.8 - - 1 .O 1.6 - - 2.6 - - 0.5 - - 0.5 106.9 
Berks - - 0.9 13.3 7.9 - - 15.5 - - 15.5 1.9 0.1 - - 0.1 169.1 129.5 151.6 - - 
Bucks - - 4.1 - - 75.6 79.7 - - - - - - 14.0 - - 14.0 8.6 - - 0.7 0.7 103.0 
Chester - - - - 0.9 2.7 - - 13.7 - - 13.7 - - - - - - - - 101.3 84.0 87.6 - - 
Cumberland - - 33.7 1.6 0.1 74.2 109.6 - - 1.9 1.4 - - 3.3 1.0 1.8 - -  1.8 115.7 
Delaware - - - - - - - - - - - - - - - - 1.9 - - 1.9 16.0 - - - - - - 17.9 
Lancaster - - - - 7.5 0.7 87.9 96.1 - - - - 2.4 - - 2.4 - - - - - - - - 98.5 
Lebanon - - - - 20.9 2.7 26.6 50.2 - - - - 9.8 - - 9.8 - - - - - - - - 60.0 
Lehigh - - - - 3.4 0.1 49.3 52.8 - - 0.1 1.4 - - 0.1 - - - - - - - - 54.3 
Montgomery - - - - - - 0.6 64.9 65.5 - - - - 0.5 - - 0.5 6.0 - - - - - - 72.0 
Northampton - - - - 4.0 6.8 45.2 56.0 - - - - 2.3 - - 2.3 0.3 - - - - - - 58.6 
Philadelphia - - - - - - - - - - - - - - - - - - 3.0 3.0 2.1 - - - - - - 5.1 
York - - 2.4 0.7 138.3 141.4 - - - - - - 16.7 - - 16.7 0.3 - - - - - - 158.4 

Southeastern Unit - - 53.6 58.2 23.3 859.2 994.3 - - 2.9 82.9 - - 85.8 37.6 2.4 0.7 3.1 1,120.8 

All counties 485.0 1,655.6 1,109.8 220.5 12,452.815,923.7 4.0 101.1 391.9 35:O 532.0 72.0 223.7 74.5 298.2 16,825.9 

a These figures are broken down into ownerships in worksheet titled 
Pennsylvania-Third Inventory-Public Ownership, July 20,1978. 



Table 2.- Distribution of net growing-stock volume on commercial forest land, by species and forest- 
type group, Pennsylvania, 1978 

(In millions of cubic feet) 

Forest-type group All 

Species forest-type White pine Spruce1 Scotch and Oak/ Oak/ Oak/ Elmlash Northern Apenl groups 
and hemlock fir Virginia pine pine hickory gum red maple hardwoods birch 

- 

Whitelred pine 322.6 2.2 33.0 7.4 148.4 - - 12.4 107.7 7.3 641 .O 

Virginia pine - - - - 41.4 13.1 14.5 - - 1.2 1.4 - - 71.6 
Other yellow pines 5.7 5.1 34.9 25.2 61 .O - - - - 17.1 1.3 150.3 
Hemlock 244.4 - - - - - - 118.2 - - 10.3 497.6 1.2 871.7 
Other softwoods 0.6 18.8 2.1 - - 1.6 - - 1.5 4.5 3.3 32.4 

Total softwoods 573.3 26.1 111.4 45.7 343.7 - - 25.4 628.3 13.1 1,767.0 

Select white oaksa 35.7 - - 4.2 11.3 1,167.9 6.3 13.4 137.8 5.7 1,382.3 
Northern red oak 36.8 - - 1.7 12.8 2,192.1 - - 24.0 321.7 8.6 2,597.7 
Other oaks 8.7 2.1 0.4 13.4 1,165.0 - - 14.1 98.3 1.1 1,303.1 
Chestnut oak 17.1 - - 2.9 7.8 1,964.0 - - 4.0 61.2 1.4 2,058.4 
Hickory 7.0 - - 0.8 1.1 422.8 - - 19.5 101.7 3.4 556.3 
Yellow birch 12.2 - - - - - - 19.2 - - 4.7 144.6 0.3 181.0 
Sweet birch 17.8 5.5 1.8 243.1 - - 8.1 445.2 6.6 728.1 - - 

Sugar maple 18.4 - - W - - 147.4 - - 13.7 1,800.6 10.8 1,990.9 

Red maplesc 96.1 0.9 0.9 13.4 1,150.6 0.6 205.8 1,874.2 27.0 3,369.5 
Beech 25.7 - - - -  . - - 76.9 - - 6.0 792.1 0.1 900.8 
Blackgum 2.0 1 .O W 0.5 83.0 - - 6.8 22.8 0.8 116.9 
White ash 8.2 1.7 2.4 - - 243.0 - - 17.1 603.4 3.7 879.5 

Aspen 22.9 0.7 1.3 1.4 83.4 3.0 5.5 232.6 129.7 480.5 
Basswood 6.7 - - - - - - 42.7 - - - - 289.8 3.0 342.2 

Yellow-poplar 2.3 - - 3.2 - - 444.8 - - 9.9 98.7 - - 558.9 
Black walnut 0.9 - - - - - - 48.4 - - 6.1 12.1 - - 67.5 
Black cherry 23.4 1.6 W 4.9 225.7 1.6 18.1 1,601.2 15.8 1,892.3 
Black locust - - 2.1 1.8 - - 144.1 - - 1 .O 30.2 W 179.2 
Other hardwoods 11.7 0.7 2.6 3.9 164.8 - - 98.4 109.1 12.8 404.0 

Total hardwoods 353.6 16.3 22.2 72.3 10,028.9 11.5 476.2 8,777.3 230.8 19,989.1 

All species 926.9 42.4 133.6 1 18.0 1 0,372.6 11.5 501.6 9,405.6 243.9 21,756.1 

a Includes white, swamp white, and bur oaks. 
Includes scarlet, southern red, shingle, pin, willow, post and black oaks. 
Includes 25.8 million cubic feet of silver maple. 

W-Less than 50,000 cubic feet. 



Table 3.-Aboveground green weight of live trees, by species and source, Pennsylvaniaa 
(In thousands of tons) 

Growing stock Rough and rotten 
Seedlings 

Species Topwood Total Topwood Total and 
Merchantable and Merchantable and saplingsC 

stem branchwood stem branc hwood 

Whitelred pine 22,573.5 5,182.3 27,755.8 1,307.0 382.1 1,689.1 3,504.1 
Virginia pine 2,978.2 514.1 3,492.3 209.4 38.7 248.1 861.1 
Other yellow pines 6,683.0 2,236.0 8,919.0 157.7 80.2 237.9 2,741 .O 
Hemlock 30,923.4 11,378.0 42,301.4 4,180.1 1,842.3 6,022.4 4,871.7 
Other softwoods 1,376.5 646.9 2,023.4 126.1 73.2 199.3 1,693.0 

All softwoods 64,534.6 19,957.3 84,491.9 5,980.3 2,416.5 8,396.8 13,670.9 

Select white oaks 59,851.5 19,704.0 79,555.5 2,052.0 2,139.6 4,191.6 4,648.6 
Northern red oak 121,891.6 47,307.6 169,199.2 4,163.1 2,581.7 6,744.8 6,963.3 
Other oaks 56,938.3 18,800.3 75,738.6 1,693.3 742.8 2,436.1 4,595.7 
Chestnut oak 100,584.1 30,517.0 131,101.1 8,353.7 3,492.5 1 1,846.2 8,761.7 
Hickory 29,213.7 6,556.5 35,770.2 1,203.2 387.3 1,590.5 3,658.9 
Yellow birch 6,291.9 2,324.3 8,616.2 1,252.3 643.9 1,896.2 1,690.3 
Sweet birch 32,296.1 9,105.6 41,401.7 3,956.1 1,487.8 5,443.9 8,100.9 
Hard maple 76,950.6 24,814.3 101,764.9 6,240.6 2,606.3 8,846.9 12,114.5 
Red maples 116,651 .O 33,589.2 150,240.2 10,084.0 3,843.4 13,927.4 37,952.8 
Beech 36,999.5 13,199.1 50,198.6 6,674.3 3,422.7 10,097.0 7,077.7 
Blackgum 4,899.7 950.0 5,849.7 623.4 203.1 826.5 3,522.4 
White ash 33,910.6 6,999.6 40,910.2 2,146.7 651.9 2,798.6 8,175.2 
Aspen 14,764.3 3,872.7 18,637.0 636.6 290.0 926.6 6,958.7 
Basswood 9,877.0 1,476.6 11,353.6 891.9 153.8 1,045.7 680.0 
Yellow-poplar 22,904.6 3,360.4 26,265.0 352.9 81.3 434.2 1,440.7 
Black walnut 3,554.0 732.3 4,286.3 484.1 153.2 637.3 1,001 .O 
Black cherry 62,568.6 13,006.3 75,574.9 7,249.2 1,933.3 9,182.5 15,766.9 
Black locust 7,780.5 1,529.0 9,309.5 2,329.6 940.2 3,269.8 2,247.4 
Other hardwoods 17,871.1 3,422.4 21,293.5 15,364.2 4,630.3 19,994.5 43,869.7 

All hardwoods 81 5,798.7 241,267.2 1,057,065.9 75,751.2 30,385.1 106,136.3 179,226.4 

All species 880,333.3 261,224.5 1,141,557.8 81,731.5 32,801.6 114,533.1 192,897.3 

a Excludes Allegheny National Forest. 
Trees 5 inches and larger in dbh, between a 1-foot stump and a4-inch top. 
Also excludes State Forest est~rnates. 



Table 4.- Pennsylvania's forest industries 1967-77a 

1972 
SIC 

code 

Industry group 
and industry 

Lumber and wood products 
Logging camps, log contractors 
Sawmills and planing mills 
Millwork, plywood, struc. membs. 
Wood containers 
Wood building and mobile homes 
Misc. wood products 

Furniture and fixturesd 
Wood household furniture 
Wood TV and radio cabinets 
Wood office and furniture 
Public bldg., related furniture 
Wood Partitions 

Paper and allied products 
Papermills, except building paper 
Paperboard mills 
Misc. converted paper products 
Paperboard containers and boxes 
Building paper and board mills 

Number of 
establishments 

Number of 
establishments ' 

with 20 or employees 

more employees (in thousands) 

Payroll Value added 
1967 dollars 

by manufacture 

(in millions) 1967 dollarsC (in millions) 

1972 1977 1967 1972 1977 

126.7 104.6 NA 269.9 244.0 
2.9 5.4 7.1 6.6 14.7 

23.1 21.0 39.3 45.0 51.6 
38.5 34.0 NA 69.7 69.6 
7.1 8.3 NA 12.3 15.9 

42.4 23.5 NA 110.5 53.8 
12.7 12.4 NA 25.8 38.0 
NA NA NA NA NA 

23.3 15.9 NA 41.3 32.3 
D D N A  D D 

3.8 3.1 8.9 6.6 6.8 
D 3.3 12.4 D 6.6 
D 9.9 18.0 D 18.2 

307.9 289.6 607.9 659.9 802.8 
82.8 80.3 142.9 153.0 163.1 

D 14.9 43.2 D 35.3 
89.8 97.7 206.8 244.5 400.3 

11 1.4 93.5 205.2 214.6 192.3 
D 3.3 9.7 D 9.4 

a Source: U.S. Dep. Commer. Bur. Census 1970.1975.1979. 
Deflated using consumer price index (1967 = loo), Bureau of Labor Statistics. 
Deflated using producer price index (1967 = loo), Bureau of Labor Statistics. 
Only those industries who clearly use quantitiesof wood. 

NA Dataeither not available or comparable due to  changes in industry 
classification by the Bureau of Census. 
D Datawithheld toavoid disclosure for individual manufacturing plants. 



Metric Equivalents 

1 acre = 4,046.86 square meters or 0.404686 hectares 

1,000 acres = 404.686 hectares 

1,000,000 acres = 404,686 hectares 

1.000 board feet = 3.48 cubic meters a 

1 cubic foot = 0.028317 cubic meters 

1,000 cubic feet = 28.317 cubic meters 

1,000,000 cubic feet = 28,317 cubic meters 

1 cord (wood, bark, and airspace) = 3.6246 cubic meters 

1 cord (solid wood, pulpwood) = 2.4069 cubic meters 

1 cord (solid wood, other than pulpwood) = 2.2654 cubic meters 

1,000 cords (pulpwood) = 2,406.9 cubic meters 

1,000 cords (other products) = 2,265.4 cubic meters 

1 ton (short) = 907.1848 kilograms or 0.9071848 metric tons 

1,000 tons (short) = 907.1848 metric tons 

1 inch = 2.54 centimeters or 0.0254 meters 

1 foot = 30.48 centimeters or 0.3048 meters 

Breast height = 1.4 meters above ground level 

1 mile = 1.609 kilometers 

1 square foot = 929.03 square centimeters or 0.0929 square meters 

1 square foot per acre basal area = 0.229568 square meters per hectare 

G h i l e  1,000 board feet is theoretically equivalent to 2.36 cubic meters, this is true 
only when a board foot is actually a pieceof wood with a volumeof 'Ij* of 1 cubic foot. 
The International 1/4-inch log rule is used by the USDA Forest Service in the East to 
estimate the product potential in board feet. When a conversion is used, the reliabili- 
ty of the estimate will vary with the size of the log measure. The conversion given 
here, 3.48 cubic meters, is based on the cubic volume of a log 16 feet long and 15 
inches in diameter inside bark (dib) at the small end. This conversion could be used 
for average comparisons when accuracy of 10 percent is acceptable. Since the board- 
foot unit is not a true measure of wood volume and since products other than dimen- 
sion lumber are becoming important, this unit may eventually be phased out and re- 
placed with the cubic-meter unit. 

IzU.S.  GOVERNMENT PRINTING O F F I C E :  1982-505-0 1 2 :  1 



Powell, Douglas S.; Considine, Thomas J., Jr. An analysis of 
Pennsylvania's forest resources. Broomall, PA: Northeast. 
For. Exp. Stn.; 1982; USBA For. Serv. Resour. Bull. NE-69. 
97p. 

A comprehensive analysis of the current status and trends 
of the forest resources of Pennsylvania. Topics include forest 
area, timber volume, biomass, timber products, timber's role in 
the state's economy, growth, and removals. Forest area, vol- 
ume, growth and removals are projected through 2008. A de- 
tailed treatment is glven to water, soil, minerals, fish, wildlife, 
and recreation as they relate to forest resources. Also identified 
are forest management opportunities for increasing the produc- 
tion of major forest resources and enhancing the benefits de- 
rived from Pennsylvania's forests. 

Keywords: Forest survey, trends, projections, area, volume, 
growth, removals, nontimber forest resources, for- 
est management opportunities. 



Hedquafiem of the Nodhemtern Forest Exp9rhmae~st S b t b n  are in 
Bnraoand* Pa. Field Babratories are m a h t a h d  at: 

@ h k m t ,  M m a c h w t b ,  in e m p r a t b n  with the Univemity d 

@ &pea, Kentucky, in cwpriation with k m a  C o k e .  
@ Buhlin@on, Vemont, im c w p r a t b n  with the Univemity sf 

Vemont. 
@ k l a w a m ,  Ohio. 
@ D w h m ,  New H m p h i r e ,  in nampratbn with the Ulraivemity sf  

New Harmphire. 
0 den, Coranwticut, in c w p r a t b n  with Yak Usaivemity. 

@ Morgmtown, West Virghia, in c m p f a t b n  with We& V i W i a  
Univemity , Msrgmtoww. 

@ OFOW, Mahe, imn cwpratiora with the Univemity of M h ,  
Omns. 

ns, West Virginia. 

@ hbce ton ,  Wed Viaghia. 
@ Syracuse, New York, in c w ~ s e a t h n  with the Shte Uaivemlty of 

New York College of EwvirsnmenM &knces md F@&q at 
S y r w w  Univemity, S y r a s w .  

@ University Park, Pennsylvmia, iw c w p r a t b n  with the 

Pemsylvmia State Unimemity. 

@ W a m n ,  Pennsy!vmia. 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

