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The distribution and composition of Virginia’s forests have changed dramatically since the
first European colonists landed in Jamestown 400 years ago. While forests still cover nearly
two-thirds of the State, they are continually changing—but where and how? To ensure
that all Virginians continue to realize the many benefits provided by their forests, we must
have information we can use to assess the condition of this resource and determine where
and how it is changing. Since the 1930s, the U.S. Forest Service has provided the means for
tracking the changes in Virginia’s forests through the Forest Inventory and Analysis (FIA)
program, which conducts physical inventories of public and private land, nationwide, at

regular time intervals.

Recently, FIA has approached this inventory in a new way by forming partnerships with
State forestry organizations. The working partnership between the Virginia Department
of Forestry and the U.S. Forest Service Southern Research Station FIA Program has

strengthened and improved the forest inventory of Virginia.

This report contains information about the forest land of the Commonwealth of Virginia that
can be used by decision makers, foresters, landowners, loggers, industry producers, students,
and researchers in forestry and related fields. Information about timber volume and the
number of trees present cannot fully describe the status of forest resources. Thus, this report
includes information about forest health and an evaluation of the goals and objectives of

Virginia’s forest landowners.

It is with great pride that we present this report about the forests of Virginia. We view it as
the first product of a partnership that will deliver the best and most useful information about
Virginia’s forests now and in the future.
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Carl E. Garrison III
Virginia State Forester

Peter J;Roussopaulos
Directdr, Southern Research Station



About Forest Inventory and Analysis Inventory Reports

The Southern Research Station’s Forest
Inventory and Analysis (FIA) Research
Work Unit and cooperating State forestry
agencies now conduct annual forest
inventories of the 13 Southern States
(Alabama, Arkansas, Florida, Georgia,
Kentucky, Louisiana, Mississippi, North
Carolina, Oklahoma, South Carolina,
Tennessee, Texas, and Virginia), the
Commonwealth of Puerto Rico, and the
U.S. Virgin Islands. In order to provide
more frequent and nationally consistent
information on the forest resources of the
United States, the change to annual surveys
was mandated by the Agricultural Research
Extension and Education Reform Act of
1998 (Farm Bill).

The primary objective of these inventories
is to develop the resource information
needed to formulate sound forest policies
and programs. This is done by gathering
and analyzing data about forest resources
including, but not limited to: forest area,
forest ownership, forest type, stand
structure, timber volume, growth, removals,
and management activity. In addition, new
assessments that address issues of ecosystem
health have been added. These include
information about ozone-induced injury,
down woody material, soils, lichens, and
tree crown condition. The information
presented is applicable at the State and

unit level; it furnishes the background for
intensive studies of critical situations but is
not designed to reflect conditions at very
small scales.

Forty-five percent of Virginia's
timberland was in the sawtimber size
class, 36 percent in the poletimber size
class, and 19 percent in sapling-seedling
stands.

More information about Forest Service
resource inventories is available in
“Forest Service Resource Inventories:
An Overview” (U.S. Department of

Agriculture Forest Service 1992). More
detailed information about new sampling
methodologies employed in annual

FIA inventories can be found in “The
Enhanced Forest Inventory and Analysis
Program — National Sampling Design and
Estimation Procedures” (Bechtold and
Patterson 2005).

Data tables included in FIA reports are
designed to provide a comprehensive
array of forest resource estimates, but
additional data can be obtained for those

who require more specialized information.

FIA data for all States in the United States
can be accessed at http://www.ncrs2.
fs.fed.us/4801/FIADB/index.htm.

Additional information about any aspect
of this or other FIA surveys may be
obtained from:

Forest Inventory and Analysis
Research Work Unit

U.S. Department of Agriculture
Forest Service

Southern Research Station

4700 Old Kingston Pike

Knoxville, TN 37919

Telephone: 865-862-2000

William G. Burkman

Program Manager
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Highlights from the Seventh Forest Inventory of Virginia

e In 2001, about 15,844,000 acres, or 63
percent, of Virginia’s land area was forested.
This was a slight decrease since 1992 when
forest land area totaled 16,027,000 acres.
Of the 15,844,000 acres of forest land,
15,467,000 acres was classified

as timberland.

e The majority (12,101,900 acres) of
Virginia’s forest land was in nonindustrial
private forest (NIPF) ownership. The area of
timberland held by NIPF owners increased
by 1.4 percent since 1992. Public ownership
ranked second with 2,717,900 acres

(17 percent). Area of public land increased
18 percent. Forest industry owned 6
percent, or 1,024,200 acres, of forest land
across the State. Forest industry ownership
decreased by 33 percent.

Wood-betony (Pedicularis spp.) on Blue Ridge Parkway in Virginia. (photo by Anita Rose)

e The oak-hickory forest-type group
predominated. It occupied 60 percent
(9,537,100 acres) of the forest land area
and contained 64 percent (20.1 billion cubic
feet) of the merchantable volume across
the State. Loblolly-shortleaf was the second
most dominant forest-type group in both
area (3,157,400 acres) and volume

(5.1 billion cubic feet). The oak-pine
forest-type group ranked third, occupying
1,936,800 million acres. The loblolly-
shortleaf, oak-hickory, and oak-pine forest-
type groups each had area and volume
changes of 1 percent or less.

e For the first time, acreage of planted pine
surpassed acreage of natural pine. Since
1992, the area of timberland classified as
pine plantation increased by 30 percent

to 1,907,000 acres. In contrast, natural
pine stands decreased by about 17 percent
(311,500 acres).

e Most of Virginia’s timberland was in
sawtimber- and poletimber-size classes.
Stands in the sawtimber-size class

occupied 45 percent (6,938,500 acres)

of the timberland area, and stands in the
poletimber-size class occupied 36 percent
(5,621,200 acres). Sapling-seedling stands
occupied the remaining 19 percent of
timberland. On forest industry lands,
sawtimber proportions dropped from 29 to
25 percent. Sapling-seedling proportions
were basically unchanged, and poletimber
proportions increased from 33 to 40
percent. On NIPF lands, the sapling-seedling
proportion was unchanged while poletimber
increased 6 percent and sawtimber
decreased 7 percent. Public-owned lands
showed decreases in sapling-seedling
proportions, increases in poletimber, and
slight decreases in sawtimber stands.



Highlights from the Seventh Forest Inventory of Virginia

¢ Live merchantable volume for all trees
was 31.5 billion cubic feet, and growing-
stock volume was 28.0 billion cubic

feet. Across the State, softwoods made
up 23 percent of the live merchantable
volume and hardwoods 77 percent. Live
merchantable volume on timberland
increased by 7 percent between 1992
and 2001.

¢ Yellow-poplar dominated the State’s
total live-tree volume with 5.5 billion
cubic feet (13 percent of the total). Red
maple dominated the number of live stems
with 1.5 billion stems (13 percent of all
live stems).

¢ Net annual growth for all live trees on
timberland for the survey period was 990.0
million cubic feet per year, an increase

of 14.5 percent over the previous survey
period. Since the 1992 survey, Virginia’s
live-tree removals have averaged 697.9
million cubic feet per year. This was an
increase of 11.3 percent over the previous
survey period. Overall, the ratio between
live net growth and live removals was
1.42:1. This indicates that net growth
exceeded harvesting in Virginia.

e Across the State, average annual mortality
was 333.6 million cubic feet per year. This
was a 46-percent increase from the previous
inventory. Thirty-six percent of the current
survey’s mortality was in softwoods and 64
percent in hardwoods.

e Weather-caused disturbance affected an
estimated 7 percent of Virginia’s timberland
between 1992 and 2002. Insect damage
was the next most significant natural
disturbance, affecting 3 percent of

the timberland.

e Volume of coarse woody debris on P3
plots averaged 407 cubic feet per acre

for the State. The amount of carbon in
coarse woody debris and fine woody
debris averaged 1.3 and 1.2 tons per acre,
respectively.

e Most P3 plots in Virginia (72 percent,

n = 92) had 10 percent or less bare soil. The
majority of the mineral soil samples had a
pH < 5.0. The forest floor accounted for

5.3 tons per acre of organic carbon, and
mineral soil accounted for 17.2 tons per
acre.

Cressy Creek in Smyth County, VA. (photo by Charles
W. Becker Ill, Virginia Department of Forestry)




Appalachian Trail. (photo by Anita Rose)
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Introduction

Field measurements for this forest inventory
of Virginia began in June 1997 and were
completed in February 2002. Although
measurements were spread over several
years, this survey is dated 2001. The six
previous surveys and State analytical reports
were completed in 1940 (Craig 1949), 1957
(Larson and Bryan 1959), 1966 (Knight

and McClure 1967), 1977 (Knight and
McClure 1978), 1986 (Bechtold and others
1987), and 1992 (Thompson and Johnson
1994). Numerous other publications were
developed from these previous surveys.

The tables and figures in this report

present data for the 2001 survey, as well as
estimates of trends. Most trend estimates are
based on comparisons of data from the 2001
and 1992 surveys. The appendices describe
survey methods, discuss data reliability,
define terms, list tree species sampled in the
survey, and provide standard tables.

During the survey, 4,404 plots were visited,
3,037 of which were at least partially
forested. A total of 78,418 trees = 5.0 inches
in diameter at breast height (d.b.h.) were
measured, of which 73,113 were alive.

A total of 19,952 live saplings (1.0 to 4.9
inches d.b.h.) and 29,613 live seedlings

(< 1.0 inch d.b.h.) were measured on
smaller microplots. To obtain growth,
removal, and mortality estimates, an
additional 34,898 trees were measured

on plots used in the 1992 survey’s sample
design.

Land area for Virginia in 2001 totaled
25,340,000 acres. This was a slight change
from that reported in 1992 (25,410,000
acres). This difference was due to the use of

new census area estimates (U.S. Department
of Commerce, Bureau of the Census 2000).

Virginia includes a variety of physiographic
provinces (fig. 1). The Appalachian Plateaus
form the western boundary of the State

Provinces

[ Allegheny Mountains

[] Blue Ridge

[] Cumberland Mountains

- Middle Atlantic Coastal Plain
[] Northern Piedmont

[ Piedmont

[] Ridge and Valley

[] Southeastern Coastal Plain

Figure 1—Physiographic provinces in Virginia.

flower. (photo by
Anita Rose)



and consist of the eastern escarpment of the
Cumberland and Allegheny Mountains. To
the east of these mountains is the Piedmont,
which ranges from rolling hills in the west
to several nearly level basins in the east.
The easternmost part of the State lies on

the Coastal Plain, which extends inland

Fringetree (Chionanthus virginica L.)
on the Blue Ridge Parkway. (photo
by Anita Rose)
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approximately 125 miles from the coast
and about the same distance from the
Potomac to the southern boundary. The
Coastal Plain is defined by the eastern
Atlantic shore and the rolling and dissected
area where it meets the Piedmont at the
fall line (Fenneman 1938). The elevation
ranges from sea level to just over 5,700
feet on Mount Rogers in the George
Washington and Jefferson National Forests.
For the purposes of this report Virginia is
divided into five units that approximate
the physiographic provinces that occur in
the State. These units are the Coastal Plain,
Southern Piedmont, Northern Piedmont,
Northern Mountains, and Southern
Mountains (fig. 2). Any reference to the
Piedmont includes the Southern and
Northern Piedmont survey units, and

any reference to the mountains includes
the Southern and Northern Mountain
survey units.
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Figure 2—Counties and forest survey units in Virginia, 20

01. (Note: 37 city-counties are omitted from this map.)




In 2001, about 15,844,000 acres, or 63
percent, of Virginia’s land area was forested
(table 1). Of the 15,844,000 acres of forest
land, 15,467,000 acres was classified as
timberland. A total of 371,200 acres of the
remaining acreage was classified as reserved
timberland, such as wilderness, parks, and
historic sites where commercial timber
harvesting is prohibited by statute. About
5,800 acres was classified as other forest
land, or forest land incapable of commercial
timber production because of adverse site
conditions (land that cannot produce 20
cubic feet of wood per acre per year).

Total land area and total forest land area
varied by survey unit. The Coastal Plain had
the greatest total land area and the greatest
total area of forest land. In contrast, the
Northern Mountains had the least total land
area, and the Northern Piedmont had the
least total forest land area. Proportionally,
the Southern Piedmont was the most
heavily forested (68 percent), and the
Northern Piedmont the least (55 percent)
(fig. 3).

In 2001, about 15,844,000 acres, or

63 percent, of Virginia’s land area was
forested. Of this, 15,467,000 acres was
classified as timberland. Timberland
acreage peaked around 1977, fell slightly
between 1977 and 1986, and has
remained fairly constant since then.

700Fr————————————— —— —— —— —— — — — — —
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Il Total forest land
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Figure 3—Total land area and forest land area by
survey unit, Virginia, 2001.

Across the State, only six counties had more
than 80 percent of their total land area in
forest land (fig. 4). These counties were in
the Southern and Northern Mountains, and
the Southern Piedmont. Just over one-half
of all the counties in the State had 61 to

80 percent of their land area in forest land,
and 10 counties had < 40 percent of their
land area in forest land. The least forested
counties were in the northernmost part of
the State and along the coast.

Percent forest

|:| <41
[ #1-60
B s1-s0
- >80

Figure 4—Percent forest land by county, Virginia, 2001.



16,000
Agricultural and urban land uses g
dominated on Virginia’s nonforest 3 15,500
land. In 2001, 5,959,200 acres were g '
in agriculture and 3,178,400 acres é’
were considered urban. Each of the £
. = 15,000
five units had between 1,114,500 o
and 1,295,500 acres of agricultural g
land and between 421,400 and S
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The Northern Piedmont had the E
highest proportion of its land area in 14,000

agricultural (27 percent) and urban
(18 percent) land use.

Trends in Forest Area

Timberland area increased from 15,448,000
acres in 1992 to 15,467,000 acres in 2001
(table 2). Timberland acreage reached its
peak around 1977, fell slightly between
1977 and 1986, and has remained fairly
constant since then (fig. 5) (Craig 1949,
Knight and McClure 1967, Larson and
Bryan 1959, Thompson and Johnson 1994).
The gain of 0.1 percent (19,000 acres) since
1992 represented both reversions from
nonforest and diversions to nonforest.
Between 1992 and 2001, 290,000 acres of
nonforest land reverted back to forest, and

1940 1957 1966 1977

Survey year

1986 1992 2001

Figure 5—Trends in timberland area, Virginia, 1940 to
2001.

271,000 acres of timberland were diverted
to a nonforest land use. Between 1986
and 1992, reversions to timberland were
244,000 acres and diversions to nonforest
use were 366,300 acres (Thompson and
Johnson 1994).

Eighty percent of the gain in timberland
came from the reversion of agricultural
land. Sixty-five percent of the agricultural
reversions occurred in the Southern
Piedmont and the Northern Mountains.

Note the reversion to
forest occurring just
upslope of this farm

on the James River.

(photo by Anita Rose)




The reversion of agricultural land is a
continuation of a trend that extends back
to the first survey of Virginia (fig. 6).

Thirty-seven percent of the diversions of
timberland were to agriculture, and this
type of diversion was most common in
the Southern Piedmont. Losses to urban
development and other nonagricultural
uses accounted for 63 percent of all
diversions. This category includes
residential and industrial development,
roads and highways, utility rights-of-way,
strip mining, and many other uses. The

-

4

Utility line right-of-way as seen from the Blue Ridge
Parkway. (photo by Anita Rose)
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Figure 6—Trends in agricultural land use, Virginia,
1940 to 2001.

diversion of timberland to urban land use
was highest in the Coastal Plain and the
Northern Piedmont where the populations
also tended to be highest (fig. 7). The
population of Virginia was approximately
6.2 million in 1990 and approximately

7.1 million in 2000 (U.S. Department of
Commerce, Bureau of the Census 2000), an
increase of about 14 percent. The increase
in population was not uniform across the
State, however. Increases in population
were greatest in the Northern Piedmont,
which also had the smallest percentage

of forest land (55 percent) and the greatest
loss of timberland area between surveys

(6 percent). Population per square
mile by county

|:| <25
[ ] 2650
[ s51-100
B 101-200
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Figure 7—Population of Virginia, 2000.



Ownership Just over three-fourths of Virginia’s forest
land was in nonindustrial private forest
Just over three-fourths (12,101,900 acres) (NIPF) ownershz’p. Seventeen percent Of

of Virginia’s forest land was held in NIPF
ownership (table 3). By unit, the NIPF
ownership held a minimum of 51 percent
and a maximum of 86 percent of the forest
land acreage (fig. 8). Corporations and
private individuals accounted for

16 and 84 percent, respectively, of

NIPF owners.

forest land was publicly owned, and
6 percent was owned by forest industry.

Public ownership ranked second with
2,717,900 acres (17 percent). Sixty-

eight percent of public lands were in the
Northern and Southern Mountains, where
32 percent of the forest land was publicly
owned. In contrast, the Southern Piedmont
had the least public land (213,800 acres), or
6 percent of the forest land in that unit. The
National Forest System owned 62 percent
of public lands across the State, with the
George Washington and Jefferson National
Forests accounting for most of that. Other

- Federal lands, with a total area of 540,000

- acres, included the Shenandoah National

- Park, the Great Dismal Swamp National
wildlife Refuge, the Marine Corps Base at
Quantico, and the Fort A.P. Hill and Fort
Pickett military reservations. State forests
and parks accounted for a large portion of

=3 Nonindustrial private  E=3 Public B Forest industry
100 — — —

Forest land area (percent)
o
o

Coastal Southern  Northern ~ Northern  Southern the remaining public lands in Virginia.
Plain Piedmont Piedmont  Mountains  Mountains
Survey unit Forest industry owned 6 percent, or
Figure 8 —Percentage of forest land area by ownership 1,024,200 acres, of forest land across
class and survey unit, Virginia, 200L. the State. Seventy percent of the land

The George Washington—
Jefferson National Forest,
seen here from the Blue
Ridge Parkway, accounts
for the majority of national
forest land in Virginia.
(photo by Anita Rose)




controlled by forest industry was in the
Coastal Plain and Southern Piedmont; here
it made up 9 percent of the total forest land
acreage. The Northern Mountains had the
least forest industry owned land (71,900
acres). This amounted to 3 percent of the
forest land in this unit. Both South Carolina
and Georgia had a higher percentage of
forest industry owned land than did Virginia
(fig. 9) (Conner and others 2004, Thompson
and Thompson 2002).

Forest industry ownership has been
decreasing in Virginia and throughout
the South. Timber industry management
organizations (TIMOs) now own a
substantial portion of the timberland
liqguidated by forest industry.

Due to changes in sampling methods
between surveys, the analysis of area trends
in timberland ownership is limited and
should be used with caution. For a more
detailed discussion of these changes, see

the “Inventory Methods” section in the
appendix A. The area of timberland held by
NIPF owners has increased by 1.4 percent to
12,096,100 acres since 1992 (fig. 10). Forest
industry ownership had the first recorded

3 Public

80

Timberland area (percent)

South Carolina
State

Virginia

Figure 9—Percentage of timberland area by
ownership class and State.

Georgia

decrease (16 percent) between 1986 and
1992 (Thompson and Johnson 1994). This
downward trend continued between 1992
and 2001, with a 33-percent decrease. This
trend is not unique to Virginia, however,

as it has been noted throughout the South.
Timber industry management organizations
now own a substantial portion of the
timberland liquidated by forest industry.
Area of public land increased 18 percent.
These trends are indicative of changes in
area of ownership. However, the magnitude
of these changes is less certain due to
changes in methods.

In Virginia, an estimated 373,000 people
own 10,113,000 acres classified as
individual owned within the NIPF category.
Because so much of the forest land in

the United States is privately owned,

the Forest Service initiated the National
Woodland Ownership Survey (NWOS) in
2002. The primary goals of the NWOS are
to determine who owns the forest land of
the United States, why people own forest
lands, and how these owners plan to use
forest lands in the future (Butler and
others 2005). Two key functions the NWOS
serves are to facilitate the planning and
implementation of forest policies, and to
support forest sustainability assessments in
the United States. Between 2002 and 2004,

I Forestindustry EEE Nonindustrial private
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Figure 10—Area of timberland by year and
ownership class, Virginia.
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Christmas tree
plantation along the
Virginia Creeper Trail

in southwest Virginia.
(photo by Anita Rose)

60
400 private forest land owners in 50
Virginia responded to the NWOS. -
Similar surveys were also conducted ~ §
- . 2 40
in 1978 and 1994 (Birch and others %
1982, 1998). -
o 30
&
While most (88 percent) private 5
forest land owners have < 50 acres, % 20
the majority (68 percent) of the o
10

forest land acreage is controlled by
only 12 percent of private owners

(fig. 11). A small number of private 0
owners with large landholdings

control the majority of land that

may potentially be available for

timber harvesting. As size of forest tracts
decreases, harvesting costs increase

and economic opportunities decrease.

Since 1978, the percentage of individuals
owning < 10 acres has decreased,

while the percentage of acreage in this
category increased slightly. The number

of landowners with 500 or more acres

has decreased also, while the number of
persons owning 10 to 49 acres has increased
substantially (fig. 12). These changes have
resulted in a decrease in the percentage

of acreage held in large contiguous tracts,
especially tracts = 1,000 acres.

1-9 10-49 50-99 100-499 500-999 1,000+
Size of forest landholding (acres)

Figure 11 —Percentage of area and private forest land
owners by size of forest landholding, National Woodland
Owner Survey, Virginia, 2004.

About one-half of all private owners have
harvested timber on their land at some
time in the past, a proportion that has not
changed substantially since 1994 (table 4).
Of those that have, 23 percent did so within
the last 5 years (table 5). However, only 5
percent of private landowners (who hold
22 percent of the forest land acres) have
plans to harvest timber on their land in the
next 5 years. Other recent activities include
posting land, private recreation, and road
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Figure 12—Percentage of privately owned forest land by year
and size of forest landholding, National Woodland Owner

Survey, Virginia.

or trail maintenance. Written management
plans can help ensure good management
practices and sustainable harvesting. Since
1994, the percentage of owners with
written management plans dropped from
17 to 4 percent (table 4).

State issues, laws, and personal concerns
of landowners toward forest land can
affect their management practices. Over 50
percent of private landowners considered
nontimber forest products, aesthetics,
nature protection, or family legacy an
important reason for owning their land
(table 6). Also, large proportions of
private owners had concerns about land
development or air or water pollution
issues (table 7).

With a large percentage of forest land in
NIPF ownership there is concern about
the effects of owner attitudes on forest
sustainability, forest health, and timber
supply. Because the attitudes and behavior
of private landowners are important

to the future of forests in Virginia, and
elsewhere in the United States, an effort
must be made to account for these owners
in planning and issue resolution. This may
include some form of tax relief (owners
controlling 55 percent of forest land

were concerned about property taxes) or

100-499 500-999 1,000+

——— - incentive plans that help owners

provide and meet sustainability,
forest health protection, and product
availability goals.

Forest Types

As would be expected in a State
with an area of 25.3 million acres
and elevation ranging from sea level
to just under 6,000 feet, Virginia’s
forests contained a wide variety of
tree species. These species often
occur in associations known as forest
types. Some forest types occurred
across the entire State, while others
were restricted to limited areas
especially suitable for particular
species. Due to complex interactions
involving stand structure dynamics,
management practices, and natural
disturbance, the State’s physiographic
provinces had definite patterns of forest
cover, and these patterns differed with
respect to predominant forest types and
species.

Each plot condition was assigned a forest
type based on dominance of one, two,

or three species according to the relative
species majority, or plurality if there was
not a majority. Forest typing is an artificial
and somewhat arbitrary classification
system and forest-type classes often do not
have sharply delineated boundaries. On
the landscape, they grade into one another,
sometimes with considerable overlap,
often forming a continuum which makes

it difficult to assign forest-type names
consistently and in a repeatable manner. In
some sections of this report, similar forest
types are aggregated into forest-type groups
(table 8).

The predominant forest-type group in
Virginia was oak-hickory. It occupied 60
percent or 9,537,100 acres of the forest land
area and contained 64 percent (20.1 billion
cubic feet) of the merchantable volume
across the State (fig. 13). It was dominant
in all survey units except the Coastal Plain.



Oak-hickory is the
predominant forest-type

group in Virginia. (photo

by John Pemberton,
Virginia Department
of Forestry)
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Figure 13—Percentage of total forest land
area (15.8 million acres) and live merchantable
volume (31.5 billion cubic feet) represented by
each forest-type group, Virginia, 2001.

There, the loblolly-shortleaf forest-type
group was the most prevalent, occurring on
1,446,700 acres (38 percent) of forest land
area. Statewide the oak-hickory forest-type
group was made up predominantly of the
white oak-red oak-hickory and the yellow-
poplar-white oak-northern red oak detailed
forest types (fig. 14). Also present in the
oak-hickory group, but to lesser degrees,
were the mixed upland hardwood and the
chestnut oak forest types.

The oak—hickory forest-type group
occupied 60 percent of the forest land
area and accounted for 64 percent of
merchantable volume across the State.
The loblolly-shortleaf forest-type group
predominated on the Coastal Plain,
where it occupied 38 percent of

the forest land area.

Loblolly-shortleaf was the second most
dominant forest-type group in both area
and volume. It occupied about 3,157,400
acres (20 percent) of the State’s forest land
area, and contained 5.1 billion cubic feet
(16 percent) of the live volume. Eighty-one
percent of the area occupied by this forest-
type group was in the Southern Piedmont
and Coastal Plain. In the Coastal Plain and
both Piedmont units, the loblolly pine forest
type dominated the loblolly-shortleaf forest-
type group. This forest type accounted for
72 percent of the acreage and 69 percent

of the live volume in the loblolly-shortleat
forest-type group across the State. In the
Northern and Southern Mountains, there
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Figure 14—Top four detailed forest types of

the oak-hickory forest-type group shown as a
percentage of total forest land area (15.8 million
acres) and live merchantable volume (31.5 billion

natural succession) or perceived,
across these arbitrary thresholds
may give a false impression of
dramatic changes in forest-type
acreage. Forest management
activities, including but not limited
to harvesting, planting, control of
species composition, and thinning,
often result in shifts from one
forest type to another. In effect,
any activity, either natural or
anthropogenic, that alters species
populations may result in shifts in
forest type.

Within the forest-type groups, only

cubic feet) for Virginia, 2001.

was virtually no loblolly pine forest-type
acreage. Instead, Virginia pine, pitch
pine, and eastern redcedar forest types
dominated.

The oak-pine forest-type group ranked
third, with 1,936,800 million acres. This
group contained 3.6 billion cubic feet of
live volume. This group, like the loblolly-
shortleaf group, occurred primarily (58
percent) in the Southern Piedmont and
Coastal Plain. The loblolly pine-hardwood
forest type was dominant in the oak-pine
forest-type group. This type occupied 37
percent of the acreage and contained 42
percent of the volume in this group.

Trends in Forest-Type
Acreage on Timberland

Changes in forest-type acreage can occur
for a variety of reasons. The diversion of
forested land to nonforest land can affect
particular forest types, especially the less
common ones, if diversions do not occur
evenly across all types in the State. Fire
can often favor softwoods, while the
suppression of fire can favor hardwoods,
either of which can result in shifts of
forest type. Since forest-type categories are
defined by indefinite boundaries, a slight
shift of species dominance, real (due to

relatively small changes in acreage

were noted between 1992 and 2001

(table 9). The largest percentage
change was in the bottomland hardwoods
group, where there was an increase of
37,300 acres (6 percent). The loblolly-
shortleaf, oak-hickory, and oak-pine forest-
type groups each had a change of 1 percent
or less. The loss of 57,000 acres in the
oak-hickory group was the largest change
in total acreage.

While relatively small changes occurred
within forest-type groups between surveys,
certain specific forest types within the
groups had relatively large changes. Most
notably, area of the loblolly pine forest type
(within the loblolly-shortleaf pine forest-
type group) increased by 285,800 acres.
This 14-percent increase brought the total
area for this type to 2,262,800 acres, which
exceeded for the first time the 2,016,000
million acres recorded in the earliest (1940)
survey. As previously noted, this forest type
occurred primarily on the Coastal Plain and
Piedmont units of the State.

The Virginia pine forest type, the second
most abundant pine type, decreased by
202,400 acres (25 percent). The shortleaf
pine type also decreased in acreage. In
2001, this forest type occupied only 22
percent as much acreage as reported in the
1966 survey and a mere 4 percent as much
acreage as reported in the 1940 survey.



This trend corresponded closely with the
decreasing trend in volume of shortleaf
pine as a species. It has been theorized

that these later two subclimax forest types
became established on abandoned farmland
in the later part of the 19 century and

the early part of the 20® century. It is
estimated that as much as 12,000,000 acres
of land was cleared for agriculture

in Virginia before 1860 (Williams 1,000

1989). Then, around the time of the
Civil War, large areas of this land
were abandoned and allowed to
revert back to forest (Davis 1983).
Over time, a myriad of factors have
impacted these early successional
pine types, including but not limited
to timber harvesting, stand invasion
by hardwoods, and conversion of
stands to a nonforest land use or
plantations. These types, which were
dominant over much of Virginia
when the first survey was initiated,
have become but a remnant and
reminder of Virginia’s agrarian
history.

Timberland area (thousand acres)

Changes within the loblolly-shortleaf

pine forest-type group may be explained by
a number of factors, including the increase
in plantations. Since 1992, the area of
timberland classified as pine plantation
increased by 30 percent to 1,907,000

acres. It had increased by approximately
the same amount in the previous survey.
In contrast, natural pine stands decreased
by approximately 17 percent (311,500
acres) since 1992 and had decreased by 14
percent in the previous survey. For the first
time, planted acreage surpassed naturally
regenerated acreage in this group (table 10).
Ninety percent of the planted pine acreage
and 69 percent of the natural pine acreage
was in the Coastal Plain and Southern
Piedmont (fig. 15). It was only in these
units that acreage in planted pine exceeded
acreage in natural pine. All units had a loss
in acreage of natural pine, while all units
except for the Northern Piedmont showed
increases in acreage of planted pine.

The loblolly-shortleaf pine forest-type group
accounted for 94 percent of the planted
pine acreage and 87 percent of natural

pine acreage, and any reference to these
types of stands refers to this group. Within
this group, the loblolly pine forest type
accounted for 93 percent and 32 percent

of the planted pine and natural pine stand

[ Planted mmm Natural

Coastal Southern Northern Northern Southern
Plain Piedmont Piedmont  Mountains  Mountains
Survey unit

Figure 15—Area of planted and natural loblolly-shortleaf
pine forest-type group by survey unit, Virginia, 2001.

acreage, respectively. The Virginia pine
forest type accounted for 38 percent of the
natural pine stand acreage. While fairly
significant changes occurred in the planted
versus natural pine acreage, the overall
change in acreage of the loblolly-shortleaf
forest-type group was very small.

Although approximately 24 percent of
planted pine stand acreage was created by
conversion of natural stands, less than half
of the natural stand acreage was originally
in natural pine stands (fig 16). One-half
of the natural stands that were converted
to pine plantations were originally in the
oak-hickory forest-type group. Nearly
60,000 acres, or 4 percent of current pine
plantations, were established on acreage
that was classified as nonforest in the
previous survey.
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Figure 16— Origins of planted pine stand acreage since
1992, Virginia.

The decrease in natural pine stand

acreage is explained by several factors.
While most natural pine stand acreage

(63 percent) remained in that category,
some was converted to a nonforest land
use (5 percent) and some was converted

to pine plantations (8 percent). The largest
change within natural pine stands was a
change in forest type. Twenty-three percent
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of the acreage in this category
had changes in forest type but still
remained in the broader natural
stand category.

Figures for changes in acreage of
detailed forest types should be
considered cautiously because
different sampling procedures
were used in the 1992 and 2001
surveys. Also, forest typing in

the field is somewhat subjective,
and this adds uncertainty when
trends are tracked over time.
Natural succession complicates
matters further. Stands of naturally
occurring pine may have converted

to, or are in the process of converting to,
another forest type. All of these factors,

in combination with the relatively small
sample size in this particular category (9
percent of the total timberland acreage and
10 percent of the total natural timberland
acreage), make it hard to determine exactly
how much natural pine acreage was lost
between the two surveys.

Loblolly pine - the
predominant species
of the loblolly-shortleaf
forest-type group in
Virginia. (photo by
Anita Rose)



Current Stand Volume

The total live volume for all trees = 1.0 inch
d.b.h. on forest land was 42.5 billion cubic
feet. Live merchantable volume for all trees
= 5.0 inches d.b.h. was 31.5 billion cubic
feet, and growing-stock volume was 28.0
billion cubic feet. The Coastal Plain had

the largest amount of live merchantable
tree volume and the Northern Mountains
had the smallest (table 11). On a per acre
basis, the Northern Piedmont ranked

first, with an average of 2,203 cubic feet

of live merchantable volume per acre.

The Southern Piedmont ranked last in
volume per acre, with an average of 1,758
cubic feet per acre. This may have been
partly because the Southern Piedmont

had a higher proportion of stands in the
sapling-seedling stand-size category than
the other units. In addition, the Southern
Piedmont had the highest ratio of removals
to growth (see discussion about growth,
removals, and mortality). Across the State,
softwoods made up 23 percent of the live
merchantable volume and hardwoods 77
percent. As previously noted, over

60 percent of the total live-
tree volume for the State
was in the oak-hickory
forest-type group (fig. 13).

About 6 percent of the total
volume of trees sym

5.0 inches d.b.h. (live and
standing dead) was dead
(2.2 billion cubic feet). This
varied by survey unit—in
the Northern Mountains,
11 percent of the total
volume was dead, while
only 4 percent was dead in
both the Coastal Plain and

Percentage of category

Volume (million cubic feet)

‘ nd Level Attributes
1

Softwoods—The total live-tree volume
of softwoods = 1.0 inch d.b.h. was 9.1
billion cubic feet. Live merchantable
volume of softwoods = 5.0 inches d.b.h.
was 7.1 billion cubic feet, while growing-
stock volume of softwoods was 6.8 billion
cubic feet. Softwoods, as a group, did not
dominate area or volume in any survey
unit (fig. 18). Softwood live merchantable

7O ———————

3 Softwood
3 Hardwood

500 {———————— —— ————— —

250 — — —

Coastal Southern Northern Northern Southern
Plain Piedmont ~ Piedmont  Mountains  Mountains
Survey unit

Figure 17 —Volume of dead trees (> 5.0 inches
d.b.h.) on forest land by major species group and
survey unit, Virginia, 2001.
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Southern Piedmont. Thirty 0 coastal
percent, or 652.2 million Plain
cubic feet, of all dead
volume was in the Northern
Mountains (fig. 17).

Virginia, 2001.

Southern Northern Northern Southern
Piedmont Piedmont Mountains Mountains

Major species group and survey unit

Figure 18 —Percentage of forest land area and live merchantable
volume in each survey unit represented by major species group,
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volume was concentrated in the Coastal
Plain and Southern Piedmont, where it
totaled 5.0 billion cubic feet, or 70 percent
of the total for the State.

Trees from 5.0 to 12.9 inches d.b.h.
accounted for 63 percent of the total
live softwood volume (fig. 19). Over 90
percent of all the live softwood trees in
Virginia were < 11.0 inches in diameter
(table 12). About 8 percent of softwood
trees = 5.0 inches d.b.h. were dead. As
expected in a State with a majority of forest
land in private ownership, the majority
(77 percent) of softwood volume was in
nonindustrial private ownership.

Hardwoods—The total live-tree volume
of hardwoods = 1.0 inch d.b.h. on forest
land was 33.4 billion cubic feet. Live
merchantable volume for hardwoods

= 5.0 inches d.b.h. was 24.4 billion cubic
feet, while growing-stock volume was

180— — — ——— — — — — — — — — —

1,600 f— — — — — — — L

1,400 4— — — — — — —

1,200 4— — — — — — — 1

1,000 — — — — —

21.2 billion cubic feet. Hardwoods
dominated acreage as well as volume in all
units (fig. 18). The Southern Mountains,
with 5.8 billion cubic feet, had the highest
live merchantable volume of hardwoods
(table 11).

Trees in the range of 7.0 to 16.9 inches
d.b.h. contained 55 percent of the live
hardwood volume (fig. 20). As was the case
with softwoods, the majority of trees were
< 11.0 inches d.b.h. (table 12). Analyses of
volume by diameter class are confounded
by the fact that larger trees have more
volume. So, while trees in the range of
13.0 to 22.9 inches d.b.h. had 42 percent
of the volume, only 3.2 percent of all live
trees were actually in this size range. About
6 percent of hardwood trees = 5.0 inches
d.b.h. were dead. The majority (76 percent)
of hardwood volume, like the majority of
softwood volume, was in nonindustrial
private ownership.

[ Coastal Plain

[ Southern Piedmont
—————————— [ Northern Piedmont —

[ Northern Mountains

[ Southern Mountains

800{— — — — —

600{— — — — —

Total live volume (million cubic feet)
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2.9 4.9 6.9 8.9 109 129 149

169 189 209 229 249 269 289 larger

Diameter class (inches d.b.h.)

Figure 19—Total live volume of softwood trees > 1.0 inch d.b.h. on forest land by diameter class and

survey unit, Virginia, 2001.
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Figure 20— Total live volume of hardwood trees > 1.0 inch d.b.h. on forest land by diameter class

and survey unit, Virginia, 2001.

Trends in Volume on Timberland

Live merchantable volume on timberland
increased from 28.6 billion cubic feet in
1992 to 30.6 billion cubic feet in 2001, a
change of 7 percent (table 13). Change in
volume was not uniform across the State.
Volume in the Coastal Plain increased by
1.0 billion cubic feet, or 16 percent, while
volume in the Northern Piedmont only
increased by 47.3 million cubic feet, or 1
percent. Fifty-two percent of the total live
merchantable volume increase was in the
Coastal Plain.

Live merchantable volume on timberland
increased by 7 percent between 1992 and
2001. Fifty-two percent of the total live
merchantable volume increase was in

the Coastal Plain.

Trends in volume by ownership tended

to mimic trends in acreage by ownership.
Acreage of forest industry land decreased by
34 percent and live merchantable volume

on forest industry land decreased by 36
percent. Changes in volume correlated with
changes in acreage in the other ownership
categories also.

Softwood Trends—TLive softwood volume
on timberland increased from 6.7 billion
cubic feet in 1992 to 7.0 billion cubic feet
in 2001 (table 13). Trends in softwood

live merchantable volume varied by unit.
Between 1992 and 2001, live softwood
volume decreased by 20 percent in the
Northern Piedmont and increased by 17
percent in the Coastal Plain. The loss of
timberland in the Northern Piedmont may,
in part, explain the large decrease in volume
in that unit. Also, removals exceeded
growth in the unit. The relatively small
sample size and fairly high sampling error
(9 percent) for live merchantable volume of
softwoods in the Northern Piedmont could
also have affected the estimate.

Softwood growing-stock volume in planted
pine stands increased by 52 percent, but
that in natural pine stands decreased by 34
percent. For the most part, these changes
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paralleled the changes in acreage of planted Since 1992, softwood live merchantable
and natural pine stands (table 10). As volume in the oak-pine, or mixed, forest-
the 1992 report predicted, the amount of type group increased 17 percent. The stands
softwood growing-stock volume in pine that were classified as a hardwood type
plantations continued to rise. Planted showed a 34-percent increase in softwood
pine stands accounted for 14 percent volume (fig. 21). The volume of softwoods
and 22 percent of the softwood growing- in softwood stands actually decreased

stock volume inventory in 1986 and slightly. Even with this decrease, softwood
1992, respectively. In 2001, these stands stands still accounted for 64 percent of the
accounted for 33 percent of the softwood softwood volume.

growing-stock volume.

Eastern white pine coming up in a mixed hardwood stand at Greenstone Overlook
on the Blue Ridge Parkway in Virginia. (photo by Anita Rose)
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900 1 — Hardwood__ from 21.9 billion cubic feet to 23.6 billion
cubic feet, an 8-percent change. Live
hardwood volume rose 3 percent between
600} - -] — 1986 and 1992 and 10 percent between
Softwood Stands 1977 and 1986. Increases were noted in
B stands- I ~  all units of the State. The largest increase

Hardwood

stands . .
. _ i L _ occurred in the Coastal Plain, where

stands live merchantable volume rose by 604.9
T I i - million cubic feet, a 15-percent change.

/03 e — —

Softwood . .
stands The smallest increase was in the Northern

Mountains, where live merchantable

volume rose by 218.8 million cubic feet, a

oL - - 5-percent change (table 13). Gypsy moth
Softwood Hardwood infestations may be partly responsible for

Change in volume (million cubic feet)

Species group the relatively small increase in hardwood

Figure 21—Change in live merchantable volume on volume in the Northern Mountains.
timberland by major species group and stand type,

Virginia, 1992 to 2001. Hardwood live merchantable volume

increased by 4 percent in hardwood stand

Increases in volume were noted in most types. The largest percent increases were
diameter classes, with the exception of trees in the mixed and the softwood stands (fig.
< 9.0 inches d.b.h. The largest increases 21). Since 1992, softwoods had their largest
were in the larger size categories. Volume percent volume increases in hardwood
increased by 54 percent in trees over 20.9 stands, and hardwoods had their largest
inches d.b.h. Volume in this category has percent increases in softwood stands.
almost doubled since the 1986 survey.
Volume of trees in the 5.0- to 6.9-inch Hardwood volume decreased in the four
category decreased by 21 percent (fig. 22). smallest size categories (fig. 23). Decreases
had been noted in the three smallest size
Hardwood Trends—Hardwood live categories in the previous survey. The
merchantable volume on timberland largest change was the 33-percent increase
continued to rise between 1992 and 2001, in volume of trees over 20.9 inches d.b.h.
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Figure 22 —Live merchantable volume of softwoods on Figure 23 —Live merchantable volume of hardwoods on
timberland by diameter class, Virginia, 1986, 1992, and 2001. timberland by diameter class, Virginia, 1986, 1992, and 2001.



Stand Size

If the majority of a State’s forests are

in the sapling-seedling stage, this is
evidence of recent high levels of natural
or anthropogenic disturbance. In contrast,
if a State has a high proportion of its

forest land in the sawtimber stand-size
class this may indicate that levels of
disturbance are lower or that substantial
time has elapsed since the last period of
disturbance. However, complex interacting
factors may be occurring that complicate
any analysis. When assessing stand-size
dynamics it is important to consider the
life-cycle characteristics of the forest stands
in question—for example, hardwood
stands generally take much longer to reach
sawtimber size than do softwood stands.
Another factor may be the presence of

an early successional species component
that may drop out of the stand as
succession progresses. In some situations,
a stand may be composed of mostly early
successional species that have grown

quickly to sawtimber size. This could lead
to overestimation of the acreage of late-
successional stands. Complex interactions
between successional stages and species
composition, though important factors in
stand-size analysis, are beyond the scope
of this report. In addition, the change in
sample design and procedures for assessing
stand size since the 1992 survey adds
further complexity.

When data for a large area such as the State
of Virginia are considered, there may be
little net change in stand-size classes over
time and stand dynamics may be masked.
In this situation, as one stand moves from
one size class to another (because of growth
or decline), another stand from another size
class may take its place. In effect, stands in
different size classes may swap positions. A
survey might show that there was no net
change in area in any stand-size class when
many individual stands moved from one
stand-size class to another.

A poletimber-sized
stand of planted
loblolly pine in
Hanover County,
VA. (photo by John
Pemberton, Virginia
Department of
Forestry)
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Forty-five percent (6,938,500 acres) of
Virginia’s timberland was in the sawtimber-
size class, and 36 percent (5,621,200 acres)
was in the poletimber-size class (table 14).
The sapling-seedling stands made up the
remaining 19 percent of timberland area.
Virginia was comparable to other Southern
States in percentage of timberland area in
sawtimber. For example, Arkansas, North
Carolina, and South Carolina had 46,

49, and 37 percent, respectively, of their
timberland in sawtimber (Brown 2004,
Conner 2004, Rosson 2002). The percentage
of timberland in sapling-seedling stands was
lower in Virginia than in other Southern
States. For example, Arkansas, North
Carolina, and South Carolina had 24, 37,
and 30 percent of their timberland area in
this size class.

Sawtimber-sized stands were fairly evenly
distributed throughout Virginia (table 14).
The Southern Mountains had the most
acreage in this size class (1,725,800 acres)
and the Northern Piedmont the least
(1,164,700 acres). The poletimber-sized
stands were slightly less evenly distributed,
with the Southern Piedmont having the
most acreage (1,397,900 acres) and the
Northern Piedmont the least (798,900
acres) in this class. The least evenly
distributed size class, by unit, was sapling-
seedling stands. Sixty-nine percent of

the acreage in this size class was on the
Southern Piedmont (1,064,000 acres) and
Coastal Plain (939,000 acres). Most likely,
this distribution of sapling-seedling area
reflected the prevalence of pine plantation
management in these units.

Most of Virginia’s timberland was in NIPF
ownership (12,096,100 acres, not including
NIPF corporate), and the majority of each
stand-size class was also in this ownership.
However, stand-size distributions varied
within the ownership classes. Forest
industry had the most even distribution of
the three stand-size classes, 35, 40, and 25
percent, for sapling-seedling, poletimber,

and sawtimber-sized stands, respectively
(table 15). These proportions illustrate how
the intensity of forest management practices
affects stand distributions. As sawtimber
stands are harvested, these harvested stands
will revert to sapling-seedling or poletimber
stands (depending on the degree of cutting
and the amount of time between surveys).
Forest industry lands are typically the

most intensively managed ones. Forest
industry lands had a smaller percentage of
acreage in sawtimber stands (25 percent)
and a larger percentage in sapling-seedling
stands (35 percent) than lands in other
ownership categories. On NIPF land, 20,

36, and 44 percent of timberland was in
sapling-seedling, poletimber, and sawtimber,
respectively. The least disturbed lands were
in public ownership. Both the national
forest and other public categories were

very similar in stand-size distributions.
Only 6 to 7 percent of the timberland in
these ownerships was in sapling-seedling-
sized stands while > 50 percent was in
sawtimber-sized stands. This is a reflection
of decreased harvesting on publicly owned
lands, especially national forests.

On forest industry lands, the proportion of
acreage in sawtimber-size stands decreased
from 29 percent in 1992 to 25 percent in
2001 (table 15). The proportion of acreage
in sapling-seedling stands changed little,
and the proportion of acreage in poletimber-
size stands increased from 33 to 40 percent.
On NIPF lands, the proportion of acreage in
sapling-seedling stands changed little, while
the proportion of acreage in poletimber
stands increased from 30 to 36 percent and
the proportion of acreage in sawtimber
stands decreased from 50 to 44 percent. On
publicly owned lands, the proportion of
acreage in sapling-seedling stands decreased
from 14 to 6 percent, while the proportion
of acreage in poletimber stands increased
from 25 to 35 percent and the proportion of
acreage in sawtimber stands changed little.



Stand Age

The distribution of tree ages within a stand
may vary, from one in which all trees

are of a single age (even aged) to one in
which trees are of a multitude of ages
(uneven aged). Disturbance and frequency
of disturbances affect the age distribution
of stems in a stand. In addition, the age
distributions can change as a stand matures
naturally. A stand may be even aged
following the stand initiation and stem
exclusion stages but may widen its age
distribution range during the understory
reinitiation stage. Older stands and true
old-growth stands are composed of trees of
various ages. For these reasons it may be
difficult to determine a single stand age for
any given stand. Under such a wide range
of possible scenarios of stand development,
identifying whether a stand is composed of
a single cohort or multiple cohorts may be
difficult also (Oliver and Larson 1990).

Stand age was determined for the current
inventory by averaging the ages of at least
three dominant or codominant trees on
each sample plot condition. The procedure
depended on stand structure. For stands

in which the dominant or codominant
trees were in the same layer, stand age was
calculated as the average age of three trees
in this layer. For stands with two distinct
layers, the average age of the dominant

or codominant trees in the predominant
layer was used. Forest stands that had more
than two layers were assigned an age that
reflected the average age for all dominant
and codominant trees in the stand. Aging
stands by dominant and codominant trees
yields an age of the largest trees, and the
largest trees are not always the oldest

ones in the stand. This anomaly is often
observed in stands that are further into the
successional cycle, when shade-tolerant
late-successional species become more
important in stand structure and dynamics.
Determining a single age for a stand of

trees is difficult and highly subjective,
especially as stands become older (when
more time has passed since disturbance
or stand initiation) and as stand structure
and composition become more complex.
Because of the procedures used by FIA in
assessing stand age, stand age is closely
correlated to stand size.

Upland hardwoods. (photo by John Pemberton, Virginia Department of Forestry)
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The 0- to 20-year class accounted for
3,802,000 acres (25 percent of timberland)
(table 16). Stands 61 to 80 years old
accounted for 3,485,000 acres (23 percent
of timberland). Fifty-nine percent, or
8,941,000 acres, of Virginia’s timberland
was > 40 years old, while 16 percent was
> 80 years old.

Planted stands had most of their acreage
in the youngest age classes. There were
1,293,000 acres in the 0- to 20-year
class and 705,000 acres in the 21- to 40-
year class. These two classes accounted
for 94 percent of all planted stands.

This is indicative of fairly short-rotation
management.

Stands 61 to 80 years old occupied
3,458,000 acres, or 26 percent of the

total area in natural stands. Area in

the remaining four classes ranged from
2,020,000 acres in the 21- to 40-year group
to 2,950,000 acres in the 41- to 60-year
group. Much of the large amount of acreage
in the 61- to 80-year age class may be
stands that have recovered from the cutting
that took place in the Southern United
States between 1895 and 1935 (Davis
1983).

Most of Virginia’s young stands were on
the Coastal Plain and Southern Piedmont
(fig. 24). These were the units where

D 0-20 yr. M 21-40 yr. @41-60 yr. @61-80 yr. O 81+ yr.

1

Coastal Southern Northern Northern Southern
Plain Piedmont Piedmont  Mountains  Mountains
Survey unit

Figure 24 —Percentage of timberland area by stand-age
class and survey unit, Virginia, 2001.

management activity was most intense, e.g.,
where stand regeneration practices were
employed most widely. A total of 2,695,000
acres (17 percent of all timberland in
Virginia) was in the 0- to 20-year age class
in those two units. In addition, another
1,706,000 acres was in the 21- to 40-year
age class. Together, these two units and

age groups accounted for 28 percent of
Virginia’s timberland.

The Northern Mountains had the largest
proportion of stands > 80 years old. There
were 971,400 acres in this age class, 37
percent of the timberland acreage of the
unit and 6 percent of the timberland
acreage of the State. Stands in the oldest
age class made up 8, 5, 18, and 18 percent
of the timberland area on the Coastal Plain,
Southern Piedmont, Northern Piedmont,
and Southern Mountains, respectively.
Since 1992, area in this age class increased
in all units other than the Southern
Piedmont, where it decreased by 8 percent.

Acreage in young stands was greatest

on forest industry timberland, which is
managed more intensively than timberland
in other ownership categories. Forest
industry led all ownership categories with
51 percent of its timberland in the 0- to
20-year age class, while national forests

had the smallest fraction (6 percent) of
their timberland in that age class. Also,
forest industry had the smallest proportion
of its timberland in stands > 80 years old

(7 percent) while national forests had 46
percent of their timberland in stands > 80
years old (table 17). This may in part be due
to the shortness of rotation lengths on forest
industry lands. For example, if the rotation
length of a pine plantation is 25 years, then
the plantation will spend 80 percent of its
life in the 0- to 20-age class.



Species Importance

Volume

One hundred and ten live-tree species

were tallied on forest land in Virginia
during the 2001 survey. This number
included 37 unknown live trees that were
denoted collectively as one species (see
appendix C). The top 50 species accounted
for 98 percent of the live-tree volume in the
State (table 18).

Yellow-poplar dominated the State’s total
live-tree volume with 5.5 billion cubic

feet (table 18). This species contained 13
percent of the total live-tree volume for all
species and 17 percent of the total live-tree
hardwood volume in the State. Loblolly
pine was the second most dominant species,
with 4.7 billion cubic feet (11 percent)

of the total live-tree volume. It was the
predominant softwood species, accounting
for 52 percent of the live-tree volume in this
group. Chestnut oak, white oak, and red
maple ranked next in total live-tree volume.
Altogether, the top five species made up
21.2 billion cubic feet, or 50 percent of

the State’s total live-tree volume. The 10
next most dominant species were northern
red oak, Virginia pine, sweetgum, scarlet
oak, black oak, eastern white pine, pignut
hickory, mockernut hickory, American
beech, and southern red oak (2.2, 2.0, 1.7,
1.4,1.3,0.9,0.9, 0.9, 0.8, and 0.7 billion
cubic feet, respectively). Collectively, the
top 15 species accounted for 80 percent of
Virginia’s live-tree volume.

Virginia pine, the second most dominant
softwood, ranked seventh overall and
contained 2.0 billion cubic feet of total
live-tree volume. This value represented 5
percent of the overall and 22 percent of the
softwood total live-tree volume. Eastern
white pine, the third most dominant
softwood, ranked 11" overall and contained
905.7 million cubic feet, or 2 percent, of
total live-tree volume and 10 percent of the
total softwood volume.

Other important softwoods were: shortleaf
pine, eastern redcedar, pitch pine, eastern
hemlock, and Table Mountain pine.
Together, the top eight softwood species
made up 21 percent of total live-tree
volume and 98 percent of total live-tree
softwood volume.

The 12 dominant hardwoods made up 62
percent of the total live-tree volume for
the State and 79 percent of the hardwood
live-tree volume (26.2 billion cubic feet).
As oaks were so prevalent and oak-hickory
the dominant forest-type group, it is not
surprising that 6 of the top 15 species for
live-tree volume were oaks. Altogether, 22
oak species were tallied during the survey,
and these accounted for 13.8 billion cubic
feet, or 32 percent, of the total live-tree
volume and 41 percent of the hardwood
live-tree volume.

Chestnut oak had 271.5 million cubic feet
of volume in standing dead trees sym

5.0 inches d.b.h., more than any other
species (table 19). Virginia pine, black
locust, northern red oak, and white oak

Yellow-poplar was the dominant species in terms of live
volume. (photo by Chris Evans, University of Georgia,
www.forestryimages.org)
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Yellow-poplar
accounted for 13
percent of the total
live-tree volume
for all species

and 17 percent

of total live-tree
hardwood volume.
Loblolly pine was
the second most
dominant species,
with 11 percent
of total live-tree
volume. Chestnut
oak, white oak,
and red maple
ranked next in
total live-tree
volume.
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were the next most dominant species in
terms of dead volume. Together these five
species made up 1.1 billion cubic feet, or 49
percent, of the dead volume.

Analyses of volume by species alone do not
cover all aspects of a species” importance or
dominance across the landscape, or portray
accurately its population parameters. Two
species with similar total live-tree volume
may have very different distributions across
size classes and extremely different stem
densities. Analysis of volume by diameter
classes can help elucidate the population
characteristics or dominance of a species.
Loblolly pine and red maple were dominant
in terms of volume in the 1.0- to 8.9-inch
class (fig. 25). Yellow-poplar, however,

was clearly dominant in the larger size
classes (> 17.0 inches). It accounted for
475 million cubic feet, or 23 percent of the
volume in trees = 25.0 inches d.b.h, while
loblolly pine accounted for only 26 million
cubic feet, or 1 percent of the volume in
this size class. Northern red oak, which
ranked sixth for total live-tree volume,

was the second most dominant species

in the = 25.0-inch d.b.h class, where it
contributed 321 million cubic feet, or 16
percent of the total live-tree volume.

[ 1.0-8.9 inches d.b.h.

As noted previously, species occur in
associations known as forest types, and
often these forest types are combined into
forest-type groups. Both yellow-poplar and
chestnut oak, two of the top three species
for live-tree volume, occurred primarily in
the oak-hickory forest-type group, which,
as noted previously, was the predominant
forest-type group in Virginia. Eighty-three
percent (4.6 billion cubic feet) and 90
percent (3.4 billion cubic feet) of the total
live-tree volume for yellow-poplar and
chestnut oak, respectively, were in this
forest-type group. Loblolly pine occurred
primarily in the loblolly-shortleaf pine
forest-type group. Seventy-seven percent
(3.6 billion cubic feet) of the total live-tree
loblolly pine volume was in this forest-

type group.

Species dominance varied by unit. Yellow-
poplar dominated volume in both Piedmont
units and the Southern Mountains, and
was in the top five species for the Coastal
Plain. It accounted for between 5 and 20
percent of the volume in each of the five
units (table 20). Loblolly pine dominated
volume in the Coastal Plain and was

second most dominant in the Southern
Piedmont, accounting for 31 and 12 percent
of the volume in those units,
respectively. Together, these two
units contained 94 percent of

the total live-tree volume for

this species in the State. Volume
in the Northern Mountains was
dominated by chestnut oak,
which accounted for 1.7 billion
cubic feet, or 24 percent of the
total live-tree volume.

Species dominance or importance
can be affected by artificial
regeneration. A species such

as loblolly pine, which tends

to be the species of choice for

Yellow- Loblolly Chestnut White Red Northern Virginia Sweet- Scarlet Black Eastern Pignut

poplar pine oak oak maple red pine gum oak oak white  hickory
oak pine
Species

Figure 25—Top 12 tree species dominant for total live volume on forest land by diameter
class, Virginia, 2001.
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plantations, can have a much higher
ranking than would naturally be expected
due to the influence of plantings. Fifty-eight
percent of the total live volume of loblolly
pine was in stands classified as planted. This
species accounted for 64 percent of all the
live volume in planted stands.

Just as species dominance varied by
physiographic province, so did the species
composition of each forest-type group. Most

(A) Loblolly-shortleaf pine forest-type group
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of these variations were due to differences
in soil type, elevation, and available
moisture. For example, in the oak-hickory
forest-type group, yellow-poplar and white
oak were dominant for volume on the
Coastal Plain and both Piedmont units.

In contrast, yellow-poplar and chestnut
oak were dominant in this group in the
Southern Mountains while chestnut oak
and northern red oak were dominant in the
Northern Mountains (fig. 26).
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Figure 26 —Species
volume composition of
(A) loblolly-shortleaf pine
forest-type group, (B)
oak-hickory forest-type
group, and (C) oak-pine
forest-type group on
forest land by survey unit,

Red Virginia, 2001 (continued

maple to next page).
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(B) Oak-hickory forest-type group
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Figure 26 —Species volume composition of (A) loblolly-shortleaf pine forest-type group, (B) oak-hickory
forest-type group, and (C) oak-pine forest-type group on forest land by survey unit, Virginia, 2001
(continued to next page).
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(C) Oak-pine forest-type group
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Figure 26 —Species volume composition of (A) loblolly-shortleaf pine forest-type group, (B) oak-hickory
forest-type group, and (C) oak-pine forest-type group on forest land by survey unit, Virginia, 2001.

Loblolly pine and Virginia pine dominated Chestnut oak and eastern white pine

the loblolly-shortleaf pine forest-type group dominated the oak-pine forest-type group
in the Coastal Plain and both Piedmont in both Southern and Northern Mountains
units. The relative order of importance units. Virginia pine, yellow-poplar, and

for these two species was reversed in the loblolly pine dominated this group in the
Northern Piedmont. Virginia pine was Northern Piedmont, Southern Piedmont,
the dominant species in the Southern and Coastal Plain units, respectively.

and Northern Mountains for this group.
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Number of Trees

Another means of illustrating the
importance of various species across the
landscape is the analysis of the number of
trees by species. Typically, the species that
dominate volume also tend to dominate

the number of trees. However, some very
common species can be numerous, and may
be considered dominant where this is the
case, but because of their growth form are
not dominant in terms of volume. Number
of trees can be a measure of the successional
status of a stand, as stands in an early stage
of succession may have a high ratio of

stems to biomass. For this reason, tree
density is a good measure of regeneration
and other lower canopy dynamics of
established stands.

Red maple dominated the number of

live stems with 1.5 billion stems, which
represented 13 percent of the total number
(table 21). Loblolly pine was second, with
958.8 million live stems, 72 percent of
which were in stands classified as planted.
Yellow-poplar, sweetgum, and blackgum
were third, fourth, and fifth in number

of stems. Yellow-poplar and sweetgum

107_ _____________

Number of stems
S
4

10° A

102

10 -
1.0- 5.0— 9.0-
4.9 8.9 12.9

both accounted for 7 percent, and blackgum
accounted for 6 percent of all live stems.
These top five species represented 42
percent of all live stems.

Flowering dogwood and American holly
were both in the top 10 for stem density.
This illustrates the fact that species of
relatively small stature can play an
important role in a forested ecosystem.

Eighty-four percent of the red maple
stems were < 5.0 inches d.b.h., as were
56 and 72 percent of the loblolly pine and
yellow-poplar stems, respectively (fig.
27). Even though red maple regeneration
numbers appear to portray a shifting of
the species to a more dominant position
in Virginia’s forests, it remains to be seen
if the numerous small red maple stems
can maintain their relative position into
maturity. High population numbers at the
stand-establishment stage do not always
mean that species importance will remain
constant through the successional stages
of development.

The oak-hickory forest-type group
contained 60 percent of all live red maple

[ Redmaple [ Yellow-poplar
[ Loblolly pine [_] Chestnut oak

13.0- 17.0- 21.0- 25.0— 29.0+
16.9 20.9 24.9 28.9

Diameter class (inches)

Figure 27 —Number of live stems on forest land by diameter class for red maple, loblolly pine,
yellow-poplar, and chestnut oak, Virginia, 2001.
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stems. Loblolly pine and yellow-poplar
densities were highest in the same forest-
type groups (loblolly-shortleaf and oak-
hickory, respectively) that contained the
highest amounts of volume.

Red maple dominated number of live stems
in both Piedmont units and the Southern
Mountains, where it accounted for 12 to

15 percent of live stems. Red maple and
blackgum each accounted for 15 percent of
the live stems in the Northern Mountains.
Loblolly pine was dominant in the Coastal
Plain, where it accounted for 20 percent of
the live stems.

Trends in Species Importance
on Timberland

Since the 1986 survey, volume of yellow-
poplar has exceeded that of any other tree
species in Virginia. Yellow-poplar volume
on timberland increased by 11 percent
between 1986 and 1992, and by 27 percent
between 1992 and 2001 (table 22). There
were increases in volume in all diameter
classes along with a 13-percent increase in
the number of live stems = 5.0 inches d.b.h.
Both live merchantable volume and number
of stems increased in all survey units except
the Northern Mountains.

Live merchantable volume of loblolly pine
in planted stands increased substantially,
from 3.0 billion cubic feet to 3.7 billion
cubic feet. In stands classified as natural,
loblolly volume decreased by 2 percent.
Almost one-half of the 673.1-million-cubic-
foot-increase for this species was in trees
9.0 to 12.9 inches d.b.h. There were not,
however, increases in all size classes. There
was a 6-percent volume decrease in trees
5.0 to 6.9 inches d.b.h. Additionally the
number of live loblolly pine trees increased
by 10 percent. This species increased in
volume and number in all survey units
except the Northern Piedmont.

Live merchantable volume of chestnut oak
increased by 1 percent to 12 million cubic
feet. This increase was not distributed across
diameter classes evenly, however. Live

Flowering dogwood ranked 7% in terms of number of stems on
forest land in Virginia. (photo by David J. Moorhead, University of
Georgia, www.forestryimages.org)

merchantable volume decreased by about
20 percent for both trees < 7.0 inches d.b.h.
and trees = 29.0 inches d.b.h. Volume in
trees 15.0 to 16.9 inches d.b.h. increased by
19 percent, or 54.9 million cubic feet. The
total number of live chestnut oak trees also
changed very little, decreasing by 2 percent.
Trends in chestnut oak importance varied
by unit. There was a decrease in volume in
both Piedmont units, while the number of
live stems decreased in all units except the
Northern Mountains.

Virginia pine and shortleaf pine, both
important softwood species in Virginia,
showed decreases in volume and number
of trees. The decrease in shortleaf

pine importance reported here was a
continuation of a downward trend that goes
back several inventories. Live merchantable
volume of Virginia pine decreased by

356 million cubic feet, or 19 percent. The
number of live stems was down by 29
percent. Shortleaf pine live merchantable
volume decreased by 23 percent, while
number of stems decreased by 41 percent.
Shortleaf volume increased slightly in the
Southern Mountains but decreased in

all other units, and Virginia pine volume
decreased in all units. Virtually no shortleaf
or Virginia pine tree had a d.b.h. = 19.0
inches, and both volume and number of
stems decreased for these species in more
than half of the d.b.h. classes below

19.0 inches.
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(A) Shortleaf pine

ies Distribution

The distribution of most forest species

is strongly influenced by the needs of
individual species. Many requirements
for survival are available only in certain
habitats. Many species tend to have
highly concentrated distributions, while
others tend to be more widely spread
and adaptable to a variety of conditions.
Climate, topography, and soil are all
important factors affecting where species
and associations of species occur. It is
important to note that vegetation and
soil development are closely related
and that both are controlled by climate
(Oosting 1956).

Figures 28 and 29 illustrate the distribution
of the four most dominant softwood

and hardwood species on forest land by
volume, respectively. For each species, a dot
represents 2.0 million cubic feet of live-tree
volume at the county level.

Loblolly pine had a fairly restricted range
throughout Virginia. It occurred mainly in

(C) Loblolly pine

(B) Eastern white pine

(D) Virginia pine

the Coastal Plain and Southern Piedmont,
and these two units accounted for 94
percent of the total loblolly pine live-

tree volume (table 20). This distribution
correlates well with loblolly’s natural range
in Virginia, which is primarily in the Coastal
Plain and Piedmont. Available moisture is

a critical factor in the establishment and
growth of this species (Burns and Honkala
1990). Artificial regeneration can increase
both the abundance and range of a species.
When a species is planted in an area in
which it is not typically found, this increases
its range, albeit artificially. About 58
percent of the volume of loblolly pine was
found in stands that showed evidence of
artificial regeneration.

Virginia pine was most concentrated in
the Piedmont. Forty-seven percent of the
total live-tree volume was in the Southern
Piedmont and 24 percent in the Northern
Piedmont (table 20). This species often
grows in pure stands, usually as a pioneer
species on disturbed sites (Braun 1950).

Figure 28— Distribution of four important softwood species on forest land, Virginia, 2001, (A) shortleaf pine, (B) eastern white pine, (C) loblolly
pine, and (D) Virginia pine. Each dot represents 2 million cubic feet.
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(A) Red maple

(B) Yellow-poplar

(C) White oak

(D) Chestnut oak

Figure 29 —Distribution of four important hardwood species on forest land, Virginia, 2001, (A) red maple, (B) yellow-poplar, (C) white oak, and

(D) chestnut oak. Each dot represents 2 million cubic feet.

As it is shade intolerant, it is often replaced
by hardwoods as natural succession
proceeds. In contrast to loblolly pine
volume, only 7 percent of Virginia pine
volume was found in stands with evidence
of artificial regeneration.

The Southern and Northern Mountains
accounted for 80 percent of total live-tree
volume of eastern white pine. Eastern
white pine is long lived, intermediate in
shade tolerance, and has low tolerance
for fire. Fire suppression during the 20™"
century, although unfavorable for many
other softwood species, may be partially
responsible for increases in white pine
volume over the last few surveys.

Shortleaf pine was restricted almost
exclusively to the Southern Piedmont,
which has the well-drained soils it prefers.

This early successional species was once

a much more important part of Virginia’s
softwood component. However, due

to many factors, which include but are

not limited to fire suppression, limited
regeneration efforts (only 3 percent of this
species’ volume was in planted stands),

and old-field succession, this species has
declined dramatically over the last 60 years.

Yellow-poplar was widely distributed within
the State (fig. 29). Fifty-one percent of

the volume of this species occurred in the
Piedmont, primarily along the western
edge. Twenty-five percent of the volume
occurred in the Southern Mountains.
Yellow-poplar is tolerant of a wide variety
of soil and climatic conditions (Burns and
Honkala 1990). Although considered shade
intolerant, it grows very rapidly and
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can overcome much competition. Long
lived and a prolific seed and sprout
producer, this species is often found in
old-growth stands as well as in young early
successional stands.

Of the four hardwoods mapped, chestnut
oak showed the most restricted distribution.
This species is often found on dry upland
sites (Eyre 1980). In the Appalachian
region, it typically grows on intermediate-
to-poor sites where it is considered to be the
physiographic climax (Burns and Honkala
1990). Eighty-four percent of the chestnut
oak live-tree volume was in stands > 60
years of age. Seventy-one percent of the
volume of this species was in the Southern
and Northern Mountains. It was one of the
few species (which also included pitch pine
and Table Mountain pine) that showed a
strong affinity for the dry tops of ridges.
Forty-seven percent of the chestnut oak
live-tree volume occurred in areas in this
physiographic class.

White oak and red maple resembled yellow-
poplar in having fairly even distributions
across Virginia. White oak and red maple
have wide distributions across most of

the Eastern United States. Each unit

had from 11 to 24 percent of the total

white oak volume (table 20). White oak
usually becomes dominant in stands as a
consequence of its shade tolerance and
longevity and is often a climax species in
central and southern hardwood forests.

Like chestnut oak, white oak had a large
fraction (67 percent) of its volume in

stands > 60 years of age. There is currently
some concern that white oak and other

oak species are in decline. One possible
reason for an oak decline is the change

in disturbance regimes, including fire
suppression, in the Eastern United States
during the 20" century (Abrams 1992). One
study conducted in the Piedmont of Virginia

Chestnut oak occurred primarily in the
Mountains. (photo by Wendy VanDyk Evans,
www.forestryimages.org)

found that there was a shift in dominance
away from white oak toward other species,
and that this shift was consistent with

the potential for other species to replace
old-growth white oak in the mid-Atlantic
region in the absence of fire (Abrams and
Copenheaver 1999).

The distribution of red maple volume
among units was similar to the distribution
of white oak volume among units. Red
maple showed a slight affinity for the
Coastal Plain, where 30 percent of its
volume occurred. Red maple is an early
successional species that lives longer and

is more shade tolerant than many other
pioneer species and is, therefore, found in
stands of various age.



Growth, Removals, and Mortality

Three major components of change

were monitored in the Virginia survey:
growth, removals, and mortality. Complex
interactions among these components

can result in increases or decreases in the
inventory. Estimates are given as an annual
average and reflect the status of trees
measured on the variable radius plots in the
1992 survey and then remeasured in the
2001 survey. During the remeasurement,
trees were classified as survivor trees (live
in the 1992 and 2001 surveys), ingrowth
trees (new trees incorporated into the 2001
survey), removal trees (live in the 1992
survey and cut or removed by the 2001
survey), or mortality trees (live in the 1992
survey and dead in the 2001 survey). Gross
growth minus mortality equals net growth,
and net growth minus removals equals
either a positive or negative net change in
volume for the total forest resource.

Net growth for all live trees on timberland
averaged 990.0 million cubic feet per year
(table 23). This was an increase of 14.5
percent since the period 1986 to 1992,
when it averaged 864.6 million cubic feet
per year. The majority of this growth was
in the hardwood component (662.9 million
cubic feet per year) while about one-third
(327.2 million cubic feet per year) was

in the softwood component. Most of the
softwood net growth (176.1 million cubic
feet per year) was in the Coastal Plain.
The Southern Piedmont ranked next, with
105.9 million cubic feet per year. These
two survey units made up 86 percent of
the softwood net growth. Softwoods in
the Northern Mountains had negative net
growth (-2.1 million cubic feet per year).
Such a situation may arise when mortality
exceeds gross growth.

Hardwood net growth was more evenly
distributed among the survey units than
softwood net growth. The Southern
Piedmont had the greatest rate of hardwood
net growth, 165.4 million cubic feet per
year. Rates for the Southern Mountains and
Coastal Plain were 150.6 and 149.8 million
cubic feet per year, respectively. These three
units accounted for 70 percent of Virginia’s
hardwood net growth.

Most of Virginia’s timberland was in NIPF
ownership, and the majority of the net
growth was on these lands (table 24).

A total of 818.8 million cubic feet per

year (83 percent) of net growth occurred
there. Seventy-nine percent of softwood
net growth and 84 percent of hardwood
net growth was on NIPF lands. Forest
industry lands had 91.4 million cubic

feet per year of net growth, of which 66
percent was in softwoods. This most likely
reflects a tendency to emphasize softwood
management where there are opportunities
to do so. Softwood net growth was negative
on national forest land (-2.9 million cubic
feet per year), indicating that softwood
mortality exceeded gross growth. Net
growth was highest in the oak-hickory
forest-type group, followed by loblolly-
shortleaf (table 25). Fifty-two percent of
the growth in the oak-hickory forest-type
group was in the Southern Mountains and
Southern Piedmont. Nearly 90 percent of
the net growth in the loblolly-shortleatf
forest-type group was in the Coastal Plain
and Southern Piedmont.

Evaluation of growth on a per acre

basis minimizes the effects of shifts in
ownership that took place in Virginia since
the last survey. Net growth of growing
stock averaged 61.3 cubic feet per acre
per year across the State (table 26). This
was an increase of 12 percent since the
last survey. At 88.0 cubic feet per acre

per year, net growth of growing stock

was highest on land controlled by forest
industry. This was an increase of 10 cubic
feet per acre per year since the last survey,
and 66 percent of this increase was in the
hardwood component. The high growth
rate on industry land is a reflection of the
large proportion of plantations in the most
productive age classes on that land. There
was a 20-percent increase in net growth
on NIPF land, from 53.8 to 64.3 cubic feet
per acre per year. In contrast, net growth
on public land decreased from 44.0 to
34.2 cubic feet per acre per year. This is a
reflection of the large proportion of land
in the sawtimber-size class and the high
mortality, particularly of softwoods, on
public land.

Net growth of
all live trees

on timberland
averaged 990.0
million cubic
feet per year, an
increase of 14.5
percent since the
period 1986 to
1992.
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Live-tree removals on timberland averaged
697.9 million cubic feet per year (table
23). This was an increase of 11.3 percent
over the previous survey period, when
removals averaged 627.1 million cubic feet
per year. Over 60 percent of this increase
was in softwood removals. In the current
survey, 66 percent of the removals were on
the Coastal Plain and Southern Piedmont
(247.4 and 212.3 million cubic feet per
year, respectively).

Live tree removals on timberland
averaged 697.9 million cubic feet per
year, an increase of 11.3 percent since
the previous survey period.

Forty-three percent of live-tree removal
volume consisted of softwoods and 57
percent of hardwoods, although 23 percent
of inventory volume was in softwoods

and 77 percent in hardwoods. Seventy-

six percent of softwood removals and 58
percent of hardwood removals were in the
Coastal Plain and Southern Piedmont.

Eighty-three percent (581.6 million cubic
feet per year) of the live-tree removals
were from NIPF lands (table 24). Removals
from forest industry lands averaged 87.7
million cubic feet per year (13 percent of
all removals). Sixty percent of removals
from forest industry lands were softwoods
and 40 percent hardwoods. The oak-
hickory forest-type group accounted for
48 percent of all removals. The loblolly-
shortleaf group ranked second, accounting
for 37 percent of all removals.

Overall, the ratio of live net growth to

live removals was 1.42:1. This indicates
that net growth exceeded harvesting in
Virginia. The softwood growth-to-removals
ratio was 1.10:1, and the hardwood
growth-to-removals ratio was 1.66:1.
When ratios approach 1.00:1 there is

a high likelihood that removals exceed
growth in several areas in the State. Ideally,
if harvesting is to be sustainable, removals
should not exceed growth.

Volume (million cubic feet)

Volume (million cubic feet)

Overall, the ratio of live net growth to
live removals was 1.42:1. The softwood
growth to removals ratio was 1.10:1,
and the hardwood growth to removals
ratio was 1.66:1.

Growth exceeded removals in all units
except in the case of softwoods in the
Northern Piedmont, Northern Mountains,
and Southern Mountains (fig. 30).
However, in these three units, softwood
growth was a minor component of overall
growth (11 percent for the three units,
combined). For softwoods on national
forest lands and hardwoods on forest

(A) Softwood

I Net annual growth 1 Annual removals

_ _ S e _
Coastal Southern Northern Northern Southern
Plain Piedmont Piedmont  Mountains ~ Mountains

Survey unit
(B) Hardwood

o]
o

D
o

=
o
|
|
|

N
S
|
|
|

S
S]
|

©
S
|

o
S
|

N
o
|

n
S
|

Coastal Southern Northern Northern Southern
Plain Piedmont Piedmont ~ Mountains ~ Mountains
Survey unit

Figure 30—Average net annual growth and
removals on timbearland by species group and
survey unit, Virginia, 1992-2000, (A) softwood and
(B) hardwood.
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industry lands, removals exceeded growth
by a slight margin (fig. 31). Annual
softwood removals were higher in North
Carolina than in Virginia or South Carolina
(fig. 32). Additionally, softwood removals
in North Carolina exceeded net growth.
The softwood growth-to-removals ratio was
higher in South Carolina than in Virginia or
North Carolina.

On a per acre basis, removals of growing Planted pine.
stock increased from 38.8 to 43.1 cubic (SRS photo)
feet per acre per year. Rates of removals, )
like rates of growth, were highest on lands percent) to 83.1 cubic feet per acre per year.
controlled by forest industry, where the jilthlough removals did not exceed growth,
most significant increase in removals also the 1n§1re§se in removals p;r acre was more
occurred. Here rates of removals increased than the Increase in growth per acre on
by 12.4 cubic feet per acre per year (18 industry lands. Removals decreased by 6.5
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owth, Removals, and Mortality

cubic feet per acre per year (36 percent) on
public lands, and increased by 7.8 cubic feet
per acre per year (20 percent) on NIPF land.

Across the State, mortality averaged 333.6
million cubic feet per year (table 23).

This represented a 46-percent increase
since the previous survey, when mortality
averaged 227.8 million cubic feet per year.
Thirty-six percent of the current survey’s
mortality was in softwoods and 64 percent
in hardwoods. This mortality was spread
across the State with no specific survey
unit showing substantially higher mortality
volumes.

Across the State, mortality averaged
333.6 million cubic feet per year.

This was a 46-percent increase since the
previous survey.

per year (61 percent) on forest industry
land, and by 3.3 cubic feet per acre per
year (87 percent) on NIPF land. Although
softwoods accounted for only 20 percent of
growing-stock volume on public land (fig.
33), they accounted for nearly 40 percent of
average annual mortality of growing stock
per acre (fig. 34). There are several possible
explanations for the increase in mortality
on public lands. Public lands were impacted
more extensively by weather and insects
than timberland in other ownerships.

Also, natural succession may be a factor;
softwoods tend to drop out as stands age
and hardwoods begin to dominate. A
confounding factor is that stands on public
land tend to be older with bigger trees,

and big trees contribute more volume to
mortality calculations than small trees.

1600— — — — — — — — — — = — —

Most (73 percent) of the average 1,400 1
annual mortality was on NIPF lands £ 1,200
(table 24). This would be expected as = 1.000 |
o b

most of the timberland was in NIPF o 800

ownership. The oak-hickory forest- 3 ]
type group had the highest mortality -2 6001
volume, 192.1 million cubic feet 3 400

per year. This was 58 percent of 200
all annual mortality. However, this
would be expected since about 60
percent of Virginia’s timberland area
and volume was in the oak-hickory

group.

0

Per acre mortality of growing

stock increased substantially across
all ownerships, but most notably

on public land. There, mortality
increased from 14.5 to 27.8 cubic feet
per acre per year (by 92 percent).

On forest industry and NIPF land,
mortality increased by 42 and 43
percent, respectively. Across all
ownerships, mortality of softwoods
accounted for the majority of the
increase in mortality. Softwood
mortality increased by 8.2 cubic feet
per acre per year (295 percent) on
public land, by 1.9 cubic feet per acre

Cubic feet per acre per year

i N

Public Forest industry NIPF
Ownership class

Figure 33— Volume of growing stock per acre on
timberland by species group and ownership class,
Virginia, 2001.

Public Forest industry NIPF
Ownership class

Figure 34 —Average annual mortality of growing
stock per acre on timberland by species group and
ownership class, Virginia, 1992 to 2000.



Management Activities

Management activities, especially the
establishment of plantations, can impact
stand structure by altering forest type,
species composition, stand age, stand
density, and other stand attributes. In
2001, 2,118,000 acres of timberland in
Virginia were classified as planted and
13,349,000 acres were classified as natural.
Eighty-four percent (1,790,000 acres) of
all plantation acreage was in the Coastal
Plain and Southern Piedmont (fig. 35).
Between 1992 and 2001, timberland area
classified as planted increased by 21 percent
(364,400 acres), and between 1986 and
1992 it increased by 25 percent (355,700
acres). Therefore, in < 20 years, the area
in plantations increased from 1,397,900 to
2,118,000 acres, a 52-percent change.

Planted timberland area increased

by 52 percent between 1986 and 2001.
Eighty-four percent of all plantation
acreage was in the Coastal Plain and
Southern Piedmont.

Nearly all of the planted acreage was
planted pine, with the remainder being
mostly oak-pine and oak-hickory. Ninety-
four percent of the planted pine acreage
was in the loblolly-shortleaf forest-type
group, and in this report the term planted
pine refers to this forest-type group.
Increases in acreage in this group accounted
for the majority of the increase in planted
acreage. The loblolly pine forest type, which
occupied 1,767,000 acres, accounted for

99 percent of the planted loblolly-shortleaf
group and 83 percent of all planted acreage.
Ninety-one percent of the acreage in the
planted loblolly pine forest type was in the
Coastal Plain and Southern Piedmont. The
loblolly pine-hardwood and the eastern
white pine forest types occupied the
majority of the remaining area classified

as planted (fig. 36).

Harvesting activities can also substantially
alter stand structure. The area of certain
forest types, as well as the range, volume,
and number of stems of certain species can
be affected. This is more likely to be the
case where stands are clearcut and sites
then replanted with species other than

the ones that were removed. However,
harvesting is not always followed by
artificial regeneration and the establishment
of plantations.

3,500
3,000
2,500
2,000
1,500
1,000

500

Timberland area (thousand acres)

Coastal Southern Northern Northern Southern
Plain Piedmont ~ Piedmont  Mountains  Mountains
Survey unit

Figure 35— Area of timberland by stand origin and
survey unit, Virginia, 2001.
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Figure 36 —Percentage of total planted area
(2.1 million acres) on timberland represented
by loblolly pine, loblolly pine-hardwood, and
eastern white pine forest types, Virginia, 2001.
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A total of 2,992,800 acres, or 19 percent of
all timberland, showed some evidence of
cutting since 1992. This figure includes only
land that remained timberland and was not
cleared as a result of a land use change. Of
this, a total of 1,245,000 acres had been
clearcut. About two-thirds of the remaining
acreage that displayed evidence of cutting
was in stands that had partial cuts and
one-third in stands that had other types of
cutting, such as cutting for firewood.

Forty-four percent of the acreage that was
clearcut was in the Coastal Plain and 34
percent in the Southern Piedmont. There
was evidence of artificial regeneration on
36 percent of the acreage that had been
clearcut, while 64 percent of clearcut
acreage showed evidence of natural
regeneration. Between 1986 and 1992
about 1,116,900 acres of timberland

was clearcut.

The rate of clearcutting decreased by 21
percent, from 186,200 acres per year
(between 1986 and 1992) to 146,900 acres
per year (between 1992 and 2001). Also,
partial harvesting increased by 148 percent,
from 44,600 acres per year to 110,600 acres
per year. However, these figures should

be interpreted cautiously. Since the 1992
survey, definitions of some terms were
modified, seed tree/shelterwood harvesting
was added as a treatment category, and the
sampling intensity in areas where cutting is
more likely (the Coastal Plain and Southern
Piedmont) was reduced by 47 percent.

Natural

Natural disturbance can take many forms. It
can be the result of an insect infestation, or
the damage caused by an ice storm. It can
be the death of one overstory tree. At larger
scales, disturbance in a forested ecosystem
may be the result of fire or a hurricane. All
forests experience some type of disturbance
regime. In fact, disturbance is common to
many systems, occurs at various spatial and
temporal scales, and is continuous over all
ecological levels of organization (Pickett
and White 1985). At intermediate levels

of intensity and frequency (relative to the
system), disturbance may be so integral to
the maintenance of a system (for example,
maintenance of species richness) that it can
be considered a part of the system, rather
than a separate outside negative entity.
Disturbance is now regarded as a natural
part of the cycle and succession of forest
ecosystems (Kohm and Franklin 1997).

Weather-caused disturbance affected
an estimated 7 percent of Virginia's
timberland between 1992 and 2002.
Insect damage was the next most
extensive natural disturbance, affecting
3 percent of the timberland.

Weather-caused disturbance, including
disturbance resulting from weather-

related events such as wind, ice, flooding,
hurricanes, or tornadoes, affected an
estimated 7 percent of Virginia’s timberland
between 1992 and 2002 (table 27). Between
4 and 9 percent of the timberland in each
unit in Virginia experienced some form

of weather damage. Twenty-nine percent
of all weather-related damage occurred in
the Southern Piedmont, where just under
300,000 acres of timberland were affected.

Insect damage was the next most extensive
natural disturbance, affecting 3 percent

of the timberland. Almost 50 percent

of insect-related damage was in the
Northern Mountains, where 9 percent of
the timberland was affected. Data about
damage, and especially data about damage
caused by insects, should be interpreted
cautiously because it is difficult to assess
damage accurately in the field. (For
example, field crews measure plots year-
round, and a survey conducted during

the dormant season could fail to detect
defoliation damage.) Some of the insect
damage noted in the Northern Mountains
may have been caused by the gypsy moth
(Lymantria dispar L.). This insect is a pest
of hardwood trees and is native to Europe,
Asia, and North Africa. The gypsy moth



will feed on many tree species, but its
preferred hosts include oak, aspen, willow,
birch, apple, and basswood. The moth
defoliated about 564,000 acres of forest
land in Virginia between 1997 and 2002
(table 28) (Virginia Department of Forestry
2005). Gypsy moth infestations do not
always result in tree mortality. If conditions
are favorable, infested trees may be able to
refoliate and survive.

The southern pine beetle (Dendroctonus
frontalis Zimmerman) is a major pest of
southern yellow pines and affects forests
in Virginia. When the beetle invades a
tree, the tree is almost certain to be killed.
Infestations tend to be cyclical, with major

outbreaks occurring in some years but not
in others. There is evidence that major
outbreaks tend to follow mild winters.

Many other influences have the potential to
impact the forests of Virginia but are outside
the scope of this report. These include but
are not limited to strip mining, dogwood
anthracnose, the hemlock woolly adelgid,
and invasive exotic plant and animal
species. However, Virginia’s forests still
support a wide variety of species in a wide
range of situations. Forested ecosystems

are very resilient, and only time will tell
whether the offending agents cause the loss
of species, species richness, forest health, or
timber volume.

I -

Southern pine beetle galleries. (photo by Anita Rose)



In order to address additional factors that of the total input of VOCs does come from
affect forest ecosystem health, FIA assesses industrial and vehicular emissions. Weather
several forest health indicators. These plays a key role in the formation of ozone,
include ozone-induced injury, crown with hot, dry, calm, cloudless days providing
condition, down woody material (DWM), ideal conditions for VOCs and NO_ to
lichen community composition, and soil combine and react to form ozone (U.S.
condition. The phase 3 (P3) indicators Environmental Protection Agency 2004).
are used to establish baselines, estimate
biologically relevant thresholds, and detect During the summer months, ozone
potential forest health issues that warrant concentrations at known phytotoxic
further evaluation. Readers should be levels can occur. A number of plants are
aware that these indicators are based on a sensitive to ozone exposures above normal
smaller plot population than the phase 2 background levels. These bioindicator
(P2) sample, and that in some cases a full species, such as yellow-poplar and
complement of data was not yet available sweetgum, exhibit an upper surface foliar
for analyses. injury symptom that can be distinguished
from other foliar injuries. FIA tracks foliar
Ozone injury with the goal of determining where
negative impacts to forest trees may be
Ozone is the product of chemical reactions occurring. In several controlled studies,
that take place in the air when volatile tree seedlings have shown reductions in
organic compounds (VOC) mix and react growth and biomass in response to elevated
with nitrogen oxides (NO ) in the presence levels of ozone (McLaughlin and Downing
of sunlight. A variety of NOX compounds 1996, Rebbeck 1996, Reinert and others
and their transformation products occur 1996, Somers and others 1998). However,
naturally and as a result of human activities. ~ the effect of ozone on forest health is still
Anthropogenic emissions, primarily through ~ poorly understood. Few studies show a
the combustion of organic compounds, direct relationship between foliar injury
i.e., gasoline and coal, account for a large and physiological response to elevated
majority of NO, inputs to the environment levels of ozone (Fredericksen and others
(fig. 37). In contrast, VOCs come primarily 1995, Somers and others 1998). Moreover,
from natural sources, such as trees and there are uncertainties about extrapolating

other vegetation, although a sizable portion

Miscellaneous
2%

Fuel
combustion
37%

Transportation
56%

Industrial
processes
5%

Ozone injury to a yellow-poplar leaf. (photo by Robert L. Anderson,
USDA Forest Service, www.forestryimages.org)

Figure 37 —NO, emissions by source category, 2002.



findings of ozone-induced responses from
controlled seedling studies to large forest
trees (Samuelson and Kelly 2001).

Ozone phytotoxicity is evaluated by

field personnel statewide between late

July and mid-August (U.S. Department

of Agriculture 2004b). The amount and
severity of ozone injury varies according

to a complex set of factors including
exposure, rates of stomatal uptake, and
sensitivity to ozone. Ozone exposure can
vary greatly across the landscape (fig.

38). For a given site, annual variations in
humidity, temperature, and precipitation
are perhaps the biggest source of variation
in plant injury. Monitoring foliar injury of
bioindicator plants does not identify specific
levels of ozone present, but rather identifies
whether conditions are favorable for ozone

SUMG0 June—August 12 hour

B 0-5,000

4 5,001-10,000
1 10,001-15,000
1 15,001—20,000
1 20,001-25,000
25,001-30,000
B > 30,001

injury to occur (Coulston and others 2003).
Although correlations between high levels
of ozone exposure and foliar injury have
been observed (Hildebrand and others
1996, Smith and others 2003), relationships
between ozone exposure and tree responses
have been difficult to confirm (Chappelka
and Samuelson 1998). For example,

some studies have shown that periods

of drought offset the effects of ozone by
causing stomatal conductance to be reduced
(Patterson and others 2000). Variation in
injury within a plant is largely determined
by the position of foliage, exposure to air
and sunlight, and the age of the leaves.

Between 1997 and 2002, 7,489 plants from
various locations in Virginia (biosites) were
evaluated, of which 94 percent showed no
ozone injury (table 29). For each biosite,

Figure 38 —Average ozone exposures, 1998-2002; SUM60, June 1 to August 31, 8 a.m. to 8 p.m. (Courtesy of Teague Pritchard)
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an index was calculated as the average

score (amount x severity) for each species

averaged across all species on the biosite.

Biosite indices were spatially interpolated

using kriging and a map of ozone risk to
plants was created (fig. 39). Kriging is a

Estimated risk and
ozone biosite index

0 Norrisk (biosite
index 0-5)

5 Low risk (biosite
index 5-15)

15 Moderate risk
(biosite index
15-25)

index >25)

|
[ | Nodata

Figure 39— Estimated risk and ozone biosite index, 1999-2002.
(Courtesy of John Coulston)
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standard interpolation technique by which
ozone risk is modeled for all unmeasured
locations utilizing weighted averages from
measured locations (P3 plots). For a more
detailed discussion of this technique as

it applies to ozone, see Smith and others
(2003). Averaging of biosite scores over

a period of several years gives a clearer
picture of the potential for foliar injury in
a given location. The average biosite index
was very low for 1999, a year of high ozone
exposure (tables 30 and 31). This finding
agrees well with those of Smith and others
(2003), who found that average biosite
indices were low across the Northeastern
United States in 1999, when mild-to-severe
drought conditions occurred across much
of that region. Biosite indices were high

in both Georgia and Virginia in 1998 and
extremely high in South Carolina in 1999
(fig. 40) (Rose 2005).

The Coastal Plain of Virginia had the
highest average biosite index across all six
measurement years (fig. 41). This result
correlated well with those of Coulston and
others (2003), who also found high biosite
indices for the Coastal Plain of Virginia

for the years 1994 to 1999. An analysis of
variance showed a statistically significant
affect of both year and unit on biosite index
at the p < 0.05 level, and this illustrates

the high temporal and spatial variability in
ozone exposure and foliar injury. A study
conducted in the Appalachian Mountains of
Virginia found that between 1988 and 1999
ozone concentrations were typically not
high enough to cause growth reductions.
At all but one site (Big Meadows in the
Shenandoah National Forest), when

ozone concentrations were high, existing
drought conditions probably overrode the
more extreme negative growth responses
(Edwards and others 2004).
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[Scores for Alabama (1998, 1999, and 2002); Arkansas
(2002); and Louisiana (2002) = 0. Otherwise, a missing bar
= no data available.]

Figure 41 —Ozone biosite index scores by survey unit,
Virginia, 1997 to 2002.

Analysis of the data also showed that
sensitivity varied among the indicator
species. Blackberry had the highest species
index, with sweetgum second (table 29).
Bioindicator species were not sampled
equally. Ultimately, this could mean that the
distribution and selection of species could
affect the biosite index.

These field studies indicate that foliar injury
due to ozone occurred across the State of
Virginia, particularly in the Coastal Plain,
between 1997 and 2002. Tracking of this
injury will establish a better baseline against
which future detections of foliar injury can
be measured. The high degree of injury
noted in the Coastal Plain may be cause for
more intensive monitoring and evaluation.
Further research is needed in order to scale
this foliar injury to responses at individual
tree species, ecosystem, and regional levels.

Butterfly feeding on
nectar of a native azalea
(Rhododendron spp.).
(photo by Anita Rose)
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Wind and harsh
conditions can result in
poor crown condition.
(photo by Anita Rose)

Crowns

When trees are under stress, visible changes
often take place in the crown. Therefore,
another potential indicator of natural or
anthropogenic impacts on forests is tree
crown condition. Tree crowns and tree
crown health are affected by many biotic
and abiotic factors such as tree age, soil
conditions, precipitation, air pollution,
insects, and disease. Tree age and climatic

or site factors, such as drought and soil
moisture are very commonly involved

in tree decline (Manion 1981, Mueller-
Dombois 1987). Tree senescence and death
are a natural part of any forested ecosystem
and are often the result of a complex set

of factors. The complexity of these factors
makes it difficult to determine exact causes.
However, monitoring for relatively high
levels of negative crown conditions, or
changes in crown conditions through time,



can indicate areas of concern that may
warrant further investigation. Several
indicators have been developed to assess
crown condition and to detect various
states of crown decline. These include
crown dieback, foliage transparency, crown
density, and sapling crown vigor. Only plots
with at least five live trees = 5.0 inches
d.b.h. were included in the analysis.

Crown dieback is recorded as percent
mortality of the terminal portion of
branches that are < 1 inch in diameter, and
are positioned in the upper portion of the
crown (U.S. Department of Agriculture
2004b). High levels of dieback may indicate
the presence of defoliating agents and a
general loss of vigor. Increases in crown
dieback are an indication of stress, possibly
caused by root damage, stem damage that
interferes with moisture and nutrient
transport to the crown, or direct injury to
the crown (Schomaker and others 2007).
Crown dieback is considered an indication
of recent stress because small dead twigs
do not persist for long periods, and because
trees typically replace lost twigs and foliage
if the stress does not continue.

Across Virginia, 95 percent of all P3 plots
had 0 to 7.5 percent crown dieback (table
32). Average crown dieback across all plots
was 2.6 percent. By survey unit, average
dieback ranged from a low of 1 percent in
the Coastal Plain to a high of 4 percent in
both the Northern Piedmont and Northern
Mountains. The Southern Piedmont and
the Northern Mountains had some plots
with moderate crown dieback (7.6 to

15 percent) (Stolte 1997). The Northern
Piedmont had one plot with > 15 percent
average dieback (fig. 42). However, dieback
averaged < 7.5 percent in all other plots in
this unit.

Crown dieback varied by forest-type group,
species, and stand age. In all likelihood,
these three variables are correlated,

since forest-type groups are composed of
species, and occurrence of some species is
correlated with stand age. The oak-hickory

forest-type group showed the highest
average percent dieback (4.3 percent) and
loblolly-shortleaf had the lowest average
percent dieback (0.3 percent) (fig. 43).
Among species, scarlet oak, sourwood,
and northern red oak had the highest
percentage of trees with over 7.5 percent
dieback (table 33). Average crown dieback
for these three species was 8, 7, and 11
percent, respectively. Older stands had
higher average percent dieback than
younger stands (fig. 44).

Crown dieback (percent)

Crown dieback (percent)
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Figure 42— Average percent crown dieback by P3 plot
and survey unit, Virginia, 1997 to 2001 (includes only
plots with more than five live trees > 5.0 inches d.b.h.).
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Figure 43—Average percent crown dieback by forest-type
group, P3 plots, Virginia, 1997 to 2001.
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Crown dieback (percent)

0-25 26-50 51-75 >75
Stand-age class

Figure 44— Average percent crown dieback by
stand-age class, P3 plots, Virginia, 1997 to 2001.

Foliage transparency is the percentage

of skylight that is visible through the

live, normally foliated part of the crown
(Zarnoch and others 2004). High foliage
transparency may be related to insect
damage. Ninety-nine percent of all plots
had 0 to 30 percent foliage transparency
(table 32). Average foliage transparency for
all plots was 20 percent. By unit, averages
ranged from a low of 17 percent in the
Coastal Plain to a high of 22 percent in the
Southern and Northern Mountains. Only
one plot in the Southern Mountains had
31 to 50 percent foliage transparency, and
no plot in any survey unit had > 50 percent
transparency. Foliage transparency varied
by species. Virginia pine, eastern white
pine, and black locust had 21, 17, and 13
percent, respectively, of trees with > 30
percent transparency (table 33). Average
foliage transparency was 27 percent for both
Virginia and eastern white pine, and 25
percent for black locust.

Crown density is the percentage of

light blocked by branches, foliage, and
reproductive structures, relative to the total
symmetrical crown outline (Zarnoch and
others 2004). Over one-half of all plots had
21 to 50 percent average crown density
(table 32). Average crown density for all
plots was 48 percent, with survey unit
averages ranging from 46 to 50 percent.
Loblolly pine, Virginia pine, and shortleaf
pine had the lowest percentage of trees
with > 50 percent crown densities (table
33). Softwood trees frequently had crown
densities around 35 to 40 percent, while

hardwood trees frequently had crown
densities in the 50 to 55 percent range
(fig. 45).

Crown vigor class is used to rate the crown
condition of saplings (trees 1.0 to 4.9 inches
d.b.h.). Factors that can impact crown vigor
in saplings include overhead competition
and stand density. Separating natural stand
competition functions from insect damage
and disease damage is difficult. About 70
percent of all saplings were in vigor class

1 (good), 25 percent were in vigor class 2
(average), and only 4 percent were in vigor
class 3 (poor). Among species (those with at
least 15 stems tallied), flowering dogwood
had the lowest percentage of saplings in
vigor class 1 (47 percent) (table 34). Other
species had from 62 to 100 percent of
saplings in vigor class 1.

The interpretation of forest health
measurements relies upon established
baselines and thresholds. Ideally,
comparison of field conditions with
biological thresholds indicates when a tree,
group of trees, or forest moves from healthy
to unhealthy. There is some evidence that
crown dieback > 20 to 30 percent or crown
density < 30 percent, or both, can be used
to estimate the probability of tree mortality
(Steinman 2000). Nine plots had three or
more trees with = 20 percent crown dieback
(fig. 46). All nine of these plots were in

the Southern and Northern Mountains

and the Northern Piedmont. The majority
of plots with three or more trees with a
crown density of < 30 percent were also in
the Southern and Northern Mountains and
Northern Piedmont.

The P3 field measurements were originally
designed to track forest health through
time to detect potentially serious changes
taking place across the landscape. Across
Virginia, 79 plots were measured six times
between 1991 and 2001. Each plot included
in this analysis maintained at least five live
trees = 5.0 inches d.b.h. Plots that were
diverted to a nonforest use or clearcut were
not included.
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Figure 45— Crown density for top four tree species on P3 plots, Virginia, 1997 to 2001, (A) loblolly pine, (B) chestnut oak,
(C) Virginia pine, and (D) yellow-poplar.

A\ Density < 30 percent
@ Dieback > 20 percent

Figure 46 —Plots with three or more trees having = 20 percent crown dieback and plots having three or more trees
with crown density < 30 percent, Virginia, 1997 to 2001.



On average, there was a slight decrease in to potentially affect a tree’s chances of
crown dieback between 1991 and 2001 survival, its type, location, and severity
(table 35). Average plot-level dieback was were noted. Trees with damage may be
highest in 1992 (6 percent) and lowest in more likely to succumb to additional

1994 (2 percent). There were no plots with stresses such as drought or disease. The
average dieback > 15 percent in 1994, but type of damage most commonly noted was
the number of plots with average dieback the presence of conks, fruiting bodies, or

> 7.5 percent was lowest in 2001. Tracking decay (table 36). This type of damage was
of crown dieback is somewhat problematic recorded for 226 trees (8 percent of sample
because the small branches used in rating trees), and represented 52 percent of all

this variable fall off the trees in a relatively damages noted. Conks are the fruiting

short time and, thus, are not included in bodies of fungi, often of the genus Polyporus,
subsequent measurements. Other factors which attack and rot wood. In living trees,
can affect and potentially hinder field most of the rotting is confined to the
assessment. These include but are not heartwood (Agrios 1988). Forty-five percent
limited to weather, stand density, tree of all conks, fruiting bodies, and instances
height, and visibility. of decay affected chestnut oak, red maple,

white oak, or yellow-poplar.
Average foliage transparency increased

over the 10-year period and was highest in The next most common forms of damage
2001 (20 percent). Average transparency were loss of apical dominance, canker or
was lowest in 1994. Average crown density gall, and vines in crown, which affected
varied only between 47 and 51 percent over 54, 46, and 43 trees, respectively. Many
the 10 years. Values of all three variables— pathogens cause cankers on trees, the
crown dieback, crown density, and foliage most common being Ascomycetous fungi.
transparency—varied from year to year. Depending on the tree and the pathogen,

and environmental conditions, a tree may
Damage survive the disease by producing callus

tissue around the dead areas. However,
The incidence of damage, whether natural trees may be killed by girdling if the disease
or anthropogenic, was recorded on P3 plots is serious enough (Agrios 1988). Virginia
for live trees = 5.0 inches d.b.h. Where pine accounted for 33 percent of cankers or
damage was considered serious enough galls recorded.

The oyster mushroom of the fungus
Pleurotus spp. (Fr.) P Kumm. (photo
by U.S. Forest Service, North Central
Research Station Archives, www.
forestryimages.org)




On average, 15 percent of trees on plots
with at least five live trees that were = 5.0
inches d.b.h. had damage. Most plots (n =
78) had a low percentage (< 20 percent) of
trees with damage (fig. 47). Twenty to forty
percent of trees were damaged on 26 plots,
and > 40 percent of trees were damaged

on 6 plots. The Southern Piedmont had the
most plots (10) with either a moderate or
high percentage of damaged trees.

By species, shortleaf pine had the lowest
percentage of trees with damage (3 percent)
(table 37). The percentage of sourwood,
northern red oak, and black oak trees

with damage was 37, 27, and 26 percent,
respectively. Both northern red oak and
sourwood also had a relatively high
percentage of trees showing moderate-
to-high crown dieback. Species-level
damage may be related in part to differences
in tree or stand age, site characteristics,

and other factors that are not necessarily
species related.

Deadwood

An important part of any ecosystem is
the return of nutrients to the system via
decomposition. In forested ecosystems
deadwood can be a significant store of
nutrients (Harmon and others 1987,

Percent live trees
with damage

e 0-20
® 2140

. 41+

Keenan and others 1993). While senescence
and death of trees is a normal part of the
cycle of life within a forest, the proportion
of trees in a system that are dead, and

the rate at which they die can vary
substantially over space and time. Episodic
events or stand replacement disturbances,
such as insect infestation and changing
environmental conditions, can create

large amounts of deadwood and have a
substantial impact on nutrient cycling in
the affected area. An insufficient amount

of deadwood present, such as in heavily
managed stands, can negatively impact
nutrient cycling (Arthur and Fahey 1990,
Harmon and others 1986). Across Virginia,
about 7 percent of the standing trees = 5.0
inches d.b.h. were dead. Tree mortality
rates averaged 2.4 percent per year between
1992 and 2001 (Rose 2005).

Deadwood can be a significant store
of nutrients, but large amounts of
deadwood can present a fire hazard.

Standing and down-dead trees are also
important habitats for a wide variety

of organisms, including microbes,
invertebrates, fungi, and small mammals.

Figure 47 —Percentage of live trees with damage by P3 plot, Virginia, 1997 to 2001.
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Coarse woody debris
at the Thunder Ridge
Overlook on the Blue
Ridge Parkway. (photo
by Anita Rose)

Additionally, a wide range of birds, reptiles,
and amphibians depend on deadwood.
Where inadequate amounts of coarse
woody debris (CWD) (down-dead logs

= 3.0 inches in diameter and = 3.0 feet

in length) are present, usually as a result

of intensive stand management, this can
negatively impact small vertebrates in
forest ecosystems (Butts and McComb
2000). However, it should be noted that the
presence of large amounts of deadwood can
constitute a fire hazard.

Deadwood goes through a number of
physical, biological, and chemical changes
during the decay process. Decomposition
leads to the release of carbon dioxide, water,
and nutrients, and to the production of
stable organic compounds known as humus
(Schlesinger 1991). Boles begin to collapse,
lose mass, and settle to the ground as they

become unable to support their own weight.
Loss of mass can be caused by leaching,
fragmentation, and the respiration of carbon
by microbes (Harmon and others 1986).
Moisture content (based on dry weight)
may increase from about 100 percent

in living tissue to 300 percent in highly
decayed wood (Hope 1987, Jurgensen and
others 1984, Rose 2000).

Climate, tree species, and size of woody
debris can affect rates of decomposition and,
therefore, the rate of mass and nutrient
loss. Most wood-decaying fungi have a
temperature optimum of 77 to 86 °F and

a moisture optimum of 30 to 200 percent.
Extremely low or high moisture content or
temperature extremes can limit the activity
of organisms essential to decomposition
(Harmon and others 1986, Hedges and
others 1988).




DWM, including CWD and fine woody
debris (FWD) (diameter < 3.0 inches), as
well as duff, litter, and slash, was measured
on 103 P3 plots in Virginia between 2001
and 2003. Volume of CWD ranged from

an average of 242 cubic feet per acre in

the Northern Piedmont to an average of
856 cubic feet per acre in the Northern
Mountains. The average for the State was
407 cubic feet per acre. Individual plot
values ranged from 0 to 5,498 cubic feet per
acre. CWD accounted for about 13 percent
of the volume per acre (live + standing dead
+ CWD) of wood in Virginia (table 38).

Biomass of CWD averaged 2.5 tons per acre
statewide, with plot values ranging between
0 and 17.5 tons per acre. The Northern
Mountains had the most CWD per acre (3.2
tons per acre), and the Northern Piedmont
the least (2.05 tons per acre) (table 39).
CWD is classified as a 1,000-hour fuel,
while FWD is classified into 1-, 10-, and
100-hour fuel categories. These fuel class
numbers correspond to the approximate
amount of time required for the moisture
content to fluctuate within a given piece of
deadwood (Brown 1974). Consequently,
FWD is an important factor in fire hazard
prediction. The 100-hour class FWD, the
FWD that dries out slowest and is least
hazardous, accounted for 67 percent of the
total FWD biomass (table 39). Overall, FWD
biomass averaged 2.3 tons per acre. While
plot values ranged from 0 to 11.5 tons per
acre, 50 percent of plots had = 1.8 tons

per acre. Biomass of duff, litter, and slash
averaged 10.4, 3.6, and 1.8 tons per acre,
respectively. The values for CWD, FWD,
and litter were comparable to those in other
States in the region (fig. 48). Average CWD
for all the States analyzed was below the
range of 3.1 to 43.3 tons per acre reported
in other studies (Harmon and others 1986).

Statewide, the density of CWD averaged
138 logs per acre (table 40). The density

of CWD was lowest in the Northern
Mountains and highest in the Southern
Mountains. CWD accounted for 29 percent
of stems per acre (live + standing dead +
CWD). Just over one-half of all CWD was
moderately decayed (decay class 3) (fig. 49).
More than 90 percent of CWD boles were
between 3.0 and 7.9 inches in diameter.
Not only did the Northern Mountains have
the highest average number of decay class

Tons per acre
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Figure 48 —Biomass of coarse woody debris (CWD), fine woody debris
(FWD), and litter on P3 plots by State, 2001 to 2003.
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Figure 49 —Density of coarse woody debris by decay class and survey

unit on P3 plots, Virginia, 2001 to 2003.
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3 logs per acre, they also had by far the
highest proportion of CWD in this decay
class (78 percent). One possible explanation
for this is that boles may spend significantly
more time in decay class 3 than in the other
decay classes. Boles in decay classes 4 and

5 decay more rapidly than those in decay
class 3. Lambert and others (1980) found
that in fir waves in New Hampshire, it took
15 to 20 years for the down bole cohort to
move into the moderate decay stage, while
it took about 40 years for fir boles to reach
an advanced state of decay. The relatively
small number of CWD sample plots in the
Northern Mountains (n = 16) could also
have affected the accuracy of this estimate.

While alive, trees sequester carbon, with
carbon-to-nitrogen ratios approaching
1,000:1. Once a tree dies it is considered

a temporary sink for carbon. As decay
proceeds, carbon-to-nitrogen ratios typically
decrease to about 100:1 in decayed material,
as the wood becomes a source of carbon and
nitrogen to the system, rather than a sink
(Foster and Lang 1982, MacMillan 1988).
Likewise, litter is a source of nutrients to the
system, with a much faster turnover rate.
The amount of carbon tied up in CWD and
FWD averaged 1.3 and 1.2 tons per acre,
respectively. The forest floor (duff + litter)
averaged 8.2 tons of carbon per acre.

Biomass of coarse woody debris
(tons per acre)
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The amount of CWD, which is especially
important as habitat and as a long-term
source of nutrients, was similar to that
reported in other published studies only
for a few plots. CWD was extremely low or
totally missing for nearly one-half of the
plots in which it was measured (fig. 50).
This may have negative implications for
wildlife and nutrient cycling, and positive
implications for fire hazard.

Lichens

Lichen is a composite of a fungus and

a green alga, or cyanobacteria, or
sometimes both, functioning in a symbiotic
relationship. The lichen body, or thallus,
consists mainly of fungal tissue, with the
alga providing the photosynthetic capability.
Because lichens have no root system, they
absorb the minerals and water they need
from rain or the atmosphere (Brodo and
others 2001). They are efficient at acquiring
nutrients from the atmosphere, and this
efficiency can prove disadvantageous if
high concentrations of toxins are present.
Lichens are especially sensitive to sulfur
dioxide (SO,), with sensitivities varying
among species, and among regions for any
given species (Haffner and others 2001,
Hutchinson and others 1996, Van Dobben

Figure 50—Biomass of coarse woody debris on each P3 plot, Virginia, 2001 to 2003.



and Ter Braak 1999). SO, sensitivity also
varies with lichen morphology: fruticose
lichens are more sensitive than foliose
lichens, which are more sensitive than
crustose lichens (Haffner and others 2001,
Hutchinson and others 1996).

Data about lichen occurrence can reflect
changes in forest biodiversity and may
provide early warnings when serious
conditions are developing.

As biomonitors, lichens can be collected
and analyzed for accumulations of specific
compounds, such as lead, in their tissues.
Lichen communities can also be assessed
for species richness and diversity. Existing
lichen community parameters and changes
in these communities over time may be
correlated with climate and air quality
data, with the goal of using lichens as

early warning indicators of potential

forest health degradation (McCune 2000).
McCune and others (1997) found that in
the Southeastern United States, climate
and air quality explained 59 percent of

the variation in lichen communities.
Generally, species richness was greatest in
the Southern and Northern Mountains and
decreased across the Piedmont and onto
the Coastal Plain. Species richness and the
number of sensitive species also decreased
as air quality declined. Two separate lichen
gradients were calculated, one for climate
and one for air quality, for the southeastern
region, including Virginia, North Carolina,
South Carolina, Georgia, and Alabama. The
climate gradient was based on long-term
average temperature and precipitation data
from weather stations in the region. The
air quality gradient was not based on actual
monitoring data, but was instead inferred
from the literature.

Across Virginia, lichens were tallied on 53
plots in 1994, 1995, 1998, and 1999. A
total of 123 species were encountered on
these 53 plots (appendix table C.2). This
number includes six specimens identified

only to genus, and two unknowns that
were counted as one species. The highest
count for a single plot was 35 and the
lowest 3 (fig. 51). The average number of
species across all plots and years was 15.4.
In 1994, lichens were tallied in 13 plots,
with an average of 10.5 species per plot.
Averages for 1995, 1998, and 1999 were

14.7, 10.2, and 7.7, respectively (table 41).

In comparison, in South Carolina in 1999,
67 species were found on 27 plots, with
an average of 11.3 species found per plot
(Conner and others 2004). Over the years

Lichens are considered
biomonitors of air quality.
(photo by Anita Rose)
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Lichen species richness
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Figure 51 —Cumulative lichen species richness by P3 plot, Virginia.

1994, 1995, 1998, and 1999, multiple tallies
of lichens were conducted in 38 Virginia

plots (1994/1998, n = 8; 1995/1999, n = 22;
1998/1999, n = 3; 1994/1998/1999, n = 5).

In Virginia, the lichen genera that were
found most often were Flavoparmelia,
Punctelia, and Parmotrema. The first two
occurred on 52 plots and the third on 48
plots. The species that were sampled most
frequently were Flavoparmelia caperata (L.)
Hale, Parmotrema hypotropum (Nyl.) Hale,
and Punctelia rudecta (Ach.) Krog, a lichen
known to be fairly tolerant of pollution
(Brodo 2001). Out of the 123 species
tallied, 35 (28 percent) were found on
only 1 plot. This local rarity phenomenon
has been observed by other researchers
and emphasizes the overall complexity of
lichen communities and their distribution
(Humphrey and others 2002).

Data from plots that are sampled repeatedly
are important in portraying trends that may
be correlated with changing environmental
conditions. There did not seem to be any
significant changes in species richness or
climate and air quality gradient scores

on plots with a repeated measure, but an
analysis of species similarity showed that
the lichen communities changed markedly
between measurements. On plots measured
twice, only 25 percent of the species were
measured both times. Similarly, on plots

measured three times, only 32 percent

of species were tallied twice, and only 7
percent were tallied all three times. This
may indicate that the composition of lichen
communities is changing rapidly across
Virginia. However, lichen dispersal (1 to 2
years for recolonization) and growth (0.05
to 5 mm/year) are slow, that it seems more
likely that a one-time measurement may
not give a clear picture of the true species
richness and diversity on individual plots
(Richardson 1974).

The Coastal Plain and the Northern
Piedmont had the lowest average number
of lichen species per plot (13), and the
Northern Mountains had the highest (20).
This seems consistent with the climatic
gradient described by McCune and others
(1997), who found that there were fewer
species on the Coastal Plain than in the
Southern and Northern Mountains. It

is also possible that the amount of SO,

in the atmosphere affected the lichen
communities. Based on U.S. Environmental
Protection Agency monitoring data,

the Northern Piedmont, around the
Washington, DC, area, and the Southern
Mountains, along the border with Tennessee
(represented by a monitor in Sullivan
County, TN) had the highest average annual
SO, amounts (fig. 52) (U.S. Environmental
Protection Agency 2005). In the Northern
Piedmont, the lichen plot that was closest
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Figure 52—Average annual SO, levels measured by the U.S. Environmental Protection Agency (EPA) across Virginia, 1996 to

2002 (data from www.epa.gov).

to Fairfax and Alexandria Counties was
three counties away and there were no
monitors in the Southern Piedmont, further
complicating the correlation. The average
climate gradient score for Virginia, based on
lichen species and climate data, was 72.7,

as compared to 48.1 for the southeastern
region (table 42). This indicates that plots in
Virginia tend to be cooler than those in the
rest of the region. The average air quality
gradient score, based on lichen species
composition and richness and inferred air
quality, was 40.0 for Virginia and 52.6 for
the region (table 43). This suggests that

air quality may be poorer in Virginia than
elsewhere in the region.

Although species richness seemed to
decrease from the Southern and Northern
Mountains to the Coastal Plain, species
known to be sensitive to pollution or
sensitive to SO, in particular occurred in
all units. The pollution sensitive species
Leptogium cyanescens (Rabenh.) Korber was
found in the Coastal Plain as well as in the

Northern Mountains. Normandina pulchella
(Borrer) Nyl., Ramalina americana Hale, and
Parmelia squarrosa Hale are all considered
SO, sensitive species (U.S. Department of
Agriculture 2004¢c; Wetmore 1987, 1995).
N. pulchella occurred in both the Northern
Piedmont and the Northern Mountains, R.
americana was found in all units except the
Coastal Plain, and P. squarrosa was found in
the Southern Piedmont and both Southern
and Northern Mountains units. The genus
Lobaria, which is generally considered
pollution sensitive and is typically found
only in mature forests (Brodo 2001, Haffner
and others 2001), was found on four plots
in the Northern Mountains. Species that
are considered sensitive to pollution or to
SO, in particular were found in 3 out of 11
plots (27 percent) in the Coastal Plain, 6
out of 14 plots (43 percent) in the Southern
Piedmont, 2 out of 8 plots (25 percent) in
the Northern Piedmont, 9 out of 14 plots
(64 percent) in the Northern Mountains,
and 4 out of 6 plots (67 percent) in the
Southern Mountains.
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Factors other than climate and air quality
are known to affect lichens. These include
but are not limited to tree species, stand
age, site history (natural versus planted
stands), and the amount of deadwood
(standing or down) present (Crites and
Dale 1998, Holien 1996, Humphrey and
others 2002, Schmull and others 2002). Of
the 53 plots sampled for lichens, 6 were

at least 50 percent artificially regenerated,
6 had at least 50 percent of the stocking
removed on at least 25 percent of the plot,
and another 6 had evidence of partial
harvesting on at least 25 percent of the plot
area. Another factor that may have affected
lichen analysis is that 18 of the plots were
< 100 percent forested. All of the condition
level variables mentioned above have the
potential to impact analysis of lichen data,
but unfortunately lichens were not tallied
on the subplots, or by condition (U.S.
Department of Agriculture 2004b), thereby
precluding any rigorous analyses of these
issues. The lichen indicator can be useful

in detecting changes in ecosystem health,
whether these are due to changes in air
quality or to changes in climate. Data about
lichen occurrence can reflect changes in
forest biodiversity and may provide early
indications when more serious conditions
are devel