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Figure 6.1—The study area includes  
31 Eastern States.
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INTRODUCTION

F
  ragmentation is a continuing threat to 
the sustainability of forests in the Eastern 
United States, where land use changes 

supporting a growing human population are 
the primary driver of forest fragmentation (Stein 
and others 2009). While once mostly forested, 
approximately 40 percent of the original forest 
area has been converted to other land uses, 
and most of the remainder is not original forest 
(Smith and others 2009). The direct loss of 
forest land is an obvious threat; less obvious 
are the threats posed by isolation and edge 
which encompass a wide range of negative 
biotic and abiotic influences on remnant forest 
(e.g., Forman and Alexander 1998, Harper and 
others 2005, Laurance 2008, Murcia 1995, Ries 
and others 2004). Landcover data from 1992 
indicated that forest tended to be dominant 
and well-connected where it occurred, but also 
that fragmentation was so pervasive that only 
10 percent of the eastern forest area was not 
fragmented at a landscape scale of 66 ha, and 
that at least 40 percent of forest area was within 
90 m of forest edge (Riitters and others 2002, 
2004). Between 1992 and 2001, there was a net 
loss of interior forest in the east, and landscapes 
once dominated by forest are now dominated 
by other land uses (Wickham and others 2007, 
2008). In 16 of the 31 Eastern States, the 
wildland-urban interface now encompasses 
more than 25 percent of total land area (Radeloff 
and others 2005), and one-third of the eastern 
forest exists within neighborhoods that also 
contain at least 10 percent agricultural landcover 
(Riitters 2011).

The objective of this section is to demonstrate 
an approach to improve national assessments 
of forest fragmentation by incorporating 
information about the specific forest types 
that are fragmented. National assessments are 
appropriately based on high resolution, wall-to-
wall landcover maps (Heinz Center 2008), but 
the current generation of those maps does not 
describe in much detail the forest types that are 
fragmented. Such information could improve 
land management and policy by identifying 
forest types of special concern for conservation 
or remediation, especially if fragmentation 
is related to specific ecological services like 
wildlife habitat or water quality (e.g., Burkhard 
and others 2009; Kienast and others 2009). 
The approach demonstrated here combines 
landcover data from the 2001 National Land 
Cover Data (NLCD) landcover map (Homer 
and others 2007) with field plot information 
from the Forest Inventory and Analysis (FIA) 
Program of the Forest Service, U.S. Department 
of Agriculture (USDA Forest Service 2010). 
We evaluate the fragmentation status of forest 
types in the Eastern United States (fig. 6.1) and 
estimate the area of intact forest by forest type. 
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METHODS
Bechtold and Patterson (2005) provide 

a detailed description of the FIA inventory 
which may be summarized as follows. The FIA 
inventory uses a permanent, national, grid-
based, equal probability sample design across 
all land. Each sample location is determined 
to be either a forest land use or a non-forest 
land use. For those locations determined to 
be a forest land use, a field inventory plot is 
installed to collect additional information. A 
variety of site and vegetation measurements are 
taken on a cluster of four fixed-area subplots 
spanning approximately 0.4 ha, which may 
extend into more than one forest type. FIA 
uses a post-stratified estimator, which accounts 
for different sampling intensities that arise 
because of intentional increases in sample 
size or unintentionally as a result of survey 
nonresponse. In effect, each plot has a weight 
factor that accounts for those differences. 
In addition, each within-plot forest type is 
weighted by its relative area on the field plot. 
The area estimates that we report were derived 
by combining the two weight factors (Bechtold 
and Patterson 2005). We used data from 152,804 
plot locations across the study area, using the 
most recent measurement for measurement 
years 2000 to 2008. Forest types were defined 
by FIA protocols (USDA Forest Service 2010). 
We selected 75 of the 92 forest types in the FIA 
database by excluding nonstocked forest land 
and the forest types which occupied less than 
70 000 ha each.

Fragmentation was measured using the 
2001 NLCD landcover map (Homer and others 
2007). The NLCD map identifies 16 landcover 
types at a spatial resolution of 0.09 ha per pixel 
and a minimum mapping unit of 0.45 ha. The 
16 NLCD landcover types were combined into 
two generalized landcover types called forest 
(including the NLCD deciduous forest, evergreen 
forest, mixed forest, and woody wetlands 
classes) and non-forest (including all other 
NLCD classes). Forest area density (Pf), defined 
as the proportion of a fixed-area neighborhood 
that has forest landcover, was measured within 
a 4.41 ha (7 pixel X 7 pixel) neighborhood 
centered on each inventory plot location 
(Riitters and others 2002). That neighborhood 
size was large enough to reliably estimate Pf 
yet small enough to characterize fragmentation 
in the immediate vicinity of a field plot. 
Pf was converted to a categorical variable 
(Pf class) with seven classes labeled as intact 
(Pf = 1.0), interior (0.9 ≤ Pf < 1.0), dominant 
(0.6 ≤ Pf < 0.9), transitional (0.4 ≤ Pf < 0.6), 
patchy (0.1 ≤ Pf < 0.4), rare (0.0 < Pf < 0.1), and 
none (Pf = 0.0). The class “none” was included 
because it was possible for inventory plots to 
occur in neighborhoods containing no forest 
landcover. The Pf class was then treated as a new 
plot-level attribute when using the FIA weight 
factors to summarize Pf classes by forest types.

RESULTS
The percentage of each forest type’s total area 

that is in each of the seven Pf classes is shown 
in figure 6.2. The forest types are sorted in 
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Upland red maple
Tamarack

Sweetbay / swamp tupelo / red maple
Yellow-poplar / white oak / northern red oak
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Hard maple / basswood
Sweetgum / Nuttall oak / willow oak

Pitch pine
Balsam fir

White oak / red oak / hickory
Other hardwoods

Black ash / American elm / red maple
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Other pine / hardwood
Post oak / blackjack oak
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Yellow-poplar
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Percent of forest type area

Slash pine
Virginia pine / southern red oak

Virginia pine
Loblolly pine

Red pine
Lowland red maple

Baldcypress / pondcypress
Balsam poplar

Cherry / white ash / yellow-poplar
Sand pine

Slash pine / hardwood
Pin cherry

White spruce
Loblolly pine / hardwood

Sycamore / pecan / American elm
Sassafras / persimmon

Mixed upland hardwoods
Longleaf pine

Eastern redcedar / hardwood
River birch / sycamore

Sugarberry / hackberry / elm / green ash
Jack pine

Black cherry
Gray birch

Eastern redcedar
Longleaf pine / oak

Sweetgum / yellow-poplar
Elm / ash / black locust

Willow
Other exotic hardwoods

Scotch pine
Silver maple / American elm

Cottonwood / willow
Black locust

Bur oak
Cottonwood
Black walnut

 
Pf Class

Intact
Interior
Dominant
Transitional
Patchy
Rare
None

Figure 6.2—The percentage of total forest type area in each of seven forest area density (Pf) classes, sorted descending by 
percentage in the intact area density class. Forest type nomenclature is from appendix F of USDA Forest Service (2010).
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descending order by percentage of intact forest 
landcover, such that the forest type with the 
highest percentage (chestnut oak) is at the top of 
figure 6.2A and that with the lowest percentage 
(black walnut) is at the bottom of figure 6.2B. 
In figure 6.3, the estimated area of intact forest 
landcover is shown for each forest type sorted in 
descending order. Note the scale change on the 
x-axis between figure 6.3A and figure 6.3B.

DISCUSSION
Over all forest types, approximately 81 

percent of forest area was contained in 
a neighborhood that consisted of at least 
60 percent forest landcover (Pf classes dominant, 
interior, and intact), and approximately 
45 percent was contained in a neighborhood 
with intact forest landcover. While these results 
apply to forest land area as defined by the FIA 
inventory, they are generally consistent with 
earlier estimates of dominant and intact eastern 
forest that were made for forest landcover in 
general (Riitters and others 2002, Wickham and 
others 2008). The high percentage (81 percent) 
of area with sufficient forest landcover to qualify 
as dominant indicates that forest landcover tends 
to be dominant where forest occurs, and the low 
percentage (45 percent) of intact forest indicates 
that fragmentation is pervasive.

The percentage area in the intact forest 
area density class varied from 13 percent to 
78 percent among individual forest types. 
Fragmentation would be considered a natural 
attribute of many of the forest types that 
exhibited low percentages of intact forest. For 

example, cottonwood and willow are typical of 
narrow riparian forests in the semi-arid western 
part of the study area, and intactness is lost from 
fragmentation by water. Bur oak is an example 
of naturally fragmented forest in savannah 
regions where fragmentation by grass-shrub 
landcover is a natural condition. Forest types 
exhibiting the largest percentages of intact forest 
are partly explained by (lack of) accessibility 
due to steep slopes, e.g., chestnut oak, or hydric 
soils, e.g., northern white cedar, black spruce, 
pond pine. Perhaps the best evidence for the 
pervasiveness of fragmentation is between 
those extremes, for the forest types that are 
not naturally fragmented and that occur in 
relatively accessible locations; typically less than 
half of the area of those forest types qualified as 
intact forest in a modest 4.41 ha neighborhood. 
Except for “natural” fragmentation by water or 
grassland, the majority of that fragmentation is 
associated with anthropogenic land uses such as 
agriculture, housing, and infrastructure (Riitters 
and Coulston 2005, Wade and others 2003).

The regional supply of intact forest is driven 
more by total area than by the characteristics of 
individual forest types. A large share of the total 
area of intact forest was contributed by the sugar 
maple/beech/yellow birch forest type (fig. 6.2A), 
which exhibited the second-largest percentage 
of intact forest on a per-forest type basis and 
which occupied a large share of total forest 
area. In contrast, large shares of total intact 
forest area were also contributed by three forest 
types (mixed upland hardwoods, loblolly pine, 
white oak/red oak/hickory) that individually 
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Figure 6.3—Estimated total area of intact forest landcover, by forest type, sorted descending by area. Note the scale 
change between (A) and (B). Forest type nomenclature is from appendix F of USDA Forest Service (2010).
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exhibited moderate to low percentages of intact 
forest but that occupied a large share of total 
forest area. Approximately 36 percent of intact 
forest area was concentrated in only three forest 
types—white oak/red oak/hickory, sugar maple/
beech/yellow birch, and loblolly pine—and the 
37 forest types with the least individual intact 
areas together comprised only 9 percent of total 
intact forest area. Mitigation of fragmentation 
and conservation of intact forest may be desired 
to improve the sustainability of ecological 
services obtained from specific forest types. If so, 
land management plans should be specifically 
directed at those types because plans aimed 
generally at conserving intact forest would be 
directed disproportionally to the most common 
forest types.

In summary, previous national assessments 
of forest fragmentation did not account for 
potential differences among forest types because 
the landcover maps which portray fragmentation 
did not identify forest types (USDA Forest 
Service 2001, 2004). This section demonstrated 
an approach to estimating the degree and area 
of fragmentation by forest type by combining 
landcover maps with field inventory data. The 
statistical features of the field inventory system 
permit forest types to be compared in terms of 
the fragmentation that they experience, and 
permit estimation of fragmented landcover area 
in a way that is consistent with national forest 
inventory. In principle, fragmentation data 
may be summarized by other plot attributes 
such as ownership by using the methods 
demonstrated here.
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