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ABSTRACT: We used aerial photographs from 1939, 1974, and 1990 to examine how land
cover has changed on the 5,286-ha Charles C. Deam Wilderness of Hoosier National
Forest over this time span. Digital elevation models were used to examine changes in
land-cover class (closed-canopy forest, open forest, agriculture/old-field, clearcut, and
pine plantation) within each land type (flat uplands, bottoms, mesic slopes, and dry
slopes). In 1939 most of the Deam Wilderness lands consisted of agriculture/old fields
(33%) and open forest (25.6%), with only 41.4 % in closed-canopy forest. By 1974 most
of the wilderness area had become closed-canopy forest (77.5%), and an even greater
proportion was in that class in 1990 (86.3%). Since 1939 the forest of the Deam
Wilderness has become much less fragmented with larger patch sizes, less total edge, and
more total core area (area within a patch > 50 m from the edge). In 1939 land cover varied
by land type: flat uplands and bottoms had the highest proportion of agriculture and old-
fields (42.4% and 63.3%, respectively), and dry and mesic slopes had the highest
proportion of open forests (30.2% and 28.3%, respectively). By 1974 closed-canopy
forest was the dominant land cover on all land types.

Index terms: forest fragmentation, GIS, land use, ecosystem recovery, spatial analysis

INTRODUCTION

The past 70 years have been an era of
critical change in the forests of eastern
North America. During the 100 years prior
to this period, much of the forest in eastern
North America consisted of small areas of
cutover timber with highly degraded na-
tive plant communities interspersed with-
in a matrix of farmed fields and pasture
(MacCleery 1992, Whitney 1994). Mayr
(1890) described the forests of eastern
North America as “scattered saplings, or a
collection of isolated, gnarled, blighted
trees, sometimes the last of their race.” In
1911 the U.S. Congress enacted the Weeks
Act, which authorized the federal purchase
of forestland to protect watersheds (U.S.
Department of Agriculture 1958). In 1924
the Clarke-McNary Act broadened this pur-
chase plan to include lands with potential
value for timber production (U.S. Depart-
ment of Agriculture 1958). As a result of
these laws, 23 national forests totaling ap-
proximately 3.7 million ha were estab-
lished in the eastern United States between
1930 and the early 1950s (Cox et al. 1985).

Much of the land that became national
forests in the eastern United States was
highly eroded farmiand (Shands and Healy
1977) that had been abandoned because it
was physically unsuitable for continued
agriculture (Hart 1968). According to the

Soil Conservation Service (as cited by Sie-
ber and Munson 1994), overall topsoil ero-
sion ranged from 75% to 99% on these
steep hillside farms that were often re-
ferred to as “ten-year land” because they
could only be tilled for 10 years before
enough soil eroded away to make further
tillage unprofitable (Visher 1937). Because
of their highly degraded condition, these
lands were willingly sold for incorpora-
tion into forest reserves. During the 1930s,
the Civilian Conservation Corps replanted
large tracts of abandoned farmland in the
new national forests with pine species,
including Pinus strobus L., Pinus resinosa
Ait., and Pinus echinata Mill. (Otis et al.
1986, Sieber and Munson 1994).

Within Indiana, incorporation of Hoosier
National Forest (HNF) began in 1935 when
the Indiana General Assembly determined
that Indiana’s national forest would be
located in the southern uplands of the state
(Sieber and Munson 1994). By 1951
enough land had been acquired to official-
ly designate the HNF (Sieber and Munson
1994). Incorporation of land into the HNF
continues today. As of 1999, the HNF is
approximately 63,500 ha in size. Clearcut-
ting has been the most common harvest
method in the HNF since the 1960s, al-
though there has been little harvesting since
the mid-1980s. The Charles C. Deam Wil-
derness (5,235 ha within HNF) was creat-
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od in December 1982 and is located in
\Monroe, Brown, Lawrence, and Jackson
Counties within the HNF (Figure 1). Since
it did not receive a wilderness designation
until 1982, the area that became the Deam
Wilderness was in active forest manage-
ment during the period when clearcutting
was prevalent in the HNF. The oldest
clearcut within the present-day wilderness
was created in 1967, and the last clearcut
occurred in 1978. Like the rest of the HNF,
land parcels that became the Deam Wil-
derness were highly degraded by agricul-
ture and contained highly disturbed plant
communities. There has been no active
forest management in the Deam Wilder-
ness since its creation.

The Deam Wilderness is representative of

the land use history of most eastern hard-
wood forests prior to their incorporation
as national forests. In addition, prior to its
designation as the Deam Wilderness, the
area’s management regime was typical of
eastern national forests. For this reason,
the Deam Wilderness offers an excellent
opportunity to examine how land cover
has changed and how these changes have
altered spatial relationships within a forest
landscape. This study addressed three ques-
tions. First, how was the land that became
the Deam Wilderness used in 1939, when
incorporation of Hoosier National Forest
began? Second, how has the forest land-
scape changed from 1939 to 1974, and

again to 1990, and how have these chang-
es altered the fragmentation and other spa-
tial relationships of the forest landscape?
Third, how has land-use change differed
with topography?

METHODS

Description of the Region

The Deam Wilderness is located in south-
central Indiana (Figure 1) within the Pleas-
ant Run Unit of the Hoosier National For-
est (39° 03'N, 86° 20'W). According to
Bailey et al. (1994) this area is within the
Eastern Broadleaf Forest (Continental)
Province of the Hot Continental Division
of the Humid Temperate Domain. At a
regional scale, the area is within the Brown
County Hills Subsection of the Interior
Low Plateau, Highland Rim Section
(Bailey 1994, Keys et al. 1995) and con-
tains dissected uplands underlain by silt-
stone, sandstone, shale, and limestone
(Homoya et al. 1984). Soils are of the silt-
loam type and are among the shallowest in
the state (Indiana Department of Natural
Resources 1984). Upland forests of the
region are typically dominated by oas and
hickories (e.g., Quercus rubra L., Quercus
alba L., Carya cordiformis K. Koch, and
Carya glabra Sweet) and Liriodendron
tulipifera L., with Acer saccharum Marsh.
and Fagus grandifolia Ehrh. common on
mesic sites.
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Figure 1. Location of the Charles C. Deam Wilderness within south-central Indiana. Areas not shaded
around Tower Ridge Road are not part of the wilderness area.

Data Preparation

In this study, we examined land use in
three separate years within a 51-year
period—1939, 1974, and 1990—resulting
in two intervals of change. Using aerial
photos we delineated land use for the three
dates into five land-cover classes: (1)
closed-canopy forest, (2) open forest, 3)
agriculture/old-field, (4) clearcut, and (5)
pine plantation. Open forests were defined
as forests with a canopy cover of less than
80%. Treeless pastures were included in
the agriculture/old-field class. The loca-
tions of clearcuts were confirmed with U.S.
Forest Service records. Former clearcuts
were considered closed-canopy forest
when they were no longer discernable from
aerial photos. Aerial photos were at the
following scales: 1939—1:20,000, 1974—
1:15840, and 1990—1:30,000.

To reduce topographic displacement (dis-
tortion resulting from topography) and tilt
displacement (distortion resulting from tilt
in the camera optical axis), we determined
the effective area of all photos (Paine 1981 )
and only delineated land use within these
areas. The effective area is the central por-
tion of each photograph bounded by lines
bisecting the area of overlap with every
adjacent photograph (Lillesand and Kiefer
1994). Distortion is lower in this part of
the photo than in areas nearer the edge
(Paine 1981). Photos containing areas of
steep terrain were viewed stereoscopically
during delineation. All land use delinea-
tions were converted to a common scale
(1:24,000) and transferred to 7.5-minute
USGS topographic quadrangle maps us-
ing a Bausch and Lomb zoom transfer
scope. Separate land use maps were creat-
ed for each year (1939, 1974, and 1990).
Overall, the five land-cover classes were
easily discerned from the three sets of aerial
photos. The 1939 photos were the most
distorted and required more adjustment of
the zoom transfer scope. Although the 1990
photos were at a larger scale, land-cover
classes were readily discernible because
the photos were color infrared. The land
use maps were transferred onto tracing
paper and digitized by scanning into TIF
files. ARC/INFO was used to create geo-
referenced coverages (UTM projection) in
square meters from the TIF files.
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Data Analysis

Total coverage and percent coverage of
each land-cover class were determined for
each year (1939, 1974, and 1990). We
used ERDAS IMAGINE to calculate the
transition matrix of land-cover classes
between 1939 and 1974 and between 1974
and 1990. From this matrix, we assessed
how land cover shifted between classes
with time across the entire wilderness.

To assess the spatial characteristics of each
coverage, we used FRAGSTATS (McGari-
gal and Marks 1995) to calculate mean
patch size (MPS), large patch index (LPI),
patch density (PD), total edge (TE), total
core-area index (TCAI), and mean prox-
imity index (MPI). MPS equals the sum of
the areas (m?) of all patches of a given

class (agriculture/old-
field, closed-canopy for-
est, etc.) divided by the
number of patches of the
same class, divided by
10,000 (to convert to
hectares). LP1 is the per-
centage of the landscape
comprised of the largest
patch. PD equals the
number of patches of the
corresponding class di-
vided by total landscape
area, multiplied by
10,000, then 100 to con-
vert to 100 ha. TE is the
sum of the lengths of all
edge segments of patch-
es of a given class. TCAI
is the percentage of a

5000 1
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Figure 2. Area of the Charles C. Deam Wilderness, Indiana, by land-
cover classes in 1939, 1974, and 1990.
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Figure 3. Land-cover maps of the Charles C. Deam Wilderness,

Indiana, in 1939, 1974, and 1990.
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Table 1. Transition matrix (total hectares and
C. Deam Wilderness, Indiana, between 1939 and 1974.

percent area) for different lan

d-cover classes in the Charles

LLAND

COVER 1974 Agriculture/ Open Closed-canopy

CLASS old-fields forest forest Plantations Clearcuts
1939 ha % ha % ha % ha % ha %

Agriculture/

Old-fields 294 175 169  10.1 801 477 413 246 2 0.1

Open forest 31 24 81 6.2 1,126  86.7 43 33 18 1.4

Closed-canopy

forest 17 08 34 1.6 1,975 946 36 1.7 25 1.2

Table 2. Transition matrix (total hectares and
Deam Wilderness, Indiana, between 1974 and 1990.

percent area) amon:

g land-cover classes in the Charles C.

LAND

Cover 1990 Agriculture/ Open Closed-canopy

CLass old-fields forest forest Plantations Clearcuts
1974 ha % ha % ha % ha % ha %

Agriculture/

Old-fields 22 6.3 81 236 186 544 54 157 0 o0

Open forest 1 0.4 18 6.5 249 88.1 12 43 2 07

Closed-canopy

forest 2 <0.1 20 05 3,800 974 55 14 23 0.6

Plantations 1 0.1 1 0.1 8 174 405 822 <1 <0.1

Clearcut 0 0 <1 0.7 32 714 0 o0 13 279

type was calculated for 1939,
1974, and 1990.

RESULTS

Land-Cover Classes

Since 1939 there has been a dra-
matic shift in the percentages of
land occupied by different land-
cover classes in the Deam Wil-
derness (Figures 2 and 3). In
1939, 33% (1,656 ha) of the
Deam Wilderness was in agri-
culture or old-fields. By 1974
agriculture and old-fields com-
prised only 6.7% (336 ha) of the
landscape, and by 1990 this cov-
er class comprised only 0.5%
(24 ha) of the landscape. Open
forest exhibited a similar reduc-
tion in area, declining from a
peak of 25.6% (1,284 ha) of the
landscape in 1939 to 5.5% (274
ha) in 1974 and 2.3% (113 ha)
in 1990. Conversely, the percent
of the Deam Wilderness in
closed-canopy forest increased
from a low of 41.4% (2,076 ha)
in 1939 to 77.5% (3,897 ha) in
1974 and a maximum of 86.3%
(4,339) in 1990. In 1974 and
1990, plantations comprised ap-

proximately 10% (479 ha and

class in the landscape that is core area
(area within an individual patch > 50 m
from the edge of the patch). MPI
(Gustafson and Parker 1994) measures iso-
lation and is calculated for individual patch-
¢s as the sum of patch area (m?) divided by
the nearest squared edge-to-edge distance
(m°) between the patch and the focal patch
for all patches whose edges are within a
specified radius from the focal patch (1,000
M was used in this analysis). As MPI val-
ues decrease. isolation increases. The mean
of these individual patch values was calcu-
lated for each land-cover class.

ARCVIEW was used to create a raster
land type map of the Deam Wilderness
based on 30-m x 30-m digital elevation
Models (DEMs). We divided the landscape

into four topographic classes: (1) flat up-
lands (areas with elevations > 180 m and
slopes < 5 %), (2) bottoms (elevation <
180 m, slope < 5 %), (3) mesic slopes
(aspect = 316°-134°, and slope > 5 %),
and (4) dry slopes (aspect = 135°-315¢,
slope > 5%). Hammer et al. (1995) found
that a 30-m resolution DEM correctly clas-
sified field-measured slopes into 5% slope
classes only 25% of the time. However,
the same DEM placed field-measured
slopes into correct or adjacent slope class-
es 69% of the time. Because we combined
derived slopes into two broad classes (0%-—
5 % and > 5%), the accuracy in this study
probably was sufficient to divide the land-
scape into four broad classes. Total cover-
age of each land type was calculated. The
coverage of each land-cover class by land

513 ha, respectively) of the
Deam Wilderness landscape,
while clearcuts comprised less
than 1% (44 ha and 38 ha, respectively).
All clearcuts in the Deam Wilderness were
created prior to its designation as wilder-
ness in 1982,

Between 1939 and 1974, areas that were
in agriculture/old-fields and open forests
showed a large-scale shift to closed-cano-
py forests (Table 1). During this period,
47.7% of abandoned agriculture/old-fields
and 86.7% of open forests reverted to
closed-canopy forest. An additional 24.6%
of abandoned agricultural areas and old-
fields were planted into pine plantations.
Between 1974 and 1990, most of the re-
maining agriculture/old-fields reverted to
closed-canopy forest (54.4%, Table 2), and
17.4% of areas that were plantations in
1974 became closed-canopy hardwood
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forests in 1990. Whereas some of this
change may have resulted from errors in
land-cover delineation, we observed sev-
eral plantations in aerial photos that had
senesced and succeeded to hardwoods.
Severe winters during the late 1970s caused
heavy mortality in these plantations. After
1974, 88.1% of open forests reverted to
closed-canopy forest. During this same
time period, 71.4% of clearcut areas delin-
eated in 1974 underwent canopy closure
and were indistinguishable from older sur-
rounding stands in 1990.

Spatial Relationships

The increased dominance of closed-cano-
py forest in the Deam Wilderness since
1939 has resulted in a much less fragment-
ed landscape, as measured by patch size
(Table 3). Between 1939 and 1974 the
mean patch size of closed-canopy forest
increased from 47 ha to 491 ha, a tenfold
increase, while the mean patch size in-
creased another 50% to 730 ha after 1974.
The mean patch sizes of agriculture/old-
fields and open-canopy/grazed forests ex-
hibited dramatic decreases between 1939
and 1990. The LPI of closed-canopy for-
ests exhibited similar increases across the
three sample dates (Table 3). Between 1939
and 1990 the PD decreased for agricul-
ture/old-fields, open forests, and closed-
canopy forests.

As the number and size of agriculture/old-
field patches decreased between 1939 and
1990, the total edge of this land-cover
class decreased drastically (344,080 m to
11,260 m, a decrease of 96%; Table 3).
Open forest exhibited a similar decrease
of 84% (247,260 m to 40,660 m). Al-
though the total area of closed-canopy
forest increased during this period (Figure
2), the condensing of forest patches de-
creased total edge from 282,260 m in 1939
to 192,740 m in 1990.

The larger patches of closed-canopy forest
in 1974 and 1990 resulted in an increase in
TCAI and MPI compared to 1939 (Table 3).
In 1974 and 1990 these larger patches had
larger core areas and were less isolated be-
cause they were no longer scattered within a
matrix of agricultural fields and grazed for-
ests. While the MPI of closed-canopy for-

———

Table 3. Landscape metrics for the Charles C. Deam Wilderness, Indiana, in 1939, 1974, anq

1990.
e
1939 1974 1990
Mean Patch Size (ha)
Agriculture/old-fields 12 3 1
Open forest 13 3 2
Closed-canopy forest 47 491 730
Plantations 0 3 3
Clearcuts 0 7 8
Total Area 18 14 21
Large Patch Index
(% of landscape comprised of largest patch)
Agriculture/old-fields 3.8 14 0.1
Open forest 8.5 0.6 0.5
Closed-canopy forest 8.7 58.8 64.5
Plantations 0 2.1 2.1
Clearcuts 0 0.2 0.2
Total Area 8.7 58.8 64.5
Patch Density (# of patches/ 100 ha)
Agriculture/old-fields 2.7 24 0.5
Open forest 2.0 1.8 1.2
Closed-canopy forest 0.9 0.2 0.1
Plantations 0 2.8 3.0
Clearcuts 0 0.1 0.1
Total Area 5.6 7.3 49
Total Edge (m)
Agriculture/old-fields 344,080 103,360 11,260
Open forest 247,260 88,360 40,660
Closed-canopy forest 282,260 256,440 192,740
Plantations 0 144,540 152,220
Clearcuts 0 8,900 8,280
Total Area 436,800 300,800 202,580
Total Core Area Index
(% of patch type that is core area)
Agriculture/old-fields 27 16 4
Open forest 31 10 6
Closed-canopy forest 45 66 74
Plantations 0 15 15
Clearcuts 0 21 24
Total Area 35 55 66
Mean Proximity Index
Agriculture/old-fields 449 18 1
Open forest 268 18 3
Closed-canopy forest 1,221 21,314 16,969
Plantations 0 55 42
Clearcuts 0 3 1
Total Area 503 492 438

50 Natural Areas Journal

Volume 20 (1), 2000




. mgrcused between 1939 and 1974, the
'H of the entire wilderness Qecreased asa
.-‘\uit of the sharp decrease in the MPI of
l»rmllllll‘e/old-fields and open forests.
Ciches of agriculture/old-fields and open
s were highly scattered in a matrix of

' d-canopy forestin 1974 and 1990. The
\pl of closed-canopy forest decreased
~.shily between 1974 and 1990, most likely

_ L result of isolated patches of old-fields

+J open forest succeeding to closed-cano-
- forest in the extreme northwestern por-
.. of the wilderness. Since these patches
‘ cre spatially isolated from the dominant
_lned-canopy forest patch, their MPI val-
o were low.

Topography

past land use in the Deam Wilderness was
mfluenced by physiography. Flat uplands
Jominate the topography of the wilder-
ness area, followed by mesic and dry
Jopes: bottoms comprise the smallest area
(luble 4, Figure 4). In 1939, 42.4% of all
llat uplands were in agriculture/old-fields
and 23.5% were covered by open forests
(Tuble 4). Closed-canopy forests covered
only 34.1% of all flat uplands. By 1974
only 7.4% of flat uplands were in agricul-
wre/old-fields and only 6.9% were in open
forest. By 1990 the proportion of flat up-
lands in agriculture/old-fields and open
forest decreased further to 0.4% and 2.5%,
respectively. Over the same time period,
the coverage of closed-canopy forests on
flat uplands increased to a maximum of
79.3% in 1990. The total area of pine plan-
lations and clearcuts did not change great-
ly between 1974 and 1990. Flat uplands
contained the greatest percent and total
area of pine plantations. Bottoms were
primarily occupied by agriculture/old-
liclds in 1939 (63%, Table 4). Only 20.9%
of bottoms were in closed-canopy forests
in 1939, the lowest percentage of any land
type. However, this percentage increased
0.76.9% in 1990, the greatest increase in
closed-canopy forest of any land type.

Mesic and dry slopes were used less fre-
uently for agriculture and grazing than
flat uplands and bottoms (Table 4). In 1939
over 50% of each of these two land types
were in closed-canopy forests, compared
0 34.1% of flat uplands and 20.9% of

bottoms. However, mesic and dry slopes
exhibited higher percent coverage of open
forest in 1939 than bottoms or flat up-
lands. These mesic slopes and dry slopes
were highly unsuited for agriculture, yet
both types had relatively high coverage of
agriculture/old-fields in 1939 (19.6% and
17.1%, respectively). These two land types
have exhibited greater reforestation than
flat uplands or bottoms; in 1990, 95.3% of
mesic slopes and 95.8% of dry slopes were

covered with closed-canopy forest.

DISCUSSION

Land-Cover Classes and Land-Use
History

The results of our study show that at the
landscape level there has been a consider-
able increase in forest cover in the Deam
Wilderness. Cover of closed-canopy for-

Table 4. Total area (ha) and percent area of land cover classes in 1939, 1974, and 1990 by land
type on the Charles C. Deam Wilderness, Indiana. Slight differences in total area between years
resulted from small differences in the delineated wilderness boundary between years. Percent of
the Deam Wilderness in each land type is given in parentheses.
1939 1974 1990
Area Percent Area Percent Area  Percent
Flat Uplands (50.3%)
Agriculture/old-fields 1,064 42.4 186 7.4 10 0.4
Open forest 590 235 174 6.9 63 25
Closed-canopy forest 855 34.1 1,732 68.9 2,000 79.3
Plantations 0 0 402 16.0 426 16.9
Clearcuts 0 0 21 0.8 23 0.9
Total area 2,509 2,515 2,521
Bottoms (5.6%)
Agriculture/old-fields 175 63.3 92 33.0 10 3.6
Open forest 44 15.9 24 8.6 32 11.3
Closed-canopy forest 58 20.9 154 55.2 216 76.9
Plantations 0 0 9 3.1 23 8.2
Clearcuts 0 0 0 <0.1 0 0.0
Total area 277 279 281
Mesic Slopes (23.8%)
Agriculture/old-fields 233 19.6 34 2.8 2 0.1
Open forest 335 28.3 46 39 9 0.7
Closed-canopy forest 617 52.1 1,054 889 1,136 95.3
Plantations 0 0 38 32 38 32
Clearcuts 0 0 15 1.3 9 0.7
Total area 1,185 1,186 1,192
Dry Slopes (20.3%)
Agriculture/old-fields 174 17.1 21 2.1 1 0.1
Open forest 306 30.2 28 2.8 10 1.0
Closed-canopy forest 535 527 931 91.6 975 95.8
Plantations 0 0 28 2.8 25 24
Clearcuts 0 0 8 0.8 7 0.6
Total area 1,014 1,015 1,017
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Figure 4. Land type map of the Charles C. Deam Wilderness, Indiana, derived from digital elevation

models.

est doubled (from 41.4% to 86.3%) be-
tween 1939 and 1990. Similar reforesta-
tion has been observed in other parts of the
Midwest (MacCleery 1992, Powell et al.
1992, Ebinger 1997). In Illinois forest cover
has increased 41% from 1.22 million ha in
the early 1900s (Telford 1926) to 1.72
million ha in 1985 (Iverson and Schwartz
1994). The creation of state and national
forests in the first half of this century was
the impetus for this recovery of forest cov-
er across much of the region. However,
these “new” forests were mostly relegated
to areas of abandoned marginal farmland
with steep terrain and highly eroded soils
(Hart 1968, Otto 1983, Iverson 1988).
Within the Midwest, there has been little
change in forest cover on more level areas
that remain profitable for agriculture or

development (Parker and Merritt 1994,
Smith et al. 1994). Consequently, there
remains far less forest cover on the mod-
ern landscape of the Midwest than existed
prior to European settlement (Ebinger
1997).

Although a third of the Deam Wilderness
was in agriculture in 1939, it is unlikely
that all of these cleared areas were culti-
vated in any single year. At the turn of the
century in eastern Kentucky, only half of
all cleared land was cultivated at any one
time (Otto 1983). The remaining aban-
doned fields were used as rough pasture
until they succeeded to forest. Davis (1930)
described this system of shifting land use
as “forest fallowing,” whereby cultivation
was constantly shifted, allowing fields to

faillow f(;r two or more decades before
they were cultivated again. Fallowed areas
and surrounding woodlands were also
burned periodically to decrease insect pop-
ulations and reduce brush cover. Histori-
cally, this method of farming represents a
synthesis of American and Scots-Irish ag-
ricultural techniques (Otto 1983). While
much of northern Indiana was settled by
immigrants from New York and Pennsyl-
vania, most of the early immigrants into
southern Indiana originated from Kentucky
(Hart 1972). These early settlers of south-
ern Indiana brought with them the cultural
farming practices of the Scots-Irish. In
eastern Kentucky, Otto (1983) observed
that this pattern of shifting cultivation be-
gan to break down as growing population
and economic hardship during the Great
Depression forced the continuous farming
of marginal land without a fallow period.
This pattern also occurred in southern In-
diana. In many areas that later became the
Hoosier National Forest, the population
steadily increased until about 1900, but
began to decrease during the early 1900s.
For example, after reaching a peak around
1900, the population of Brown County
(which contains part of the Deam Wilder-
ness) had decreased by 40% before 1940,
the time when incorporation of the Hoo-
sier National Forest was initiated (Visher
1943).

Farming practices in southern Indiana in-
cluded not only shifting cultivation but
also the grazing of cattle and the running
of hogs in woodlands (Whitney 1994, Park-
er 1997). Grazing cattle and rooting by
hogs can have drastic effects on forest
structure and composition by reducing
woody regeneration and damaging the
roots of existing trees (Lutz 1930, Diller
1937, Bratton 1975). Because over 25% of
the Deam Wilderness consisted of open
forest in 1939, it is probably safe to as-
sume that livestock grazing was common
throughout the Hoosier National Forest
prior to incorporation. While common on
all land types, open forest had greater
percent cover on dry and mesic slopes
than on any other land type.

Day and DenUyl (1932) identified four
stages of grazing damage in Indiana wood-
lands: the early stage, the transition stage,
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the open park stage, and the final stage.
puring the early stage, native understory
\evetation and woody regeneration are
grgurly reduced. In the transition stage,
\cars of successive grazing have reduced
(he canopy to less than 80% closure and
removed the indigenous ground cover. The
park and final stages occur when there are
only scattered trees and the ground cover
consists almost exclusively of weeds. Since
we defined open forests as forests with
less than 80% canopy cover, areas delin-
cated in the 1930 photos were in these
Jatter three stages of damage. The forest
canopy in most of these areas had closed
by 1974 and these areas were identified as
closed-canopy forests. Additional research
is needed to better understand how plant
communities have recovered from grazing
disturbance.

Spatial and Ecological Relationships

In recent years, numerous studies have
examined the relationship between land-
scape structure and populations of forest-
interior songbirds (Wilcove 1985, Rob-
bins et al. 1989, Gustafson and Crow 1994,
Askins 1995, Donovan et al. 1997). Gen-
erally, these studies have shown that sharp
boundaries between forest and surround-
ing pastures and croplands result in in-
creased rates of nest predation and parasit-
ism by the brown-headed cowbird,
Molothrus ater (Askins 1995). These nest
problems are most severe in landscapes
where small tracts of forest are embedded
in a matrix of cropland and pasture (Wil-
cove 1985, van Dorp and Opdam 1987,
Donovan et al. 1997). According to our
results, the Deam Wilderness in 1939 was
a highly fragmented landscape with is-
lands of forest surrounded by agriculture,
old-fields, and grazed forests. According
to Mumford and Keller (1984), at the turn
of the century the brown-headed cowbird
was an abundant summer resident through-
out the state of Indiana and remained in
some parts of southern Indiana during the
winter. Although precise estimations of
songbird populations in southern Indiana
are not available for the 1930s and 1940s
(Dr. Harmon P. Weeks, Purdue University,
West Lafayette, Indiana, pers. com.), our
results show that nest parasitism during
this period in southern Indiana may have

been considerable. Our results also show
that fragmentation of the forest landscape
in southern Indiana has decreased consid-
erably since 1939 following the creation
of the Hoosier National Forest and sur-
rounding state forests and parks.

The widespread intensive land use we
observed in our study was typical of large
parts of eastern North America in the early
twentieth century and has had lasting ef-
fects on the region’s forests. Throughout
much of the region, contemporary vegeta-
tion composition and structure, succession-
al dynamics, and landscape pattern are
legacies of past intensive land use (Sicca-
ma 1970, Hart 1980, Foster et al. 1992,
MacCleery 1992, Franklin 1994, Parker
and Merritt 1994, Whitney 1994, Motzkin
et al. 1996, Ebinger 1997, Foster et al.
1998). While historic land use explains the
majority of variation in the present-day
vegetation of some areas (Motzkin et al.
1996), historic land use and physical con-
ditions typically have combined to deter-
mine present-day species composition and
distribution (Niering 1953, Hunter and
Swisher 1983, Glitzenstein et al. 1990,
Nowacki et al. 1990, Nowacki and Abrams
1992). Our study suggests that the present-
day composition and distribution of spe-
cies in the Deam Wilderness have been
determined by a combination of factors
relating to past disturbance, topography,
and edaphic characteristics. While predic-
tive models of the relationships between
plant species distribution and existing en-
vironmental conditions have been con-
structed, such models often account for a
relatively small amount of variation across
forest landscapes due to the inherent diffi-
culty of incorporating past disturbance
(Christensen and Peet 1984, Christensen
1989).

To improve understanding of the interrela-
tionships between vegetation communi-
ties and their physical environment, nu-
merous multifactor ecological classifi-
cations have been developed in the eastern
United States (Spies and Bamnes 1985, Hix
1988, Van Kley et al. 1994). The multifac-
tor approach integrates both environmen-
tal and vegetation data into the develop-
ment of classification units (Barnes et al.
1982). Some classification systems, such

as that for forests of northern Wisconsin
(Kotar et al. 1988), have included poten-
tial successional pathways of ecological
classification units. However, in landscapes
that have experienced varied land use his-
tory, such as southern Indiana, the impacts
of past disturbance, in addition to physi-
ography and edaphic characteristics, must
be incorporated into ecological classifica-
tion systems. It is difficult to classify sites
where the typical relationships between
vegetation and physiographic/edaphic
characteristics have been altered by past
disturbance without a clear understanding
of past land use.

Although the increase in closed-canopy
forest cover on the Deam Wilderness and
throughout southern Indiana since 1939
has been dramatic, the native plant com-
munities on severely degraded and aban-
doned farmland have not fully recovered.
Herbaceous and understory plant commu-
nities in 20- to 50-year-old forests regen-
erated on abandoned farmiand in wet-mesic
bottomlands are still very different in com-
position from forest stands with similar
topography that have not undergone major
disturbance in 80-100 years (Jenkins
1998). While past agriculture in southern
Indiana has shifted forest communities
away from that typical of mature stands,
silvicultural management without site prep-
aration generally has not constituted a se-
vere enough disturbance to shift the over-
all composition of ground-layer species
(Jenkins 1998, Jenkins and Parker 1999).
However, tree species composition in sil-
vicultural openings differs from that of
mature stands, which are typically oak-
dominated and were initiated under more
severe disturbance regimes (including un-
regulated logging, frequent burning, graz-
ing, and cultivation) prior to the creation
of Hoosier National Forest (Jenkins and
Parker 1998). In the absence of major dis-
turbance, mature stands are succeeding to
shade-tolerant species, such as Acer sac-
charum. As past and contemporary distur-
bances continue to impact vegetation with-
in southern Indiana, information about how
these impacts have altered and continue to
alter vegetation should be incorporated into
the ecological classification system for the
Hoosier National Forest (Van Kley et al.
1994). Improving our understanding of
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how plant communities within forest land-
scapes have been shaped by past land use
and respond to present-day management
practices is essential to the successful
management of forest ecosystems.
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