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The methods used to answer the questions listed 
in Table 2 involved traditional GIS overlay tech- 
niques, where a composite is made of two or more 
data sets and the resultant tabular information is 
extracted for analysis. For example, the distribu- 
tion of LUDA land cover types within each LPT 
was created by overlaying these two data sets in a 
GIs. This compositing attached the LPT polygon 
number to each LUDA land cover polygon, allow- 
ing selection or targeting of LUDA land cover poly- 
gons based on LPT polygon numbers. The compo- 
site data set could then be used to determine the 
distribution of land cover within a specific LPT 
polygon. 

Statistical Analysis System (SAS) software was 
used to test the significance of the relationships 
contained in the tabular output from the GIS over- 
lay techniques. Analysis of variance (ANOVA) 
techniques were used for questions 1,2, and 3. The 
SAS general linear models (GLM) rather than the 
ANOVA option was used in each case, since the 
number of observations was not equal among the 
treatments (SAS 1989). Prior to execution of the 
ANOVA models, the dependent variables (i.e.. 
road and stream densities, and forest patch metrics) 
were log transformed to satisfy the assumption of 
normality. After execution, each ANOVA model 
was inspected for heteroscedasity; none was evident 
in any of the models. Bonferroni t-tests were used 
to test for significant differences among the treat- 
ment classes. 

A bootstrap analysis (Efron 1979) was used to 
test the significance of the change in wetland edge- 
to-area ratio (question 4) across different LPT 
categories. The small number of ecoregions (4) 
within the study area permitted only graphical com- 
parison for question 5 .  

Road and stream density 

To determine the change in the number of roads 
across LPT categories, USGS DLG road data were 
overlaid on the LPT data to create tabular data of 
the number of roads within each LPT polygon. The 
same was then done for the USGS DLG stream 
data. All road classes were used to create the com- 

bined LPT and road GIS data. Likewise, all 
streams were used to create the combined LPT and 
stream GIS data; only lines delineating wetlands or 
water bodies were eliminated. Also, the road and 
stream data were treated as segments, where each 
road intersection or stream confluence defined a 
new segment. To control for the size of the LPT 
polygons, the road and stream kounts within each 
LPT polygon were converted to density: the num- 
ber of road or stream segments per 1000 hectares. 

One-way ANOVA models were used to test the 
significance of changing road and stream density 
patterns. LPTs were organized into 3 treatment 
classes to analyze changing road density patterns, 
based on the presence or absence of residential or 
urban land cover: absent, present as patch only, 
and present as matrix. LPT classes were organized 
into four treatments based on the land cover com- 
ponent which comprised the matrix (forest, agricul- 
ture, residential, or urbanized) to analyze changing 
stream density patterns. Agriculture mosaic LPTs 
were included in the agriculture matrix treatment. 
The three LPT polygons that had clearcut as either 
a matrix or mosaic component were not included, 
because we considered three to be an insufficient 
sample size. 

Average forest patch size 

LPT and LUDA data were overlaid to determine 
the average forest patch size per LPT class. All 
polygons smaller than 4 hectares were then re- 
moved from the composite data set, since the mmu 
for LUDA data is 4 hectares (USGS 1990a). Aver- 
age forest patch size was computed for each LPT 
polygon by dividing the total area forested in the 
polygon by the number of forest polygons. 

Test plots were made to determine whether or not 
the size of the LPT polygon or the proportion of 
forest in the LPT polygon showed any relationship 
to average forest patch size. Since no relationship 
was evident, one-way ANOVA was used to test the 
significance of the change in the ratio of average 
forest patch to total forest cover per LPT. The log 
transformed data were grouped into 6 treatment 
classes: forest matrix (F), forest matrix and agricul- 
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ture patch (Fa), agriculture and forest mosaic (AF), 
agriculture matrix and forest patch (Af), all LPTs 
with a residential matrix (Rs), and all LPTs with an 
urbanized matrix (Ds). The same statistical methods 
were repeated to analyze the number of forest 
patches data, controlling for LPT polygon size by 
converting number of forest patches to density 
(number per 1000 hectares). 

Wetland edge-to-area ratio 

To determine the change in wetland edge-to-area 
ratio, a composite wetland data set was created by 
overlaying the wetlands contained in the DLG and 
LUDA data. The polygon center points of the com- 
posite wetland map were then overlaid on the LPT 
data to assign each wetland to an LPT polygon and 
determine the change in shape across LPT cate- 
gories. 

Fractal dimension (Mandelbrot 1983; Milne 1988) 
was used as the measure of wetland edge-to-area 
ratio. Fractal dimension can be calculated using the 
equation: 

log P = 1/2D log A, where 

P equals the perimeter of the polygon, and A equals 
the area, by evaluating D as twice the slope of the 
regression of log(P) versus log(A) (Lovejoy 1982). 
The wetland data points were grouped according to 
the LPT class in which they occurred, and fractal 
dimension was calculated for each set of points. 

Six of the 440 wetland data Ooints had a map 
edge as a portion of their perimeter. Map edge line 
segments reduce the potential edge-to-area ratio of 
a polygon by introducing a straight line segment 
where a curvilinear line is more likely expected 
(Milne, pers. comm.). To assess the impact of map 
edge on the fractal dimension calculations, a per- 
polygon estimate of edge-to-area ratio was calcu- 
lated for each wetland data point (Game 1980): 

S = P / 2 * (n * where 

P is the polygon perimeter, and A is the polygon 
area. All 6 wetland data points with map edge line 
segments had S values larger than 85th percentile 
calculated using all 440 data points (Pg5 = 2.565). 

Therefore, these 6 polygons were included in the 
fractal dimension analysis. 

A bootstrap analysis (Efron 1979) was conducted 
to test whether or not the wetland fractal dimension 
calculated for an LPT class was different from, a 
fractal dimension calculated from a random draw 
of wetland polygons. ANOVA and difference of 
means testing were inappropriate because the re- 
gression techniques used to compute fractal dimen- 
sion reduce the number of values (fractal dimen- 
sion) per LPT class to one. Observations were 
selected at random and without replacement from 
the entire data set equal to the number of observa- 
tions in the LPT class, and the fractal dimension 
was calculated for this random set. This procedure 
was repeated 100 times for each LPT class, and 
each of the fractal dimension values from the 100 
regressions per LPT class was saved into a separate 
data file. The mean and 95% confidence intervals 
were than computed for each set of 100 fractal 
dimension values and compared to the fractal 
dimension value for that LPT class. 

Distribution of LPTs and land cover across 
ecoregions 

To compare LUDA land cover and LPT distribu- 
tions across ecoregions each of these data sets was 
overlaid separately on Omernik (1 987) ecoregions 
to create 2 ecoregion composites. All polygons in 
the composite of LPTs and ecoregions that were 
less than 25 km2 and contained either forest, agri- 
culture, wetland, or clearcut as matrix or mosaic 
components were removed. Likewise, any polygons 
in the composite data set that contained urban, 
residential, or water as matrix or mosaic compo- 
nents and were less than 6.25 km2 were also re- 
moved. These polygons were eliminated from the 
LPT and ecoregion composite to conform to the 
LPT mmu’s described in Section 2.0. Polygons less 
than 4 hectares were removed from the composite 
LUDA land cover and ecoregions to conform to the 
4.0 hectare mmu for LUDA data (USGS 199Oa). 
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Stream density 

While the overall ANOVA model was significant, 
the Bonferroni t-test indicated that all treatment 
classes were not significantly different from each 
other at a 95% confidence level. The forest versus 
agriculture LPT comparison and the residential 
versus urbanized LPT comparison were not signifi- 
cantly different, but both forest and agriculture 
LPTs had significantly higher stream segment den- 
sities than residential and urbanized LPTs at the 
95% confidence level (Fig. 5) .  This dichotomy is in 
general agreement with Forman and Godron 
(1986). The authors suggested that the number of 
stream corridors would decrease as anthropogenic 
land use increased in the landscape, and that the 
rate of decrease would be sharper going from culti- 
vated to urban landscapes than from landscapes 
with little or no anthropogenic land uses (e.g., 
forest matrix LPTs) to cultivated landscapes. The 
results suggest an inverse relationship between the 
degree of residential or urbanized development and 
the stream network density in the landscape. 

The USGS stream data (USGS 1990b) used to 
derive stream segment densities per LPT polygon 
may be confounding other trends, however. Stream 
segment density was also calculated for each USGS 
1: 100,000-scale topographic map from which the 
data was taken. The abrupt change in densities 
across some map sheets suggests that some compi- 
lation error may be inherent to the data. 

Average forest patch size 

The ANOVA models relating the ratio of average 
forest patch size to total area forested or forest 
patch density to the treatment classes were signifi- 
cant. The ratio value decreased as agriculture 
replaced forest, but then increased as residential 
and other urban land uses replaced agriculture as 
the landscape matrix (Fig. 6). The ratio value for 
forested landscapes (F LPTs) was significantly 
higher than all other treatments, except urbanized 
matrix (Ds). Also, the ratio value for the Af treat- 
ment class (agriculture matrix with forest patch) 
was significantly lower than all other treatments, 

except agriculture and forest mosaic (AF). 
The forest patch density results show a similar 

pattern. F LPTs have the lowest value, and Af 
LPTs the highest, but there are fewer significant 
differences between treatments. The results of both 
forest patch metrics suggest that the prevalence of 
human land use in the landscape acts to constrain 
the physical dimensions of forests, and that agricul- 
ture is more constraining than residential or urban 
land use. I 

Wetland edge-to-area ratio 

The fractal dimension of wetland polygons in- 
creased as LPTs were increasingly dominated by 
anthropogenic land uses (Fig. 7). The lowest wet- 
land fractal dimension was found in forest matrix 
LPTs, while the highest wetland fractal dimension 
was found in LPTs dominated by residential de- 
velopment. These results are in contrast to the 
expected relationship suggested by Forman and 
Godron (1986). 

In each case, the fractal dimension for the LPT 
class was outside the 95 Vo confidence interval of the 
randomized fractal dimension computed for that 
class. These results suggest that the edge-to-area 
ratio of wetlands is not simplified with increasing 
human use of the land. Instead, geomorphic and 
topographic factors appear to be the dominant con- 
trols of wetland edge-to-area ratio. The results of 
Rex and Malanson (1991) are similar to our find- 
ings. They performed a forward stepwise regression 
of fractal dimension of riparian forest patches 
against one anthropogenic and two geomorphic 
variables, starting with the anthropogenic variable. 
While the relationship between the anthropogenic 
variable and fractal dimension was significant, the 
correlation (R2) was only 0.124. The authors con- 
cluded that other geomorphic factors (in addition 
to the two included) must also influence edge-to- 
area ratio of riparian forest patches. 

The geography of the geomorphic factors con- 
trolling wetland edge-to-area ratio appears to be 
similar to the geography of LPTs. The wetlands in 
the Coastal Plain, the southeastern portion of the 
study area, are typically riparian. Riparian wet- 










