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Abstract

The Kaibab Plateau, in North Central Arizona, has undergone extensive change in
the last 100 years due to land management practices such as logging, road building, and
fire suppression. The northemn goshawk (Accipiter gentilis) has been a center of
controversy, due to the potential effects of silvicultural practices on goshawk breeding
habitat (Reynolds-1983, Bloom et al 1986, Kennedy 1989, Crocker-Bedford 1990).
Current and past research efforts on the Kaibab Plateau have mapped Goshawk nesting
territories and temporal change in nesting behavior and success. However, these research
efforts have not determined how long-term spatial changes in land-use activities that have
influenced forest structure, in turn affect goshawk nesting habitat. Researchers have
proposed that differences in forest structure affect goshawk nesting success (Reynolds et
al. 1992, Lang 1994), but no empirical evidence has been presented to support this
proposition. Differences in forest structure on the North Kaibab Ranger District and the
Grand Canyon National Park may affect goshawk use of each management area.

This study investigated possible forest structure differences between the North
Kaibab Ranger District and the adjacent Grand Canyon National Park. Forest inventory
data was collected for both the Grand Canyon National Park and North Kaibab Ranger
District. Analysis was conducted at three scales biologically important to the northern
goshawk: landscape, stand, and nest site.

Landscape analysis of the National Park and the National Forest found that there
are significant differences in the size and spatial distribution of forest biomass between
the two sites. Landscape metrics for the National Park and National Forest showed
considerable differences with regard to forest cover type connectivity, size, shape, and
distribution. The forests also demonstrated significant differences in tree-size class
distributions, total basal area, and species composition. These differences were present at
all three scales biologically important to the northern goshawk. The differences in spatial
characteristics and composition of the forests could be the result of diverging
management philosophies of the National Park and the National Forest. The effects of
divergent management are not well understood and could have long lasting effects on the
ecological integrity of the Kaibab Plateau and sensitive species such as the northern
goshawk.

Ryan S. Miller

Department of Forest Sciences
Colorado State University
Fort Collins, Colorado

Spring 2001
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Introduction and Literature Review

The Kaibab Plateau, in North Central Arizona, has undergone extensive change in
the last 100 years due to land management practices such as logging, road building, and
fire suppression. The northern goshawk (Accipiter gentilis), a sensitive species, has been
a center of controversy, due to the potential effects of silvicultural practices on goshawk
breeding habitat (Reynolds 1983, Herron et al. 1985, Bloom et al. 1986, Kennedy 1989,
Crocker-Bedford 1990, Reiser 1991, Reynolds 1992, 1996). Consequently, landscape
scale management plans have been proposed for goshawks in both the Pacific Northwest
and Desert Southwest (U.S. Department of Agriculture 1994 and Reynolds et al. 1992,
1996).

In the Southwestern United States the northern-goshawk relies primarily on the
ponderosa pine forest type but is found in mixed conifer and spruce-fir forests as well.
These forest types have changed considerably, in regards to structure and composition,
over the past 100 years due in part to timber harvesting practices and fire suppression
(Rasmussen 1941, Cooper 1960, Moir and Dieterich 1988, Covington and Moore 1991).
Current silivicultural practices on many forests occur in small treatments, which are
widely distributed throughout the landscape resulting in relatively slow rates of change
(Reynolds and Joy 1998). Most temporal change studies to date have examined stand

structural change and species composition but have not quantified landscape change on
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any large geographic extent (Cooper 1960, Weaver 1961, Ellenwood 1993).

Ellenwood (1993) compared forest inventory data for the Kaibab Plateau collected
by Lang and Stewart (1910 and 1913) with inventory data collected by the North Kaibab
Ranger District in 1955 and 1990. Comparisons determined that stand density on the
Plateau increased 125% on 76.5% of the Plateau while only 11.4% of Plateau experienced
declining stand density. Ellenwood concluded that the Plateau currently possesses more
large tree biomass at higher stand densities than at the turn of the century. Stand
structural characteristics, such as stand density, canopy closure, and tree size effect
goshawk nesting and foraging behavior (Renyolds, 1992, 1996).

Researchers have determined three landscape scales that are important for
goshawk breeding biology: the nest stand (12 ha), post-fledging area (168 ha), and
foraging area (>2,160 ha) (Reynolds et al 1983, Reynolds et al. 1992, Kennedy 1989).
Research suggests that dense late succession forest conditions, stands with relatively large
trees of high density and dense canopy cover, are important for nesting habitat (Reynolds
et al 1982, Moore Henny 1983, Crooker-Bedford and Chaney 1988, Reynolds 1992).
Dense late succession vegetation provides protection of newly fledged young and creates
stable microclimates that may be important to fledgling survival (Reynolds et al. 1982,
Morre and Henny 1983). Goshawks use available habitats opportunistically for foraging.
However, the goshawk’s hunting strategy is adapted to dense forest conditions with an
open understory, the raptor perches in the canopy and scans the understory and ground for
prey. Open understory enhances prey detection and capture in dense late succession

forests due to visual limitations (Reynolds, 1992).



Study Site:

The Kaibab Plateau is a limestone plateau located on the north rim of the Grand
Canyon in north central Arizona (see figure 1). The Plateau is bounded on the south by
the Grand Canyon, on the east by abrupt steep slopes and on the west and north by gentle
slopes. The Plateau rises from a desert plane at 1,750 meters to an elevation of 2,800
meters. This elevational gradient encompasses shrub-steppe, pinyon-juniper, ponderosa
pine, mixed-conifer, and spruce-fir forests. Ponderosa pine is the dominant forest type on
the Plateau encompassing approximately 122,400 ha followed by mixed-conifer forests
with 51,600 ha, and spruce-fir forests with 30,600 ha. The long-term average annual
precipitation on the Kaibab Plateau is 67.5 cm, with winter snow-packs of 2.5-3.0 meters
(White and Vankat 1993, Reynolds and Joy 1998).

The Kaibab Plateau boosts large populations of the northern goshawk, mule deer,
Kaibab squirrel (unique to the Plateau), and other species commonly associated with the
ponderosa pine ecosystem. R(?searchers have identified in excess of 100 goshawk nest
territories on the Plateau from 1990 through 1996 (Reynolds and Joy 1998). Both private
industry and federal agencies have intensively studied the population of goshawks on the
Plateau (Crocker-Bedford 1990, Zinn and Tibbitts 1990, Ellenwood 1993, Reynolds and

Joy 1998, Dewhurst et al. 1995).



Figure 1. Satellite imagery for the Kaibab Plateau.
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The Plateau is divided into two management areas, the North Kaibab Ranger
District (NKRD) of the Kaibab National Forest and Grand Canyon National Park (GCNP)
(Figure 1). Historically, the Kaibab Plateau experienced numerous natural and human
induced disturgance regimes, such as frequent low severity surface fires, livestock
grazing, enlarged deer herds, road building, intensive timber management, and fire
suppression. Over the past century, the occurrence or lack of these change dynamics has
altered the forest composition on the Plateau. Philosophical differences in agency
missions between the United States Forest Service and National Park Service may have
lead to different forest dynamics on the GCNP and on the NKRD resulting in aifferent
forest conditions.

Silivicultural practices on the NKRD have historically removed large tree biomass
and reduced overall tree density resulting in a less dense forest condition (1992 Kaibab
National Forest Timber Atlas). Timber harvests have also been distributed across the
landscape effectively reducing the spatial variation of forest biomass. Timber harvesting
did not begin on the Plateau until the early 1920’s and was limited to harvest of dead and

dying trees (sanitation cutting) until the 1960’s (Burnett 1991). In the late 1960’s clear-

cut siliviculture was introduced, harvesting approximately 922 hectares over

approximately a 5 year period and was discontinued in the early 1970’s. Single tree
selection cutting continued through the mid-1970’s when more intensive management of

the forest began. Starting in the mid-1970’s the pine and mixed-conifer forests where



converted to regulated even aged forests. This increased the total volume of wood
removed from the forests by a factor of five, from 9,077 to 48,412 board feet per hectare
between 1986 and 1990. Between 1970 and 1990 approximately 1.2 million board feet
was harvested on the Plateau. Much of the early sanitation cutting occurred over the
entire Plateau. Intensive stand-level management began in 1986 and reduced the total area
harvested to 12,632 by 1991. Recommendations for forest management for the northern
goshawk, referred to as the goshawk guidelines, were adopted in final form by the
National Forest in 1992 (Reynolds et al. 1992). The goshawk guidelines outline
silivicultural and management strategy to conserve the goshawk in the southwestern
United States. In general, the guidelines instituted a silivicultural regime, which harvests
groups of trees to increase horizontal structure within stands. Annual harvests after
adoption of the guidelines reduced to approximately 8,000 to 17,000 board feet anﬁually
on the Plateau (1992 Kaibab National Forest Timber Atlas, Reynolds and Joy 1998, North
Kaibab Ranger District historical timber sale records, 2000).

The ponderosa pine and mixed-conifer forests on the GCNP, have changed
extensively over the past 100 years partly due to changing fire regimes (Mitchell and
Freeman 1993, Fule et al. 2000). Historically, the ponderosa pine forests on the Kaibab
Plateau experienced frequent, low severity surface fires with a return interval of 3 - 5
years (Cooper 1960, Madany and West 1980, Dieterich 1980, Covington and Moore
1991, Fule et al. 2000). However, the fire return interval on the Plateau and across much

of the western United States has increased due to fire suppression and livestock grazing



(Weaver 1961, Dieterich 1980, Madany and West 1980, Fule et al. 2000). Frequent
surface fires maintained ponderosa pine forests in a relatively open condition by
destroying regeneration. The lack of frequent fires has resulted in increased Douglas-fir
and true fir regeneration in ponderosa pine forests (Barrett et al. 1980, Reynolds 1992,
Fule et al. 2000). The fire frequency on the Kaibab Plateau has lengthened due in part to
livestock grazing, enlarged deer herds, road building, and fire suppression (Fule et al
2000).

Extensive livestock grazing began in 1885 and continued until the mid-1900’s,
except on the southern portion of the Plateau where it ceased in 1919 with the
establishment of GCNP (Rasmussen 1941, Merkle 1962, Reynolds and Joy 1998,
Mitchell and Freeman 1993). Livestock grazing along with an enlarged deer herd in the
1920’s, 1930’s and the 1950°s reduced fine and small woody fuels (Rasmussén 1941,
Merkle 1962, Reynolds and Joy 1998, Mitchell and Freeman 1993). Logging activities
and road building on the NKRD may have reduced the continuity of fuels. These
activities along with historic fire suppression practices of both the GCNP and NKRD
resulted in the reduction of fire return rate on the Plateau. The increase in the return
frequency of surface fires has increased sapling and pole-sized ponderosa pine by a factor
of 8 and mixed-conifer by a factor of 11 (1992 Kaibab National Forest Timber Atlas,

Reynolds and Joy 1998, Heinlein et al. 2000).



Problem Statement:

Current and past research efforts on the Kaibab Plateau have mapped Goshawk
nesting territories and temporal change in nesting behavior and success. However, these
research efforts have not determined how long-term temporal changes in land-use
activities (i.e. logging, fire suppression, and resource development) have influenced forest
structure, which in turn affects goshawk nesting habitat. Researchers have proposed that
differences in forest structure affect goshawk nesting success (Reynolds et al. 1992, Lang
1994). Differences in forest structure on the North Kaibab Ranger District (NKRD) and
the Grand Canyon National Park (GCNP), if such differences exist, may effect goshawk
utilization of each area.

The overall objective of this study was to compare the spatial distributions of
forest cover types on the Grand Canyon National Park to those on the North Kaibab
Ranger District. This study tested two hypotheses concerning the composition of forest
structure, which are:

H,: There is no difference in the forest structure ! between the Kaibab

National Forest and the Grand Canyon National Park.
H,: There is a difference in the forest structure between the Kaibab

National Forest and the Grand Canyon National Park.

! This study defined forest structure as the amount and organization of overstory
and understory biomass as described by basal area, density of trees, saplings, and

seedlings, average diameter at breast height, and canopy density.
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Ho: There is no difference in the spatial distribution of forest structure
between the Kaibab National Forest and the Grand Canyon National
Park.

H,: There is a difference in the spatial distribution of the forest structure
between the Kaibab National Forest and the Grand Canyon National

Park.



Methods

Two analysis processes were used to identify possible difference in landscape
characteristics at broad and fine scales. In order to identify possible differences at a
coarse scale, FRAGSTATS (version 2.0, 1995) landscape indices generated from Landsat
TM imagery for the NKRD and the GCNP were qualitatively compared. Landscape
indices are mathematical functions, which describe the shape, size, and spatial
relationships among distinctive elements present on the landscape (McGarigal and Marks,
1995). Fine scale landscape characteristics such as stand and sub-stand forest structure
(i.e. basal area, tree density, and others) were explored by statistically comparing forest

inventory measures generated from ground survey data for both management areas.

Landscape Indices Analysis:

This analysis process was based on a single Landsat TM image collected in
August of 1997 over north central Arizona (see figure 1). The imagé was geometrically
corrected using nearest neighbor resampling. The Landsat data is of high quality
possessing no clouds, smoke, or other atmospheric deformity. The data also lacks
systematic errors such as striping and banding making the data very suitable for image
processing. This data was provided as part of a research partnership with the United
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States Forest Service Rocky Mountain Research Station (RMRS).

In order to effectively analyze the data, the image was first examined to determine
the variability within each spectral band and to determine which features are best
represented in each band. This is both a quantitative process (e.g., producing histograms
for each band) and a qualitative process (e.g., noting in which band(s) certain features
seem most apparent). In general, it is important to become very familiar with the data set
in order conduct effective image classification.

.The imagery was corrected for atmospheric attenuation. Atmospheric attenuation
is the effect of water, dust, smoke or other media in the atmosphere that systematically
alters the perceived spectral reflectance of an object. Water in the atmosphere (haze) is
the most common result of altered spectral reflectance. This was accomplished by
examining the bands to determine if any large differences in the distribution of spectral
values existed. Variation in the data is a result of atmospheric attenuation and is most
prevalent in the visible bands. This variation was removed using a histogram shift that
involved subtracting the lowest spectral value obtained in each band from every value in
the band.

Principal component analysis (PCA) was performed on the imagery to compress
the information content of the data set. PCA transforms the data, evaluating all bands in
the imagery and identifies unique combinations of the bands that account for the majority
of the variability within the data set (Jensen et al. 1979, Chavez et al 1982, 1984). Past

studies have shown that approximately 95% of the variability within an image is
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contained in the first three principal components (Jensen et al. 1979, Chavez et al 1982,
1984). Principal components often provide information in a way that identifies subtle
changes in the data not obvious in the original spectral data. This information often aids
in separating cover types that are spectrally similar.

Analysis determined that 99.74% of the variability within the image was
contained in the first three principal components (Table 1). The first principal component
(PC) contained ~86% of the variability in the imagery. Visual inspection of the PC’s
determined that the second and third PC's contained little information within the study
area. The majority of the features identified by these PC’s resided outside of the study
area.along the Grand Canyon and on the lower elevation plains surrounding the Plateau.
For this reason, only the first PC was used in the classification analysis.

Table 1. Principle Component Analysis Results.

Band PC1 PC2 PC3 PC4 PC5 PC6

1 0.10 0.29 034 -0.08 0.08 20.88

2 0.03 0.26 0.37 -0.20 -0.86 0.17

3 0.10 0.47 -0.59 -0.03 0.49 0.43

4 0.50 -0.71 -0.49 0.12 -0.01 0.00

5 0.76 0.19 0.38 -0.50 0.04 0.05

6 0.40 0.32 0.15 0.83 -0.15 0.00

Eigen Value’ 1345.04 181.30 24.94 3.26 0.62 0.11

Variability (%) 86.48 11.66 1.60 0.21 0.04 0.01
Cumulative (%) * 86.48 98.14 99.74 99.95 99.99 100.00

% The length of a principle component which measures the variance of a principle component band.
? Variability accounted for by principle component.
* Total cumulating variability described by principle components.

The first PC was masked to the extent of the Kaibab Plateau, which is considered
all areas above 2,194 meters (7,200 feet) in elevation. This high elevation area was

identified using USGS 1:24,000 scale digital elevation models (DEM). The first PC was
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filtered to reduce variability in the data set and to remove additional noise resulting from
variability of forest types, which could affect classification and in turn FRAGSTATS
analysis. A 3 x 3 majority filter was used to reduce inner patch variability and to define
boundaries between patches. The resulting filtered image was classified into thematic
maps in order to generate landscape indices. An unsupervised classification was deemed
appropriate for this study due to the complexity of the data and the need to classify the
imagery into many different thematic resolutions.

Landscape indices such as contagion, edge density, and patch size are greatly
affected by spatial and thematic resolution. Spatial resolution is the physical scale at
which the data can accurately represent landscape features such as patch shape, patch
size, and patch arrangement. The term thematic resolution refers to the number of
landscape features that can be identified. For example, 10 thematic categories represent
the 1andscape at finer thematic resolution then 5 thematic categories. To investigate
influences of thematic resolution the imagery was classified into 6 thematic maps
containing 5, 15, 35, 40, 45, and 50 thematic classes. Thematic classes were not assigned
to specific cover types. It was not possible to control for influences of spatial resolution,
due to the fixed 30-meter resolution of the Landsat sensor system.

The six thematic maps where subsetted into two landscapes of interest, North
Kaibab Ranger District and Grand Canyon National Park. The boundary data used in this
subsetting was internally buffered by 400 meters to control for possible boundary affects

along the National Forest / National Park boundary and to eliminate the affects of shear
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rock in the imagery along the Grand Canyon. The subsetting and multiple thematic
classification procedure resulted in 12 images (6 unique thematic classifications for the
GCNP and 6 additional classifications for the NKRD) which where Ll§ed as inputs into
the FRAGSTATS analysis. Landscape metrics were calculated at both the landscape and
thematic class level. The analysis was limited to the following metrics:

1) Largest Patch Index (LPI)

2) Mean Patch Size (MPS)

3) Edge Density (ED)

4) Shannon's Evenness Index (SHEI)

5) Contagion

6) Mean Shape Index (MSI)

7) Landscape Shape Index (LSI)

The metrics for the two landscapes, NKRD and GCNP, were compiled for all thematic
scales resulting in datasets that illustrated how the metrics changed as a function of
thematic resolution. Performing the analysis in this fashion allowed the investigation of

how different thematic resolutions effect the landscape metrics.

Forest Inventory Data Analysis:

The purpose of this analysis was to compare inventory measures collected by S.M.
Joy (unpublished data) on the NKRD with similar inventory measures collected on the

GCNP. Joy collected inventory measures for 184 random point locations and 88 historic
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goshawk nest sites on the NKRD (N = 272). Inventory measures describing forest
structure where collected at 113 points on the GCNP during the summer of 1999
duplicating the methodology used by Joy (Figure 2).

The measures of basal area collected by Joy et al. were used to determine the
target sample size required to accurately measure variation in basal area on the GCNP.
The variance in the NKRD data was used to calculate the minimum sample size needed to
estimate the mean and capture variation within the ponderosa pine, mixed conifer, and
spruce-fir forest cover types (Appendix C). This analysis showed that 42 plots were
required to capture the variation in the ponderosa pine forest type while approximately
127 sample plots were required to capture variation in the spruce-fir cover types. The
mixed conifer forest type was highly variable and was assumed similar to either the
ponderosa pine or spruce-fir type. A final sample size of 102 plots was chosen as a
compromise between the number of plots needed to accurately represent the mean and the
time required to perform the sampling. Additional plots (N = 11) were also located in
each known goshawk territory on the GCNP. These 11 plots were placed at the base of a
randomly selected historic nest tree within the territory. These plots provided information
concerning forest characteristics for nesting areas on the GCNP.

The 113 points were located in the field using USGS 7.5 minute quadrangles and
GCNP road maps. Point locations were verified using Global Positioning System (GPS).
At each point location, square 30 x 30 meter plots (referred to as 30 meter plots), variable

radial plots, and radial plots were established. Plots were laid out in a north-south, east-

15



Figure 2. Location of 30 meter sample
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west fashion with the point assigned to the center of the plot. Vegetation data collected
consisted of 18 measures of forest structure and species composition for the 30 meter
plots, variable radial plots, and radial plots. Variable radial plots for basal area and radial
plots for tree density, sapling density, and seedling density were located at the center
point of the 30 meter plots. Canopy density was also measured at the center point of the
30 meter plot. The variables measured within the 30 meter plots included number of
snags, dominant tree and sapling species and herbaceous variables. Vegetation
characteristics and measurements collected at each plot corresponded with variables
collected for the NKRD. The measures collected provide information characterizing
overstory and understory density, biomass, and species composition. Table 2 explicitly
lists the biometrics measured at each plot.

Statistical analysis of the data consisted of stratifying inventory measures
respective to each management area. The data was stratified at two scales, data for the
entire management area and data for historic nest sites. This resulted in four data sets: all
Park measures, measures for nest sites on the Park, all Forest measures, and measures for
nest sites on the Forest. The data was stratified at the nest level to explore trends in the
forest characteristics of goshawk nesting areas within both management areas. Nest sites
were classified as ponderosa pine, mixed conifer or spruce-fir by locating the nest sites
geographically and examining the proportion of basal area by species at the nest plots.
For example if the nest site resided at an elevation that possessed mixed conifer forests

and if the nest plot possessed fir, spruce, and ponderosa pine then the nest plot was
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classified as mixed conifer.

Table 2. Forest inventory variables measured at 30 meter plots.

Biometrics Plot Type
Qualitative Measures
General site description 30 Meter
Slope 30 Meter
Aspect 30 Meter
Overstory Measures
General forest type (e.g. ponderosa pine, spruce-fir, etc) 30 Meter
Basal area (ft*/ acre) Variable
Dominant tree species, DBH (cm) and height (m) > 30 Meter
Number of snags 30 Meter
Canopy closure (%) 6 Center Point
Number of trees within 8.9 meters of center point Radial
Understory Measures
Dominant sapling species, DBH (cm) and height (m) ! 30 Meter
Number of seedlings within 1.3 meters of center point Radial
Number of saplings within 4 meters of center point Radial

Understory herbaceous species, height, and overall percent cover ¥ 30 Meter

5 . .
Measures were taken for four characteristic trees in the overstory.
¢ Measures were taken for four characteristic trees in the understory.

7 Canopy closure was measured using a spherical densiometer.

¥ Biometrics not used in statistical analysis.

The distribution of the data for management area was compared to determine if
there was a statistically significant difference between the NKRD and the GCNP. Two-
sampled T-tests were used to determine if any difference existed for the means of the
forest measures at both the management area level and nest level. Differences in the
population variance for all forest measures were also tested using an F test statistic.

Measures of understory herbaceous variables (species, height, and percent cover)
were not used in the statistical analysis. It was determined that these measures were not

comparable due to the seasonal differences between the data sets. The NKRD data was
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collected mid to late summer (July — August) while the GCNP data was collected during
late spring early summer (May — June). This temporal difference in the timing of
collection resulted in incomparable data.

Multivariate linear regression was used to generate predictive models, which
described the difference in inventory data between each sample plot. The purpose of this
analysis was to explore general trends in the data that may provide an understanding of
the spatial distribution of forest structure. The analysis was restricted to variables found
significant in the analysis of means and variables important to the biology of the
goshawk. The independent variables analyzed included basal area of ponderosa pine,
basal area of fir species, total basal area, conifer trees per acre, conifer saplings per acre,
and canopy density. Forest structural attributes are influenced by site conditions such as
aspect, slope, and elevation. In order to compensate for confounding influence of site
conditions aspect, slope, and elevation were included in the analysis.

In order to generate these predictive models the absolute difference in the
biometrics between each pair of sample plots was calculated. The euclidean distance and
azimuth between each pair of sample plots was also calculated. This resulted in a paired
dataset that contained a difference value for each biometric and variables describing the
spatial orientation for each pair of sample plots. The paired data provided information
concerning the spatial homogeneity and heterogeneity of the biometrics, which in turn

describes the spatial distribution of the biometrics across the landscape. Multivariate
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linear regression models were created for each inventory measure using a forward
selection procedure and a 5% level of significance. An example of the structural form of

the models follows:

AX= f(DistanceAB, Azimuth,g, A Elevationas, A Slopeas, A Aspectap, Coordinates, Coordinateg)

Where X is basal area, sapling density, tree density, or canopy density.

Due to the low predictive ability of these initiél models (1.7% to 20.5%) the data
was averaged to explore general trends in the difference data. The data wés generalized
by calculating the mean difference betwe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>