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Abstract: The population of loggerhead shrike (Lanius ludovicianus excubutirudes) in
Grassland National Park of Canada (GNPC) has undergone a severe decline due to habitat
loss and limitation. Shrike habitat availability is highly impacted by the biophysical
characteristics of grassland landscapes. This study was conducted in the west block of
GNPC. The overall purpose was to extract important biophysical and topographical
variables from both SPOT satellite imagery and in situ measurements. Statistical analysis
including Analysis of Variance (ANOVA), measuring Coefficient Variation (CV), and
regression analysis were applied to these variables obtained from both imagery and in situ
measurement. Vegetation spatial variation and heterogeneity among active, inactive and
control nesting sites at 20 m <20 m, 60 m < 60 m and 100 m > 100 m scales were
investigated. Results indicated that shrikes prefer to nest in open areas with scattered
shrubs, particularly thick or thorny species of smaller size, to discourage mammalian
predators. The most important topographical characteristic is that active sites are located
far away from roads at higher elevation. Vegetation index was identified as a good
indicator of vegetation characteristics for shrike habitats due to its significant relation to
most relevant biophysical factors. Spatial variation analysis showed that at all spatial
scales, active sites have the lowest vegetation abundance and the highest heterogeneity
among the three types of nesting sites. For all shrike habitat types, vegetation abundance
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decreases with increasing spatial scales while habitat heterogeneity increases with
increasing spatial scales. This research also indicated that suitable shrike habitat for GNPC
can be mapped using a logistical model with ATSAVI and dead material in shrub canopy
as the independent variables.

Keywords: loggerhead shrikehabitat; in situ measurement; satellite imagery; vegetation
index; spatial variation; heterogeneity

1. Introduction

The loggerhead shrike (Lanius ludovicianus excubutirudes), an open country bird, is widely
distributed in North America from southern Canada to central Mexico [1-3]. However, loggerhead
shrike in North America has undergone a great reduction during the past 40 years, which can be found
in a number of documented studies [4-7]. In 1971 when the United States’ National Audubon Society
bluelist provided an early warning of the population decline, loggerhead shrike has been identified as
an endangered species by many wildlife preservation institutions [8,9]. Inadequate reproduction,
pesticide contamination, and habitat loss are considered as three possible factors that can cause the
shrike abundance decline [3,6,7]. However, breeding habitat loss or limitation may be the most
responsible for the shrike reduced survivorship in that the bird species continued to decline after the
poisoning pesticides were forbidden in United States since 1970’s [2,7]. Habitat selection can impact the
species population in two ways: food availability and safety (predation risk), which is influenced by both
vertical structure and spatial scales of the landscape as well as the topographical characteristics [2,10].

A ten year assessment of habitat use in southern Alberta concluded that shrub cover and presence of
tall grass structure was associated with loggerhead shrike occupied territories. Shrike population is
mainly dependent upon two features of the grassland landscape: shrubs taller than 1.8 m for nesting
and tall grass for foraging [2]. However, in the past decade, changed ownership and land use have
resulted in increasing utilization for pasture and decreasing shrub densities both in shelter belts (forest
area for agriculture protection) and in riparian zones [11,12]. These factors combined with a lack of
good population data where shrikes persist contribute to their threatened status [12]. Therefore, to
reduce habitat loss for effectively preserving the endangered loggerhead shrike, it is of significance to
identify the biophysical and topographical characteristics of their habitat preference especially at
different spatial scales. However, most traditional efforts focused on identifying habitat features based
on limited information obtained from field surveys which are time-consuming, laborious and
expensive. Although remote sensing data has been widely used to assess the density and dispersion of
vegetation of loggerhead shrikes by correlating imagery derived biophysical variables with ground
based measurements of shrike habitats [13-15], relatively little attention has been paid to the spatial
patterns and scale variation of shrike habitat preference.

The purpose of this study is to investigate the loggerhead shrike habitat preference in Grassland
National Park of Canada (GNPC) by measuring the in situ biophysical variables from different vertical
structures as well as the important topographic variables (distance from roads, and elevation). Vegetation
indices (V1) derived from satellite imagery was analyzed to extract the spatial variation and heterogeneity
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information of shrike distinct habitat types. This is intended to improve upon the previous shrike
information content by focusing on the scale variation in vegetation communities (shrub community and
adjacent grassland community) that are known of relevance. This study can help understand the impacts of
current management decisions as well as seek alternative solutions for protecting potential suitable habitats
and recover the previous ones degraded by exotic invasions or disturbances.

2. Study Area

Grassland National Park of Canada (GNPC), in southwest Saskatchewan, Canada (49<10'37"N,
107<25'33"W) with an area of around 906.5 km?, is a typical mixed grassland in North America.
GNPC is the first national park established in Canada to preserve a portion of the vast mixed-prairie
grasslands and the remaining ecological diversity in this region. It consists of two discontinuous blocks
named the east block and the west block. The present study was conducted in the west block which is
larger than the East one (Figure 1).

Figure 1. Study area (the west block of GNP).
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GNP has a semiarid continental climate with the temperature ranging from —55 <C to +45 <C and an
annual precipitation of around 300 to 330 mm. Four major soil orders, Chernozemic, Solonetzic,
Regosolic and Gleysolic, exist within the park region with the grassland communities most commonly
characterized with Chernozemic soil. The dominant vegetations are blue grama grass, needlegrass and
silver sagebrush. The ground cover is composed of bare soil, mosses, lichens, shrub, forbs, green
grasses, stones, and dead materials (standing dead and litter). Variations in climate, topography, and
ground cover together contribute to the diversity of endangered or threatened flora and fauna in this
part of the Canadian Prairies [16].

Recorded surveys in GNP suggest that the park supports a stable population of loggerhead shrikes,
but a recent management plan adopted by the park for reintroduction of bison and fire practices may
affect the availability of suitable habitat and the bird population (Figure 2). Shrub communities in
GNPC occupy approximately 10% of the current park holdings and are perhaps the most heavily
modified ecosystem in the park. Topographically limited to the riparian zone around ephemeral creeks
and rivers, shrub communities have been affected by human altered hydrology along with the invasion
of aggressive exotic plant species such as smooth brome (Bromus inermus). These changes will have
an impact on loggerhead shrikes, yet we know little about the dynamics of these communities or the
effects of management activities on their structures and stability.

Figure 2. Landscape and loggerhead shrike in the west block of GNP in 2006. (a) Thorny
Buffalo berry for shrike habitats; (b) Physical look of loggerhead shrike.

3. Methods
3.1. Field Data Collection

Both field data and satellite imagery were used in this study. Field data was collected in the west
block of GNP in June 2006 from 45 samples of three shrike habitat varieties according to nesting
occurrence: 16 active nesting sites (currently maintained by a Loggerhead Shrike), 19 inactive sites
(previous nests but unoccupied in the most recent survey), and 10 control sites (non-nesting
areas) (Figure 3).
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Figure 3. Loggerhead shrike nesting sites for different habitat types in the west block of

GNP in 2006.
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All of the sites were relied on Andrew Didiuk (Environment Canada, Canadian Wildlife Service)
survey of Loggerhead Shrike nests in 2004 for baseline locations [17]. The geographic coordinates of
the 45 points selected from the surveyed sites were recorded by GPS in order to accurately locate the
corresponding points in the satellite imagery. Based on a stratified random sampling design, a square-
shaped 10,000 m? (100 m x 100 m) sample area was set for each point with two 100 m transects
crossed and extended in each cardinal direction (North, South, East, West) (Figure 4).We measured the
in situ data (LAI, hyperspectral reflectance, biomass estimation, vertical structure, and Daubenmire
cover) within a quadrat (50 cm %20 cm) placed on one side of the transect at 20 m intervals. LAI was
measured using a LAI-2000 Plant Canopy Analyzer (LI-COR Inc., Lincoln, NE, USA) based on the
radiative transfer theory of canopy light interception calculated by one above-canopy reading and six
below-canopy readings. Canopy reflectance used for calculating a vegetation index was collected using
an ASD spectroradiometer (Boulder, CO, USA) within noon hours (from 10:30 am to 3:00 pm) on sunny
days. The details regarding VI calculation can be found in later sections of this paper. Ground plant cover
percentage was visually estimated by the observer. In addition, distances of different sites to roads and
site elevation were also measured to provide topological information for loggerhead habitat investigation.
For biomass estimation, in each site the vegetation was clipped to ground level and litter lightly raked
using a quadrat of 50 cm > 20 cm (as stipulated by the Park). The clipped vegetation was stored in
labeled bags (date, site, and plot) and later sorted into the different types (shrub, grass, forbs, and dead
material) and weighed to estimate the live weight. Finally, they were oven dried at a temperature of
60 <T for 48 hours to get the dry weight. All in situ measurements from each habitat variety were
averaged to represent the characteristic of that nesting category (Table 1).
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Figure 4. Stratified random sampling design for field data collection.
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Table 1. Measured overstory and understory biophysical characteristics and significance
results for different habitat sites.

Mean Significance
Measured Variables Aqtive Ina_ctive Control Sites  Active-Control Active-Inactive  Control-Inactive
Sites Sites
Overstory
Thorny buffalo berry of tall shrubs (%) 88 91 77 0.86 1 0.49
Dead shrubs cover (%) 34.35 20.01 32.65 1 0.08* 0.25
Shrub distance to center (m) 5.4 16.97 11.35 0.99 0.1 1
Length (m) 6.54 7.75 7.09 1 1 1
Width (m) 3.98 6.28 5.36 0.71 0.09* 1
Shrub height (m) 2.66 3.33 321 0.28 0.06* 1
Understory
Dead Cover (%) 7.51 11.04 10.3 0.97 0.46 1
Litter cover (%) 67.06 82.41 91.87 0.13 0.44 1
Shrub cover (%) 24.53 18.81 43.37 0.02* 0.95 0*
LAI 1.67 2.01 2.85 0.01* 0.09* 0.08*
Biomass-Litter (g) 25.79 4478 N/A N/A 0.3 N/A
Biomass-Green(g) 9.75 12.16 N/A N/A 0.5 N/A
Biomass-Forbs (g) 1.34 0.62 N/A N/A 0.5 N/A
Grass height (m) 0.31 0.44 0.55 0.018* N/A N/A

* Small significance values (<0.1) indicate group differences.
3.2. Satellite Imagery Pre-Processing and Biophysical Variables Extraction

Multispectral SPOT 4 satellite imagery with 20 m spatial resolution acquired on 28 June 2006 was
purchased for the study area, which was consistent with the time of field measurement. Imagery
preprocessing was conducted for geometric and radiometric corrections using PCl Geomatica
software. First, the images geometric error was removed through rectification with another geo-coded
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image (geocorrected Landsat TM image with 20 m spatial resolution for GNPC acquired on 14 July
2005) [18]. The correction accuracy is better than 0.1 Root Mean Square (RMS). Based on the dark
object subtraction algorithm, atmospheric and radiometric correction was conducted to convert the
original digital number (DN) values to the surface scaled reflectance [19]. Theoretically, it is better to
perform first the radiometric corrections and then the geometric correction to avoid the modification of
digital number (DN) values of pixels. However, we checked the results of different procedures and
found that the results were almost similar. Therefore, the original pre-processed results were kept in
this research. In order to analyze the spatial variation and heterogeneity of different habitat categories,
Adjusted Transformed Soil Adjusted Vegetation Index (ATSAVI) was retrieved from the surface
scaled reflectance based on the equation shown in Table 2 [20]. Since pgoo and pe7o represent the NIR
band and Red band respectively, we used the in situ reflectance in the exact narrow wavelengths to
calculate ATSAVI. For SPOT data, band 3 (840 nm) and band 2 (650 nm) were applied as the NIR and
Red bands to derive the image-based ATSAVI. It is difficult to measure in situ reflectance using
quadrats at different spatial scales, so we used averaged image pixels for calculating ATSAVI for
active, inactive and control sample sites at three spatial scales of 20 m <20 m, 60 m >60 m and
100 m <100 m. 20 m =20 m scale was calculated based on one pixel value while 60 m <60 m were
based on the average of 3 %<3 pixel values and 100 m <100 m scale were based on the average of 5 <5
pixel values (Figures 5-7, Table 3). Figures 5-7 show the difference of spectral reflectance among three
types of habitat sites. The rectangle box of pixels shows the three pixel matrices (5 pixels x5 pixels,
3 pixels %<3 pixels, 1 pixel <1 pixel) which represent three spatial scales (100 m <100 m, 60 m <60 m,
20 m <20 m) because one pixel is in the size of 20 m %20 m. One small square box is one pixel
zoomed in from the habitat sites in the SPOT image. These matrices can show the author what spatial
scales were adopted. The grayscale color of pixels is an important element of image interpretation
which is usually referred to as tone. The amount of reflected energy collected from the objects can be
quantified by the degree of brightness or darkness. The greater energy reflected, the whiter the pixel of
the surface target. Conversely, the less reflected energy, the darker the object pixel. Therefore, the
gradual change from highest reflectance to lowest reflectance can be characterized by the tone change
ranging from bright white to dark black. In these three figures, we can see that the tone of pixel patches
is different for three types of habitat sites at three spatial scales. This is part of our methodological
basis for this research.

Table 2. Biophysical VIs investigated in this study.

Vegetation Indices (VIs) Equation Reference
(500 — 80670 — D)
Adjusted Transformed Soil-Adjusted A0g00 + Ps70— D+ X (1+ az) Baret and Guyot
Vegetation Index (ATSAVI) 7 [19]
X =0.08

Note: The coefficients a (gain) and b (offset) in the equation for ATSAVI are derived from the NIR-Red
rock-soil baseline. In our study area, a is 1.22 and b is 0.03 [21]. p, reflectance. When calculated VIs using
satellite data, p800, p670 in the equation were pNIR and pRed, respectively.
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Figure 5. ATSAVI for active sites at different spatial scales (20 m <20 m, 60 m <60 m
and 100 m <100 m).
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Figure 6. ATSAVI for inactive sites at different spatial scales (20 m <20 m, 60 m <60 m
and 100m ><100 m).
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Figure 7. ATSAVI for control sites at different spatial scales (20 m <20 m, 60 m <60 m
and 100 m <100 m).
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Table 3. Control sites in the false color composite reflectance imagery of 28 June 2006.

Habitat Sites ATSAVI (1 Pixel) ATSAVI(3 %3 Pixels) ATSAVI (5 x5 Pixels)

Active Sites
1 0.258 0.284 0.272
2 0.501 0.485 0.473
3 0.054 0.112 0.098
4 0.217 0.156 0.128
5 0.576 0.524 0.522
6 0.463 0.373 0.328
7 0.503 0.456 0.406
8 0.448 0.404 0.390
9 0.327 0.325 0.332
10 0.539 0.463 0.377
11 0.347 0.342 0.263
12 0.496 0.419 0.420
13 0.541 0.472 0.433
14 0.316 0.242 0.239
15 0.242 0.245 0.253

=
(e}

0.121 0.175 0.171
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Table 3. Cont.
Habitat Sites ATSAVI (1 Pixel) ATSAVI(3 %3 Pixels) ATSAVI (5 x5 Pixels)
Inactive Sites
1 0.201 0.198 0.207
2 0.455 0.469 0.472
3 0.24 0.224 0.240
4 0.351 0.307 0.309
5 0.281 0.290 0.317
6 0.520 0.533 0.529
7 0.507 0.511 0.505
8 0.445 0.478 0.465
9 0.432 0.327 0.298
10 0.514 0.434 0.422
11 0.517 0.468 0.459
12 0.437 0.423 0.397
13 0.263 0.304 0.307
14 0.419 0.398 0.380
15 0.538 0.522 0.527
16 0.072 0.144 0.165
17 0.223 0.215 0.200
18 0.508 0.445 0.432
19 0.380 0.325 0.307
Control Sites
1 0.553 0.514 0.477
2 0.544 0.518 0.509
3 0.607 0.553 0.529
4 0.364 0.409 0.422
5 0.576 0.570 0.548
6 0.485 0.495 0.496
7 0.377 0.439 0.451
8 0.537 0.537 0.526
9 0.530 0.491 0.474
10 0.557 0.561 0.557

3.3. Statistically Analyses

Both in situ and satellite imagery derived variables were statistically analyzed to extract the
characteristics of different habitat categories. The homogeneity of variance criteria can be met because
all significance values derived by Levene Statistic test are over 0.05. This indicates the equality of
variances in different samples due to the acceptance of the null hypothesis that the population
variances are equal. Then Analysis of Variance (ANOVA) was applied to the measured biophysical
and topographical variables to detect the difference among active, inactive, and control nesting sites at
a P-value of 0.10. A parametric analysis was conducted to found that the datasets can meet the criteria
for applying ANOVA. Since the ANOVA results can only detect whether or not a difference exists, the
Scheffe post-hoc test was chosen for its relatively conservative ability to determine exactly which site
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types differed significantly from one another. The results allow identification of some of the most
relevant biophysical and topographical factors that significantly affect the habitat suitability. To
determine the VI in estimating significant vegetation habitat characteristics, the correlation coefficients
between ATSAVI and in measured vegetation variables were computed.

To detect the scale effect on different habitat categories, ATSAVI was compared at three scales to
extract the spatial variation of vegetation distribution. ANOVA and the Scheffe post-hoc test were
applied to identify the most different habitat types significantly affected by scale variation. According
to the averaged coefficient of variance (CV) of ATSAVI within each 3 %<3 pixel matrix and 5 %5 pixel
matrix for each habitat category, the heterogeneity difference affected by scale variation was detected
among three habitat sites.

3.4. Simulating Suitable Shrike Habitat Using Logistic Regression Model

A variety of analytical techniques have been used to investigate the relationship of wildlife habitat
and environment [22—26]. These include logistic regression [22], discriminate analysis [23], canonical
correlation analysis [24], supervised non-parametric classifiers [25], and neural networks [26]. The
most common analysis to define habitat suitability, which shows only the presence, is logistic regression.

For this purpose, a General Linear Model was developed by using presence-absence logistic
regression design. This statistical analysis is especially helpful when presence has to be compared with
absence (binary). At the same time, the outcomes show us how much a factor is significant in terms of
nesting occurrence. Binary logistic regression has also been used to classify observations into one of two
categories, and it may give fewer classification errors than discriminant analysis for some cases. Two
types of environmental factors (biophysical and topographical) were the model predictors. Finally, a
variety of statistical tests can be applied in order to assess how well the models describe the data. In this
study, four tests (Pearson, Psuedo R?, predicted correct percentage, and Hosmer-Lemenshow) were used.
The Hosmer-Lemenshow test assesses the fit of the model by comparing the observed and expected
frequencies. The estimated probabilities are grouped from lowest to highest, and then the Chi Square
statistic is calculated to determine if the observed and expected frequencies are significantly different.
When the Hosmer-Lemenshow test is significant, it means that the observed counts and those predicted
by the model are not close and the model does not describe the data well, and vice versa.

4. Results and Discussion
4.1. Measured Vegetation Characteristics for Different Habitat Categories

Our field survey found that loggerhead shrikes prefer tall shrubs, especially thorny buffalo berry
(Sheperdia argentea) for nest locations, because thorny species most likely discourage mammalian
predators. This is consistent with the results in a previous study by [2]. Data analysis for the overstory
showed that thorny buffalo berry occupies around 88% of tall shrubs in active sites, 91% in inactive
sites, and 77% in control sites (Table 1). The mean height of tall shrubs in active sites is 2.66 m,
20.12% shorter than that in inactive sites and 17.13% shorter than that in control sites (Figure 8). The
ANOVA outcomes identified a significant difference in mean height existing between active and
inactive sites with a P-value 0.06, indicating that shrikes may have a preference in tall shrubs with a
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height lower than 3 m for nesting. In addition, the active sites have the highest canopy cover of dead
shrubs with 34.4% among the three habitat categories, 42% greater than that in inactive sties and 5%
greater than in control sites (Figure 8). Therefore, shrike nesting sites are characterized by a high
amount of dead materials, which was also supported by the significant difference between active and
inactive sites in dead shrubs cover due to a P-value of 0.08 derived from ANOVA results. This is
reasonable because shrikes can use dead branches to perch on while hunting for prey. Our analysis also
revealed that dense thorny shrubs with less dead canopy in inactive sites are biophysical characteristics

that may cause the site abandonment.

Figure 8. Relative difference of overstory characteristics among sites.
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In the understory, active sites had the lowest LAI in comparison with the inactive and control sites.
LAI has great potential in identifying nesting locations from non-nesting locations owing to the
significant difference among the three habitat categories shown by the P values 0.01, 0.09, and 0.08.
Therefore, the low LAI as well as less green biomass in active sites can strengthen the possibility that
shrikes prefer nest locations with less grass productivity and more open spaces for easily identifying
prey (Figure 9). Similar results can be also found in previous studies by [2,27-29] which concluded
that shrikes prefer open habitats characterized by vegetation of lower stature. In addition, the averaged
grass height in active sites was 0.31 m; significantly shorter than that in other habitat types, which is
consistent with the findings in the study by [30].

Figure 9. Relative differences of understory characteristics among sites.

(Active- Inactive)/ Inactive

Grass height (m) 20 55%
- . 0

Biomass-Forbs (m)
116.13%

Biomass-Green (m)

-19.82%

Biomass-L.itter (%) L42.41%

LAI -16.92%

Shurb cover (%) 30.41%

Litter cover (%) -18.63%

Dead cover (%) -31.97%

-60.00% -40.00% -20.00% 0.00% 20.00% 40.00% 60.00% 80.00% 100.00% 120.00% 140.00%

(Active- Control)/ Control

Grass height (m) | -43.64% —

Biomass-Forbs

(m)

Biomass-Green

(m)

Biomass-Litter
(%)

LAI -41.40%

Shurb cover (%) -43.44%

Litter cover (%) -27.01%

Dead cover (%) -27.09%

-50.00% -45.00% -40.00% -35.00% -30.00% -25.00% -20.00% -15.00% -10.00% -5.00% 0.00%




Remote Sens. 2013, 5 445

4.2. Measured Topographical Characteristics of Different Habitat Categories

Comparison of the topological characteristics among the three categories showed that shrikes’
occupied territories are farthest away from the roads at a higher elevation (Table 4). On average, active
sites, inactive sites, and control sites were 2,227 m, 1,779 m and 1,315 m away from the road
respectively. This indicated that shrikes prefer to locate their nests further from the roads to avoid
jeopardizing the roadside habitats in predation, which is in accordance with the explanations
by [29,31]. We also found that the elevation for active sites and for control sites is significantly
different (P < 0.1). The active sites were, on average, at an elevation 4 m higher than inactive sites, and
6 m higher than control sites, possibly indicating that the high elevation of active sites can reduce
predation rates and provide more food availability for shrikes in comparison with the other two sites.

Table 4. Measured topographical characteristics and ANOVA results for different
habitat sites.

Measured Statistical Active Inactive Control Sig.*
Variables Variables  Sites Sites Sites  Active-lnactive Active-Control Inactive-Control
Distance to road (m) Mean 2,227 1,779 1,315 0.30 1.00 1.00
Elevation (m) Mean 779 775 773 0.24 0.43 0.02*

* Small significance values (<0.1) indicate group differences.

4.3. Correlation of Vegetation Index and Biophysical Variables

Figure 10 showed that both the ground measured hyperspectral ATSAVI and imagery derived
ATSAVI were significantly correlated with LAI, shrub cover, and grass height (P < 0.01 and <0.05),
which demonstrated that this VI can be a good indicator of vegetation characteristics for loggerhead
shrike habitats. ATSAVI was superior in estimating LAl and grass height compared to estimating
shrub cover, which is consistent with a previous study in the same study area by [21]. By comparing
the relationship between two types of ATSAVI and the selected biophysical variables, we also found
that ATSAVI proved to be better at estimating vegetation characteristics at large spatial scales than at
nesting scales due to the slightly higher correlation coefficients for the imagery derived ATSAVI.

4.4. Spatial variability of Vegetation for Different Habitat Categories

Control nesting sites showed significantly higher averaged ATSAVI than did the active and inactive
sites at all three spatial scales (Table 5). This matches well with the fact that the active sites have
higher dead shrub cover and lower green biomass derived from the in situ measurements analysis in
Section 4.1. The difference between active and inactive sites is not significant because the period was
only 2 years for the abandonment of the active sites. There may be some reason contributing to this
transformation of these two habitat types, which we still have limited knowledge about to make
specific an explanation. The spatial variation of ATSAVI indicated that vegetation abundance
decreases as the spatial scales increase for all three types of habitat sites (Figure 11). The active sites
have the most spatial heterogeneity at different scales, followed by inactive and then control sites. This
means that areas of less spatial variation in vegetation may not be suitable for shrike nesting.
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Figure 10. The Correlation Coefficients between ATSAVI and significant vegetation variables.
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Table 5. Spatial variation of ATSAVI at three spatial scales for different habitat categories.
Habitat Statistical Active Inactive Control Sig.*
Categories Variables  Sites Sites Sites  Active-Inactive Active-Control Inactive-Control
ATSAVI
Mean 0.372 0.384 0.513 0.81 0.02* 0.01*
(20 m <20 m)
ATSAVI
Mean 0.342 0.369 0.509 0.52 0.00* 0.00*
(60 m %60 m)
ATSAVI
Mean 0.319 0.365 0.499 0.26 0.00* 0.00*

(100 m > 100 m)

Figure 11.

* Small significance values (<0.1) indicate group differences.
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4.5. Spatial Heterogeneity of Vegetation for Different Habitat Categories

Heterogeneity is considered one of the most important indicators of prairie habitat. The grassland
heterogeneity at different spatial scales can be contributed by various disturbances which increases
wildlife biodiversity [32]. CV values in Table 6 showed vegetation heterogeneity declines from active
sites, to inactive sites and then to control sites at both spatial scales. In particular control sites had
significantly higher vegetation heterogeneity than did the active and inactive sites according to the
ANOVA results with P values < 0.1. This indicated that shrike habitats are characterized by vegetation
of high heterogeneity, which is consistent with the fact that shrikes prefer open nesting areas with
scattered shrubs and higher dead material components for ease of foraging. As shown in Figure 12, the
vegetation heterogeneity for all types of habitat categories increases with the spatial scales enlarged. It
is possible that areas of moderate vegetation heterogeneity with a certain threshold are potential
loggerhead shrike habitats. This can also be related with the fact that shrikes prefer smaller shrub sizes
for nesting sites based on our in situ data analysis.

Table 6. Heterogeneity of ATSAVI at three spatial scales for different habitat categories.

. Averaged CV i . Sig.*
Habitat . . Active Inactive Control
. for Pixels in . . . . . . .
Categories . Sites Sites Sites  Active-Inactive Active-Control Inactive-Control
Each Site
ATSAVI Mean
0.283 0.188 0.097 0.081 0.003* 0.024*
(60 m>60 m) cv
ATSAVI Mean
0.363 0.221 0.119 0.009 0.000* 0.005*
(100 m><100 m) cVv

* Small significance values (<0.1) indicate group differences.

Figure 12. Spatial heterogeneity represented by CV for different habitat types.
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4.6. Suitable Shrike Habitat Modeling

The logistic regression coefficient, its standard error, and Wald test were shown in Table 7. The ratio
of regression coefficient to standard error, squared, equals the Wald statistic. If the Wald statistic is
significant (i.e., less than 0.05) then the parameter is useful to the model. For example, we can see that
dead shrub canopy cover, shrub patch width, shrub patch height in Table 7(D, G, and H) resulted in a
small Wald statistic, therefore, and these three variables might be useful to build the regression models.

The log likelihood, Pseudo R? (Cox & Snell R? and Nagelkerke R?), overall predicted correct, and
Hosmer & Lemeshow test were presented in Table 7 to evaluate the models. R? is comparable to R?
from ANOVA conducted on individual observations. The interpretation of the log likelihood and
Pseudo R? is: the less log likelihood, the higher R?, the more proportion of variation in the dependent
variable accounted for by the independent variable or variables. In this case, 21% of variation in active
or inactive of habitat sites was accounted for by an index of the dead shrub canopy cover. Comparing
Table 7(D, G) we saw that the model with ‘dead shrub canopy cover’ accounted for 1% less of the
variation in active and inactive than did the model with ‘shrub patches width’: the latter variable had a
less log likelihood and, consequently, a greater Psuedo R? Hosmer & Lemeshow Test is a
goodness-of-fit test of the null hypothesis that the model adequately fits the data. If the null is true, the
statistic should have an approximately chi-square distribution with the displayed degrees of freedom. If
the significance of the test is small (i.e., less than 0.05) then the model does not adequately fit the data.
Table 7(D) showed a close chi-square distribution (7.71) with the displayed degrees of freedom (7) and
the significance (0.36) was greater than 0.05, then the model should fit the data. The overall predicted
correct helped to assess the performance of the models.

Having obtained the results in Table 7(A-M), we conducted a multiple logistic regression analysis
to determine how many different factors may be contributing to variation in the active habitat
presence. We therefore ran another model, with the stepwise method to select the suitable independent
variables, shown in Table 7(N). In this case, we saw that only two variables, ATSAVI and ‘Shrub dead
canopy cover’, were selected to enter the model. The effect of each of the 2 variables was significant
when controlling for the effect of the other. Note that the Pseudo R? for the 2-variable model was
higher compared to the Pseudo R? for all other single variable models in Table 7(A-M). Thus, by
including both ATSAVI and ‘Shrub dead canopy cover’ in the model, we are able to increase the
Pseudo R?. We also examined the goodness of fit of the model in Table 7N and the results showed that
no reason to reject the fit of the model, implying that the assumption made in logistic regression that
residuals are binomially distributed was satisfied. The higher predicted correct in Table 7(N) (72%)
showed the predicted probability of the model for nesting presence. Based on Table 7(N), the logistic
model for suitable habitat mapping should be:

Y=—— U=0.73 +0.127 Ds — 12.6 X ATSAVI )

1+e~U’

where Ds is dead material in tall shrub canopy. From above equation we can see that dead material in
tall shrub canopy positive contribute to the shrike nest selection, and ATSAVI negatively contributes
to the shrike nest selection. The ATSAVI is a greater negative contributor. This conclusion is
consistent with the ATSAVI variation for different shrike habitat types which is shown in Figure 11.
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This model was applied to the SPOT image to derive the suitable habitat map for loggerhead shrike in
GNPC (Figure 13). This map is a polygon file and can be easily used by Parks manager.

Table 7. Logistic regression analysis of active/inactive sites in relation to habitat features.
The independent variable is detection of habitat sites based on surveys. Simple logistic
regression in relation to significant vegetation and topographical parameters (A—-M). Best
multiple logistic regression model, and associated goodness-of-fit statistics (N).

Model Evaluation Model Summary
Log Pseudo R? Overall Hosmer & Lemeshow
likelihood Cox& Snell R? Nagelkerke R? Predicted chi- df  Sig. Cons.  Coef.  SE Wald Sig.
Correct Square
A) Independent variable: Distance to roads
45.71 0.03 0.04 59% 9.72 8 029 -0.75 0.00 000 094 033
B) Independent variable: SPOT4 ATSAVI
45.72 0.03 0.04 59% 7.26 8 0.51 065 277 289 092 034
C) Independent variable: Thorny buffalo berry percentage
37.24 0.10 0.01 52% 2.67 2 026 056 -071 183 015 0.70
D) Independent variable: Dead shrub canopy cover
30.02 0.21 0.28 65% 7.71 7 036 007 007 003 467 0.03
E) Independent variable: Shrub distance to center
29.44 0.22 0.30 65% 4.82 7 068 113 -0.13 0.08 270 0.10
F) Independent variable: Shrub patch length
35.13 0.03 0.05 62% 12.95 7 0.07 084 012 013 086 0.35
G) Independent variable: Shrub patch width
29.66 0.22 0.29 7% 2.87 7 0.90 267 -055 027 405 0.04
H) Independent variable: Shrub patch height
30.50 0.19 0.26 73% 4.86 7 0.68 473 -161 089 328 0.07
1) Independent variable: Dead cover in understory
35.92 0.09 0.12 50% 4.69 7 070 076 -011 0.07 206 0.15
J) Independent variable: Litter cover in understory
36.91 0.06 0.08 57% 4.90 7 0.67 118 -0.02 0.01 164 0.20
K) Independent variable: Forb cover in understory
36.92 0.02 0.02 52% 4.10 7 077 034 006 0.09 046 0.50
L) Independent variable: Shrub cover in understory
37.42 0.04 0.06 54% 7.68 7 036 -084 003 003 120 0.27
M) Independent variable: LAI
38.01 0.02 0.03 50% 10.93 7 0.14 053 036 045 064 042
N) Best multiple logistic regression model: STEPWISE
23.19 0.37 0.49 72% 50.54 6 054 073

ATSAVI -126 653 3.739 0.05

Shrub Dead Canopy Cover 0.127 0.06 5.056 0.02
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Figure 13. The suitable shrike habitat mapping based on a logistic model for Loggerhead
shrink in the west block of GNPC in 2006.
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4.7. Uncertainties and Opportunities

As a preliminary research, our research suffers from several limitations and uncertainties. First, this
study relied on Andrew Didiuk (Environment Canada, Canadian Wildlife Service) survey of
loggerhead shrike nests in 2004 for baseline locations. Some shrike nests in GNPC might have not
been accurately known, and the outliner or absence of records may result in inadequate exploration of
shrike habitats. It is necessary to resurvey the study area in order to obtain more reliable sample data.
Because the uncertainty arising from insufficient field datasets can lead to difficulty in validating the
accuracy of habitat estimation. Other limiting factors include climate variation (temperature and
precipitation), grazing, burning, and surrounding land-use activities (land conversions) that all might
affect shrike abundance [33-35].

Uncertainties can also be found in the field survey which covers quite a large area. In such situation, a
gradient analysis method should have more potential than non-gradient approaches for accurately
investigating habitat characteristics along the environmental gradient. Possible gradient methods contain
PCA (principle component analysis), CA (Correspondence analysis), or DCA (detrended correspondence
analysis). This can be promising a direction for our further research to improve the results.

For remote sensing perspective of spatial heterogeneity, CV (Coefficient of variance) analysis can
be further validated by measures such as landscape indices, fragmentation/connectivity measure, image
segmentation, or image texture (e.g., GLCM-grey level co-occurrence matrix). However, due to the
low spatial resolution of our available satellite imagery and the high level of heterogeneity of our study
area, currently landscape indices and image segmentation performed poorly in this study for extracting
meaningful information from shrike habitats.
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Therefore, in order to eliminate or minimize the aforementioned uncertainties in our study, three
important concerns need to be addressed in future research: (1) applying comprehensive census
methods to detect more shrike nests in the study area; (2) investigating multiple habitat
impacting factors.

5. Conclusions

Our study indicated that loggerhead shrikes prefer nesting sites characterized by tall shrubs (lower
than 3 m), especially thorny buffalo berry which occupies approximately 88% of the total tall shrubs.
In addition, the active sites have the highest dead shrub cover (34.4%) among three habitat categories,
42% greater than in inactive sties and 5% greater than in control sites. Dead materials are normally
used by shrike to perch on while hunting for prey. Also, shrikes prefer nest locations with less grass
productivity and more open spaces for easily identifying prey, due to the lowest LAI (average 1.67)
observed in active sites compared to that in inactive (average 2.01) and control (average 2.85) sites.
The most significant topographical characteristic of shrike territories found in this research is that
shrike nesting sites are located further away from roads (over 2,000 m) at higher elevation.

Both ground measured and satellite imagery derived vegetation index (Adjusted Transformed
Soil-Adjusted Vegetation Index-ATSAVI) is significantly related to most relevant biophysical factors:
(Lear Area Index-LAl), shrub cover, and grass height with a correlation coefficient over 0.5 (P < 0.05).
This proves that vegetation index can be a good indicator for shrike habitat characterization. Spatial
variation analysis (at three scales: 20 m %20 m, 60 m <60 m and 100 m > 100 m ) showed that for all
spatial scales active sites have the lowest vegetation abundance (LAI: 0.372, 0.342, 0.319) and highest
heterogeneity (Coefficient of Variance-CV: 0, 0.283, 0.363) among the three types of nesting sites. A
logistic model can be used to spatially estimate habitat area for loggerhead shrike based on suitable
independent variables (ATSAVI and shrub dead canopy cover) with a higher predicted probability (72%).

For suggestions to protect loggerhead shrike habitats in future park management, our findings
demonstrated that it is necessary to preserve native grass and thorny shrub species within shrike’s
breeding range. In areas with taller grass, grazing (introducing bison) might be able to provide suitably
short vegetation for shrike foraging as well as for increasing shrike productivity [36,37]. However, a
few areas of tall grass should be maintained within pastures as they can serve as food reserves for
small mammals, which are potential shrike’s prey [2]. Since the loggerhead shrike prefers more open
spaces, managing dense woody vegetation is highly recommended.
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