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We evaluated burrowing owl (Athene canicularia) fatalities from the Altamont Pass Wind Resource
Area (APWRA) to describe seasonal and spatial patterns of occurrence and to examine relationships
between fatalities and environmental attributes. Unadjusted results from 1997-2008 were used to
evaluate seasonal patterns in the data. Only filtered fatalities (ICF International 2011) were used to
remove bias associated with “aged” evidence, or evidence that was known to be “non-turbine-
related.”

Figures 1 through 30 show the fatalities for each season and monitoring year and the centroids (i.e.,
average position) for strings (collections of turbines) where fatalities have been discovered during
1997-2008. Figure 31 shows the aggregate results for all seasons ignoring year-to-year variability.
The area covered by the monitoring program has increased over time, resulting in bias in the
distribution of fatalities. However, throughout all years burrowing owl fatalities have been detected
during all seasons.

The number of burrowing owl fatalities found at each string varies from string to string and across
the APWRA. To visualize this variation across seasons, we calculated the density of fatalities for
each season using a routine called Kernel Density (Silverman, 1986) in ArcMap Spatial Analyst
version 9.2. Kernel density provides an estimate of the density of features in a neighborhood around
those features. In this case, the string centroids were used to define the neighborhoods around
which densities were estimated.

Seasonal estimates of fatality density are presented in Figures 32-35. Although there is some
seasonal variability in the results, the highest densities of fatalities are consistently in the eastern-
central portion of the APWRA. This is because fatalities are consistently found among closely
neighbored strings in this area.

The unadjusted fatalities in Figures 1-35 are biased by the amount and distribution of search effort.
We divided the number of fatalities at each string by the search effort (number of searches) for
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monitoring years 2005-2009 (Figure 36), and then estimated the kernel density of these data
(Figure 37). These results show a pattern that is generally similar to the unadjusted results, with
the greatest densities of fatalities clustered in the eastern-central portion of the APWRA.

We evaluated the relationship between the density of fatalities shown in Figure 37 and a number of
environmental variables. Results of suitability analyses that have been conducted for burrowing
owls in Canada were used as a template for assembling a set of potentially related environmental
variables (Stevens et al. 2010). Table 1 lists the environmental variables and the source information
used to generate them in the order in which they were generated. Figures 38-55 provide maps of
the environmental variables across the APWRA, and are numbered in the order in which they were
generated.

Environmental attributes and fatality densities were estimated for 66,365 30- by 30-meter pixels in
ESRI ArcMap version 9.2, then exported as tabular information. The tabular results were averaged
across operating group boundaries called “BLOBs” (ICF International 2011). Fatality density was
predicted using environmental information in an unweighted multivariate least squares regression
(SAS Institute Inc. 2010). The prediction equation for the best-fit model is presented below
(Equation 1). The relative significance of each attribute is presented in Table 1 (probability > F
value). The model was significant and predictive (Rsq = 0.44, p<0.0001).

The prediction equation was imported into ArcMap Version 9.2 and used to visualize suitability of
habitat across the APWRA (Figure 56). In this case, suitability is highly biased by turbine-related
fatalities, and may not be a useful indicator of habitat use. However, the results should be useful (1)
in developing burrowing owl monitoring techniques in the APWRA, (2) as a “null-model” for future
siting studies, and (3) as a working hypothesis of current and future potential collision risk for
burrowing owls in the APWRA.
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Table 1. Environmental variables used to model burrowing owl fatality density in the APWRA.

Figure
Variable Number Source Significance
Annual precipitation 38 PRISM Climate Group 2006 0.24
Elevation 39 United States Geological Survey 2010
Distance from powerlines 40 Tran, L., 2011 0.41
Distance from water 41 Simley et al. 2009 0.13
Slope 42 United States Geological Survey 2010 0.07
March minimum temperature 43 PRISM Climate Group 2006 0.04
March maximum temperature 44 PRISM Climate Group 2006 0.27
April minimum temperature 45 PRISM Climate Group 2006 <0.01
April maximum temperature 46 PRISM Climate Group 2006 0.79
May minimum temperature 47 PRISM Climate Group 2006 0.04
May maximum temperature 48 PRISM Climate Group 2006 0.33
March precipitation 49 PRISM Climate Group 2006 0.21
April precipitation 50 PRISM Climate Group 2006 0.54
May precipitation 51 PRISM Climate Group 2006 0.42
Aspect ratio 52 United States Geological Survey 2010 0.82
Distance from wetlands 53 United States Geological Survey et al. 2010 0.02
Soil type 54 United States Department of Agriculture 2011  0.06
Land cover type 55 CALVEG 2007 0.78

Equation 1. Best-fit model for predicting fatality density from the environmental attributes listed in Table 1.

FatalityDensity = 2.7196643323007 + (-0.0149045305239861 * :”AnnualPrecipitation”) + (-
0.000327693111438618 * :"Elevation") + (-16.5083115724052 * :"DistanceFromPowerline") + (-
0.0000906470890806396 * :"DistanceFromWater") +( -0.0045915740907861 * :"Slope") +
(0.276224082378863 * :"MarchMinimumTemperature") +( -0.227489244726032 *
:"MarchMaximumTemperature") + (-0.603753863503041 * :"AprilMinimumTemperature") + (-
0.0448155175806842 * :”"AprilMaximumTemperature") + (0.217862979221192 *
:"MayMinimumTemperature") + (0.140239253496319 * :"MayMaximumTemperature") +
(0.113013640365718 * :"MarchPrecipitation") + (-0.110904854230796 * :"AprilPrecipitation") + (-
0.168663239740982 * :"MayPrecipitaion") + (0.0000338512639674331 * :"AspectRatio”) +( -
0.0000576572652317181 * :"DistanceFromWetlands") + Match

(:SOIL NAME, "Altamont Clay"”, 0.0584216206481017, "Altamont Fontana Complex",
0.00897285788011177, "Altamont Rocky Clay", 0.0943802002551927, "Clear Lake Clay", -
0.086356411429312, "Cotati Fine Sandy Loam", -0.062287853225535, "Diablo Clay", -
0.00755730968581058, "Gaviota Rocky Sandy Loam", 0.128817447396223, "Linne Clay Loam",
0.0274436633784104, "Pescadero Clay", -0.0179080427203616, "Rincon Clay", -
0.0541721265797183, "San Ysidro Loam", 0.0406736758336388, "Sycamore Silt Loam", -
0.099132062276317, "Unknown", 0.0124988461357468, "Yolo Sandy Loam", -
0.0437945056103702, else “0”) + Match
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(:COVERTYPE, "Annual Grassland”, -0.00821824838522952, "Barren"”, 0.0445972551373926,
"Lacustrine”, -0.0214268108514541, "Riverine", -0.0110098897740009, "Urban",
0.0149974296914997, "Valley Foothill Riparian”, -0.0189397358182078, else “0”)
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Figure 32. Fall burrowing
owl fatalities in the APWRA
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Figure 33. Winter burrowing
owl fatalities in the APWRA.
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Figure 34. Spring burrowing
owl fatalities in the APWRA
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Figure 35. Summer burrowing
owl fatalities in the APWRA.



[

ure 36. Variability of burrowing owl fat

1

er search in the APWRA.

alities



19398
Typewritten Text

19398
Typewritten Text

19398
Typewritten Text

19398
Typewritten Text

19398
Typewritten Text

19398
Typewritten Text
Figure 36. Variability of burrowing owl fatalities per search in the APWRA.





Figure 38. Distribution and variability in annual
precipitation (centimeters) across the APWRA.
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Figure 38. Distribution and variability in annual
precipitation (centimeters) across the APWRA.


Figure 39. Distribution and variability in
elevation (meters) across the APWRA.
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Figure 39.  Distribution and variability in
elevation (meters) across the APWRA.


Figure 40. Distribution and density of AIC
[oWned distribution lines and PGE owned
transmission lines across the APWRA.
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Figure 40.  Distribution and density of AIC
owned distribution lines and PGE owned
transmission lines across the APWRA.
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Figure 41. Distance (meters) from surface water
features across the APWRA.
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Figure 41.  Distance (meters) from surface water
features across the APWRA. 
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Figure 56. Burrowing owl habitat suitability
in the APWRA derived from turbine related
fatalities.
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Figure 56. Burrowing owl habitat suitability
in the APWRA derived from turbine related
fatalities.


